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P R E F A C E  T O  THE SERIES 

This  i s  t he  th i rd  i n  a new s e r i e s  of r e -  

p o r t s  produced by the  P a r t i c l e  Data  Group. 

In  th i s  s e r i e s  w e  will  col lec t  and d i sp lay  total  

and di f ferent ia l  c r o s s  sec t ions ,  po la r i za t ions ,  

m a s s  s p e c t r a ,  and o the r  s i m i l a r  data. Each  

r e p o r t  wil l  c o v e r  one input channel.  T h i s  one 
+ $ i s  NN (the f i r s t  one was  on K N and the  s e c -  

§ ond on YN ). In  the  next few months  w e  hope 
t 

to br ing out .rr N and EN. Following l a t e r  will  

be  n - N ,  K - N ,  etc.  All r e p o r t s  will  be com-  

ple te  f r o m  J a n u a r y  1968, and will  a l s o  contain 

se l ec ted  r e s u l t s  before  tha t  da te .  The  r e p o r t s  

will  be updated per iodical ly ,  a s  n e c e s s a r y .  

At p r e s e n t  t h e r e  a r e  m a n y  phys ic i s t s  

in  the  P a r t i c l e  Data Group who a r e  working on 

one o r  m o r e  p h a s e s  of t h e s e  r e p o r t s .  They 

a r e :  
I. S y s t e m  Development ( L R L )  

A r t  Rosenfeld 

LeRoy P r i c e  

Odette Benary  

Naorni s c h m i d t t  

11. Encoding and Ver i fy ing Data ,  Edit ing 
R e p o r t s ,  F i t t ing  Data  ( L R L )  

Odette Benary  

LeRoy P r i c e  

111. Reading and Evaluat ing A r t i c l e s ,  and 
Analyzing Compiled  Data  in :  
+ 

K N In te rac t ions  

Odette Benary  ( L R L )  

Roger  Bland (Ecole  Polytechnique)  

LeRoy P r i c e  ( L R L )  

Naomi Schmidt ( B r a n d e i s )  

:::Charles Wohl (Oxford) 

Vic to r  H e n r i  (CERN) 

K-N Interact ions  - below 2.0 ~ e V / c  

:;Claude B r i c m a n  (CERN) 

K-N In te rac t ions  - above 2.0 ~ e V / c  

J. Bad ie r  (Ecole  Polytechnique)  

:kEnzo F lamin io  (BNL)  

G. Kayas  (Eco le  Polytechnique)  

B r i a n  Musgrave  (ANL) 

I 
.rr ' N Interact ions  

":Henry Lubatti (Univ. of Wash. ) 

F r e d  Winkelmann (SLAC ) 

J a m e s  Wolfson (M. I. T. ) 

. r r - ~  In terac t ions  

' : ~ l a n  Thorndike (BNL) 

F r a n k  Turkot (BNL) 

Y N  and NN Interactions 

Gideon Alexander (Te l  -Aviv) 

"'Odette Benary ( L R L )  
- 
NN Interact ions  

P i e r r e  Bastien (Univ. of Wash. ) 

b om F e r b e l  (Roches te r )  

David Mil ler  (M. I. T .  ) 

P a u l  Sla t tery  (Roches te r )  

Yoshio Sumi (Osaka)  

Tosh ih i ro  Yoshida (Kyoto) 

If you have any suggestions f o r  improving 

these  r e p o r t s ,  p lease  l e t  us  know. Our  ad-  

, ' - e s s  i s :  

P a r t i c l e  Data Cen te r  
Lawrence  Radiation Labora to ry  
Berke ley ,  California 94720 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(415) 843-2740, Ext.  6301; 
n igh t s ,  weekends,  and holidays 
ca l l  642-0466 

' I '  Cha i rman .  
+NOW a t  B r a n d e i s  Univ. , Waltham,  
M a s s a c h u s e t t s .  

$ p a r t i c l e  Data  Group (L. R. P r i ce ,  N. 
Barash -Schmid t ,  0. Benary ,  R. W. Bland, 
A. H. Rosenfe ld ,  C. G. Wohl), " ACompila t ion 
of KtN Reac t ions ,  UCRL-20 000 K+N (Sept. 
1969). T h e  supply of th is  f i r s t  r e p o r t  h a s  now 
e e n  exhausted .  k ' .  P a r t i c l e  Da ta  Group (0. Benary ,  N. B a r a s h -  

Schmidt ,  L.  R. P r i c e ,  A. H. Rosenfe ld ,  and 
G. Alexander ,  "A Compilation of YN Reac-  
t i ons ,  UCRL-20 000 YN (Jan.  1970). These  
a r e  avai lable  f r o m  LRL-Berke ley  and  CERN. 
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Introduction 

It h a s  been known for  some time that a 

comprehensive,  evaluated compilation of ex-  

per imental  high energy physics resul ts  i s  e s  - 
sential .  In the past  there  have been numerous 

collections of data,  generally covering ra ther  

na r row f ie lds .  But because they were not com-  

puterized, the authors became "exhausted" on 

the f i r s t  edition, and updated vers ions  were  

never published. 

Encouraged by the success  of the Par t i c le  

Data Group 's  computerized " Par t ic le  P r o p e r  - 

t ies Tables ,  " :" we have s ta r ted  a lso to  com-  

pile c r o s s  -sect ional  data. Our s y s t e m  i s  

completely computer  based,  s o  that we will 

be able to  answer  specific u s e r  reques t s ,  in  

addition to periodically publishing the col- 

lected data.  

During the l as t  t h r e e  y e a r s ,  we have 

had two ful l - t ime physicists h e r e  a t  L R L  

developing and coding the sys tem pro-  

g rams .  

During the l a s t  y e a r  we have been 

feeding data  into the system-and this repor t  

on NN i s  o u r  thi rd  resul t .  (We consider  

these  f i r s t  few reports  to be more  o r  l e s s  

"debug" vers ions-we a r e  s t i l l  trying to 

figure out the  b e s t  ways to organize the r e -  

ports and presen t  the data. ) 

We plan to continue our p rogram develop- 

ment  and would appreciate any comments you 

may  have on the way the data a r e  displayed, 

the types of da ta  collected, etc. In the next 

few months we hope to go to a f o r m  of photo- 

composition. This means essent ia l ly  that we 

will have a n  unlimited charac te r  s e t  and can 

pr int  Greek  l e t t e r s  instead of having to spel l  

them out, f o r  example.  

' Par t i c le  Data  Group, Rev. Mod. Phys. 42, 
87 (1970) .  

Scope of the Compilation 

1. We will collect a l l  exper imental  high 

energy physics resul ts  that can be represen ted  

by simple tables o r  graphs,  i. e. , 0 ,  do/dw, 

polarizations,  angular distributions,  density 

m a t r i c e s ,  etc.  

We leave i t  to Data Summary  Type Li-  

b r a r i e s  to s t o r e  Dalitz plots o r  other 2 2-di- 

mensional displays (although the presence of 

such data i s  indicated in  our  KEY WORDS). In 

any case  our  printed compilations should s e r v e  

as  a necessa ry  I t  table of contents" to a DST 

l ibrary.  

2. The data come pr imar i ly  f r o m  pub- 

lished journals,  e. g. , Physical  Review, 

Physical Review L e t t e r s ,  Nuclear Physics ,  

Physics L e t t e r s ,  Nuovo Cimento, etc. 

We do a l s o  compile unpublished theses  

and conference reports-if  the repor t s  give 

enough information to permi t  a valid evaluation 

of the exper iment  and analysis.  

We do not record  data that appear  in ab-  

s t r a c t  f o r m  only, nor do we general ly  accept 

prepr ints  unless  the a r t i c le  has a l ready been 

accepted f o r  publication. 

3. The compilation i s  to be complete f r o m  

January 1968. Before that t ime we will en te r  

data that a r e  par t icular ly  important.  But the 

bulk of the p re  - 1968 papers  will not be put in -  

to our system.  

4. To reduce the number  of e r r o r s  to the 

very minimum, a l l  punched information i s  

checked by the physicist  who read the ar t ic le  

and by another physicist  a s  well. 

Data Handling 

In o rder  to make this compilation a s  ac -  

curate  and complete as  possible,  many physi- 

c is ts  a r e  involved. These physicists fa l l  into 

two general  categories :  

a )  Those who read and evaluate the data. 

These physicists ( r e f e r r e d  to a s  " readers"  ) 

a r e  general ly  exper imental is ts  chosen f o r  

their " exper t ise"  in a par t icular  field. In 



general  they a r e  not f rom LRL. They are  

organized into small  groups, each group being 

responsible for  a different input channel. 

b )  Those physicsts who encode the data, 

run the programs,  write sys tem programs,  

etc .  These a r e  all  at LRL. 

The l is t  below indicates the most  impor- 

tant  s teps that every ar t ic le  mus t  go through 

in  order  to have its information entered onto 

the DATA TAPE (the magnetic tape that con- 

tains all  of our data). This l i s t  i s  summarized 

in  the " Flow Diagram" in Fig. A. 

a )  The I '  reader"  (physicist) finds a rele-  

vant ar t ic le ,  reads i t ,  marks  i t ,  fills out a 

f o r m ,  and mails  a copy of the ar t ic le  plus the 

f o r m  to us. 

b )  Our secre ta ry  assigns it a number and 

i t  i s  logged in. 

c )  The LRL physicist responsible for this 

initial state quickly scans it ,  wri tes  out the 

s tandard K E Y  WORDS, etc. , to help i n  the 

next step. 

d )  Our secre ta ry  t ranscribes bibliographic 

information, putting abstract ,  citations, com- 

ments ,  beam information, and KEY WORDS, 

onto coding sheets. 

e )  The LRL physicist t ranscr ibes  the 

data  that the reader  has selected onto coding 

sheets  (this i s  much more  laborious than you 

might suspect).  

f )  Key-punch operators punch the data. 

g )  The L R L  physicist puts the cards for  

a particular article into the co r r ec t  order .  

h)  Cards a re  put onto the DATA TAPE 

with the DATAPE program. 

i )  If any cards a re  out of order ,  essential 

information missing, etc. , the ar t ic le  is  r e -  

jected by DATAPE. The physicist repairs  the 

deck, and i t  is  again put through DATAPE. 

j )  The output DATA TAPE i s  read by the 

SKELM program, which makes a listing of all  

the data s tored for  each article.  

k) The SKELM is looked over by the 

L R L  physicist for  obvious e r ro r s .  

1) SKELM output is  mailed to the original 

physicist " reader ,  I f  who checks all en t r ies  

carefully and returns SKELM plus correct ions 

(if any) to us. 

m )  If any e r r o r s  a re  found, s teps 

e )  through 1) a r e  repeated as many t imes as  

necessary.  

n) When the reader has no more  co r r ec -  

tions or  changes to make, the LRL physicist 

gives the ar t ic le  its final verification (i. e. , 

he rechecks all  data with the original ar t ic le) .  

The name of this physicist i s  put on the tape, 

and the ar t ic le  i s  then ready to be used by any 

one of a number of programs. 

Steps b) through n) take, on the aver  - 
age, about 1-3/4 hours per article (1-1/4 

hour physicist t 1 / 2  hour secretary) .  

Even af ter  being verified, an ar t ic le  can 

have i ts  contents slightly increased, e. g. , if 

renormalized data a r e  added. In this case 

only steps e )  through k)  a r e  repeated. 

Again, all  the above i s  just to get the data 

onto the DATA TAPE. When preparing a r e -  

port such a s  this ,  many additional tasks a r e  

involved. A few typical ones a re :  

a )  Collecting all the data on a part icular  

se t  of reactions-plotting them, looking a t  

systematic  e r r o r s ,  removing obviously bad 

data f rom the graphs (but leaving i t  in  the 

tables ). 

b) Ironing out normalization differences 

between experiments. 

c) Worrying about the various ways in 

which different authors make resonance cuts 

and subtractions. 

d) Deciding what types of curves ( i f  any) 

should be fit  to certain classes of data. 
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Collaboration with Other Groups 

Some physicis ts  in Europe have fo rmed  a 

group called HERA (High Energy  Reactions 

~ n a l ~ s i s ) " '  to a l s o  compile c r o s s  -section data. 

We a r e  t rying to keep in c lose  contact with 

one another in  o r d e r  to  minimize duplication 

of effort  both in  programming and data 

collection. The i r  f i r s t  r e p o r t s t  were  published 

las t  y e a r  and m o r e  repor t s  a r e  expected soon. 

"'See B. Sadoulet, " An Example of an Organi- 
zation of Compilation of Data,  " P r e p r i n t  
CERN/D. ~ h .  II/PHYSICS 68-21. 
t ~ .  Giacomelli ,  P. Pini ,  and S. Stagni, " A  
Compilation of Pion-Nucleon Scattering Data, " 
CERN-HERA 69-1 (1960). B. Sadoulet, " Data 
Compilation of Antiproton- Pro ton  Reactions into 
Antihyperon-Hyperon," CERN-HERA 69-2 (1969). 

We a l so  cooperate with HERA on report 

distribution: LRL prints and dis t r ibutes  both 

HERA and our repor t s  f o r  the Western Hemi- 

sphere  and Japan, and CERN does the same 

f o r  the r e s t  of the world. 

We originally planned to collaborate 

closely with John Hornbostel  of BNL. He had 

been compiling c r o s s  -section information f o r  

a number of y e a r s  and was going to bring out 

a s e r i e s  of repor t s  covering the data ap-  

pearing before January 1968. Sadly, however, 

he died ea r ly  l as t  y e a r ,  with the project  in- 

completed. We wish to thank BNL for  sending 

a l l  of his f i les  to us. 



We a l so  thank the Michigan C r o s s  Section 

Group f o r  sending us  all  of their  fi les.  The i r  

repor t  i s  r e f e r r e d  to in the next section under  

Williams e t  al. 

Other  C r o s s  -Section Compilations 

We presen t  below (in chronological o r d e r )  

a l l  of the  previous l a rge  c ross - sec t ion  compila- 

tions that we know of. In addition to just l i s t ing 

data ,  s o m e  of them have nice reviews,  p e r -  

f o r m  var ious  f i t s  to the data ,  etc. 

V. S. Barashenkov and V. M. Maltsev,  

Cross  Sections fo r  Elementary Par t i c le  In- 

t e rac t ions ,  Fortsch.  Physik ?, 549 (1961). 

V. S. Barashenkov and J. P a t e r a ,  C r o s s  

Sections f o r  Antinucleon Production, For t sch .  

Physik 11, 469 (1963). 

V. S. Barashenkov and J. P a t e r a ,  

Strange P a r t i c l e  Production, Fortsch.  Physik 

11, 479 (1963). - 
b M. N. Focacci  and G. Giacomelli ,  Pion-  

Proton Elas t i c  Scattering, CERN 66-1 8 (1966) 

3. T. Beale ,  S. D. Ecklund, and R. L. 

Walker,  Pion Photoproduction Data Below 

1.5 GeV, CALT-68-108 (1966). 

b H. Yukawa, ed. , Experimental Data  on 

Hadron Interact ions  in GeV Region, Supple - 
ment  of the  P r o g r e s s  of Theoret ical  Phys ics  

(Kyoto), E x t r a  Number (1967). 

0 P. K. Wil l iams,  D. M. Levine, J. A. 

Koschik, References  and Some Two-Body 

Data f o r  High Energy  Reactions, University 

of Michigan, 1967 (unpublished). 

b G. Alexander ,  0. Benary, and U. Maor ,  

Data Compilation of Proton-Proton Interact ions  

Between 1 and 32 G ~ V / C ,  Nucl. Phys. B 5 ,  1 

(1968). 

e G. Alexander ,  0. Benary, and U. Maor ,  

Data Compilation of Baryon-Baryon In te rac -  

tions. (11) Proton-Neutron Collisions Between 

1 and 27 G ~ V / C ,  Nucl. Phys. B7,  281 (1968).  

0 G. Alexander,  0. Benary, U. Karshon ,  

and U. M a o r ,  Data Compilation of Baryon-  

Baryon Interact ions .  (111) Hyperon-Proton 

Collisions, Nucl. Phys. B10, 554 (1969). 

B. Sadoulet, Data Compilation of &- 
proton-Proton Reactions into Antihyperon- 

Hyperon, CERN-HERA 69-2 (1969). 

0 G. Giacomelli ,  P. Pini ,  and S. Stagni,  

A Compilation of Pion-Nucleon Scattering D a t a ,  

CERN-HERA 69-1 (1969). 

Par t i c le  Data Group (L. R. P r i c e ,  N. 

Barash-Schmidt,  0. Benary,  R. W. Bland, 

A. H. Rosenfeld, C. G. Wohl), A Compilation 
t 

of K N Reactions,  UCRL-20 000 K'N (1969). 

b Par t i c le  Data Group (D. J. Herndon, A. 

Barbaro-Gal t ier i ,  A. H. Rosenfeld),* 

Par t i a l  Wave Amplitudes; A Compilation, 

UCRL-20030 .rrN(1970). 

Par t i c le  Data Group (0. Benary, N. 

Barash-Schmidt,  L. R. P r i c e ,  A. H. Rosenfeld,  

G. Alexander),  A Compilation of Y N  React ions ,  

UCRL-20 000 YN (1970). 
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Sect ion II. 

NN AND ND INTERACTIONS 

(ABOVE 95 GeV/c) 



Scope of This  Compilation 

This  compilation of NN interactions 

covers the range of b e a m  momenta  f r o m  0.5 

to 70 GeV/c. We do not include any cosmic 

ray data o r  data  obtained f r o m  emulsions.  

Our lower l imit  of 0.5 Gev/c was selec-  

ted to coincide approximately with the upper-  

mos t  energy at  which reliable NN phase shift 

analyses have been performed.  Data below 

0.5 Gev/c will be the topic of a l a t e r  report .  

F o r  a l ready available information on this low- 

energy range see: 

1) V. S. Barashenkov and V. M. Maltsev,  

Cross  Sections fo r  Elementary Par t i c le  In- 

teract ions ,  F o r t s c h r .  Physik ?, 549 (1961); 

2) M. H. McGregor ,  R. A. Arndt,  and 

R. M. Wright,  (p ,  p )  and (n,  p )  Data Listing 

0 - 750 M ~ V / C ,  UCRL-50426 (1968). 

F o r  continuity we have in a few places  

presented data below our  cutoff of 0.5 GeV/c; 

in these  c a s e s  we have taken the data f r o m  the 

compilation of Barashenkov and Maltsev 

(above). 

In this  repor t  we have included al l  a r t i -  

cles reporting NN data in  our  energy range 

published s ince 1 January  1968. In addition 

we have included many important  works be-  

fore  that date. In par t i cu la r  we have included 

most  of the papers  used in two e a r l i e r  compil-  

ations on high-energy NN interact ions .  ' Our 

final cutoff date f o r  inclusion in this repor t  i s  

15 June 1970.  

pp Interactions 

It i s  not su rpr i s ing  that m o s t  of the data 

on NN interact ions  above 0.5 G ~ V / C  a r e  on the 

pp interaction. Not only i s  i t  e a s i e r  to f o r m  

well-defined proton beams  than neutron beams ,  

-- -- 

'G.  Alexander,  0. Benary,  and U. Maor ,  
Data Compilation of Proton;Proton Interac  - 
tions Between 1 and 32 GeV/c, Nucl. Phys.  B5, 
1 (1968); G. Alexander ,  0. Benary,  and U- 
Maor ,  Data Compilation of Baryon-Baryon 
Interactions.  I1 Proton-Neutron Collisions 
Between 1 and 27 Gev/c,  Nucl. Phys. B7, 
281 (1968). 

but one can a l so  use a pure hydrogen target- 

thus eliminating the subtractions and c o r r e c -  

tions which must  be applied in  o r d e r  to extract  

neutron data when using proton b e a m s  on com-  

plex t a rge t s .  Also, the a r t  of building high- 

energy proton beams i s  much older and m o r e  

highly developed than it i s  fo r  neutron beams. 

Total pp C r o s s  Section 
T 

Although there i s  a huge dip i n  the 5 (pp)  

below 2 G ~ V / C  (in the vicinity of the 1n and 27~ 

th resho lds ) ,  above 2 G ~ V / C  the re  i s  no appreci-  

able s t ruc ture  (see  Figs.  l a ,  b ,  c ) .  F o r  m o s t  1 
purposes  this c r o s s  section can be considered 

to be a constant 40 rnb f r o m  5 Gev/c up to the  

highest momentum yet reported (30 G e ~ / c ) .  

E las t i c  pp C r o s s  Sectiont 

F r o m  Fig. 1 we see that below about 
T 

1 GeV/c, oel(pp) is  equal to 5 (pp). Above 

2 Gev/c the re  i s  no appreciable s t ruc ture  in  
e 1 
0 . F r o m  7 to 30 GeV/c, ael/uT= 1/4. 

Elas t ic  pp Angular Distributions 

In con t ras t  to many other e las t i c  pro-  
* 

c e s s e s  (e. g. , rr N scat ter ing) ,  the re  a r e  no 

known resonances  in the pp system.  Thus the 

angular distributions fo r  pp elas t ic  scat ter ing 

a r e  somewhat s impler  than those of the other 

p rocesses .  

Empir ical ly ,  however,  the pp angular 

distributions do divide into two regions:  

1) The forward region (where the shape i s  

express ible  a s  a diffraction peak) ,  and 

2 )  The large-angle region (i. e. , outside the 

diff raction-peak region). 

Le t  us  f i r s t  consider the forward region where 

the c r o s s  section decreases  approximately ex-  

ponentially in  t . As the energy increases  

this region extends out to higher t values. 

Around Pbeam = 1 G~V!C, the diffraction 

- - - -  

t ~ o r  a good discussion of NN e las t i c  scat ter ing 
see :  Yoshio Sumi and Toshihiro Yoshida, 
Suppl. P rog .  Teor .  Phys. (Kyoto) E x t r a  
Number ,  p. 5 3  (1967). This  i s  a special  edition 
devoted ent i re ly  to "Experimental  Data on 
Hadron Interactions in GeV Region. I '  



region extends out to about I t  l = 0.5 (GeV/c) 
2 

(i. e. , to  ec. = 90 deg). At the  highest en- 

e rg ies  i t  extends out to It  1 = 1 ( G ~ v / c )  2 

(e. g. Oc. m, = 17 deg a t  26 G ~ v / c ) .  In Fig.  

2 2 we display the  log of du/dt vs.  It 1 . In this 

figure we have a l so  plotted out bes t  f i ts  (solid 

l ines )  to  the  da ta  of the formula 

using only da ta  in the interval  0.03 Sit1 5 0 . 3  
2 

( G ~ V / C  . This  interval  was a r b i t r a r i l y  se lec -  

ted to be a compromise  that would permi t  us  

to use the s a m e  interval  to  fit all of the data. 

A word of caution: the resu l t s  of fi ts  of this 

nature  a r e  ex t remely  cutoff dependent. We 

have plotted o u r  best-fi t  p a r a m e t e r s  in  Figs .  

3 3a and 3b. In Table  I we give the values of 

the  p a r a m e t e r s  reported by the exper imenters  

to their  own data. F igure  3 i s  the same a s  

3b except that  we have added the slope fi ts 

done by the Serpukov group. The ver t ical  

discontinunity between these f i ts  and ours  i s  

not meaningful s ince they use a different f i t -  

ting interval ,  etc.  

It i s  e a s y  to  s e e  f r o m  Fig. 3b that the 

diffraction peak f o r  pp elas t ic  scat ter ing 

shrinks rapidly-particularly up to a P-beam 

of about 6 G ~ V / C .  .'' F r o m  6 to 22 G ~ V / C  the 

slope appears  to  be roughly constant a t  about 

9 (GeV/c)-'. The  Serpukov data perhaps 

show a slow additional shrinkage f r o m  30 to 

70 G ~ V / C .  

In Fig.  3a we see  that our  fitted values 

of the intercept  du/dt t=o a r e  generally l a r g e r  

than the optical lower  l imi t  ( represen ted  by the 

smooth curve  in  Fig.  3 a ) ,  showing that  the 

forward elas t ic  amplitude i s  not purely imagi-  

nary. 

' c a r r i g a n  has  recent ly  proposed that there  i s  
a I t  break" in  the diffraction peak a t  
I tl = 0.15 (Gev/c)' a t  energies  around 20 
GeV/c. See R. A. Car r igan ,  J r .  , Phys. Rev. 
Le t te r s  24, 168 (1969) fo r  his  full discussion. 

We now turn to the " l a r g e  angles" r e -  
? .  

gion, i. e. , the region outside of the dif f rac-  

tion peak and extending up to f3 = 90 deg 
C.  m. 

( there  i s  always a symmet ry  about 90 deg f o r  

identical par t ic les  in the init ial  o r  final s t a te ) .  

Here  we find the two genera l  fea tu res  (Figs .  

2 ,  4, and 5):  4 

1) At fixed Pbeam, du/dt v a r i e s  in general  
5 

ra ther  slowly with t (in the l a r g e  angle r e -  

gion), and 

2 )  At fixed t ,  du/dt d e c r e a s e s  v e r y  r a p -  

idly with increasing P The l a r g e r  the  
beam'  

value of t ,  the fas te r  the fall-off. 

In 1964 o r e a r '  f i t ted these fea tu res  

[of the Cornell-BNL wide angle data of 

Cocconi et  al .  Phys. Rev. 138, B165 (1965)l 

with the s imple  formula 

P 

where S i s  the c. m. energy squared,  
Pl 

i s  the t r a n s v e r s e  momentum, and b i s  a 

" universal"  constant. 

However, a s  higher-energy data became avai l -  

able ,  i t  became c lea r  that the  value of b was 

in  fact energy dependent. In addition var ious  

I t  b reaks"  and I t  wiggles" began to be d i s -  

covered. In 1967 ~r i sch" :" :  proposed an  e m -  

pir ical  formula that has  had outstanding quali-  

tative success .  In Fig.  6 we reproduce one 6 
of K r i s c h ' s  plots. It i s  e a s y  to  see  that his  

formula of the type 
p 2 p 2  

where p i s  the c. m.  velocity of the proton, 

'see Char les  E. Chiu. Rev. Mod. Phys. 41, 
640 (1969) f o r  an  excellent discussion of 
large-angle  scat ter ing including various 
models. 

'J. O r e a r ,  Phys. Le t te r s  13, 190 (1964). 
.,, 4, >,. *,. 

F o r  the exact f o r m  of his  fo rmula  and de-  
ta i ls  of the fi t t ing, the r e a d e r  i s  r e f e r r e d  to  
A. D. Kr i sch ,  Phys. Rev. L e t t e r s  lq. 1149 
(1907).  



Scope of This  Compilation 

This compilation of NN interactions 

covers  the range of beam momenta  f r o m  0.5 

to  70 Gev/c. We do not include any cosmic 

ray  data o r  data obtained f r o m  emulsions.  

Our lower  l imit  of 0.5 Gev/c was se lec -  

ted to coincide approximately with the upper-  

m o s t  energy a t  which re l iable  NN phase shift 

analyses have been performed.  Data below 

0.5 GeV/c will be the topic of a l a t e r  report .  

F o r  a l ready available information on this low- 

energy range see :  

1) V. S. Barashenkov and V.  M. Maltsev,  

Cross  Sections f o r  E lementa ry  Par t i c le  In- 

teract ions ,  F o r t s c h r .  Physik ?, 549 (1961); 

2) M. H. McGregor ,  R. A. Arndt,  and 

R. M. Wright,  (P, p )  and (n ,  p )  Data Listing 

0 - 750 M ~ V / C ,  UCRL-50426 (1968). 

F o r  continuity we have in  a few places  

presented data below our  cutoff of 0.5 GeV/c; 

in  these  c a s e s  we have taken the data f r o m  the 

compilation of Barashenkov and Maltsev 

(above). 

In this repor t  we have included a l l  a r t i -  

c les  reporting NN data in  our  energy range 

published s ince 1 January  1968. In addition 

we have included many important  works be-  

f o r e  that date. In par t i cu la r  we have included 

mos t  of the papers  used in  two e a r l i e r  compil-  

ations on high-energy NN interact ions .  ' Our 

final cutoff date f o r  inclusion in this repor t  i s  

15 June 1970. 

pp Interact ions  

It i s  not su rpr i s ing  that m o s t  of the data 

on NN interact ions  above 0.5 GeV/c a r e  on the 

pp interaction. Not only i s  i t  e a s i e r  to f o r m  

well-defined proton beams  than neutron b e a m s ,  

.'G. Alexander,  0. Benary,  and U. Maor ,  
Data Compilation of Pro ton-Pro ton  In te rac -  
tions Between 1 and 32 G ~ V / C ,  Nucl. Phys. B5, 
1 (1968); G. Alexander,  0. Benary,  and U. 
Maor ,  Data Compilation of Baryon-Baryon 
Interactions.  I1 Proton-Neutron Collisions 
Between 1 and 27 G ~ V / C ,  Nucl. Phys. B7, 
28i  ( i968) .  

but one can a l so  use  a pure hydrogen ta rge t -  

thus eliminating the subtractions and c o r r e c -  

tions which m u s t  be applied in o r d e r  to ex t rac t  

neutron data when using proton beams  on com-  

plex targets .  Also, the a r t  of building high- 

energy proton beams  i s  much older and m o r e  

highly developed than it i s  for  neutron beams.  

Total pp C r o s s  Section 
T 

Although there  i s  a huge dip in  the o (pp) 

below 2 GeV/c ( in  the vicinity of the I n  and 2 n  

thresholds) ,  above 2 GeV/c the re  i s  no apprec i -  

able s t ruc ture  ( see  Figs.  l a ,  b ,  c) .  F o r  m o s t  1 
purposes  this c r o s s  section can be considered 

to  be a constant 40 mb f rom 5 G ~ V / C  up to the 

highest momentum yet reported (30 G ~ v / c ) .  

E las t i c  pp C r o s s  sectiont 

F r o m  Fig. 1 we see  that below about 
T 

1 G ~ V / C ,  c ~ ~ ~ ( ~ ~ )  i s  equal to 0 (pp). Above 

2 G ~ V / C  there  i s  no appreciable s t ruc ture  i n  
T oel. F r o m  7 to 30 G ~ V / C ,  oel/o = 1/4. 

Elas t ic  pp Angular Distributions 

In contras t  to many other e las t ic  p r o -  * 
c e s s e s  (e.  g. , T N scat ter ing) ,  the re  a r e  no 

known resonances  in the pp system. Thus the 

angular distributions f o r  pp elas t ic  scat ter ing 

a r e  somewhat s impler  than those of the other 

p rocesses .  

Empir ical ly ,  however, the pp angular 

distributions do divide into two regions : 

1) The fo rward  region (where the shape i s  

express ible  as  a diffraction peak),  and 

2)  The large-angle  region (i. e. , outside the 

diff raction-peak region).  

Le t  us f i r s t  consider the forward region where 

the c r o s s  section decreases  approximately ex- 

ponentially in  t  . As the energy increases  

this region extends out to higher t  values.  

Around Pbeam = 1 Gev/c, the diffraction 

'For a good discussion of NN e las t i c  scat ter ing 
see :  Yoshio Sumi and Toshihiro Yoshida, 
Suppl. Prog.  Teor .  Phys. (Kyoto) E x t r a  
Number ,  p. 53 (1967). This i s  a special  edition 
devoted ent i re ly  to " Experimental Data on 
Hadron Interact ions  in GeV Region. I '  



region extends out to about I t  l = 0.5 ( G ~ v / c )  
2 

(i. e. , to  Bc. m. = 90 deg). At the highest en- 

e rg ies  i t  extends out to It  1 =. 1 ( G ~ v / c )  
2 

(en g. t ec. m. = 17 deg a t  26 G ~ v / c ) .  In Fig. 

2 2 we display the log of da/dt vs.  I t  1 . In this 

figure we have a l so  plotted out best  f i ts  (solid 

l ines)  t o  the data  of the formula 

using only data  in  the interval  0.03 51 t 1 5 0.3 
2 

(Gev/c . This  interval  was a rb i t ra r i ly  se lec -  

ted to  be a compromise  that would permi t  us 

to use  the s a m e  interval  t o  fi t  all of the data. 

A word of caution: the resu l t s  of f i ts  of this 

nature a r e  ex t remely  cutoff dependent. We 

have plotted our  best- f i t  p a r a m e t e r s  in  Figs .  

3 3a and 3b. In Table  I we give the values of 

the  p a r a m e t e r s  reported by the exper imenters  

to the i r  own data. F igure  3 i s  the s a m e  a s  

3b except that  we have added the slope fi ts 

done by the Serpukov group. The ver t i ca l  

discontinunity between these f i ts  and ours  i s  

not meaningful since they use a different f i t -  

ting interval ,  etc. 

It i s  e a s y  to  s e e  f r o m  Fig. 3b that  the 

diffraction peak f o r  pp elas t ic  scat ter ing 

shrinks rapidly-par t icular ly  up to a P - b e a m  

of about 6 G ~ V / C .  "' F r o m  6 to 22 Gev/c the 

slope appears  to  be roughly constant a t  about 

9 (G~v/c)- ' .  The Serpukov data perhaps 

show a slow additional shrinkage f r o m  30 to 

70 G ~ V / C .  

In Fig. 3a we see  that our fitted values 

of the intercept  da/dt t=o a r e  generally l a r g e r  

than the optical lower  l imi t  ( represented by the 

smooth curve  in  Fig.  3a ) ,  showing that  the 

forward elas t ic  amplitude i s  not purely imagi -  

nary. 

' c a r r i g a n  h a s  recent ly  proposed that the re  i s  
a break" i n  the diffraction peak a t  

I t l  = 0.15 ( ~ e v / c ) ~  a t  energies  around 20 
G ~ V / C .  See R. A. Car r igan ,  J r . ,  Phys. Rev. 
Le t te r s  3, 168 (1969) for  his full discussion. 

We now turn to the I t  l a r g e  angles"  r e -  
t .  gion, 1. e.  , the region outside of the  dif f rac-  

tion peak and extending up to 0 
C. m .  = 90 deg 

( the re  i s  always a symmet ry  about 90 deg f o r  

identical par t ic les  in the init ial  o r  f inal  s ta te) .  

H e r e  we find the two genera l  f e a t u r e s  (Figs .  

2,  4, and 5): 
4 

1) At fixed Pbeam, d ~ / d t  v a r i e s  i n  general  
5 

ra ther  slowly with t ( in the l a r g e  angle r e -  

gion),  and 

2)  At fixed t ,  da/dt decreases  v e r y  r a p -  

idly with increasing P beam' 
The l a r g e r  the 

value of t ,  the fas te r  the fall-off. 

In 1964 o r e a r '  f i t ted these f e a t u r e s  

[of the Cornell-BNL wide angle da ta  of 

Cocconi e t  al. Phys. Rev. 138, B165 (196531 - 
with the  s imple  formula 

P 

where S i s  the c. m. energy s q u a r e d ,  Pl 
i s  the t r a n s v e r s e  momentum, and b i s  a 

" universal"  constant. 

However,  a s  higher-energy data b e c a m e  avai l -  

able ,  i t  became c lea r  that the value of b was 

in  f a c t  energy dependent. In addition var ious  

b reaks"  and " wigglesft  began to be d i s -  

covered. In 1967 ~ r i s c h " " '  proposed a n  e m -  

p i r i ca l  formula that has  had outstanding quali- 

tative success .  In Fig.  6 we reproduce  one 6 
of K r i s c h ' s  plots. It i s  easy  to  s e e  that  his 

f o r m u l a  of the type 
B ~ P '  

where  p i s  the c. m. velocity of t h e  proton, 

'see Char les  B. Chiu, Rev. Mod. Phys. 41, 
640 (1969) fo r  an  excellent discussion of 
large-angle  scattering including var ious  
models .  

'J. . . 
O r e a r ,  Phys. Le t te r s  13, 190 (1964). 

.,, .,- ,,. .,. 
F o r  the exact f o r m  of his f o r m u l a  and de- 

ta i ls  of the fi t t ing, the r e a d e r  i s  r e f e r r e d  to  
A. D. Kr i sch ,  Phys. Rev. L e t t e r s  2, 1149 
(1967). 



does an  admirable  job of fitting the  data over  

1 2  o r d e r s  of magnitude (both s m a l l  angles and 

l a r g e  angles).  

Neither the significance of the depen- 
2 2 

dence upon the var iable  F PI n o r  the reason 

f o r  the b reaks  in the curve in  Fig.  6 i s  yet 

c lea r .  It has  been suggested that  the b reaks  

might  be associated with the openings of v a r i -  

ous inelastic processes .  

Although Krischt  s fit explains the gen- 

e r a l  f ea tu res  of the elastic pp da ta ,  the re  i s  

some "f ine s t ructure"  that i t  does  not ex- 

plain. This oscillatory s t ruc ture  i s  nicely 

7 displayed in Fig. 7 [taken f r o m  J. V. Allaby 

e t  al. , in  Proceedings of Topical Conference 

on High Energy Collisions of Hadrons (CERN, 

Geneva, 1968), p. 5801 . Allaby et al. point 

out that: "Such an oscillation i s  reminiscent  

of s i m i l a r  phenomena seen in  r p ,  Kp and pp 
scat ter ing.  A simple-minded interpreta t ion 

of such behaviour i s  in t e r m s  of diffraction 

scat ter ing.  There ,  a s  well a s  h e r e ,  the f i r s t  

d i f f ract ion minimum reveals  i t  self when the 

c r o s s  section has  fallen below a level  of about 

1 0 - ~ ~ c r n ~ / ( ~ e ~ ) ~ .  Equating the dips of the 

oscillation to the ze ros  of the f i r s t  o r d e r  

B e s s e l  function, J1 (R 2 / f )  resu l t s  in  an  ob- 

sorbing disc  radius of R = 0.6 f ,  an anoma- 

lously smal l  value. In any c a s e ,  i t  s e e m s  

p r e m a t u r e  to  conlude that l a r g e  angle proton- 

proton scat ter ing i s  dynamically nothing else  

than the tail  of diffraction scat ter ing.  " 

T h e r e  a r e  two exper iments  (Diddens 

e t  al. , Ref. 5 3  , and Cocconi e t  al. , 

Ref. 261 ) that  repor t  r esu l t s  on pp elas t ic  

angular distributions a t  fixed angle ra ther  

than fixed energy. We have not reproduced 

t h e i r  data in  this section, but i t  i s  tabulated 

i n  Sec. 111 of this  report .  

~ e / ~ m  Ratio of the Forward  pp Elas t i c  
Amplitude 

The r e a l  pa r t  of the fo rward  elas t ic  

amplitude i s  of great  in teres t .  I t s  magnitude 
e l  can  be es t imated by extrapolating do  /dt to 

t = 0 and then using the optical theorem to 

evaluate the  imaginary p a r t  f r o m  the total  

c r o s s  section. ' 

If one looks a t  d ~ / d t  a t  extremely f o r -  

ward  angles in  the Coulomb interference r e  - i 2 
pion [e. g . ,  Itl < 0.01 (G~v /&)  ] ]  one can p r e -  

sumable m e a s u r e  not only the magnitude but 

a l so  the s ign of the r e a l  part .  As a mat te r  of 

fac t ,  th is  i s  exactly what i s  generally done 

( s e e ,  e. g. , Fig. 8). 8 
In rea l i ty ,  of course  the determinat ion 

of ~ e ( f ) / ~ m ( f )  at  z e r o  degrees  i s  considerably 

m o r e  complicated than suggested by the above 

s imple  prescr ipt ion.  F o r  instance, Re(f)  

means  only the total nuclear contribution; i. e. , 

the Coulomb scat ter ing contributions m u s t  be  

removed. Th is  subtraction is  somewhat model 

dependent. 

In addition, if a l l  of the forward ampl i -  

tude cannot be explained by the imaginary spin-  

independent p a r t ,  the discrepancy can be due 

to e i ther :  

1) A r e a l  p a r t  of the forward spin-indepen- 

dent amplitude, and/or 

2 )  The exis tence of a spin-dependent pa r t  

of the fo rward  amplitude. 

The separat ion of these  effects i s  not 

easy ,  and i t  s e e m s  probable that other data ,  

in  addition to p rec i se  da/dtt s ,  a r e  going to 

have to  be employed to finally resolve the 

ambiguities.  

In report ing their  resul ts ,  authors  usu-  

ally give the  &o of the Real pa r t  to the 

lmaginary  p a r t  of the spin-independent for  - 
ward amplitude (defined as  cr ). In Fig.  9 9 

PP 
we have plotted mos t  of the measurements  of 

cr done recent ly  (i. e. , since 1964). The 
PP 

agreement  above 2 G ~ V / C  with the curve  ca l -  

culated f r o m  forward dispers ion re la t ions  by 

See the discussion by H. A. Bethe, Ann. 
Phys. (N. Y .  ) - 3,  190 (1958). 



sijding"' i s  quite striking. However,  below 

2 G ~ V / C  they appear  to d i sagree  completely. 

It i s  interesting to  note that  2 ~ e V / c  i s  a lso the 

place where the tota l  c r o s s  section levels off 

and begins to a s s u m e  a re la t ively constant 

value. A possible connection between these 

two effects i s  speculated upon by Bellettini 

e t  al. 
t 

Actually, %ding's calculation i s  based 

upon the assumption that  the spin-dependent 

p a r t  of the forward amplitude i s  z e r o  (i. e. , 

ppp = 0). As Fig. 9 shows,  the experimental 

points do agree  with the calculation a t  high 

energ ies ,  suggesting that  Fpp i s  indeed con- 

s is tent  with 0. 

However, below - 2 G ~ V / C  the exper i -  

mental  values fo r  cu a r e  much s m a l l e r  than 
PP 

the calculated ones ,  suggesting that P might 
PP 

become important  a t  low energies .  This i s  

confirmed by the values  of P reported by 
PP 

D u t t o n e t a l .  (Refs. 51 and 52 ). 

Plab , PPP 

Thus i t  s e e m s  that the spin-dependent 

p a r t  of the e las t i c  scat ter ing amplitude de-  

c r e a s e s  with increasing momentum. 

Polar izat ion i n  E las t i c  pp Scat ter ing 

Good polarization measurements  on pp 

elas t ic  scat ter ing a r e  vi ta l  to  the pp phase 

10 shift  analyses.  In Fig. 10 we plot the polari-  

zations a t  var ious  momenta.  The distributions 

a r e  presented f o r  0 5 cos  f3 i I because 
C. m .  

the symmet ry  of the identical protons requ i res  

that the distributions be an t i symmet r ic  about 

' P. Sijding, Real  P a r t  of the Proton-Proton 
and Proton-Antiproton F o r w a r d  Scattering 
Amplitude a t  High Energ ies ,  Phys. L e t t e r s  
8 ,  285 (64). - 
t 
Bellettini e t  al .  , Phys. L e t t e r s  1 4 ,  164 

(I965 j. 

cos 0 = 0. 
C. m .  
In Fig.  11 we have plotted [after Grannis  11 

et al .  , Phys. Rev. 148, 1297 (1966)] the  m a x i -  

m u m  polarization vs.  beam momentum. It i s  

easy  to s e e  tha t  the re  i s  a maximum a t  about 

1.4 G ~ V / C .  

Elas t ic  pp Partial-Wave Analyses 

A partial-wave analysis i s  the m o s t  com-  

plete descr ipt ion we have of an e lementary 

par t ic le  reaction. All possible information i s  

contained in it. However, such analyses  a r e  

in  pract ice  feasible  only fo r  the low-energy 

regions where  only a few par t ia l  waves need 

be considered,  and only a very few inelas t ic  

channels a r e  open. MacGregor e t  al. have 

managed to extend the pp elastic partial-wave 

analysis up to 1.4 G ~ V / C .  '" However, they 

point out that above 1 ~ e V / c  these analyses  

a r e  real ly  only qualitative so fa r .  

As a m a t t e r  of fact ,  i t  i s  because the 

low-energy data i s  well described by par t i a l -  

wave analyses  and the high-energy (about 

- 1 G ~ V / C )  data a r e  not, that we decided to 

bring out our  NN compilation in two p a r t s :  

this f i r s t  section covering 0.5 GeV/c and above, 

and a second section (some time in the fu tu re )  

below 0.5 GeV/c. 

Although we a r e  going to leave a l l  the 

par t ia l -wave resu l t s  fo r  our l a te r  r e p o r t ,  in 

this section we would just like to indicate the 

general  ' I  s ta te  -of - the-ar t .  I t  

In M a r c h  1967 the University of F lor ida  

hosted the International Conference on the Nu- 

cleon-Nucleon Interaction. A ra ther  complete 

repor t  of th is  conference i s  the subject of the  

special  i s s u e  of the July 1967 Reviews of 

Modern Physics .  In their  introductory paper 

to this i s s u e  Green,  MacGregor,  and Wilson 

make the following comments : Our knowledge 

of the N - N  interaction around 1960 might  be 

. 'MacGregor  e t  al. , Determination of the Nu- 
cleon-Nucleon Scattering Matrix. VIII. (p ,  p )  
Analysis f r o m  350 to 750 MeV, Phys. Rev. 
169, 1149 (1968). - 



summar ized  by the succinct s ta tement  of 

P r o f e s s o r  M. L. Goldberger: ' T h e r e  a r e  few 

prob lems  in modern  theoretical physics  which 

have a t t rac ted  m o r e  attention than that  of 

t rying to  determine the fundamental i n t e r a c  - 
tion between two nucleons. It i s  a l s o  t r u e  

that s c a r c e l y  e v e r  has  the world of physics  

owed s o  l i t t le to so  many. In genera l ,  i n  

surveying the field,  one i s  oppressed b y  the 

unbelievable confusion and conflict tha t  exists.  

It i s  h a r d  to believe that many of the authors  

a r e  talking about the same problem o r ,  in  

fact ,  that  they know what the problem i s .  ' 
After t h r e e  days of presentations and d i s c u s -  

sions a t  the 1967 N-N Interaction Conference 

a t  the University of Flor ida in Gainesvi l le ,  it 

would appear  that  our  view has  improved con- 

s iderab ly  f r o m  the bleak picture of 1960. In- 

deed s e v e r a l  relatively simple and accura te  

descr ipt ions  of the nucleon-nucleon interact ion 

based  upon meson  field theory have emerged .  

While the  fo rmal i sms  used differ g rea t ly ,  i t  

appears  now that  these theories  have about the 

s a m e  physical substance and that the var ious  

authors  a r e  not only talking about the s a m e  

problem but that correspondences between the 

var ious  languages a r e  being established. " 

Inelastic pp ~ e a c t i o n s "  

T h e  total  pp inelastic c r o s s  sect ion can 

be eas i ly  es t imated by eye f r o m  Fig. I b  o r  

Ic. It i s  v i r tual ly  zero below 1 Gev/c;  i t  

quickly i n c r e a s e s  to about 30 m b  by 2 G ~ V / C  

and remains  relatively constant up to the  

highest  energ ies  yet reported (30 GeV/c). As 

we will s e e  in the next section, the inelas t ic  

react ions  a r e  dominated by A and N'" produc-  

tions. 

In Fig.  12 we present  the single-pion 

production c r o s s  sections (which include 

F o r  f u r t h e r  information on NN ine las t i c  p r o -  
c e s s e s ,  see  the excellent review talk by 
E. Lillenthun, Lund Conference, 1969. Also 
s e e  Kimio Fu j imura ,  Suppl. Prog.  Theor .  
Phys.  (Kyoto),  E x t r a  Number,  (1967),  p. 282. 

resonance contributions).  Because of the i m -  

portance of A (1236) production, the pna 
t 

c r o s s  sect ion i s  considerably l a rger  than the  

ppn O c r o s s  section. We will shortly see  t h a t  

those single -pion production c r o s s  sect ions  

follow r a t h e r  closely the shapes of the 

pp - NA(1236) c r o s s  sections.  

We next present  a plot of the c r o s s  s e c -  
t 

tion for  pp - dw (Figs .  13a and 13b). Note 13 
that the s teep  decrease  of fl with Pbeam i s  

reasonably well  fit by the f o r m  5 = KP;taam 

(the dashed line in  Fig.  13b). The significance 

of this fi t  and the fitted value of n = 4.29 + 0.04 

will be d i scussed  in a l a t e r  section. 

W e p r e s e n t i n F i g .  14 thed i f fe ren t ia l  14 
t 

c r o s s  sect ions  f o r  the reaction pp + dw . 
Since the ini t ia l -s ta te  par t ic les  a r e  ident ical ,  

these dis t r ibut ions  a r e  symmet r ic  about 

cos 6 = 0. It i s  c l e a r  that the distributions 
C. m .  

a r e  peaked i n  the forward (backward) direct ion,  

and this peaking increases  a s  the energy i n -  

c reases  f r o m  1.7 to 3.6 G ~ V / C .  

Next we tu rn  to double-pion production 
t - 

and in par t i cu la r  to pp -+ ppn n , as  the o ther  

th ree  possible  double -pion processes  

PP ' ppnO.rrO 
t 0 pnw n 
t t  nnw n 

each involve two missing neutrals  and a r e  

therefore  considerably h a r d e r  to detect (and 

a r e  under constrained in the bubble chamber) .  

In Fig.  15 we s e e  that the double-pion c ross ,  15 
section displays  the s a m e  general fea tu res  a s  

the single-pion production: a peak n e a r  t h r e s h -  

old (neither a s  high nor  a s  sharp  as fo r  the 

single-pion c a s e ,  however) ,  tapering off to a 

ra ther  constant value a t  higher beam momenta.  

When we look a t  resonance production short ly  

we will s e e  that most of this distribution i s  due 

to quasi-two-body react ions  involving N.'" s 

and A's .  

In Fig.  16 we see  that the triple-pion 46 
production c r o s s  sections have the same 



general  shape a s  the single- and double-pion 

productions. Again this plot contains a l a rge  

smount of resonance contributions. 

Final ly  in  Table I1 we presen t  the  avail-  

able data on 4- and 5-pion production, a s  well 

a s  deuteront3n and d e u t e r o n t 4 ~  reactions.  

These  data a r e  not plotted because t h e r e  a r e  

too few points available. 

N.'" and A Resonances 

The m o s t  thoroughly investigated phe- 

nomena in the pp inelas t ic  final s t a tes  a r e  the 

nucleon resonances-and f o r  good reason. 

They make up generally f r o m  50 to 80% of 

the inelas t ic  c r o s s  section. 

Before proceeding to  look a t  the data,  

i t  i s  e ssen t ia l  to understand a couple of basic 

fac t s  about how these exper iments  a r e  p e r -  

formed.  Briefly,  the re  a r e  two bas ic  methods 

of gathering data on resonance production in  

inelas t ic  react ions ,  and each type has  i ts  ad- 

vantages and disadvantages that m u s t  be under- 

stood before  the data can be p roper ly  in te r -  

preted:  

1) The " m i s s i n g  m a s s "  exper iments .  In 

these  one usually m e a s u r e s  only the m a s s  r e -  

coiling against the detected par t i c le  (neutral  

o r  charged) .  Thus these exper iments  a r e  

able to m e a s u r e  the total  production c r o s s  

sections f o r  a l l  decay modes of the produced 

resonance. However, they general ly  mus t  

m e a s u r e  

over  some limited t range,  and then assume 

a dependence like 

in  o r d e r  to evaluate the integrated c r o s s  sec -  

tion. 

2 )  The  " bubble chamber  - l ike t t  exper iments .  

These  have the advantage of being able to de- 

t ec t  a l l  angular regions equally. However, 

only par t  of the decay modes a r e  generally 

This  l a t t e r  point brings us  to the q u e s -  

tion of how to cor rec t  for  unmeasured decay  

modes. Where possible we have used i sosp in  

relations.  F o r  resonances that  have both NTI 

and NTITI decay modes and only the NT m o d e  

h a s  been reported,  we have used the f a c t o r  

a s  given by the mos t  recent  l 1  Reviews of 

P a r t i c l e  Proper t i es .  I '  ' The  e r r o r  i n  x h a s  

been included in  our quoted c ross - sec t iona l  

e r r o r s .  

Another problem that affects any type 

of detector  i s  the separation of " signal" f r o m  

I' background. " Frequently these  resonances  

s i t  on top of l a r g e  backgrounds so  the sub t rac -  

t ions become complicated. See f o r  example 

the m a s s  piots in  Fu j imura ' s  review a r t i c le .  t 

With these prel iminar ies  unders tood,  we 

now t u r n  to  the data,  taking the baryon r e s o -  

nances  in roughly increasing m a s s  o rder .  

A(1236) 

The c r o s s  sections f o r  the  react ions  
t t t 

pp + nA and pp -. pA and plotted in  Fig.  17. 17 
tt 

F r o m  isospin the ratio of o(nA should 

be 3 ,  and the data is  consistent with this. The 

dashed line in  Fig.  17b represen t s  our b e s t  

fi t  of o (nf l t t ) ,  above 10 G ~ V / C ,  to the fo rmula  

0 = ~5'~~ 
(with best- f i t  value of n = 2.20 * 0.16). The 

significance of this parameter izat ion will be 

explained in a l a t e r  section. We did not f i t  
t O(PA ) because a s  yet the re  a r e  too few da ta  

above 10 G ~ V / C .  

In Fig.  18 we present  the differential  18 
c r o s s  sections f o r  ( a )  pp - n ~ ( 1 2 3 6 ) ~ ~  and 

(b) pp-. p ~ ( 1 2 3 6 ) t .  In Figs .  18a and 18b we 

have also displayed the resu l t s  of our  f i ts  to 
bt the data  of the f o r m  du/dt = Ae . In Fig.  18c 

- 
' P a r t i c l e  Data Group, Review of Par t i c le  
P r o p e r t i e s ,  Rev. Mod. Phys. 42, 87 (1970). 
'K. F u j i m u r a ,  3. &. 

detected. 



we have plotted our  best-fi t  values of b. We see  

that  the diffraction peak i s  shrinking f o r  the 
+ 

pA p r o c e s s s e s ,  but i t  i s  not c lea r  whether 

the pp + nAt+ peak i s  shrinking or  not. One 

should not put too much faith into the actual 

numbers  plotted in Fig. 18c. As we have said 

before ,  the data  (Figs.  18a and 1%) a r e  sens i -  

tive to background subtractions,  etc. 

Next we look a t  the " elas t ic- l ike"  pp 

19 in teract ions ,  i. e. , PP- P N:/~. ;% In Fig.  19a 

i s  u [p~ : : j1470) t ]  ; Fig. 19b, D [ ~ N  (1520)') 
t 

and Fig. 19c shows 0 . [ ~ ~ ' ' ( 2 1 9 0 )  ] in  addition 

to  the previous two. We see  that although the 
t 

productions of ~ ~ ' ( 1 4 7 0 ) '  and ~ " ( 1 5 2 0 )  a r e  

essent ia l ly  of the same magnitude a ~ o u n d  4 

GeV/c, by 10 G ~ V / C  the ~ ~ ' ( 1 5 2 0 ) '  has  dropped 

by a f a c t o r  of 3, whereas  the N-'(1470) has  r e -  

mained re la t ively constant (and does s o  a l l  the 

way up to  30 G ~ v / c ) .  

The energy  dependence of these  " elas t ic-  

like" react ions  i s  in marked  contras t  to  the 

A(1236) production, which continues to de-  

c r e a s e  a s  a function of energy ( see  Fig.  17b). 

They a r e ,  however ,  quite s imi la r  to  the pp 

elas t ic  sca t t e r ing ,  which also i s  about constant 

above 10 G ~ V / C .  

The A(1236) c r o s s  section fa l ls  so  fas t  

that although a t  - 4 G ~ V / C  the pA (1236) p r o -  

duction i s  considerably g r e a t e r  than p ~ " . ( 1 4 7 0  

o r  1520),  by 10 G ~ V / C  i t  i s  l e s s  than that fo r  

~ " ' ( 1 4 7 0 )  and by 15 G ~ V / C  i t  i s  l e s s  than f o r  

20 
~ " ' ( 1 5 2 0 ) .  

21 
F i g u r e s  20 and 21 show the differential  

+ 
c r o s s  sections f o r  the p rocesses  pp-p~."(1470)  

4, 

and pp + p~. ' " (1520) t  respectively.  F r o m  the 

data we have displayed i t  i s  not easy  to tell  

whether these  diffraction peaks a r e  shrinking 

o r  not. In Table  I11 we have plotted the p a r a m e -  

t e r s  that va r ious  exper imenters  have obtained 

in  fitting to  t h e i r  own data. Although the fi ts 

w e r e  not done in  a completely consistent man-  

n e r  f r o m  one exper iment  to another (i. e. , 

various  I t 1 cu ts ,  different background subtrac-  

t ions) ,  it does appear that neither the ~ ' " ( 1 4 7 0 ) ,  

the ~ " : ( 1 5 2 0 ) ,  n o r  the ~ " ( 2 1 9 0 )  peaks a r e  in  

fact shrinking. Notice a l so  that the ~ ~ ' ( 1 4 7 0 )  

peak i s  considerably s h a r p e r  than that of the  

~ " ( 1 5 2 0 )  and ~ " ' ( 2 1 9 0 ) .  Also, notice by com- 

paring Table 111 with Fig.  3 (the coefficients 

for  the pp elas t ic  scat ter ing)  that the ~ " ' ( 1 4 7 0 )  

[as well a s  the ~ ( 1 2 3 6 ) ]  a r e  about twice a s  

steep a s  the e las t i c ,  where  the ~ " ' ( 1 5 2 0 )  and 

~ ' " ( 2 1 9 0 )  [as  well a s  the composite ~ " ( 1 6 8 8 ) " ]  

a r e  only about half a s  steep. 

In the " l a r g e  angle" [I tl > 1 ( G e ~ / c ) ~ ]  
t 

region we have no data on pp+ p ~ " ' ( 1 4 7 0 ) .  How- 
+ .  

ever ,  fo r  the p ~ . ' ' ( 1 5 2 ~ )  f ~ n a l  s ta te  (Fig.  21)  

we do have some information for  l a rge  I tl. The 

data below 19 G ~ V / C  show a v e r y  flat  depen- 

dence on t. We can a l so  see  that the d ~ / d t  

values in this  region decrease  a s  P beam in- 
c reases .  These  two charac te r i s t i cs  a r e  a lso 

found in the e las t ic  pp scat ter ing,  and thus the 

reaction pp - p~" ' (1520fis  sometimes said to  

exhibit ' I  e lastic-like behavior in  the region 

I t  I > I ." If we look at the data a t  19.2 G ~ V / C ,  

however,  we s e e  that the c r o s s  section in this  

region i s  s t i l l  r a ther  t dependent. More data 

above 8 Gev/c would be m o s t  helpful in under- 

standing this reaction. 

I t  ~ " ' ( 1 6 8 8 ) "  Bump 

Next we look at the " ~ ' ~ ' ( 1 6 8 8 ) "  . Actually 

TN phase shift analyses have shown that this 

region contains a number of resonances  with 
P differing J a n d I - s p i n  [ e . g . ,  N(1670,5/2-),  

N(1688, 5 /z t ) ,  N" (1700, 1 /2 - ) ,  A(1650, 1 / 2 - ) ,  

A(1670, 3/2-)] .  Thus i t  i s  impossible at  present  

to c o r r e c t  f o r  unseen decay modes. There-  

fo re ,  in  Fig.  22 we have plotted only those ex- 22 
periments  (mostly counters)  that reported a l l  

decay modes. In this  figure we see  that the 

composite " ~ " : ( 1 6 8 8 ) ~ "  production c r o s s  s e c -  

tion i s  roughly constant f r o m  4 to 30 G e ~ / c .  

In Fig.  23 we plot the available differenti- 2 3  
I 

a1 c r o s s  sections f o r  pp --- p" ~ " ' ( 1 6 8 8 ) ' .  " 



Again in  Table 111 we presen t  the f i t ted 

p a r a m e t e r s  fo r  this distribution. They show 

that the  I t  ~ " ' ( 1 6 8 8 ) ,  like the other N*:'S (1470, 

1520, and 2190), does not have a shrinking 

diffraction peak. 

In the large-angle  region 
2 

[it 1 > 1 ( G ~ v / c )  ] we find a behavior quite 

analogous to tha t  found in  the reaction 
t .  

pp -. pN(1520); 1. e. , below 19 G ~ V / C  the d ~ / d t  

i s  quite constant in I t I but fa l ls  with increasing 

b e a m  momentum ( ' I  e lastic-like" ). Again, 

however,  the data  a t  19.2 G ~ V / C  does not show 

this behavior ,  but ra ther  continues to d e -  

c r e a s e  a s  It l i nc reases .  

A Paramete r iza t ion  of the du/dt1s  

Ankenbrandt e t  al. [phys.  Rev. 170, 
i223 (1968)] have introduced an interes t ing 

paramete r iza t ion  of the inelastic channels we 

have been considering. Probably s t imulated 

by the success  that plotting the e las t ic  du/dt 
2 

vs.  P has  shown, they introduce the kine-  
1 

mat ic  var iable  

v = - [ t u / ( t t u ) ]  , 
where t and u a r e  the fami l ia r  Mandels tam 

var iables :  
2 

t = ( P i  - P3) , 

2 
u = (P* - Pq) . 

As they point out, v has  some of the 

des i rab le  p roper t i es  that P; manifests  f o r  

e las t ic  sca t t e r ing  (v i s  identically P: f o r  
- 

e las t i c  scat ter ing) .  It i s  symmet r ic  under  

interchange of the init ial  state protons;  i t  

takes  the  s a m e  value fo r  the inverse  p r o c e s s ;  

and it reduces  to  ( - t )  fo r  smal l  I v l  . 
24 In Fig. 24 we display the resu l t s  of our  

f i ts  of the  f o r m  

t 
to  the pp -. pA , p~" ' (1520f ,  p " ~ " ( 1 6 8 8 f " ,  and 

pp elas t ic  scat ter ing data. The r e s u l t s  of such 

f i t s  a r e  of c o u r s e  dependent somewhat upon 

the range of v values chosen. Following 

Ankenbrandt e t  al. we f i t ted the react ions  

to the above fo rmula  fo r  v values just outside 

of the diffraction peak. Thus,  this f igure  i s  

essentially identical to that presented by 

Ankenbrandt e t  al. , except that we have ex-  

tended the plot above the i r  7 G ~ V / C  upper 

limit. 

As a l r e a d y  noted by Ankenbrandt et  a l .  , 

the mos t  s t r iking feature  of Fig. 24 i s  the 

tendency of a l l  the slopes toward the s a m e  

value ( l / v o  = 2.5) around 7 G ~ V / C .  We s e e  

that above 7 G ~ V / C ,  the e las t ic  points a r e  

slowly falling. The points at  19 G ~ V / C  a r e  

interesting but may  not be very significant 

since the exper iment  covers  a somewhat dif -  

ferent  t range than do the lower-momentum 

experiments.  Additional experiments above 

7 G ~ V / C  would be most  useful. 

Baryon Resonances in Other Final States 

So f a r  we have been considering the p r o -  

duction of baryon resonances  in the s i m p l e s t  

manner ,  i. e. , in  quasi-two-body final s t a t e s ,  

where one par t i c le  i s  a nucleon. However,  

there  a r e  a few bubble chamber exper iments  

which a l so  look a t  baryon production in  m o r e  

complicated situations. In Fig. 2 5  we see  25 
t t single - resonance production: ( a )  pp + p ~ - ~  

t 
and (b )  pp + PTF A O .  In Fig. 26 i s  displayed 26 
the double - resonance production: 

+ $ :;: 
(a )  pp -+ A t t ~ '  and (b )  pp - A N ( 1 5 2 0 ) ~ .  

In addition the re  have been numerous 

resu l t s  published on various other final s t a t e s  

containing N '  ' s and A's .  Such data m a y  be 

found in the following a r t i c les  (in Sec. 111). 

Caso 
Connolly 
Connolly 
Ginestet 
Kayas 
Kinsey 
Klein 
Y ekutieli 



Boson Resonances 

In con t ras t  to TN and KN interact ions ,  

the NN initial  state has  no bosons. Thus the 

lack of boson resonances in NN final s t a tes  i s  

not too surpr is ing.  In general ,  boson r e s o -  

nance production seems  to  be only about 1% 

a s  probable a s  nucleon resonance production 

in  pp reactions.  

27 In Fig. 27 we present  the c r o s s  s e c -  

t ions f o r  (a )  pp -. ppo and (b) pp + p p ~ .  

In Table I1 we give the only c r o s s  s e c -  

t ion measurement  (at  21.1 G ~ V / C )  f o r  the 
t 28  process  pp + dp . In Fig. 28 i s  shown the 

+ dp production angular distribution c o r r e -  

sponding to this  point. 

Strange-Par t ic le  Production in pp Interact ions  

The production of s t range -par t ic le  final 

s t a tes  accounts f o r  only about 1% of the total  

inelas t ic  c r o s s  section in the energy range 

m e a s u r e d  s o  f a r  (up to - 10 G ~ v / c ) .  Many 

of these  react ions  a r e  dominated by s t rong 
.I, . .%I 

N.'., Y'., C-', o r  K ' ~  production. 

29 The three-body final s ta tes  a r e  d i s -  

30 
played in Fig.  29 (pp -. pAK), Fig. 30a 

t 
(pp -. p Z S ~ O  ), and Fig. 30b (pp -. p Z; O K  ). 

(The only other  possible strange t h r e e  -body 
+ +  

f inal  s ta te  i s  nK Z and no data has  yet been 

reported f o r  this  reaction. ) We see  f r o m  

Figs .  30a and 30b that the c r o s s  sections fo r  
t p ~ O ~ t  and p C K O  a r e  about equal. W e  a l so  

note that the p A ~ t  c r o s s  section is  about 

2 1/2 t imes  a s  g rea t  a s  e i ther  of the X c r o s s  

sections.  

Next we display the four-body final 

31 s ta tes .  In Fig. 31 a r e  a l l  possible react ions  

of the type pp -. NAKr;. We see  that  i n  the 

energy interval  measured  ( -  5 to  10 G ~ V / C )  

a l l  t h r e e  react ions  have about equal c r o s s  

sections.  

32 In Fig.  3 2  a r e  plotted a l l  possible r e -  

actions of the type NCKO r;. 

33 Figure  33 shows the reactions 

( a )  pp K O E O  and (b)  p n ~ t ~ O .  These  have 

about the s a m e  c ross  sections a s  the other 

s t range four-body processes  in F igs .  31 and 

32. 

In Table IV a r e  l isted var ious  s t range-  

par t ic le  production c r o s s  sect ions  f r o m  4- ,  5 - ,  

and 6-body final states.  These data  a re  not 

plotted because they a r e  too s p a r s e .  

F o r  c r o s s  sections involving Y p r o -  

ductions s e e  Klein e t  al. (Ref. 122 ). 

pp- n-prongs 

Table V displays the c r o s s  sections fo r  

the react ions  pp -+ n-prongs. 

nn Interactions 

By isospin invariance the nn interac-  

tions should be identical to the pp interac-  

tions reported in  the previous section (as  long 

a s  one s tays  out of the Coulomb-force region). 

In Fig.  34 we have plotted the values of 34 
T T a (nn) along with a smooth curve f o r  a (pp) 

taken f r o m  Fig. 1. Considering the difficulties 

associated with nn exper iments  (with we shall  

enumerate  in the next section on np and pn 

interact ions)  the agreement  s e e m s  quite good. 

In Fig.  35 is  displayed the m o s t  recent 35 
(1956 ! ) differential  c r o s s  -section measure  - 
ment  fo r  e las t ic  nn scattering. It  appears  to 

be quite consistent with pp e las t i c  scattering 

a t  the s a m e  energy. 

np and pn Interactions 

By " np" interactions we m e a n  those in- 

teract ions  where the n i s  the beam particle 

and the p is  the target ;  " pn" obviously then 

means  the r e v e r s e  situation. We know that 

a s  f a r  a s  the basic  interactions a r e  concerned 

the np and pn interactions m u s t  be  identical. 

However,  due to the differences i n  experi-  

mental  techniques and setup, i t  i s  worthwhile 

keeping the np and pn reactions somewhat 

separa te .  The major  exper imental  differences 

(and ~ r o b l e m s )  a r e :  

1 )  9 Although deuteron b e a m s  a r e  occa- 

sionally used,  one ordinar i ly  u s e s  f r e e  neu- 

t rons  on a hydrogen target .  Th is  i s  a most  



desirable  situation except that,  a t  p resen t ,  

h igh-energy monoenergetic neutral  beams  a r e  

hard  to  construct.  Thus the data a r e  s o m e -  

t imes  " s m e a r e d  out" over a l a rge  region of 

center-of - m a s s  energy. Also the calculation 

of the absolute beam normalization i s  f r e -  

quently r a t h e r  difficult. 

2 )  pn. Here  one usually uses  a conventional 

proton b e a m ,  but the t a rge t  i s  deuter ium (or  

something even m o r e  complex). This  then 

cal ls  f o r  var ious  "deuteron correct ions"  to  

be applied, including those for  screening,  

spectator  momentum, F e r m i  motion, and r e -  

scat ter ing.  T h e s e  var ious  correct ions  a r e  

not too well known and thus introduce uncer -  

taintie s. 

Because of the difficulties involved, the 

np and pn interactions have not been m e a -  

sured  a s  well  a s  the  pp interactions,  a s  will 

be obvious f r o m  the data we have reproduced 

in this  section. 

pn and np Tota l  C r o s s  Sections 

36 In Fig.  36 we have plotted the np and pn 

total  c r o s s  section's ( a )  on a log-log plot and 

(b )  on a l inear  scale.  The data below 0.5 

GeV/c a r e  f r o m  the compilation of Barashenkov 

e t  al. We have plotted only those pn data  

that have had Glauber -type correct ions  applied. 

The solid curve i s  a smooth curve drawn 

through the pp total  c r o s s  section of Fig. 1. 

The  following observations may be made: 

1 )  T h e  pn data s e e m  to fall  consistently 

higher than the np data;  
T 2 )  Al thougho (np) i s  considerably l e s s  than 

T o (PP) below about 4 GeV/c, they c r o s s  a t  

about 4.5 G ~ V / C  and then again a t  about 10 

G ~ V / C .  Above about 10 G ~ V / C  they a r e  v e r y  

c lose  together  and f o r  mos t  pract ical  purposes  

m a y  be considered to  be  identical. 

np and pn Elas t i c  Scattering (Including Charge 
Exchange)  ' - - 

?he uel(np) and oeL (pn) data a r e  d i s -  

37 p l a y e d i n F i g .  37a. T h e s o l i d c u r v e i s t h e  
el  u (pp), taken f r o m  the data of Fig.  1. 

Although there  a r e  only v e r y  few data ,  we s e e  

that the np and pn data appear  to agree with 

one another,  and that above 1 G ~ V / C  they a r e  
el  

v e r y  close to the u (pp). 

In Fig. 37b we presen t  the np " c h a r g e  

exchange" c r o s s  sections. These  a r e  just 

those elastic events in which the beam par t i c le  

i s  scat tered backwards i n  the  center of m a s s ,  

thus the data in  Fig. 37a includes these  data.  

Even though there  a r e  only t h r e e  data points ,  

we fitted them to the equation 

The solid l ine shows our bes t - f i t  curve 

(n = 3.Oh 0.6). The possible significance of 

this  parameter izat ion i s  explained in a l a t e r  

section. 

np and pn Elast ic  Angular Distributions 
(Including Charge Exchange) 

The elas t ic  np ( o r  pn)  differential  c r o s s  

section may be divided into th ree  regions: 

1) In the forward direct ion (Fig. 38) 38 
t h e r e  i s  a diffraction peak s i m i l a r  to  that 

found in pp elas t ic  scattering. The s t ra igh t  

l ines  a r e  our  f i t s  of the fo rward  peaks to the  

formula 

In Fig. 39  we display our  fi t ted slopes. "' We 39 
s e e  that the peak shrinks a s  Pbeam i n c r e a s e s  

f r o m  threshold up to - 10 G ~ V / C .  F o r  com-  

par ison we have also plotted the resu l t s  of 

our f i t s  ( f r o m  Fig. 36) f o r  pp elas t ic  sca t -  

tering. We see  that the np and pp slopes a r e  

about equal up to 6 G ~ V / C .  Above 6 G ~ V / C  

t h e r e  seems  to be a difference between the np 

and pp data [the pp has  a constant slope of 

- 9 ( G e ~ / c ) - ~ ; n ~  of - 7 ( G ~ v / c ) - ~ ]  . However,  

' A l l  experiments represen ted  in Fig. 39, 
except Dzhelepov (Ref. I37 ) have normal ized 
the i r  data ,  using the opt ical  theorem and 
taking var ious  amounts of r e a l  par ts .  Thus a 
plot of the intercept  do/dt I t = O  i s  in this case  
relatively meaningless and we do not give 
it. 



this difference i s  due only to the fact that the 

pp data were  fit over  a s m a l l e r  t range than 

were the np. As a m a t t e r  of fac t ,  if one uses  

the same t range f o r  pp that i s  used f o r  np, 

the two s e t s  of slopes a r e  perfectly consistent. 

The resu l t s  of var ious  au thor ' s  f i ts  to 

their  own data a r e  given in Table VI. 

So f a r  we have been considering only 

the 3 elas t ic  scattering. We a l so  have one 

experiment on pn elas t ic  scat ter ing,  and p r e -  - 
40 sent i t  in Fig.  40. The only reason f o r  sepa- 

rating this  one pn exper iment  f r o m  the numerous 

np exper iments  i s  that (as  discussed e a r l i e r )  

the exper imental  techniques (and b iases )  a r e  

quite different in  the two processes .  

Jus t  a s  i s  done fo r  the e las t ic  pp sca t -  

ter ing,  one can deduce the ~ e / 1 m  p a r t  of the 

forward np (o r  pn) amplitude f r o m  the elastic 

scat ter ing (plus total  c r o s s  section) data. This 

difficult t a s k  has  been done a t  only four  

momenta s o  f a r ,  and the resu l t s  a r e  displayed 

41 in Fig. 41. 

42 2) In the large-angle  region ( see  Fig. 42) 
the np differential  c r o s s  section i s  fa i r ly  flat  

and decreases  rapidly with beam energy-in 

strong analogy to  pp elas t ic  scat ter ing (the 

e las t ic  pp drops slightly f a s t e r ) .  T h e r e  i s  

a l so  generally a min imum n e a r  6 = 90 deg. 
C. m .  

43 3) In the backwards direct ion (Fig. 43) 
t h e r e  exis ts  a " charge exchange" peak. Un- 

like the forward np sca t t e r ing ,  in backward 

np scat ter ing exper imente rs  have been able to 

m e a s u r e  much c lose r  to the kinematical l imit  

(u = 0 ) ,  because i t  i s  e a s i e r  to detect  a f o r -  

ward-going par t ic le  if i t  i s  of a type different 

f r o m  the b e a m  particle.  Exper imente rs  have 

succeeded i n  measur ing  very  c lose  to  the 

180 deg (u = 0) point, and they have uncovered 

a very  interes t ing effect: below - 1 G ~ V / C  a 

very s h a r p  peak appears  f o r  iul < 0.01 
2 

(GeV/c) . We have fi t ted these do/dut s to 
bu e ( 1  u 5 0 . 0 1 )  Our 

fi t ted p a r a m e t e r s  appear in  Fig.  44:" We can 4 4  
see  the precipitous decrease  in intercept  a s  

the beam momentum increases  f r o m  0.6 to  

1.0 G ~ V / C  in Fig.  44a. The dotted l ine r e p r e -  

sents  our bes t  f i t  to the f o r m  

with a bes t  f i t  of n = 2.02 * 0.02. 

In Fig. 44b we see that the slope appears  

to go through some s o r t  of maximum around 

0.8 GeV/c and then begins to decrease  (i. e. , 

the peak shr inks  as  the beam momentum i s  in-  

c reased  to - 0.8 G ~ V / C ,  and then it beings to 

expand). 

A recen t  ar t ic le  by Mishke e t  al.+ points 

out that this maximum in the slope i s  near  the 

one -pion threshold. Possible  explanations of 

this s t ruc ture  suggested by those authors  a r e :  

( a )  threshold effects, ( b )  a possible  two-baryon 

par t ic le  o r  resonant s t a te ,  and ( c )  the influence 

of t-channel resonances on the back scat ter ing 

c r o s s  section. It i s  not yet c l e a r  what mecha-  

n i s m  i s  involved in the np charge exchange 

process .  F o r  a review of many of the  var ious  

proposed mechanisms and the i r  c r i t i c i s m s ,  see  

f o r  example Shepard et  al. (Ref. 94 ). 

Polar izat ion in  Elast ic  np and pn Scattering 

In Fig. 45 we presen t  data f r o m  a recent  45 
experiment on (backwards) 2 elas t ic  scattering. 

In Fig. 46 a r e  displayed data on polarization in  46 
En elas t ic  scattering. In contras t  to the pp 

elas t ic  data (where the polarization m u s t  be  

ant isymmetr ic  about cos 8 = 0) the np data 
C. m. 

i s  displayed in  cos  8 f r o m  -1 to ti. It i s  in -  

teres t ing that over  the ent i re  energy range 

covered f r o m  P = 0.8 to 1.3 G ~ V / C ,  the re  
beam 

i s  a pronounced dip a t  cos  = -0.2 and the 

' T h e  only authors who give f i ts  to these  d i s t r i -  
butions a r e  Shepard e t  al. (Ref. 94 i n  
Sec. 111). Thus we have not separa te ly  tabu- 
lated them here .  

'R. E. Mishke, P. F. Shepard, and T .  Y .  
Devlin, Structure  in np Charge Exchange. 
Phys. Rev. Le t te r s  22, 542 (1969). 



polarization reaches  i ts  maximum values  a t  

cos 8 = t0.8. ( lcos 9 1 -  0.8 i s  a l so  where  

the pp elas t ic  polarization reaches  i ts  maxi -  

mum. ) 

Inelastic np and pn Reactions , 

Data on np and pn inelastic react ions  

a r e  v e r y  s p a r s e .  In Table VII we l i s t  a l l  of 

the data on these  reactions picked up in  our  

compilation. 

NN Reactions in the I = 0 State 

Since the  pp (and nn) a r e  in pure  I = I ,  

we need not m a k e  special  mention of the I = I 

reactions.  T h e  I = 0 par t  of the NN in te rac -  

tions m u s t ,  however ,  be determined by sub- 

traction. 

F r o m  isospin we have 

So f a r  np data has  been so s p a r s e  that 

this fo rmula  can  be applied meaningfully only 

47  to the  total  c r o s s  section. In Fig. 47 we see 

the NN(I=O) total  c r o s s  section, along with a 

curve of the  NN(I=1) total  c r o s s  section [i. e. , 
T a (pp) ,  t a k e n f r o m F i g .  11. F r o m t h i s  

f igure  we see  tha t  although the 1=1 interact ion 

dominates f r o m  1.25 to  4 G ~ V / C ,  the 1=0 par t  

becomes the l a r g e r  around 4 G ~ V / C  and r e -  

mains  so a t  l e a s t  up to  10 G ~ V / C .  Th is  tend- 

ency fo r  the lower  I-spin to ?redominate 

seems  to be a general  proper ty  of high-energy 

c r o s s  sections.  

Interact ions  with Deuterons: pd, nd, and dp 

In o r d e r  to get information on pn,  nn, 

o r  np reac t ions ,  one frequently u s e s  deu te r i -  

um a s  the neutron source and then I '  c o r r e c t s "  

the deuter ium data  appropriately to ex t rac t  

the neutron data.  

In this  sect ion we present  some of these  

deuterium d a t a ,  which a r e  interes t ing in the i r  

scanty they do in fact agree.  

In Table IX we l i s t  the only available 
e 1 

data on o (pd). 

Figure  49 displays a v e r y f o r w a r d  reg ion in  49 
pd elastic scat ter ing (in the Coulomb inter-  

ference region). The purpose of this exper i -  

ment  was to m e a s u r e  cu (i. e. , the  ra t io  of 
nP 

the ~ e / 1 m  p a r t s  of the np fo rward  e las t i s  s c a t -  

tering amplitude). 

Finally in Fig. 50 we presen t  var ious  5 0  
pd elas t ic  differential  c r o s s  sections 

A Paramete r iza t ion  of the Integrated C r o s s  
Sections 

F o r  two-body and quasi-two-body final 

s t a tes ,    orris on." has  proposed a p a r a m e t e r i -  

zation of the high-energy c r o s s  sections as  a 

function of the incident momentum: 

IJ = const .  P - ~  
b e a m '  

suggesting that the value of the exponent n 

might indicate what mechanism i s  involved in 

a par t icular  reaction. He proposes  the fol-  

lowing: 

1 .5 / Non-strange meson  exchange 

n z Suggested exchange mechanism 

2.0 I Strange meson exchange 

0 

4 1 Baryon exchange 

" Elastic-like" 

own right. 

F igure  48 shows pd and nd total  c r o s s  

sections.  Since the  deuteron has  I=0,  isospin D. R. 0. Morr i son ,  Interpreta t ion of the 
Variation of C r o s s  Section with Incident 

invariance r e q u i r e s  that both of these  p r o -  Momentum f o r  Inelastic Two Body Reactions,  
c e s s e s  be identical.  Although the nd data a r e  Phys. Le t te r s  22, 528 (1966). 



reasonably expect in  each of these  react ions  i s  real ly  quite good. 

We have f i t ted to  formula (1) the following reactions: 

Reaction 
t 

PP ' dn 

-. n ~ + '  - p ~ ~ ' ( 1 4 7 0 ) ~  
( I 1  Roper" ) 

-. p ~ " ( 1 5 2 0 ) '  

E las t i c  

np - pn (charge' 
exchange ) 

Except fo r  the l a s t  en t ry ,  agreements  between Morr ison '  s predictions and what one might 

Energy 
interval  

All data 

Above 10  G ~ V / C  

Above 10 G ~ V / C  

Above 10 G ~ V / C  

Above 10 G ~ V / C  

All data 

n.  
M o r r i s o n  

4 

1 .5  

0 

0 

0 

1.5 o r  4 

Restr ic t ions  
on exper iments  

None 

None 

Only exper iments  
reporting production 
c r o s s  section f o r  $11 
decay modes of N 

1 1  

None 

None 

Fitted value 
of n 

4 .29 f0 .04  

2.2 f 0 . 1 6  

-0.09 f 0.27 

0 .10*0.33  

-0.22 * 0.06 

3.0 f 0 . 6  



2qL Table 



pp Total and Elastic Cross Sections 

2 For elastic scattering the expression for t in the c.m. i s  t = -2q (1 - C O S ~ ~ . ~ . ) .  

We give in the tables for elastic differential cross section 2cq2 in ( ~ e ~ / c ) ~  and 

call it 2 0  SQUARE. 

2 On the facing page we have tabulated 2q vs incident nucleon momentum. 
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e last ic  

BLOCK 5 6 
FOWLER 5 6 
N O R R I S  5 6 
RSHnORE 6 0  
UON DRRDEL 6 0  
BRRRSHENKO 6 1  
S N I T H  6 1 
D I O D E N S  6 2 
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Fig. l a .  pp total  and elas t ic  c r o s s  sections f r o m  0.1 G ~ V / C  up to the highest reported momentum. Data below our  cutoff 

of 0.5 G ~ V / C  a r e  f rom the review ar t ic le  of Barashenkov (Ref. 56 ). F o r  a l inear  representat ion of this  s a m e  data s e e  

Figs. l b  and Ic.  



total  

lab 
P b e a r n  (GeV/c) 

BLOCK 
FOULER 
OORRIS  
RSHHORE 
UON ORRDEL 
BRRRSHENKO 
S t l I T H  
D I D D E N S  
D I D D E N S  
F I C K I N G E R  
HRRT 
LONG0 
B R E I T E N L O H  
FOLEY 
rlCFRRLRNE 
BUGG 
B E L L E T T I N I  
E I S N E R  
G R L B R R I T H  
H R R T I N G  
TRYLOR 
BUGG 
RLEXRNDER 
C O L E T T I  
FOLEY 
I'IURRRY 
RLEXRNDER 
R L O E I D R  
COLTON 
F I R E B R U G H  
RBRROS 
BOGGILD 
G I N E S T E T  

Fig .  lb. Same as F i g .  l a  but now on linear scales. 



elast ic  

1 BLOCK 
2 FOULER 
3 n O R R I S  
4 UON DRRDEL 
5 BRRQSHENKO 
6 S t l I T H  
7 O I D D E N S  
B F I C K I N G E R  
9 HRRT 

1 0  LONGO 
11 tlCFRRLRNE 
1 2  BUGG 
1 3  E I S N E R  
1 4  BUGG 
1 5  C O L E T T I  
1 6  nURRRY 
1 7  RBRQHS 

p lab 
b e a m  (GeV/c)  

F i g .  I c .  Same as  Fig. l b  but only f o r  Pbeam from 0.5 to  5.5 ~ e ~ / c .  



pp elastic do/dt 
MOMENTUM TRANSFER BETWEEN BEAM AND SCATT BEAM 

IGEV/C1**2 

BEAM MOMENTUM(CFNTRAL VALUE)= - 8 4 9  GEVlC BEAM MOMENTUMICENTRAL VALUE)= .949 GEVlC 

RFAY MOMENTUM RANGES F90M -800 TO - 8 9 9  GEVlC REAM MOMENTUW RANGES FROM .900 TO .999 GEV/C 

'40'4 TR MOM TR 

YINIMUY MAXIMUM 

QYAN PPPA 

SIGMA t- OSIGMA MINIMUM MAXIMUM SIGMA +- 0SIGMA 
( M I L L 1  BARNS/lGEV/Cl**2) (MILLIBARVS/lGEV/C)**2 

89.500 4.000 - 0 5 0  .099 76.100 3.800 
80.700 4.500 - 1 0 0  -149 67.800 5.300 
76.600 3.200 - 1 5 0  . I 9 9  71.200 4.200 
84.300 3.700 - 2 0 0  .249 63.900 3.900 
81.800 4.900 - 2 5 0  .299 66.600 2.800 

- 3 0 0  -349 66.300 3.200 

2 0  SOUARE= .372 
PPAR-11 ( 1 9 6 9 1  SPRK PLUS POSSIBLE SYSTEMATIC ERROR OF +- IPER CENl 

BEAM M@MENTUY(CENTRAL VALUE)= 1.049 G E V K  

BEAM MOMENTUM RANGES FROM 1.000 TO 1.099 GEVlC 

MOM TR 

MINIMUM 

.050 

. l o o  
- 1 5 0  
.zoo 
- 2 5 0  
- 3 0 0  
.3 50 
- 4 0 0  

MAXIMUM 

-099 
-149 
. I 9 9  
- 2 4 9  
- 2 9 9  
.349 
- 3 9 9  
-449 

SIGMA t OSIGMA 
(MILLIBARNS/IGEV/CI**21 

50.100 2.900 
63.600 3.300 
56.500 3.500 
58.600 3.700 
54.400 2.400 
46.900 2.300 
49.500 2.600 
50.900 3.000 

2 8  SQUARE= .441 
DLUS POSSIBLE SYSTEMATIC ERROR OF +- 2PER CENT 

RYAN PPPA PPAR-11 ( 1 9 6 9 1  SPRK 

BEAM MOMENTUM= 1.168 GEV/C 

****THIS DATA WAS READ FROM A GRAPH**** 

MOM TRANSF SlCMA t- DSIGMA 
(HILLIBAANS/(GEV/Cl**2) 

53.812 3.587 
48.431 4.185 
47.833 4.185 
50.225 4 - 7 8 3  
46.637 4.783 
41.854 4.185 
41.854 4.185 
37.071 3.587 

BALOONI NC 2 6 1 3 7 6 1 1 9 6 2 )  HBC 

DYAN PPPA PPAR-11 ( 1 9 6 9 )  SPRK 

BEAM MOMENTUMICENTRAL VALUE)= 1.149 GEV/C 

RFAW MOMENTUM RANGES FROM 1.100 TO 1.199 GEVlC 

MINIMUM 

- 0 5 0  
- 1 0 0  
- 1 5 0  
.zoo 
- 2 5 0  
.300 
.350 
.400 
,450 
.500 

MAXIMUM 

-099 
. I 4 9  
.199 
.249 
- 2 9 9  
.349 
.399 
.449 
.499 
,549 

SIGYA +- DSIGMA 
IMILLIBARNS/IGEVIC)**21 

53.300 2.800 
52.700 2.800 
43.700 2.800 
45.100 3.600 
46.100 2.500 
41.400 2.100 
36.300 2.000 
33.600 2.000 
40.400 2.400 
38.900 2.900 

20 SOUARE= -512 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 2PER CENT 

RYAN PPPA PPAR-11 I 1 9 6 9 1  SDRK 

BEAM MOMENTUMICENTRAL VALUE)= 1.249 GEVlC 

BEAM MOMFNTUM RANGES FROM 1.200 TO 1.299 GEV/C 

MOM TR 

MAXIMUM SIGMA +- DSIGMA 
IMILLIBARNS/(GEV/Cl**2) 

62.200 3.700 
54.100 3.300 
47.200 3.200 
39.700 3.100 
33.900 3.400 
36.000 4.200 

2 0  SQUARE= -586 
DLUS POZSIBLE SYSTEMATIC ERROR OF t- 2PER CENT 

RYAN PPPA PPAR-11 119691 SPRK 





BEAM MOMENTUMlCENTQAL VALUE)= 1.349 GEVlC 

BCAY MIlUEhTUM RANGES 'ROW 1.300 1P  1.399 GEVlC 

u0M TR 

YINIb'UM MAXIYUY SIGYA +- OSIGMA 
I Y I L L I B A P N S / I G E V / C ) * * 2 l  

.050 .099 80.600 3.900 
- 1 0 0  . I 4 9  63.800 3.700 
- 1 5 9  .199 46.h00 3.200 
- 2 0 0  .249 38.600 3.200 
.2 50 - 2  99  40.800 3.700 
.300 - 3 4 9  28.000 4.100 
.350 .399 23.000 1.700 
.LOO .449 18.800 1.500 
.4 50 .499 15.300 1.400 
- 5 0 0  .549 15.100 1.4CO 
- 5  5 0  - 5 9 9  13.500 1.400 
- 6 0 0  - 6 4 9  14.000 1.500 
- 6 5 0  .h99 11.800 1.400 

?n <OUARE= .662 
DLUS PnSSIBLE SYSTEMATIC ERROR OF +- 3PEP CENT 

RYAN PPPA PPAR-11 119691  SPRK 

BEAM MOMENTUMICENTRAL VALUE)= 1.549 GEVlC 

BEAC MOMENTUM RANGES F R O M  1.500 TO 1.599 GEVlC 

M0M TP 

YINIMUN MAXIMUM SIGMA t- DSIGMA 
IY ILL IBARNS/ IGEV/C lo4E)  

.050  - 0 9 9  93.500 5.500 

. I 0 0  - 1 9 9  55.30Q 4.900 
- 2 0 0  - 2 9 9  31,600 3.100 
- 3 0 0  .399 19.300 2.900 
- 4 0 0  .499 14.000 1.300 . 5CO .599 8.800 1.100 
- 6 0 0  - 6 9 9  7.000 1.100 
- 7 0 0  .799 6.800 1.100 
.800 - 8 9 9  7.100 - 9 0 0  
- 9 0 0  .999 0.600 1.100 

20  5 lUAQE= .a19 
DLUS POSSIBLE SYSTEMATIC ERROR OF +- lPEP CENT 

RYAN PPPA PPAR-11 I 19691  SPRK 

BEAM MOMENTUMICENTQAL VALUE)= 1.749 GEVlC 

RFAM YDMFNTUP RANGES FROM 1.700 TO 1.799 GEVlC 

MOM TR 

MIb'IVUM MAXIMUM SIGMD +- DSIGMC 
lMILL IBARNS/ IGEV/C l * *2 l  

- 0 5 0  .099 98.500 9.100 
. I 0 0  - 1 9 9  46.000 8.900 
.200 .299 27.200 8.700 
- 1 0 0  - 3 9 9  16.900 7.700 
- 5 0 0  .599 6.800 1.300 
- 6 0 0  - 6 9 9  6.200 1.200 
.700 - 7 9 9  6.500 1.300 
.ROO - 8 9 9  lt .800 1.500 
.900 .999 5.000 1.600 

2 0  SQUARF= .982 
DLUS POSSIBLF SYSTEMATIC ERROR OF +- 1PER CENT 

RYAN PPPA PPAR-11 1 1 9 6 9 )  SPRK 

BEAW MOMENTUMlCENTRAL VALUE)= 1.450 GEVlC 

BFAU MOMENTUM RANGES FR3r 1.400 TO 1.499 GEV/C 

MClV TR 

MINIMUM MAXI MU" SIGMA +- OSIGMP 
(Y ILL IBARN</ IGEV/CI * *2 l  

.050 .099 89.100 5.000 
- 1 0 "  - 1 4 9  68.500 4.300 
.150 . I 9 9  54.600 4.000 
- 2 0 0  .249 42.700 3.600 
.750  .299 32.100 3.600 
.3 0 0  - 3 4 9  22.600 3.300 
.350 - 3 4 9  19.800 4.500 
.400 - 4 4 9  19.300 1.700 
.450 - 4 9 9  16.400 1.500 
.500 .54 9 12.700 1.400 
.5 50 .599 10.500 1.300 
- 6 0 0  - 6 4 9  8.500 1.200 
- 6 5 0  .699 10.400 1.400 
.700 .749  5.500 1.100 

29  SOUARE= .740  
"LUS POSSIBLE SYSTEYATIC ERROR OF +- 2PER CENT 

RYAN PPPA PPAR-11 119691  SPRL 

BEAM MWENTUYICENTRAL VALUE)= 1.649 GEV/C 

BEAM MnMENTUM RANGES FRIY 1.600 TO 1 - 6 9 9  GEVlC 

MOM TR 

MINIMUM MAXIMUM 

.099 

. I 4 9  
- 2 9 9  
.399 
- 5 9 9  
.699 
- 7 9 9  
- 8 9 9  
.999  

SIGMA t DSIGMA 
I M I L L I B A R N S / l G E V / C ) + " 2 )  

93.800 6.200 
58.500 6.100 
28.800 4.700 
13,700 3.500 

8.300 1.200 
5.600 1.300 
4.600 1.000 
4.600 .900  
5.600 1.100 

2 8  SOUAXE= - 9 0 0  
PLUS PCSSIRLE SYSTEMATIC ERROQ OF +- lPEP CFNT 

RYAN PPPA PPAR-11 ( 1 9 4 9 )  SPRK 

BEAM MOMENTUM= 2.230 GEVIC 

+***THIS DATA WAS READ FROM A GRAPH**** 

MOM TRANSF SIGMA +- OSIGMA 
IMILL IBARNS/ (GEV/CIeoZ)  

- 0 1 0  8.139 4.069 
- 0 2 0  47.475 9.947 
.032 76.865 9.043 
- 0 4 8  92.690 13.564 
- 0 6 8  85.907 13.564 
.090 72.343 9.043 
. I 1 6  49.736 4.521 
.144  38.432 4.521 
.176 36.172 4.521 
.212 29.389 4.521 
.250 21.251 4.521 
- 2 9 0  21.251 4.521 
- 3 4 0  14.016 3.617 
- 3 9 0  15.825 2.261 
.440 12.208 2.261 
.490 7.686 1.356 
- 5 5 0  4.521 i . 356  
.640  5.878 .904 
.710 4.069 .904 

2C SQUARE= 1.390 

EISNER P R 138 86701  19651  HBC 



pp elastic do/dt 



H ~ N I M U H  n n x i w n  I I G * ~  r o l l G H h  
( Y I I L L ~ ~ R N S I I G E Y I C I . * ~ ~  

0 .  , 0 2 0  1 1 . 5 0 0  2.031 

.020 . O I ~  ~1.000 3 . 1 3 1  

O L O  . O ~ O  LO.500 3.BBq 

, 0 6 0  .080 13.000 3 . 6 4 0  

. 080  . L O O  60.000 3 .162  

L O O  .lzo 3 8 . 0 0 ~  3.082 

.12C . L I D  38.000 5 . 0 8 2  

.iiO , 1 6 0  30.000 2.739 . LbO ,100 2 ' . 0 0 0  2.149 

.LBn z1.00o 2 . 2 9 ~  

.ZOO . Z ~ O  17.000 2 .062  
,220 .2LO ii.000 I . B T 1  
.I+O .zbn 14.000 1.871 
.2bO . 2 8 0  ii.000 1 .658  
. 2  no 3 3 "  9.000 1.500 

. > O D  ,320 b.000 1.225 

. S Z P  . 3 + @  5.50C 1.173 

,540 ,360 
6 . 5 0 0  1.215 

,360 .1BO 41.500 1.061 

3 8 0  .LOO 3.000 .Bbb 

.+00 .420 1.500 , 7 9 1  

,420 . i i O  3.750 . 9 6 8  

. 4 C C  . i b O  3 . 5 0 0  . Y 3 5  

.*bO .iR0 z.000 ,707 

. i B C  ,500 2 . 1 2 0  . 8 2 9  

5 0 C  .520 2 . 7 5 0  , 8 2 9  

.520 ,540 
1.500 .blZ 

,510 . 5 6 0  
i . i O n . 6 1 l  



pp elastic da/dt 



pp elastic da/dt 
HOMENTUM TRPNSFER BETWEEN BE4H AN0 SCAT1 BEAM 

I G E V / L ) * * 2  

B E I *  MOMENTUM' 8.100 GEYIC B E A H  MOMENTUM= 8.500 G E V K  

HUH TRANSF 

. I 3 0  

. I 5 0  
1 1 0  
. I 9 0  
2 2 0  
.260  
.300  
.>LO 
.380 
. i 2 0  
. *60  
.500  
.540 
.580  
. 6 5 0  
.750 
.850  
.950  

1.050 

MINIMUM SIGMA +- OSIGMA 
I I I I L L l M d R N S / I G E V / C L * * Z I  

POINT I 79.650+-3.21qI 
44.955 2.464 

2 0  SQU4RE= 7.143 
PLUS POSSIBLE SYSTEMATIC ERROR OF '- 7PEQ CENT 

6.770 HPRTING NC 3 8  6 0 ( 1 9 6 5 1  SPRK 

GINESTET NP 813 2 8 3 1 1 9 6 9 1  HBL 

2 0  SQUARE 

SIGHA +- n S l G n 4  
~ w I L L I B A R N S / I G E V / C I * * ~ I  

POINT 1102.800t -3 .1001 
59.100 1.700 
G4.800 1.400 
32.700 1.100 
23.730 . I 6 0  
16.560 - 6 1 0  
10.260 - 4 5 0  

8.100 .320  
1.530 .210 
2.380 .L3C 
1.148 - 0 7 5  

.5*8 .DL4 

.2V5 .027 
. I 3 0  .OLE 

2P SOUARE= 9.291 
PLUS POSSIBLE 5 Y I T E H I T l C  ERROR OF +- bPER CENT 

FOLEY PRL 1 1  425119631 CNTR 

ZJ SJUARE= 7.423 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 6PEP CENT 

FOLEY PRL 11 4 2 5 1 1 9 6 3 1  CNTR 

NOM TRANSF SIGYA r- DSlGMB. 
I H I L L I B I R N S I I G E V / C l ~ * Z I  

.ZOO 13.190 .320 

.263 8.100 .230  

.333 L.660 . I 6 0  

.411  2.570 . I 1 0  

. i 9 3  1.411 .Olb 

.582 .641  .048 

.619 .393 .039 

.182 . I 7 8  .O2b 

.891 .091  .O lB  

SIGMA c DSlGHA 
I H l L L l 8 l R N S l l G E V / C I ~ * Z I  

POINT 1104.000+-4.3001 
hb.200 4.600 
40.700 1.700 
33.900 1.400 
22.900 1.100 
13.930 .780 
6.880 .280 
l.B'+O .5kO 
3.640 . I 7 0  
1.920 . I 1 0  

.PO0 .Oh' 

2 0  JOUAIE= 5.422 

FOLEY PRL 15 4 5 1 1 9 6 5 1  CNTR 

2 9  SOUIRE= l I . L L 2  
PLUS POSSIBLE SYSTEMATIC ERROR O F  +- bPER CENT 

FOLEY PRL 1 1  425119631 CNTR 

BEAM MOMENTU+l=12.400 GEVlC 

HUM TKINSF SIGMA +- OSlGM4 
l H I L L I B A R N S I I G E V / C l * ~ 2 1  

. I 3 0  23.+30 .770  

. I 5 0  18.100 .650 

. I 1 0  I b . 2 2 0  - 6 1 0  

. I 9 0  12.4LO .L90 

.220  10.430 - 3 2 0  

.2hO 1.150 - 2 6 0  

.300  5.360 .22O 

.3bO 3.600 . I 9 0  
.380  2.960 . I 6 0  
. iZO 2.100 . I 6 0  
.+60 1.130 . I 1 0  

~ ~ 

.950  .03C - 0 1 1  
L.LO0 .OZO .OD6 
1.300 .D l2  .DO5 
1.500 .OLZ - 0 0 5  
2.000 .a01  .DO2 

20  SOUARE= 10.707 
PLUS PDSSIBLE SYSTEUATIL ERYOR OF +- lPER CE!IT 

HIRTING NC 38 6 0 1 1 9 6 5 ;  SPRK 
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pp elastic da/dt 



3 8 

pp elastic da/dt 
HOMENTUM TRLNSFER BETWEEN BEAM AND SCdTT BEAM 

IGEVICI* *Z  

BEAM HOMENTUU=I4.930 GkVlC 

MINIHUH MAXIHUM SIGMA '- OSlGMA 
l M I L L I H A R N S / l G E V I C 1 * * 2 1  

l o .  IEXTRAPOLbTEU POINT 1103.200+-4.8001 
0 6 1  .a71  *9.&00 1.900 
I LO 1 3 0  34.200 1.300 
1 4 7  . I T 3  20.820 . 9 6 0  
.203 .239 10.980 - 6 8 0  
.270  ,318 5.780 - 2 5 0  
.274 3 2 2  5.830 . 4 7 0  
.346 .406 2.930 . I 5 0  
.355 .ill 2.400 . 2 8 0  
$ 4 3 1  .505 1.*89 .On9 
. 5 1 9  6 0 9  .663 . 0 5 0  
.b15 . l 2 l  1 .030  
.719  .a43 . I 2 8  . D l 7  

20  SOUARES 13.034 
PLUS PUSSIBLE SYSTEMATIC ERROR O F  r- 6PER CENT 

FULEY PRL 11 L 2 5 1 1 9 6 3 1  CNTR 

BEAM M O l t N T U ~ ~ L 5 . 5 0 0  GEVIC 

20  SOUARE= 13.b89 

DIDOENS PRL 9 1 0 8 1 1 9 6 2 I  CNTR 

YO* 

2 0  SOUARE- 16.406 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 7PER CENT 

HARTING NC 38 6 0 1 L 9 6 5 1  SPRK 

2 0  SOUARE. 13.155 

FOLEY PRL I 5  $5119651 CNTR 

SIGMA 
I M l L L l  

POINT I 
56.000 
42.400 
24.420 
13.240 

7.030 
5.060 

2Q SOUARE= 14.813 
PLUS POSSIBLE SYSTEMATIC ERRdR OF r- 6PER CENT 

FOLEY PKL 1 1  425119631 CNTR 

BEAM HOMENTUM=L8.600 GEVIC 

2O SQUARE; Lee593 

0IOOENS PRL v 1 0 8 1 1 9 6 2 1  CNTR 

2 0  SOULRE' 11.156 
PLUS POSSIBLE SYSTEMATIC ERROL OF +- BPER CENT 

L L L * B I  PL 2 8 8  b 7 1 1 9 b 8 l  CNTR 



pp elastic da/dt 



BEAM MOMENTUM=19.600 GEV/C 

MOMENTUM TRANSFER BETWEEN BEAM AN0 SCATT BEAM 
l G E V / C l * * 2  

MOM TR 

MINIMUM MAXIMUM SIGMA t DSLGMA 
l M I L L I 8 A R N S / l G E V / C l * * 2 l  

10. )EXTRAPOLATED POINT 1 9 6 . 5 0 0 t - 7 . 0 0 0 )  
. I 0 6  . I 2 4  29.400 1.200 
.177  - 2 0 7  14.080 .410 
.256 - 3 0 0  6.390 .260 
.278 - 3 2 6  5.010 .240 
- 3 5 3  .415 2.260 . I 3 0  
.357 .419 2.400 . 130 
.444  - 5 2 2  1.089 .076 
- 4  76  .558 .7LO .073 
- 5 3 6  .630 - 4 6 5  .043 
.637  .747 .156 .023 . 746 .876 . I 1 3  .018 

2Q SQUARE= 17.531 
PLUS Pf lSSIBLE SYSTEMATIC ERROR OF t- 6PER CENT 

FOLEY P RL 11 4 2 5 1 1 9 6 3 1  CNTR 

MOM TRANSF SIGMA +- OSIGMA 
lMICROBARNS/ lGEV/C)**2 l  

.070 39300.000 1572.000 

. I 7 8  14400.000 576.000 

.277 6000.000 240.000 

.398 2150.000 86.000 

.539 690.000 27.600 

. 7 0 1  212.000 8.480 

.790  88.600 3.544 

.883 40.100 1.604 

.982  18.200 - 7 2 8  
1.085 1 0 - 1 0 0  - 4 0 4  
1.193 5.230 .209  
1.305 4.040 - 1 6 2  
1.423 3.120 . I 2 5  
1.544 2.740 - 1 1 0  
1.670 2.510 . l o 0  
1.800 2.110 - 0  8 4  
1.934 1.760 .070 

2Q SQUARE. 18.955 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 8PER CENT 

ALLABY PL 2 8 8  6 7 1 1 9 6 8 )  CNTR 

BEAM MOMENTUM=21.880 GEVlC 

MOM rRANSF SIGMA +- OSlGMA 
I N I L L I B A R N S / I G E V / C ) ~ * ~ ~  

.235  8.980 .2BO 

.309  4.820 .180 
- 3 9 2  2.250 . I 0 0  
.485 1.100 - 0 6 3  
. 5  83 - 4 9 4  .038 
.691  .209 - 0 2 4  
.807 .096 - 0 1 6  

2 9  SQUARE= 19.668 

FOL EY PRL 15 4 5 1 1 9 6 5 )  CNTR 

BEAM MOMENTUM=l9.840 GEVlC 

MOM TRANSF SIGMA +- OSIGMA 
IMILLIBARNSIIGEVICI~~ZI 

.230 9.290 - 2 8 0  

.302 5.140 - 1 9 0  

.383 2.640 .120 

.474 1.269 .070 
- 5 6 9  .552 .042 
.674 - 2 9 1  .030 
-787  - 1 0 0  .018 

FOLEY PRL 

BEAM MOMENTUM=21.400 GEV/C 

MOM TRANSF SIGMA +- OSIGMA 
I MILL1  BARNS/ IGEVICI * *21  

.032 59.505 12.496 
- 1 5 6  14.059 2.531 
- 3 6 5  2.092 .398 
. 6 8 1  . I 7 0  - 0 3 4  

1.047 .015 - 0 0 5  

OIOOENS P KL 9 1081 1 9 6 2 1  CNTR 

BEAM MOMENTUM=24.630 GEVlC 

MOM TRANSF SIGMA +- OSIGMA 
IMILLIBARNS/(GEVIC)+"~) 

.254  7.560 - 3 4 0  
- 3 3 4  3.740 .210 
.424  1.712 - 1 2 2  
- 5 2  5 .824 - 0 7 4  
- 6 3 2  - 2 0 3  .036 
- 7 4 8  - 1 1 0  - 0 2 8  

FOLEY PRL 

BEAM MOMENTUM=26.200 GEV/C 

MOM TRANSF SIGMA +- OSIGMA 
I M I L L I B A R N S / I G E V / C I * * 2 1  

.O64 50.069 11.015 

.267 5.934 1.246 

.5 9 7  .328 .072 
1.040 .020 - 0 0 6  

15 4 5 1 1 9 6 5 )  CNTR 

DIDOENS P RL 9 1 0 8 1 1 9 6 2 )  CNTR 



pp elastic da/dt 



Fits to the pp elastic scattering data 
SLOPE 
( ~ e ~ i c i . ~  

Table I. F i t s  reported by authors to their own pp elastic scattering data. For  our  fits to these 

data see Fig. 3. 

PARAMETERS 



Fits to the pp elastic scattering data. 

Fig. 3. Coefficients f r o m  our  l eas t - squares  fi t  of the pp e las t i c  2 scat ter ing dU/dt to the f o r m  

. ebt over the interval  0.03 C (ti 4 0.3 ( G ~ v / c )  . Systematic scaling e r r o r s  in 
du 2 

the  data have been folded into the e r r o r s  of - In the table x / N  i s  the chi-square  of the fi t  
d t  It=oa 

divided by the number of degrees  of f reedom. We have tabulated and plotted values only f r o m  
2 do  

those dis t r ibut ions  giving x / N  4 5 and a re la t ive  e r r o r  in  z ( t = O  5 10%. The solid l ine in  

( a )  is  the optical lower l imit  calculated f r o m  utotal(pp), Fig .  I .  The two points falling below 

this l ine ( represen ted  b y O )  a r e  f r o m  an experiment that s t a r t s  a t  a relatively high / t / value of 
2 

-0.15 ( G ~ v / c )  . The fit ted values of these  p a r a m e t e r s  whenever given by the authors a r e  shown 

in Table I. F o r  convenience we have plotted the Serpukov resu l t s  in Fig.  3c together with ours .  

The ver t i ca l  discontinuity between these fi ts and ours  i s  not meaningful since they use  a different 

cutoff, etc.  



pp elastic d 
( large It l ) 

MOMENTUM TRANSFER BETWEEN BEAM AND SCATT BEAM 
( G E V / C l * * 2  

BEAM MOMENTUM= 4.000 GEVlC BEAM MOMENTUM= 5.020 GEV/C 

MOM TRANSF SIGMA t- DSIGMA 
( M I L L I B A R N S / ( G E V / C ) * * 2 )  

.480 4.900 .300 

. 4 9 0  4.500 .300 

.540 3.200 - 2 0 0  

MOM TRANSF SIGMA +- DSIGMA 
( M I L L 1 8 A R N S / I G E V / C I * * Z l  

. 7 3 0  - 9 5 0  .O6O 

. 7 5 0  1.050 - 0 8 0  

. 7 5 0  1.070 0 8 0  
- 8 3 0  .630 - 0 4 0  

2Q SOUPRE= 2.975 
PLUS POSSIBLE SYSTEMATIC ERROR DF +- 7PER CENT 

ANKENBRANO PR 1 7 0  1 2 2 3 1  1 9 6 8 )  CNTR 

2 9  SQUARE= 3.911 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 7PER CENT 

ANKENBRAND PR 1 7 0  1 2 2 3 (  1 9 6 8 1  CNTR 

BEAM MOMENTUM= 6.070 GEVlC BEAM MOMENTUM= 7.100 GEV/C 

MOM TRANSF SIGMA +- OSlGMh 
( M I L L I B A R N S l ( G E V / C ) + I Z 1  

MOM TR 

SIGMA t DSIGMA 
(MICROBARNS/(GEV/C )o+2) 
4.401 . 1 7 6  
3.766 . 1 5 1  
2.733 - 1 0 9  
2.152 - 0 8 6  
1.666 . 0 6 7  
1.263 . 0 5 1  

.894 - 0 3 6  
.673 . 0 2 7  

HINIMUM MAXIMUM 

2Q SJUARE= 5.839 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- ?PER CENT 

ALLABY CERN 68-7  5 8 0 1 1 9 6 8 1  CNTR 

2 9  SQUARE= 4.883 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 7PER CENT 

ANKENBRIND PR 1 7 0  1 2 2 3 1 1 9 6 8 )  CNTR 

BEAM MOXENTUM= 7.120 GEVlC BEAM MOMENTUM= 8.100 GEV/C 

MOM TR MOM TRANSF SIGMA t- DSIGMA 
I M I L L I B A R N S / I G E V / C I " t Z I  

1.420 .053 - 0 0 6  
1 .580 .034 .004 

MINIMUM MAXIMUM SIGMA +- DSIGMA 
lMICROBARNS/lGEV/C )**2) 

16.723 - 6 6 9  
11.239 .450 

8.399 . 3 3 6  
5.912 . 2 3 6  
4.464 . I 7 9  
3.081 . I 2 3  

242 SOUARE= 5.858 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 7PER CEM1 

ANKENBRAND PR 1 7 0  1 2 2 3 ( 1 9 6 8 )  CNTR 

ZQ SQUARE= 6 . 7 7 0  
PLUS PDSSIBLE SYSTEflATIC ERROR OF +- ?PER CENT 

ALLABY CERN 68-7  5 8 0 1 1 9 6 8 1  CNTR 



pp elastic da/dt 
( large I t  l ) 



pp elastic do/dt 
( large It I ) 

MOMENTUM TRANSFER BETWEEN BEAH AND SCATT 8EAM 
(GEV/C l * *2  

BEAM MOMENTUM= 9.200 GEV/C BEAM MOMENTUM=lO- 100 GEVfC 

MOM TR MOM TR 

SIGMA t DSIGMA 
(MICROBARNS/(GEV/C)**2) 
7.084 - 2 8 3  
5.392 - 2 1 6  
4.142 . I 6 6  
3.135 - 1 2 5  
1.950 .078 
1.365 - 0 5 5  

.923 - 0 3 7  

.681  .027 

.496 .020 
- 3 1 5  -013  
.213 .009 
.161  -006  
. I 1 7  -005  
.090 004  
.Of35 - 0 0 3  

MINIMUM MAXIMUM SIGMA t- DSIGMA 
lMICROBARNS/IGEV/CI**21 
4.343 . I 7 4  
4-05 ' )  . I 6 2  
3.266 . I 3 1  
2.481 .099 
1.826 .073 

MINIMUM MAXIMUM 

2Q SQUARE= 7.796 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 7PER CENT 

ALLABY CERN 68-7 580119681 CNTR 2Q SQUARE= 8.637 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 7PER CENT 

ALLABY CERN 68-7 5 8 0 ( 1 9 6 8 1  CNTR 

BEAM MOMENTUM=Il. 100 GEV/C 

MOM TR MOM TR 

SIGMA +- OSIGMA 
IMICROBARNS/IGEV/CIhaZ) 
2.105 .084 
1.166 .047 

.624 - 0 2 5  

.331 - 0 1 3  

. I 7 7  .007  

.096 - 0 0 4  
-055 .002 
.043 - 0 0 2  
.034 .001 
.021 .001 
.018 .001  
.015 .001  
.011 .001 
.010 .001 
.010 .001  

MINIMUM MAX l MUM SIGMA +- OSIGMA 
(MICROBARNS/(GEVIClntZ)  
3.368 .135 
2.179 .087 
1.319 .053 

.783 .031 

.437 .017 

.236 - 0 0 9  
.146 - 0 0 6  
. I 0 3  - 0 0 4  
.072 -003  
.051 .002 

.002 

.001 
- 0 0 1  
- 0 0 1  

MINIHUM MAXIMUM 

20 SOUARE= 10.507 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 7PER CENT 

ALLABY CERN 68-7 5 8 0 I 1 9 6 8 1  CNTR 

7PER CENT 

11968)  CNTR 

PLUS POSSIBLE SYSTEMATIC ERROR OF t- 

ALLABY CERN 6R-7 580 



elastic da/dt 
( large I t  l ) 



BEAM MOMENTUM=l4.250 GEV/C 

pp elastic da/dt 
( large I t  l ) 

MOMENTUM TRANSFER BETWEEN BEAM AN0 SCATT BEAM 
(GEV/CI**2 

MOM TRANSF SIGH4 t DSIGMA 
(NANOBARNS/(GEV/Ct**Z J 

7.627 4.070 - 1 2 5  
8.443 3.147 . l o 0  

ZQ SQUARE= 12.519 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 7PER CENl 

ALL ABY P  L  258 15611967)  CNTR 

BEAM MOMENTUM=19.300 GEV/C 

MOM TRANSF SlGMA +- OSIGMA 
INANODARNS/(GEVlC 1**21 

9.688 - 2 6  3  - 0 1 1  

2'2 SQUARE= 17.249 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 7PER CENT 

BEAM MOMENTUM'16.900 GEVlC 

MOM TRANSF SIGMA +- OSIGMA 
(NANOBARNS/lGEVlC)*a2) 

9.139 .901 . ~ 0 1 7  
9.870 -108  -025  

10.365 - 6 4 1  .021 
11.118 .540 .017 
11.626 - 4 6 1  -013  
12.396 - 4 1 0  .017 
12.913 .385 . 0 13 

2'2 SQUARE= 15.001 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 7PER CENT 

ALLABY P  L 258 156119671 CNTR 

BEAM MOHENTUM=21.300 GEVlC 

MOM TRANSF SIGMA t OSIGMA 
INANOBARNSl(GEV/Cl*e2) 

11.345 -076  .006 
12.583 .047 - 0 0 4  
14.174 -035  .003 
18.123 .021  .003 

2Q SQUARE= 19.124 
PLUS POSSIBLE SYSTEMATIC ERROR OF t- ?PER CENT 

ALLABY PI. 2 5 6  1 5 6 i 1 9 6 7 )  CNTR ALLABY P L 258 156(19671  CNTR 



PP elastic da/dt 
( large I t  I ) 



pp elastic du/dw = 90° 

SIGMA +- DSIGYA 
IMICRUCARNS/STERADIAN) 

P L U S  POZSIBLE S Y S T E M A T I C  ERRDC O F  t- 2 D Z h  C E Y T  

AKFRLOF p a  159 i138(19071 C N T Q  



pp elastic d a / d w  at t3 c.n~ =90° 

F i g .  5. pp e l a s t i c  d a / d o  at Qc. m. = 90 d e g  from Pbeam = 5 to 14 G ~ V / C .  



PP elastic da/dt 

oBN L FOLEY ET AL. 24.6 GeV/c 
.BERKELEY CLYDE ET AL. 5+? GeV/c 
ARGONNE AKERLOF E T , A L . ~  13.4 
CERN ALLABY E T A L , ~ -  2 I GeV/c 

+BNL COCCONl ET A L . I O - + ~ ~  GeV/c 



pp elastic du/dt 

sine 



pp elastic do/dw (very forward angles) 
O I S T R l 8 U T I O N  I N  THE ANGLE OF THE SCATT BEAM U l T H  RESPECT TO THE BEAU D I R E C T I O N  I N  THE L A B  SYSTEM 

BEAM MOMENTUM= 1 .290  GEV/C BEAM MOMENTUM= 1 .390  G E V l C  

S IGMA t DSIGMA 
1  M I L L  I B A R N S I S T E R A O I A N I  

892 .000  1 0 0 . 0 0 0  

THETA1 D E G I  S IGMA +- OSIGMA 
1  M I L L I 8 A R N S / S T E R A O I A N l  

1 0 3 9 . 0 0 0  1 3 5 . 0 0 0  

THETA(  D E G I  

2 8  SQUARE= . 6 1 6  

OUT TON P L  2 6 8  SPRK 2Q SQUARE= . 6 9 3  

OUTTON P  L 2 6 8  6 7 9 1  1 9 6 8 1  SPRK 

BEAM MOMENTUH- 1 . 5 4 0  G E V I C  

THETA1 D E G I  

MIN IMUM MAX l MUM 

BEAM MOMENTUM= 1 .540  GEV/C 

THETA(  D E G I  SIGMA +- OSlGMA 

S IGMA +- OSIGMA 
( M I L L I B A R N S / S T E R A O ~ A N ~  

5 3 3 . 0 0 0  53 .000  
4 7 2 . 0 0 0  4 7 . 0 0 0  

P L  2 5 8  2 4 5 ( 1 9 6 7 1  SPRK 

2 8  SQUARE= . 8 1 2  

OUTTDN P L  SPRK 

BEAM MOMENTUM= 1.690 G E V l C  

T H E T A I D E G I  

MIN IMUM MAXlMUH SIGMA +- OSIGMA 
I M I L L  I B A R N S / S T E R A O I A N l  

. 9 3 3  

PL  2 5 8  2 4 5 1 1 9 6 7 1  SPRK 



pp elastic do/dw (very forward angles) 

F i g .  8. pp e las t ic  differential  c r o s s  sections a t  v e r y  forward angles. The main purpose of 

such experiments (in the Coulomb-nuclear interference region) i s  to accurately m e a s u r e  p a m m -  

e t e r s  re la ted to the forward nuclear e las t i c  amplitudes.  



E m .  
'beam (GeVIc) (GeV) * References 

R E F E R C N C k S  
QOWt L L  64.....PL 
K I R I L L O V A  64.. . ..PL 
LOHPYANN 64.. . . .PL 
B F L L E T T I N I  65-...-PL 
TAYLPR 65.....PL 
DUTTON h7.....PL 
OUTTON 68.....PL 

DUTTON 6 8 
DUTTON 6 8 
DUTTON 67 
DUTTON 6 8 
DUTTDN 6 7  
OUTTON 6 7 
DOHELL 6 4  
K I G I L L O V A  64 
TAYLOR 6 5 
B c L L E T T I N I  6 5  
K I R I L L O V A  64 
B E L L E T T I  N I  65 
LOH9FnANY 64 
B E L L E T T I N I  6 5  

C NTR 
CNTR 
EMUL 
S P R K  
S P R K  
S P R K  
SPRK 



2 K I R I L L O U R  6 4  
3 LOHRMRNN 64 
4 B E L L E T T I N I  65  
5  TRYLOR 6 5  
6  OUTTON 6 7  -r 

7  DUTTON 68  

L 

- 
a 

P - 
E E 

p lab 
b e a m  ( ~ e ~ / ~ )  

Fig. 9. Ratio of real  to imaginary parts  of the pp forward nuclear elastic scattering amplitude. The smooth curve i s  the 

dispersion relation calculation by Sdding (see text).  



Polarization in pp elastic scattering 
D I S T R I B U T I O N  I N  CDSlTHETA) OF THE SCATT BEAM WITH RESPECT TO THE BEAM DIRECTION I N  THE C.M. SYSTEM 

SEAM MOMENTUM= . 8 2 3  GEV/C 

MINIMUM YAXlMUM POLARIZ+-OPOL 

2 0  SQUARE= . 2 9 1  
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 3PER CENT 

EHENG PR 1 6 3  1 4 7 0 1 1 9 6 7 1  CNTR 

BEAM MOMENTUM= . 9 5 4  GEV/C 

COSI THETA) 

MINIMUM MAX [MUM POLAR I Z +-DPDL 

2P SQUARE= . 3 7 5  
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 3PEK CENT 

C HENG P R  1 6 3  1 4 7 0 ( 1 9 6 7 l  CNTR 

BEAM MOMENTUM= 

COSI THETA) POLARI Z+-OPOL 

COSiTHETA) 

MINIMUM MAXIMUM POLAR I Z+-DPOL 

2 0  SQUARE= .308  
PLUS POSSIBLE SYSTEMATIC ERRDR OF +- 6PER CENT 

eETL P R  1 4 8  1 2 8 9 1 1 9 6 6 1  CNTR 

B E A M  MOYENTUM= 1.090 GEV/C 

COSITHETAI 

MINIMUM MAXIMUM POLAR1 Z+-OPOL 

2Q SOUARE= .469  
PLUS POSSIBLE SYSTEMATIC ERKOR OF +- 3PEK CENl 

CHENG P R 1 6 3  1 4 7 0 1  1 9 6 7 1  CNTR 

BEPM MOMENTUM= 1.213 GEV/C 

COSL THETA) POLARIZ+-DPOL 

- .240 -.235 - 0  1 4  
- . l o 5  -.084 - 0 1 1  
- .021  -.018 .010  
.037 - 0 4 0  . 0 1 1  . LO6 . l o b  , 0 1 1  
.179  .150 - 0 1 3  
- 2 4 9  .231  .013  
- 3 9 1  - 2 9 7  .015  
- 4 5 6  - 3 8 0  .020  
.585 .425  - 0 2 2  
.645  .459  - 0 2 0  
.702  - 4 8 8  .025  
. 755  - 4 8 8  - 0 2 6  
.804 - 5 2 6  .027  
- 8 4  8 .473 . I 1 7  
. 9 2 1  .445 .074  

2 8  SQUARE= ,558  

COIGNET N C 43A 7 0 8 ( 1 9 6 6 1  CNTK 

2 8  SQUARE= .469  

COZZIKA PR 1 6 4  1 6 7 2 1  1 9 6 7 )  CNTR 



Polarization in pp elastic scattering 

Fig.  L O .  Polar izat ion in pp elas t ic  scattering. Whenever a distribution was given in eC. _. o r  

t ,  we t r a n s f o r e d  i t  to cos(dc. _. ). Due to  the indistinguishability of the protons,  the polar iza-  

t ion i s  an t i symmet r ic  about ec. m. = 90 deg. 



Polarization in pp elastic scattering 

DISTRIBUTION IN C O S I T H E T A I  OF THE SCATT BEAM W I T H  RESPECT TO THE BEbM D I R E C T I O N  1N THE C.M. SYSTEM 

MOMENTUM= 1 .219  G E V l C  BEAM MOMENTUM= 1 .230  GEV/C 
BEAM 

P O L A R I  Zt-OPOL 

M I N I M U M  MAXIMUM P O L A R I  L+-OPOL 

2 5  SQUARE= . 5 6 3  
P L U S  P O S S l f l L E  SYSTEMATIC  ERROR OF t- 3PER CENT 

CHENG PR l b 3  1 4 7 0 1 1 9 6 7 1  CNTR 

20  SQUARE= . 5 7 1  

C O Z Z I K A  PR 1 6 4  1 6 7 2 1 1 9 6 7 1  CNTR 

BEAM MOMENTUM= 1 .263  GEV/C 

C O S I T H E T A I  

BEAM MOMENTUN= 1 .237  G E V l C  

C O S I  THETA)  

M I N I M U M  MAXIMUM 

. 0 2 7  

.I97 
. 3 3 3  
. 4 7 2  
. 5 0 7  
. 5 3 7  
. 5 6 9  
. 5 9 8  
. 6 2 9  
. 6 4 3  
. 6 5 8  
- 6 7 2  
- 6 0 8  
. 7 0 2  

P O L A R I  Z+-OPOL M I N I M U M  MAXIMUM POL P R I  L+-DPOL 

2Q SQUARE= . 5 7 b  
P L U S  P O S S I R L E  SYSTEMATIC  ERROR OF +- 19PER CENT 

BETZ PR 1 4 8  1 2 8 9 [ 1 9 6 6 l  CNTR 

. 5 9 6  

RMP KAZARIMOV 3 9  5 0 9 1 1 9 6 7 1  CNTR 

BEAM MOMENTUM* BEAM MOMENTUM= 

COSI  T H E T A )  

M I N I M U M  MAXIMUM 

Z Q  SQUARE= 

A Z H G I R E I  S J N P  2 6 3 6 t  1 9 6 6 1  CNTR 

2 P  SQUARE= . 6 ? 7  
PLUS P O S S I B L E  SYSTEMATIC  ERROR OF +- bPER CENT 

B E T 2  PR 1 4 8  1 2 8 9 1 1 9 6 6 1  CNTR 



Polarization in pp elastic scattering 

Fig .  10 (continued) 



Polarization in pp elastic scattering 
O l S T R T 8 U T l O N  I N  C O S ( T H E T 4 1  O F  T H E  SCATT  BEAM W I T H  RESPECT TO T H E  BEAM D I R E C T I O N  I N  T H E  C.M. SYSTEM 

BEAM MOMENTUM= 1 . 3 4 3  G E V l C  

C O S I T H E T A 1  

M I N I M U M  MAXIMUM P O L A R  I Z+-OPDL 

BEAM MOMENTUM= 1 .385  G E V l C  

C O S I T H E T A I  

M I N I M U M  M A X I M U M  P O L A R I Z + - D P O L  

2 Q  SQUARE- . b 5 7  
P L U S  P O S S I B L E  S Y S T E M A T I C  ERROR OF  +- 3 P E R  C E N l  

CHENG P R  1 6 3  1 4 7 0 1 1 9 6 7 1  CNTR 

C O Z Z I K A  1 6 4  1 6 7 2 1 1 9 6 7 1  CNTR 

B E A M  MOMENTUM= 1 . 3 8 7  GEV/C  BEAM MOMENTUM= 1 . 4 0 4  GEY/C 

C O S ( T H E T 4 1  

M I N I M U M  MAXIMUM P O L A R 1  Z+-OPOI 

COS ( T H E T A )  P O L A R I Z + - O P O L  

2 9  SOUARE= . 7 0 4  
P L U S  P O S S I B L E  SYSTEMAT ERROR CENT  

NEAL P  R  1 6 1  1 3 7 4 1  1 9 6 7 )  CNTR+SPRK 

2 9  SOUARE=  . 6 9 1  
P L U S  P O S S I B L E  S Y S T E M A T I C  ERROR OF  +- 6 P E R  C E N l  

B E T 2  P  R  1 4 8  1 2 8 9 1  1 9 6 6 1  CNTR 

B E A M  MOMENTUM= 1 . 4 8 7  G E V l C  

L O S I  T H E T A )  POLARIZ+ -DPOL  

BEAM MDMENTUM= 1 . 6 0 9  G E V l C  

C O Z Z I K A  P R  1 6 4  1 6 7 2 i  1 9 6 7 1  CNTR 

C O Z Z I K A  PR 1 6 4  1 6 7 2 i  1 9 6 7 )  CNTR 



Polarization elastic scattering 

F i g .  10 (continued) 



Polarization in pp elastic scattering 
O I S T R I B U T I O N  I N  C O S I T H E T A )  OF THE SCATT BEAM W I T H  RESPECT TO THE BEAM D I R E C T I O N  I N  THE C.M. SYSTEM 

BEAM MOMENTUM= 1 .729  GEV/C BEAM MOMENTUM- 1 .730  G E V l C  

C O S I  THETA)  C O S I T H E T A I  POLARIZ+-OPOL 

2 9  SQUARE= . 9 6 6  
P L U S  P O S S I B L E  SYSTEMATIC  ERROR OF +- 5PER CENT 

ZQ SQUARE- 

PR 1 6 4  1 6 7 2 1 1 9 6 7 l  CNTR C O Z Z I K A  

BEAM MOMENTUMn 2 .054  GEV/C BEAM MOMENTUM- 1.915 G E V l C  

COS(THETA)  

MIN IMUM UAKIMUM 

C O S I  THETA)  P O L A R I  Z+-OPOL 

P O L A R I  Z+-DPOL 

ZQ SQUARE- 1 .238  
P L U S  P O S S I B L E  SYSTEMATIC  ERROR OF +- 5PER CENT 

NEAL PR 1 6 1  1 3 7 4 1 1 9 6 7 1  CNTR+SPRK 

2 9  SQUARE- 

1 6 4  1 6 7 2 1 1 9 6 7 )  CNTR C O Z Z I K A  

BEAM MOMENTUM- 2 . 3 9 1  GEV/C BEAM MOMENTUM- 2 .466  G E V l C  

C O S I  T t1ErA)  POLARIZ+-OPOL C O S I T H E T A I  

M I N I M U M  MAXIMUM POLARIZ+-DPOL 

2Q SQUARE= 1.595 
.US P O S S I B L E  SYSTEMATIC  ERROR CENT 

ZQ SQUARE- 1 .529  
P L U S  P O S S I B L E  SYSTEMATIC  ERROR OF +- 5PER CENT G R A N N I S  PR 1 4 8  1 2 9 7 1  1 9 6 6 1  CNTR 

NEAL P R  1 6 1  1 3 7 4 1  1 9 6 7 )  CNTR+.SPRK 
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Polarization in  pp elastic scattering 

F i g .  10 (continued) 
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Polarization in pp elastic scattering 

D I S T R I B U T I O N  I N  C O S I T H E T A I  OF  T H E  SCATT  BEAM W I T H  RESPECT TO THE BEAM D I R E C T I O N  I N  T H E  C.M. SYSTEM 

B E A M  (*OMENTUM= 3 . 0 3 7  G E V l C  B E A M  MOMENTUM= 3 . 6 6 0  G E V l C  

C O S I  T H E T A )  P O L A R I Z t - O P O L  

P L U S  P O S S I B L E  S Y S T E M A T I C  ERROR D F  +- 5 P E R  CENT  

NEAL  P  R  1 6 1  1 3 7 4 1 1 9 6 7 1  CNTR+SPRK 

2Q SQUARE= 2.102 
P L U S  P O S S I B L E  S Y S T E M A T I C  ERROR OF  +- 5 P E R  CENT 

N E A L  P  R  1 6 1  1 3 7 4 1  1 9 6 7 1  C N T R I S P R K  

BEAM MOMENTUM= 3 . 6 7 0  G E V l C  BEAM MOMENTUM= 4 . 3 3 8  G E V l C  

C O S I T H E T A I  C O S I  T H E T A )  

M I N I M U M  MAX I MUM P O L A R I Z + - D P O L  M I N I M U M  MAXIMUM P O L A R 1  L+ -DPOL  

2 0  SQUARE= 3 . 2 8 4  
P L U S  P O S S I B L E  S Y S T E M A T I C  ERROR OF  +- 1 2 P E R  CENT 

G R A N N I  S  PR 1 4 8  1 2 9 7 1 1 9 6 6 )  CNTR 

2 0  SQUARE= 2 .674  
P L U S  P O S S I B L E  S Y S T E M A T I C  EKROR OF +- l 2 P E R  C E N l  

G R A N N I S  PR  1 4 8  1 2 9 7 1 1 9 6 6 )  CNTR 

BEAM MOMENTUM= 4 . 8 4 8  GEV/C  

C O S I  T H E T A 1  * *++THIS  DATA  WAS R E A D  FROM A  GKAPH** * *  

M I N I M U M  M A X l M U N  P O L A R 1  Z+-OPOL C O S I T H E T A I  P O L A R I Z + - D P O L  

2Q SOUARE= 3.753 
P L U S  P O S S I B L E  S Y S T E M A T I C  ERROR O F  +- L Z P E R  CENT  

G R A N N I  S  PR 1 4 8  1 2 9 7 1 1 9 6 6 )  CNTR 

2 0  SQUARE=  4 .031  
P L U S  P O S S I B L E  S Y S T E M A T I C  ERROR OF +- l O P E R  C E N l  

BOOTH P R L  2 1  6 5 1 1 1 9 6 8 1  C N T R  



Polarization in pp 

NEOL 5 7  

elastic scattering 

F i g .  10 (continued) 



Polarization in pp elastic scattering 

O l S T R l 8 U T I O N  I N  COSITHETAI OF THE SCATT BEAM WITH RESPECT TO THE BEAM DIRECTION I N  THE C.H. SYSTEM 

BEAM MOMENTUM= 5.914 GEVlC 

COSI THETA1 

MINIMUM MAXIMUM 

.797 . E l 7  
- 8 1 8  - 8 3 8  

835 .854 
.851 .869 
.a67 - 8 8 4  
.BE1 .897 
.a96 .911 
.899 .914 
.909 .923 
.911 .925 
. 9 2 4  - 9 3  7 
.935 .947 
.946 .956 
.956 .965 
- 9 6 5  .973 
.972 .980 

BEAM MOMENTUM= 6.000 GEVlC 

COSI THETA1 POLARIZ+-OPOL 

2Q SQUARE= 4.818 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 5PER CENT 

2 0  SQUARES 4.738 BORGHINI PL 248 77119671 CNTR 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- L2PER CENT 

GRANNI S PR 1 4 8  1 2 9 7 1 1 9 6 6 )  CNTR 

BEAM MOMENTUM= 7.026 GEVlC 

COSITHETAI 

MINIMUM MAXIMUM 

.a60 .877 
.874 . 8 9 0  
.a88 . 9 0 3  
.897 .912 
.901 . 9 1 6  
.910 .924 
- 9 1  3 . 9 2 7  
.922 .935 
.933 .945 
.943 .954 
.953 .963 
. 9 6 1  . 9 7 0  
.969 .977 

BEAM MOMENTUM= 6.000 GEVlC 

COSI THETA1 

POLARI Z+-OPOL MINIMUM MAXIMUM POLAR1 Z+-OPOL 

2 0  SQUARE= 5.770 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- l2PER CENT 

GRANNIS PR 148 1 2 9 7 1 1 9 6 6 )  CNTR 

2 9  SQUARE= 4.a18 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 5PER LEN1 

BORGHINI P L 318 4 0 5 1 1 9 7 0 )  CNTR 

BEAM MOMENTUM=lO. 000 GEVlC BEAM MOYENTUM=l2.000 GEVlC 

COSITHETAI POLARIZ+-OPOL COSI THETA1 POLARIZ+-OPOL 

- 9 8 5  .059 .030 
.988 .074 .072 

2Q SQUARE- 8.543 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 5PER CENT 

ZQ SQUARE= 10.413 
PLUS POSSIBLE SYSTEMATIC ERROR OF t- 5PER CENl 

BORGHINI P L 2 4 8  77119671 CNTR 

BORGHINI P L 2 4 8  7 7 1 1 9 6 7 1  CNTR 



Polarization in pp elastic scattering 

F i g .  1 0  (continued) 



Maximum polarization in pp elastic scattering. 

9. I I 

.I .2 .3 .4 .5  . 6  .7 . 8  1.0 2.0 3.0 4.0 5.06.0 10  

lab 
P b  e a rn (GeV/c) 

Pbeam (GeVIc) (GeV) Polarization References 



pp Inelastic Interactions-Non-Strange Particle Production 



References 

REFERENCES 
S M I T H  61.....PR 
BALDONI  62....,NC 
F I C Y I N G E R  62.....PR 
CENCE 63.....PR 
BUGG 64.....PR 
FISPIEP 65.....PR 
ALEXANDFR 67... ..PI? 
C U L E T T I  67..-..NC 
CONNOLLY 67.. . . . BNL 
ALEXANDER 68.....PR 
ALMEIDA 68.....PR 
COLT ON 68..,..UCLA 
TAW 68.....PL 
BOGGILD 69.....PL 
G I N E S T E T  69.. . . .NP 
MA 69.....PRL 

H BC 
H BC 
HBC 
C NTR 
HBC 
H BC 
HBC 
H BC 
H BC 
H BC 
HBC 
H BC 
VBC 
H BC 
H BC 
H BC 

B A L D C N I  
CE NC E 
BUGG 
E I S N E R  

F I C K  INGEP 
SM I T H  
C O L E T T I  
ALEXANDER 
TAN 
MA 
COLTON 
A L E X A h O t  R 
G I N E S T E T  
A L Y E I D A  
BOGGILD 
CONNOLLY 



!.O 2.5 3.0 3.5 4.0 4.5 5.0 
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lab 
P b e a r n  (GeV/c) 

Fig. 12. Single-pion production in pp collisions including contributions f r o m  resonances .  



Cross section for pp+d n+ 



Cross section for pp+dn+ 

E M .  (GeV) 
~ - 

2 , O  2 , s  3;O 3 ; s  4 ;O 4 . 5  5 . 0  5 . 5  6  .O 6 . 5  

1 S H I T H  6 1  

(a) 
2  BRLOONI  6 2  
3  BUGG . - 
4 CHRPnClN 
5  E I S N  
6 C O L E T T I  - - - . - - . . - .  
/ UUL lUN 6  8  
8  H E I N Z  6  8  
9 RLLRBY 6  9 

lab 
Pb e a rn (GeV/c) 

1 S f l I T H  6  1 
2  BQLOONI  6 2  
3  BUGG 6  4 
4 CHRPtlRN 6 4  
5  E I S N E R  6 5  
6 C O L E T T I  67 
7 COLTON 6 8  
B  H E I N Z  6 8  

Fig. 13. C r o s s  section fo r  pp - d ~ ' .  ( a )  Linear  representat ion;  (b)  log-log display. The 
-n 

dashed l ine  r e p r e s e n t s  our best fit to these  data ,  using u = Kp n = 4 . 2 9 i  0.04 ( see  text) .  
b e a m '  



Differential Cross section for pp+dn+ 

DISTRIBUTION I N  COSITHETA) OF THE DEUTERON UITH RESPECT TO THE BEAM DIRECTION I N  THE C.M. SYSTEM 

BEAM MOMENTUM= 1.168 GEV/C 

****THIS DATA WAS READ FROM A GRAPH**** 

COSI THETA1 

MINIMUM 

-. 800 
- 700 
-.boo -. 500 
-.400 
-.300 -. 200 -. 100 
0. 

.LOO 

.200 
- 3 0 0  
.400 
.500 
.600 
.700 

MAXIMUM 

- - 7 0 0  -. 600 
-.500 
-.400 
-.300 
-.zoo -. 100 
0. 

.LOO 
- 2 0 0  
.300 
.COO 
.500 
.600 
- 7 0 0  
- 8 0 0  

SIGMA +- 
I NUMBER 
8.000 
5.000 
4.000 
6.000 
5.000 
2 .ooo 
1.000 
5.000 
5.000 
5.000 
9.000 
4.000 
3.000 
4.000 
5.000 

12.000 

OSIGMA 
OF EVENTS1 

2.828 
2.236 
2.000 
2.449 
2.236 
1.414 
1.000 
2.236 
2.236 
2.236 
3.000 
2.000 
1.732 
2.000 
2.236 
3.464 

BALOONI N C 26 137611962)  HBC 

BEAM MOMENTUM= 2.032 GEVIC 

COSI THETA) SIGMA +- OSIGMA 
IMICROBARNS/STERADIAN~ 

17.500 1.300 
22.700 1.600 
21.000 - 8 0 0  
24.200 1.100 
25.000 .900 
23.800 .BOO 
20.100 - 7 0 0  
17.800 - 9 0 0  
14.500 - 7 0 0  
13.600 - 7 0 0  
12.400 - 6 0 0  
13.000 .700 
12.200 .600 

ZQ SQUARE= 1.220 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- lOPER CENT 

HEINZ PR 167 1 2 3 2 ( 1 9 6 8 )  CNTR 

BEAM MOMENTUM= 1.696 GEV/C 

COSITHETA) StGMA +- OSIGMA 
IMICROBARNSISTERAOIAN1 

50.100 2.500 
49.900 2.700 
52.100 2.000 
51.200 2.400 
45.900 2.200 
42.100 1.500 
33.400 1.700 
31.900 1.600 
24.400 1.200 
23.500 1.100 
2 1.000 .900 
20.300 .900 

20  SQUARE= .938 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- lOPER CENT 

HEINZ P R 167 12321 19681 CNTR 

BEAM MOMENTUM= 2.251 GEVlC 

COSITHETA) SIGMA t OSIGMA 
IMICROBARNS/STERAOIANI 
9.900 .a00 

12.100 .700 
14.600 1.000 
15.900 .600 
16.400 .600 
13.300 .BOO 
13.100 - 7 0 0  
10.200 .500 

9.700 .SO0 
7.600 .300 
8.600 .500 
6.900 .500 
6.200 .400 
6.300 -400 

2 Q  SQUARE= 1.407 
PLUS POSSIBLE SYSTEMATlC ERROR OF t- lOPER CENT 

HEINZ P R 167 1232119681 CNTR 
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Differential Cross section for pp+d n+ 

OISTRl8UTION I N  COSITHETA) OF THE OEUTERON WITH RESPECT TO THE BEAM DIRECTION I N  THE C-M. SYsTEn 

BEAN HOHENTUH= 2.466 GEVIC 

COSI THETAI SIGMA +- OSIGMA 
lHICROBARNS/STERAOIAN) 

10.600 .900 
12.500 .900 
14.600 .700 
16.100 .BOO 
12.900 .900 
11.900 .BOO 

9.400 - 5 0 0  
6.000 .COO 
5.000 .300 
4.400 .ZOO 
3. BOO .zoo 
3.100 .200 
3.000 .ZOO 
2.900 .ZOO 

ZQ SQUARE= 1.595 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- lOPER CENT 

HEINZ P R 167 123211968)  CNTR 

BEAM HOMENTUM= 2.784 GEVIC 

COS( THETA) S I  GMA +- OSIGHA 
IHICRO8ARNS/STERAOIANI 
9.500 .700 
8.300 .600 

10.200 .700 
10.000 -500 

8.400 .500 
7.300 - 4 0 0  
6.200 - 3 0 0  
4.700 - 3 0 0  
2.900 .ZOO 
2.400 . l o 0  
1.300 - 1 0 0  
1.200 . l o o  
1.100 . loo 

2 0  SQUARE= 1.877 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- lOPER CENT 

HEINZ PR 167 1232119681 CNTR 

BEAM MOMENTUM= 3.308 GEVlC 

COSITHETAJ SIGMA +- OSIGHA 
IHICROBARNSISTERAOIAN~ 

-.970 12.300 1.200 
-.950 10.600 .BOO 
-.925 6.400 1.000 
-.900 5.700 -400 
-.BOO 3.500 .ZOO 
-.700 2.700 .300 
-.boo 1.900 .ZOO 
-.500 1.400 . l o 0  
-.300 .700 . l o 0  
-.I00 - BOO . l o o  

ZQ SQUARE= 2.346 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- lOPER 

HEINZ P R 167 1232119681 

BEAM MOMENTUU= 3.619 GEVIC 

COSlTHETA) SIGMA +- DSIGMA 
IMICROBARNSISTERAOIANJ 

-.970 12.800 2.300 
-.950 8.300 - 5 0 0  
-.900 5.100 .400 
-.a50 3.700 - 3 0 0  
-.BOO 3.300 .300 
-.700 2.200 .ZOO 
-.600 1.700 - 2 0 0  
-.500 1.200 . I 0 0  
-.COO 1.000 . l o 0  

20 SQUARE= 2.627 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- lOPER CENT 

CENT 
HElNZ PR 167 123211968)  CNTR 

CNTR 
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Differential Cross section for pp-+dnf 



EC.1l-l. 

'beam (GeVIc) (GeV) 'ppn+n- (mb) References 

E l  SWFF 6 5 
O I C K U P  6 2 
HART 6 2 
BOD1 N I  6 8 
COLLERAINE 67 
ALEXANDER 67  
C A  SO 6 8  
C H I Y B W S K Y  6 8  
COLTON 6 8  
Y F Y U T I E C I  6 9  
G R E T H E R  h 8  
Y A Y A S  6 8  
A L M F I D A  6 8  
FUSHDRPUYE 6 9  

BOGGILD 6 8  
J E S P E R S E N  68  
EHSLICV 6 8  
C'JNNOLLY 67  

H BG 
U R C  
YBC 
H  RC 
H BC 
H RC 
H BC 
HBC 
fl BC 
H RC 
H BC 
H BC 
H BC 
HBC 
YBC 
H BG 
H BC 
H BC 



2 P I C K U P  62 
3 E I S N E R  65 
4 RLEXRNDER 67 
5 COLLERRINE 67 
6 CONNOLLY 67 
7 RLMEIDB 68 
8 B O O I N I  68 
9 BOGGILD 68 

10 CRSO 68 
11 CHINOWSKY 68 
12 COLTON 68 
13 E H R L I C H  68 
14 GRETHER 68 
15 JESPERSEN 68 
16 KRYRS 68 
17 RUSHBROOKE 69 
18 Y E K U T I E L I  69 

+ - .  Fig .  15. Cross  sections fo r  pp -. ppv v including any contributions f rom resonances. 



Fig .  16. 

2 PICKUP 6 2  
3  EISNER 6 5  
4  QLEXQNDER 6 7  
5  COLLERRINE 6 7  
6 CONNOLLY 6 7  

B O D I N I  
BOGGILD 
r nso  

4 .0  

0  

CHINOWSKY 6 8  

2 . 0  2 . 5  3 . 0  3 . 5  4  0  4 . 5  5 . 0  5;s 6  .O 6 . 5  7  .o 7 . 5  

1 HQRT 6 2  

- 

COLTON 
YEKUTIEL 

resonances. 

QEFFRENCES 
HART 62.....PR 
PICKUP 62.....PR 
EISNER 65.....PP 
4LEX4MnEF 67.....PR 
CCLLERAlNE 67.....PP 
CONNULLY 67.....BNL 
ALYEIDA bS.....PR 
B O D I N I  68.....NC 
80GGILD 68.....SUB VNA 
C4SC 68.....NC 
CHINOWSKY 6H.....PR 
COLTCN hR.....UCL4 
YEKUTIEL I  69.....REHO 

': - 0 2  
.04 
- 0 9  
-10 
. 0 9  
.OB 
- 2 0  
.50 
.15 
- 3 0  
- 2 0  . -40 
. 3 0  

H BC 
HBC 
H BC 
HBC 
HBC 
H BC 
HBC 
HRC 
HBC 
HBC 
HBC 
HBC 
HBC 

EISNER b 5  
PICKUP 6 2  
HART 6 2  

dLEX4NDEP 07 
CASO 6 8  
CHIMOWSKY b 8  
COLTON b 8  
Y E K U T I E L I  6 9  
4LVEI I14  6 8  
DOGGILD b 8  
CONNOLLY 6 7  



Table 11. Some nonstrange inelastic reactions in pp scattering. 

REFERENCES 
1 EISNER 65...,.PR 
2 B O D I N I  68.....NC 

. 4 1  f. - 0 8  EISNER 6 5  
1.80 -+ - 2 0  B O D I N I  68 

HBC 
HBC 

REFERENCES 
1 ALEXANDER 67.. . ..PR 
2 HOLMGREN 68.....YC 
3 COYNOLLY 69.....BNL 

HRC 
HBC 
HBC 

ALEXANDER 6 7  
HDLMGREN 6 8  
CONNOLLY 6 9  

RtFERENCES 
1 HART 62.....PR 1 2 6  7 4 7  
2 COLETTI  67-.-- .NC 49A 4 7 9  
3 CDLLERAINE 67.....PR 1 6 1  1 3 8 7  
4 KINSEY hB.....UCRL 1 7 7 0 7  

HART b  2 
COLETTI  6 7  
COLLERAINE 6 7  

KINSEY 6 8  

HBC 

%.m. 
Pbeam (GeVJc) (GeV) a d p +  (mb) References 

QEFERENCES 
1 ALLABY 69.....PL 2 9 8  1 9 8  C NTR 



0 0 O P  N O m r - ! n  
C C' * P  t n t n m * + +  
m m 3 0  o o o o o  

0 0 0 0  3 0 - m u '  
o m m t n  o r - 4 0 4  
O. m  3 0  r n N N N . 4  . . . . . . . . .  
4 4 3 

0 0  0 
I C N  N 
4 r -  m  



2 . 0  2 . 5  3 . 0  3 . 5  4 . 0  4 . 5  5 . 0  5 . 5  6  - 0  6  - 5  7 .O 7 . 5  

' yp-Y' 
RSDN 6 6  

o p p - p ~ +  (counters) 2 RLEXQNDER 6 7  

OPP+PA+ (H.B.C.) f nl 3  BQCDN 6  7 
67 

JER 6 8  
6 8  

\ - I  

I 
4 C O L E T T I  I 
5  QLEXONI 
6  QLREIDR I 
7 TQN 6 8  1 
8  BLFIIR 6 9  
9  BDGGILD 6 9  

1 0  E L L I S  6  9  
11 GINESTET 6 9  
1 2  MR 7 0  

1 RNDERSDN 6 6  
2 RLEXRNOER 6 7  

(b) 3 BRCDN 6 7  
4 C D L E T T I  6 7  
5 RLEXRNOER 6 8  
6  RLMEIOR 6 8  
7 TQN 6 8  
B B L R I R  6 9  
9 BOGGILD 6 9  
10 E L L I S  6  9  
11 GINESTET 6 9  
12  n n  7 0  

. Pp'nA++ 
p p + p ~ +  (counters) 

D ~ ~ + ~ A +  (H.B.C.) 





Fig.  18. Differential  c r o s s  sect ions  for  pp -+ NA(1236). t r a n s f o r m e d  t o  du/dt vs .  t [taking m ( A )  = 1.236 G ~ v ] .  
++ t 

( a )  pp + nA(1236) . (b)  pp -+ pA(1236) f r o m  counter  ex-  In ( c )  we d i sp lay  our  bes t - f i t  v a l u e s  of b (the s lope)  ob- 

per iments  (i. e .  , a l l  decay modes  included). T h e  d i s t r i -  tained by fi t t ing the  data  in ( a )  and (b)  to do/dt = *ebt in 

butions given or iginal ly  a s  d ~ / d w  vs.  cos Q w e r e  2 
the r ange  0.03 5 l t l  5 0.3 (Gev/c) . 

C. m. 





- I .  

' 89  

dc~/dt for 

MOMENTUM TRANSFER BETUEEN BEAR AN0 PROTON 
I G E V / C I * * 2  

BEAM MOMENTUM= 2 .850 GEV/C BEAM MOMENTUM= 4 .000 GEV/C 

MOM TRANSF SIGMA + OSIGMA 
I M f L L I B A R N S / l G E V / C l * * 2 I  

. 0 3 1  1 3 . 1 0 0 0 0  . 3 9 3 0 0  

MOM TRANSF SIGMA +- OSlGMA 
I M I L L I 8 A R N S / I G E V / C l r * 2 )  

. 2 6 0  1 . 5 0 0 0 0  . 2 0 0 0 0  

. 2 9 0  . 9 0 0 0 0  . 1 0 0 0 0  

MOM TRANSF SIGMA t OSlGMA 
1 M l L L I 8 A R N S I I G E V I C I * * 2 1  

. 4 5 0  . 4 1 0 0 0  . 0 4 0 0 0  

. 5 1 0  . 2 5 0 0 0  . O 2 0 0 0  
- 6 4 0  . I 8 0 0 0  . 0 2 0 0 0  

2Q SQUARE- 2 .975 
P L U S  P O S S I B L E  SYSTEMATIC ERROR OF +- l 2 P E R  CENT 

ANKENBRANO PR 1 7 0  1 2 2 3 1 1 9 6 8 1  CNTR 

2 9  SQUARE= 2 .051 
P L U S  P O S S I B L E  SYSTEMATIC ERROR OF +- LZPER CENT 

ANKENBRANO PR 1 7 0  1 2 2 3 1  1 9 6 8 1  CNTR 

2 9  SQUARE= 1 . 9 3 5  
PLUS P O S S I B L E  SYSTEMATIC ERROR OF +- IOPER CENT 

8 L A l R  N C 6 3 A  5 2 9 1 1 9 6 9 1  CNTR 

BEAM MOMENTUM- 4 . 5 5 0  GEV/C BEAM MOMENTUM= 5 .020 G E V l C  BEAH MOMENTUM- 6 .060 GEVIC 

NOH TRANSF SIGMA +- DSIGMA 
I M I L L I B A R N S / I G E V / C I * * 2 1  

MOM TRANSF S I  GMA +- OSlGMA 
I M I L L I B A R N S / I G E V / C I * * 2 1  

. 0 5 6  1 . 7 4 0 0 0  . 0 5 2 2 0  

2 9  SQUARE= 4 .873 
PLUS POSS I S L E  SYSTEMATIC ERROR O F  t IOPER CENT 

2 0  SQUARE= 3 . 9 1 1  
PLUS P O S S I B L E  SYSTEMATIC ERROR OF +- I Z P E R  CENT B L A I R  NC 6 3 1  5 2 9 1 1 9 6 9 1  CNTR 

ANKENBRANO PP 1 7 0  1 2 2 3 1 1 9 6 8 1  CNTR 

2 0  SQUARE= 3.479 
PLUS P o s s r a L t  SYSTEMATIC  ERROR OF +- IOPER CENT 

B L A I R  NC 6 3 A  5 2 9 1  1 9 6 9 1  CNTR 

BEAM MOMENTUM= 7 .880 G E V l C  BEAM IIOYENTUM- 6 .070 G E V l C  BEAM MOHENTUM= 7 .120 GEVlC 

MOM TRANSF SIGMA t OSlGMA 
I M I L L 1 a A R N S I I G E V / C l * * Z )  

1 .030 .0110!l - 0 0 3 0 0  
1 . 1 6 0  . 0 1 1 0 0  - 0 0 3 0 0  
1 .440 . 0 0 9 0 0  - 0 0 3 0 0  
1 . 7 5 0  . 0 0 6 6 0  . 0 0 0 9 0  
2 . 0 8 0  . 0 0 5 0 0  . 0 0 1 0 0  
2 .400 .OD300 . 0 0 0 6 0  
2 . 7 3 0  .OOZIO . 0 0 0 4 0  
3 .180 . 0 0 0 9 0  - 0 0 0 1 0  
3 .750 . 0 0 0 5 0  . 0 0 0 1 0  
4 . 2 5 0  . 0 0 0 4 0  - 0 0 0 2 0  

MOM TRANSF SIGMA +- OSIGMA 
I M I L L I B A R N S / I G E V / C l * t Z I  

1 .330 . 0 0 8 0 0  . 0 0 3 0 0  
1 . 5 0 0  . 0 0 5 0 0  . 0 0 1 0 0  

MOM TRANSF SIGMA +- OSIGUA 
I M l L L I B A R N S / I G E V I C J * * 2 1  

- 0 4 6  1 . 7 5 0 0 0  . 0 5 2 5 0  
. 0 8 9  - 7 2 0 0 0  . 0 2 1 6 O  
- 0 9 3  1 . 0 0 0 0 0  . 0 3 0 0 0  
. I 1 4  . 5 8 0 0 0  . 0 1 7 4 0  
. I 1 7  . 6 3 0 0 0  . D l 8 9 0  

2 0  SQUARE= 5.858 
PLUS P O S S I B L E  SYSTEMATIC ERROR OF +- I Z P E R  CENT 

2 0  SQUARE= 4 . 8 8 3  
PLUS P O S S I B L E  SYSTEMATIC ERROR OF 6- l 2 P E R  CENT 

ANKENBRANO PR 

ANKENBRANO PR 1 7 0  1 2 2 3 1 1 9 6 8 1  CNTR 

1 7 0  1 2 2 3 1 1 9 6 8 1  CNTP 

2 0  SQUARE= 6 .565 
P L U S  P O S S I B L E  SYSTEMATIC ERROR OF + lOPER CENT 

B L A I R  NC 6 3 A  5 2 9 1  1 9 6 9 1  CNTR 



9 0  

du/dt for pp+p~(1236)' 



Fit to  da/dt for pp -+ N A(1236) 

P b  c a rn (GeV/c) 

F i g .  1 8  (continued) 

da/dt [ t  = 0 h SLOPE 
Pbeam (GeV/c) mb/(GeV/c) ( G ~ v / c ) - ~  X*/N 



'beam 

(GeV/c) 

upN*(1410)+ (mb) 

N* + nn+ N* - N* - all m o d e s  

REFERENCES 
1 ANOERSON 66.....PRL 
2 ALEXANOER bl... ..PR 
3 CONNOLLY 67.....BNL 
4 ALYEIOA 68...-.PR 
5 TAN b8.....PL 
b B L A I R  69.....NC 
7 GINESTET 69.....NP 

SPRK 
HBC 
HBC 
HBC 
HBC 
CNTR 
HBC 

R e f e r e n c e s  

B L A I R  6 9  
ALEXANDER 6 7  
B L A I R  6 9  
T I N  6 8 
B L A I R  6 9  
G I N E S T E T  b 9  
ANDERSON 6 6  
A L H E I D A  6 8  
ANOERSON 6 6  
ANDERSON 6 6  
CONNOLLY 6 7  

ANDERSON 6 6  

'beam 'pN*(1520)+ (mb) References 

(GeV/c) N* + nn+ N* - p n O  N* + all m o d e s  

I 1 

REFERENCES 
ANDERSON 66.-- ..PRL 
ALEXANOER 67... ..PP 
C D L E T T I  b7... ..NC 
TAN 68.....PL 
S L A I R  69.....NC 

'beam %.m. u p ~ * ( 2 1 9 ~ ) +  (mb) 

(GeVlc) G e V )  N* + all m o d e s  

C O L E T T I  
B L A I R  
ALEXANDER 
B L A I R  
TAN 
B L A I R  
ANOERSON 
ANOERSON 
LNDERSON 
ANOERSON 

SPRK 
t i8  C 
HBC 
HBC 
CNTR 

References 

REFERENCES 
1 ANOERSON 66.....PRt 

ANDERSON 6 6  
ANOERSON 6 6  

SPRK 

'beam upN*(1470)+ (mb) R e f e r e n c e s  
k m .  

(GeVIc) (GeV) N* + p + n -  

REFERENCES 
1 ALWEIOA 68.....PR 1 7 4  1 6 3 8  
2 8OGGILO 68.....SUB VNA 
3 JESPERSEN 68.---.PRL 2 1  1 3 6 8  
4 K I N S E Y  68.....UCRL 1 7 7 0 7  

K I N S E Y  6 8  
4LWEIOA 6 8  
8 D G G l L O  6 8  
JESPERSEN 6 8  

H8C 
HBC 
HBC 
H8C 

'beam u p ~ * ( 1 5 ~ ~ ) +  (mb) References 
%.m. 

(GeVIc) (GeV) K *  p + n -  

5 . 5 2 0  f . 0 1 0  3.503 ~ 5 7 0  t - 0 5 0  
1 0 . 0 1 0  . 0 1 0  4.542 . I 5 0  - 0 4 0  

REFERENCES 
1 ALEXANDER 67... ..PR 1 5 4  1 2 8 4  
2 ALWEIOA 68.....PR 1 7 4  I 6 3 8  

H8C 
HBC 

ALEXANDER 6 7  
A L Y E I O A  6 8  I not plotted 

DATA LN SQUARE BRACKETS HAVE BEEN CALCULATED B Y  US 



m m - o n n n n  
w r n r o r z  
Z D Z ~ Z ~ O  m w  m z x m  

m a  unna o r z m  
m n r o n  
-o < m z  

a 

m m m m m m m  
w w m m u u m  

t a. 

Fig. 19. C r o s s  sections for " elastic-like" pp interact ions  (pp -+ pNU2).  ( a )  ~ ( 1 4 7 0 ) - " ~ o ~ e r " ,  

(b)  ~ " ( 1 5 2 0 ) .  ( c )  the f i r s t  two plus ~ " ( 2 1 9 0 ) .  In (a )  and (b)  we show those exper iments  that r e -  

ported only one o r  two N.rr decay modes ,  a s  well  a s  those which have repor ted  a l l  decay modes. 

The f o r m e r  have been converted by us to  the  tota l  r a t e s  by using isospin and taking the ra t ios  

of r ( N L +  Nn)/r(N"- a l l )  of 0.61 * 0.09 f o r  ~ " ( 1 4 7 0 )  and 0.53 0.04 f o r  ~ ~ ( 1 5 2 0 ) .  These ra t ios  

were  taken f r o m  the mos t  recent " Review of Par t i c le  Proper t i es .  'I Exper iments  reporting 
+ - 

only N." -. p n  n a r e  not plotted, but a r e  tabulated on the facing page. In (c )  only those exper i -  

ments  reporting all decay modes (i. e. , mainly counter exper iments)  have been included. The 

data above 10 G ~ Y / C  have been fi t ted to the fo rmula  o = ~ ~ b : ~ ~ .  The dashed l ines  a r e  our  b e s t  

- - 0.09*0.27, and nN(1520) - fits' n ~ ( 1 4 7 0 )  - 
- 0.10 k0.33. See discussion i n  text concerning 

background subtractions and differences  i n  data f r o m  var ious  detectors .  
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do/dt for pp-.p~(1470)+ 

MOMENTUM TRANSFER BETWEEN BEAM AN0 PROTON 
I GEV/C I * * 2  

BEAM MOMENTUM= 4.550 GEV/C 

MOY TRANSF SIGMA +- OSIGMA 
lMILLIBARNS/ lGEV/C)**Z l  

.044 2.72000 .08160 
.045 3.05000 -09150 
.052 3.02000 .09060 
- 0 5 3  2.61000 -07830 
.Oh2 2.20000 .06600 
,063 2.30000 .06900 
.073 2.13000 -06390 
.OR4 1 .51000 -04590 
.09R 1. 3 1000 ,03930 
,117 1.08000 .03240 
.14R .67000 .02010 . 166 . 5 5 0 0 0  ,01650 
,220 .260 00 ,00780 

2 9  SQUARE= 3.475 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- lOPER CENT 

BLAIR NC 63A 5 2 9 I 1 9 6 9 )  CNTR 

BEAM MOMENTUM= 6.060 GEVK 

MOM TRANSF SIGMA t OSIGMA 

2Q SQUARE= 4.873 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- lOPER CENT 

BLAIR NC 63A 5 2 9 t 1 9 6 9 )  CNTR 

BEAM MOMENTUM= 7.880 GEVlC 

MOM TRANSF SIGMA t OSIGMA 
I MILLIBARNS/tGEV/Cl**2) 

.048 2.20000 .Ob600 

.090 .69000 .02070 
- 0  94 .79000 .02370 
.115 .3500O -01050 
- 1 1 7  .54000 .01620 
. I 4 5  .26000 .00780 
. I 8 0  .2 5000 .00750 
.214 - 1 5 0 0 0  -00450 
.2 50 .16000 .00480 
.290 .07000 .00210 

ZQ SQUARE= 6.565 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- lOPER CENT 

BLAIR NC 63A 529119691 CNTR 



da/dt for pp-,p~(1470)+ 



do/dt for p p + p ~ ( 1 5  20)+ 
MnMENTlJM TRANSFER BETWEEN BEAM ANU PROTON 

IGEV/CI * *2  

BEAM MOMENTUM= 4.000 GEV/C BEAM MOMENTUM= 4.550 GEVIC 

MOM TRANSF SIGMA +- OSIGMA 
i M I L L I B A R N S I I G E V / C l ' t Z I  

.440 .25000  .04000 

. s o 0  .20000  .02000 

.620  . 15000  .02000  
1.060 . 1 5 0 0 0  .02000 
1.430 . I 2 0 0 0  .00900 
1.990 .092 0 0  .00600 
2.050 . I 2 2 0 0  .00900 

MOM TRANSF SIGMA +- DSIGMA 
I H I L L I 8 A R N S I l G E V / C l * * 2 l  

.057 1 .30000  .03900  
.058  1.27000 .03810  
.064  2.05000 .06150 
.065 1.92000 - 0 5 7 6 0  
.074 1.28000 .O3840 
.075 1.35000 .04050  
.085  1.52000 .04560  
.095 1.28000 - 0 3 8 4 0  
. l o 7  1.29000 .03810  
.126 1.43000 - 0 4 2 9 0  
. I 5 7  1.26000 - 0 3 7 8 0  
.I 73 .99000 .02970  
. I 7 5  .67000  .02010  
- 1 9 1  .64000  .01920 
. I 9 1  .67000  .02010  
.230 .49000  .01470  
- 2 5 0  .64000  .0192O 
. 2 7 0  .6200G - 0 1 8 6 0  

2 8  SQUARE= 2.975 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- l 2PER CENT 

ANKENBRANU PR 170  1 2 2 3 1 1 9 6 8 1  CNTR 

2 0  SQUARE= 3.479 
PLUS POSSIBLE SYSTEMATIC ERROR CENT 

B L A I R  NC 63A 5 2 9 1 1 9 6 9 1  CNTR 

BEAM MOMENTUM= 5.020 GEVIC BEAM MOMENTUM= 6.060 GEV/C 

MOM TRANSF SIGMA +- OSIGMA 
I M l L L I B A R N S I l G E V / C l * * 2 l  

. 065  1.15000 .03450  

.079 .99000  .02970  

. I 1 4  .95000  .02850  
- 1 3 4  .79000  .02370  
. I 5 7  .55000  - 0 1 6 5 0  
. 2 6 0  .32000  .00960  

MOM <16HA +- OSIGMA 

2 0  SQUARE= 4.873 
PLUS POSSIBLE SYSTEM4TIC ERROR OF +- lOPER CENT 

BLAIR NC 6 3 1  5 2 9 [ 1 9 6 9 1  CNTR 

2 0  SQUARE= 3.911 
PLUS POSSIBLE SYSTEHATIC ERROR OF t- 

ANKENBRAND PR 1 7 0  12231  

CENT 

CNTR 

BE4Y MOMENTUM= 6.070 GEVIC BEAM MOMENTUM= 7.120 GEV/C 

MOM SIGMA +- OSIGMA 
I H I L L I B A R N S / I G E V I C I * t Z )  

.06600  .00600  

.Oh300 .OC600 

.05900  .00800  

.03200  .00300 

.O2800 .00400 

.01900  .00200  

.01400  .00100 

.01070  .00070  

.00820  .00060  

.DO700 .DO100 

.00640  .00080  

MOM TRANSF SIGMA t DSIGHA 
( M l L L l B A R N S / ( G E V I C I * * 2 1  

.03500  .00500  

.O2900 .00400  

.02000  .00300 

.00700  .00100  

.00700  .00100  

.00320  .00080  

.'DO230 .00040  

.00130  .00030 

2Q SQUARE= 5.858 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- LZPER CENl 

2 0  SQUARE= 4.883 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- l 2 P E K  CENT 

ANKENBRAND PR 1 7 0  1 2 2 3 1 1 9 6 8 1  CNTR 

ANKENBRANO PR 170  1 2 2 3 i 1 9 6 8 1  CNTR 

BEAM MOMENTUM=19.200 G E V K  

MOM TRANSF SIGMA +- DSlGMA 
( M I C R O B A R N S I l G E V / C l * t Z I  

- 5 6 0  57.00000 11.4OOOO 
. a 7 0  21 .00000  4.20000 

1.230 3.60000 . 7 2 0 0 0  
1.660 . 3 9 0 0 0  .07800  
2.140 .16000  .03200  
2.660 . 3 2 0 0 0  .O6400 
3.230 .02000  .00400  
3.030 .01300  .002 6 0  
5.510 .no057  - 0 0 0 2 8  

2 0  SQUARE= 17.156 

ALLABY P L 2 8 0  2 2 9 1 1 9 6 8 1  CNTR 

BEAM MOYENTUM= 

MOM TRANSF 

.051  

.092 

.096 

. I 1 6  

. I 1 9  

. I 4 6  

. I 8 0  
- 2 1 4  
.250  
.255 
.288 
.340  
.380  
.414 
.460  
.484  
.509 
.626  
.670 
. 7 5 0  

7.880 GEV/C 

SIGMA +- DSIGHA 
I M I L L I B A R N S / l G E V / C I * * 2 l  
1 .12000  .03360  

.57000  .01710  

.48000  .01440  

. 4 4 0 0 0  .01320 
- 4 5 0 0 0  - 0 1 3 5 0  
.40000  .01200  
- 3 2 0 0 0  - 0 0 9 6 0  
.26000  .00780  
- 2 4 0 0 0  .00720  
.27000  .00010 
.19000  - 0 0 5 7 0  
- 2 3 0 0 0  - 0 0 6 9 0  
.12000  .00360  
.08200  - 0 0 2 4 6  
. 0 6 0 0 0  .00180  
.06800  .On204 
.10000  .00300  
. 0 2 8 0 0  .00084  
.05 1 0 0  .00153  
.O6500 .00195 

2 0  SQUARE= 6.565 
PLUS POSSIBLE SYSTEHATIC ERROR OF +- IOPER CENT 

BLAIR NC 636  5 2 9 1 1 9 6 9 1  CNTR 



du/dt for pp+pN(15 ZO)+ + 



pp + p "~*(1688)*" Bump 

Pbeam OP~ ' (1688)+  (nlb) 
L m .  

(GeV/c) (GeV) N* + all modes References 

REFERENCES 
ANDERSON 66.. . . .PRL 1 6  8 5 5  
CONUOLLY 67... . .BNL 1 1 9 8 0  
B L A I R  69... . .NC 6 3 A  5 2 9  

B L A I R  
B L A I R  
B L A l  R 
ANDERSON 
ANDERSON 
ANDERSON 
CONNOLLY 

ANDE RSON 

REFERENCES 
1 ALEXANOER 67... ..PR 
2 TAN 68.....PL 
3 GINESTET 69... ..NP 

REFERENCES 
1 ALEXANDER 67.....PR 1 5 4  1 2 8 4  
2 ALMEIDA 68.....PR 174 1 6 3 8  
3 BOGGILD 68.....SUB VNA 

SPRK 
HBC 
CNTR 

HBC 
HBC 
HBC 

References 

ALEXANOER h 7  
TAN 6 8 
GINESTET 6 9  1 

HBC 
HBC 
HRC 

References 

ALEXANDER 6 7  
ALMEIDA 6 8  
HOGGILO 6 8  

not plotted 



p lab 
b e a m  (G~v/'c) 

Fig. 22. C r o s s  sections for  pp -. p " ~"(1688) ' " .  We have included only those exper iments  (mostly counte rs )  that repo.rted 
t - 

all  decay modes. Experiments reporting only prr rr a r e  tabulated on the facing page. Due to the exis tence of resonances  

in this region with both I = 1/2 and I = 3 / 2 ,  we a r e  unable to compute total  c r o s s  sections f r o m  exper iments  reporting only 

one mode of decay. See discussion in  text  concerning background subtract ions  and differences in  data  f r o m  var ious  detec-  

tors .  



pp + p "~*(1688)+" Bump 

MOMENTUM TRANSFER BETWEEN BEAM AND PROTON 
I GEV/CI**2 

BEAM MOMENTUM= 4.000 GEV/C BEAM MOMENTUM= 4.550 GEV/C 

MOM TRANSF SIGMA +- OSIGMA 
1MILL IBARNS/ IGEVICI * *21  

.470 .66000  .09000  

.520 .34000  .03000  

.640  .45000  .04000  
1.050 - 2 3 0 0 0  .03000  
1.400 . l b 0 0 0  .01000  
1.930 - 1 2 9 0 0  .00900  

MOM TRANSF SIGMA +- DSIGMA 
IMILL IBARNS/ IGEV/C1**21  

.091  1 .45000  .04350  
.098 1.85000 .05550  
. I 1 6  . 7 2 0 0 0  .02160  
.139 .750OO .02250  
. I 5 7  1 .60000  - 0 4 8 0 0  
. I 7 1  1 . 8 0 0 0 0  .05400  
. I 8 6  1.05000 - 0 3 1 5 0  
. I 9 8  .80000  .02400  
- 2 0 4  .62000  .01860  
.216  . 4 6 0 0 0  .01380  
.250 .b6000  .01980  
. 2 7 0  .77000  .02310  

2 0  SQUARE= 2.975 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- l 2 P E R  CENT 

ANKENBRANO PR 170  1 2 2 3 1 1 9 6 8 1  CNTR 

2Q SQUARE= 3.479 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- lOPER CENT 

BLAIR NC 63A 5 2 9 1 1 9 6 9 1  CNTR 

BEAM MOMENTUM= 5.020 GEV/C BEAM MOMENTUM= 6.060 GEV/C 

MOM TRAVSF SIGMA + OSIGHA 
( M I L L 1  BARNS/1GEVICl*eZ) 

.670  .23000  .02OOO 

.750 .lBOOO .02000  

.920 1 2 0 0 0  .01000  
1.330 .090OO .01000  
1.550 .1)7800 .OOBOO 
1.730 . 0 7 4 0 0  .00700  
2.390 .05100  .OOCOO 
2.740 .04300  .00800  

MOM TRANSF SIGMA +- OSIGMA 
1MILL IRARNS/ lGEV/C1**21  

.081  1 .45000  .04350  

.093 .96000  .02880  

.127 - 5 8 0 0 0  ,01740 . 1 4 6  .BE000 .02640  

. I 6 8  . 7 4 0 0 0  .02220  
.2 6 0  .52000  .01560  

2 3  S3UARE= 4.R73 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- lOPER CENl 

2Q SQUARE= 3.911 
PLUS POSSIBLE SYSTEMAT ERROR CENl BLAIR NC 6 3 6  5291  1 9 6 9 )  CNTR 

ANKENBRAND PR 170  1 2 2 3 1 1 9 6 0 1  CNTR 

BEAM MOMENTUM= 6.070 GEV/C BEAM MOMENTUM= 7.120 GEVIC 

MOM 1 SIGMA + OSIGMA 
I M I L L I B A R N S / I G E V / C I t * 2 1  

.09300  .00800  

.08900  .00900  
- 0 5 0 0 0  .OOBOO 
- 0 4 3 0 0  .00400 
.02900  .00400  
.O2000 .00200  
.01300  .00100  
.01080  .00080  
.00770  .00080  
.00800  . 0 0 1 0 0  

MOM TRANSF SIGMA +- DSIGMA 
I MILL IBARNS/ IGEV/C1**21  

. 0 5 0 0 0  .00700 

.04500  .OObOO 

.02800 .00400  

.01000  .00200 

.007OO .00100  

2Q SQUARE= 5.058 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- l 2PER CENT 

ANKENBRANO PR 170 1223119601  CNTR 2 0  SQUARE= 4.883 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- l 2 P E R  CENT 

ANKENBRAND PR 170  1 2 2 3 1 1 9 6 8 1  CNTR 

BEAM MOMENTUM=19.200 GEVlC REAM MOMENTUM= 7.880 GEV/t  

MOM 1 SIGMA +- DSlGMA 
1 H I L L I B A R N S / I G E V / C l * ' Z  
1.02000 .03060  

.90000  .02700  

.78000  .02340  

.78000  .02340  

.74000  . 0 2 2 2 0  

.b2000  .01860  
- 5 3 0 0 0  .01590  
.42000  . 0 1 2 6 0  
.43000  .01290  
.36000  .01080  
.39000  .01170 
.32000  - 0 0 9 6 0  
.19000  .00570  
.17000  . 0 0 5 I O  
.17000 .00510  
- 0 9 6 0 0  .OD288 
- 1 6 7 0 0  .00501  
. 0 8 2 0 0  .0024b  
- 0 7 2 0 0  .00216  
. l o 0 0 0  .00300  

MOM TRANSF SIGMA +- OSIGMA 
IMICROBARNS/ IGEVICI *  

100.00000 20.00000 
26.00000 5.20000 

4.20000 - 8 4 0 0 0  
.64000  .12800  
.31000  .06200  
- 3 3 0 0 0  .Obb00 
- 0 3 5 0 0  .00700  
.OlROC .00360  
.00071  .DO035 

2 3  SQUARE= 17.156 

ALLABY P L 2 8 8  2 2 9 1 1 9 6 8 )  CNTR 

2Q SQUARE= 6.565 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- IOPER CENT 

BLAIR NC 6 3 6  5291  1 9 6 9 1  CNTR 
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pp -. p "~*(1688)+" Bump 



Table 111. F i t s  to du/dt f o r  var ious  pp quasi-two-body final s ta tes .  These a r e  the values t h e  

authors  repor t  when fitting t h e i r  own data. Thus t h e r e  m a y  be some inconsistencies f r o m  e x -  

per iment  to  experiment.  

'beam 1 ' 1  
(GeVIc) min max 

FORMULA PARAMETERS References 

B L A I R  

B L A I R  

ANOERSON 

P* + B L A I R  

B L A I R  

ANDERSON 

ANDERSON 

B L A I R  

B L A I R  

T A N  

B L A I R  

p ~ * ( 1 4 ? 0 )  ANDERSON 

ANDERSON 

ANDERSON 

J E S P E R S E N  

ANOERSON 

B L A I R  

B L A I R  

B L A I R  

p ~ * ( 1 5 2 0 )  ANDERSON 

ANDERSON 

ANDERSON 

ANOERSON 

B L A I R  

B L A I R  

B L A I R  

ph?*(1688) ANOERSON 

ANOERSON 

ANOERSON 

ANOERSON 



Fits to various pp du/dtfs. 

Fig. 24. Resul ts  of our  l eas t - s  u a r e s  f i ts  to var ious  pp quasi-two-body differential  c r o s s  s e c -  

tions of the f o r m  d~ /dt = Ae-vPvO, where  v i s  a s  defined in  the text. The points a t  19  G ~ V / C  

have been f i t ted over  a somewhat different v region than were  the lower-energy points. 

SLOPE ( ~ / v o )  

Pbeam (GeVIc) ( G ~ V / C ) - ~  x2/N 

elastic 



%m. 
'beam (GeVIc) (GeV) up,- A ++ (mb) References 

. 0 1 0  3 .503 - 2 8 0  ? .04C ALEXANDEP 6 7  
- 0 5 0  3.620 1.180 - 2 0 0  CASQ 6 8  

3.851 2.390 . 3 0 0  Y E K U T I E L I  6 9  
.010  4.542 1.250 .14C ALYEIDA 6 8  

6.120 . R 3 C  .15C POGGILD 6 8  
7.434 . b o o  . l o 0  CGNNGLLY 6 7  

REFERENCES 
ALEXAhDE9 67.....PR 1 5 4  1 2 8 4  
CONNOLLY 67.....BNL 1 1 9 8 0  
ALPEIDA 68.....PR 1 7 4  1 6 3 8  
SOGGILD 6B.....Sb8 VNA 
CASO 68. .. ..NC 5 5 8  66 
Y E K U T I E L I  69.....REHC 

HBC 
HBC 
HBC 
PRC 
HRC 
HHC 

References 

- 
A O  + p a  A + ALL MODES 

REFERENCES 
1 ALEXANDER 67.....PR 
2 CONNIILLY 67.....RWL 
3 ALUEIDA bO.....PR 1 7 4  1 6 3 8  
4 BCGGILO 68.....SUB VNC 
5  CASE 68.....NC 55A 6 6  

HBC 
HBC 
HHC 
HRC 
HRC 

DATA IN PAREiVTHESES HAVE BEEN CORRECTED B Y  US. 



. 5  4 . 0  4.5 5 . 0  5 . 5  6 . 0  6 .5  7 .0  7 . 5  

1 QLEXRNDER 6 7  
2 CDNNOLLY 6 7  
3 OLtIEIOP. 68  

pp+p7r- A+ + 

4 BOGGILD 68  
5 CRSO 6 B 
6 Y E K U T I E L I  6 9  

1.50 3.5 4 - 0  4.5 5 - 0  5 -5 6.0 6 . 5  7 .O 7 

l a b  
Pb e am (GeV/c) 

1.35 

1 .ZO 

1 . 0 5  

. 9 0  

I OLEXONCER 6 7  
Z CONNIILLY 6 7  

. 3 E I L ~ E I ~ ~  6 8  

pp+pTT+ A0 4 BL1GGLU 6 8  
S CRSO 6 8 

. 

. 

h 

E 
V 

. 6 0  

b 

. 4 s  

0 .  
1 0  1 5  2 0 2 5  

p?Pa rn (GeV/c) 



I G E V / C )  A 

L0 4 pn LO + ALL MODES 

R E F E R E N C E S  
A L E X A h O k R  67.....PF 1 5 4  1 2 8 4  
C C N N D L L  Y 67 . .  . . . B N L  1 1 9 8 0  
R O G G I L D  68.....SLB VNA 
C P S C  68.....NC 5 5 A  6 6  
K A Y A S  68.. ... N F  e 5  1 6 5  
K I N S E Y  68.....UCRL 1 7 7 0 7  
Y E K U T I E L I  69.. . . .REtC 

A L C X A N D E R  6 7  
C b S C  6  8  
K I N S E Y  6 8  
Y F K I I T I E I . 1  h 9  
K A Y A S  6  8  
R f l G G I L D  6 R  
C n N N I I L L Y  6 7  

HRC 
HRC 
HBC 
HBC 
HHC 
H B C  
HRC 

R E F E R E N C E S  
A L E X A N D E R  67.....PR 
B O G G I L D  6e.. . . .SU9 V h A  
C A S O  6 8 .  .. ..NC 
K A Y  AS 68.....ND 
K I N S E Y  68.....UCRL 
Y E K U T I E L I  65.....R:HC 

HHC 
Cl RC 
HRC 
HRC 
HRC 
HBC 

DATA IN PARENTHESES M V E  BEEN CALCULATED B Y  US. 

A L E X A N D E R  6 7  
CASC 6  8  
K I N S F Y  6  8 
Y E K U T I F L T  6 9  
K A Y A S  6  R 
H O G G I L D  6 9  

'The e r r o r  ("8%) in  X = I' (N* + Nn) 
has not been folded in the quoted e r r o r s .  

r (N*- ra l l  modes)  



PP' 

. 5  4 . 0  4 . 5  5 . 0  5 . 5  6 . 0  6 . 5  7 - 0  7 . 5  
&.M. (GeV) 

I FILEXRNOER 6 7  
2 CONNlVLY 6 7  
3 BOGGILD 6 8  

pp-+A' + A o  4 CRSO 6 8  
5 RFlYRS 6B 
6 RLNSEY 6B 
7 YEKUTLELI 6 9  

P 
1 0  1s 2 0 2 5  3 

5  3 . 0  3 . 5  4 . 0  4 .S 5 . 0  S .S 6 . 0  6 . !  
E ~ . ~ .  (GeV) 

I FILEXRNOLR 6 7  
2 BOGGILO 
3 cclso 

pp+A"N(1520)" s 4 KRYFIS RLNSEI 
6 Y E R U T I E L I  

I .  
6 

1 

10 1 4  FB 2 

lab 
Pb e r m  (GeV/c) 

Fig. 26. Some double-resonance production c r o s s  sections in  pp collisions. ( a )  ~ ( 1 2 3 6 ) "  

~ ( 1 2 3 6 ) '  and (b )  ~ ( 1 2 3 6 ) ' ~  ~ ( 1 5 2 0 ) ' .  Both have been cor rec ted  f o r  a l l  modes. These  data  a r e  
f rom bubble chambers .  



PP'PP { 77 

References 

.080 2 .030 
.110 .a20 
. I 6 0  .C5C 
.1BO .023 
- 1 4 0  .040 
- 1 4 5  .030 
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Fig. 31. The pp + NAKT reaction c r o s s  sections. 
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F i g .  32.  The pp -. NZK'TI cross  sections. 
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Table V. C r o s s  sect ions  f o r  var ious  react ions  of the type pp -. n-prongs (not plotted). 
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Fig. 37. E las t i c  c r o s s  sections f o r  ( a )  a l l  np and pn, and (b )  np in the backward directiononly 

(i. e. , charge  exchange).  The pn da ta  have had Glauber-type correct ions  applied. The solid 

curve in  ( a )  represen t s  the pp e las t i c  data (F ig .  1). The dashed line i n  ( b )  represen t s  our  

bes t  fi t  to the  data of CT = ~ ~ b z ~ ~  ( n  = 3.0 0.6).  Note the surpr is ingly few experiments  that 

have been repor ted  on these react ions .  
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3 BESLIU 69 
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np Forward elastic dcr/dt 

MOMENTUM TRANSFER BETUEFN BEAM AND SCbTT  B E l W  
I G E Y I C I * * 2  

2 0  SOUAHE i  . 5 4 L  
P L U S  P O S S I B L E  S Y S T E N I T I C  ERYflR OF +- I P P E R  CENT 

l l H E L E P D V  CERN CONF 2 1 1 5 1 1 9 5 6 1  CNTC 

2 0  SOUARE- , 1 8 8  

X l l A R l N D V  J E T P  1 6  2 4 1 1 9 b 3 1  C N T R  

BEAW MO*ENTUHICENTRAL V A L U E I =  1 .975  GEY lC  

H E I ' l  MOLlEliTUM RANGES FPOK 1.1OC TO 2 .250  G E V I C  

MOW T R  S I G H 1  +- OSIGHA 
l M I L L I 8 I R N S / I G E V / I  

8 8 . 2 2 6  L l . b 9 3  
5 3 . 1 6 8  8.50+ 
3 9 . 3 3 0  2.126 
2 7 . 6 3 1  3 .189  
2 3 . 3 8 5  2 .12b  
1 R . O l O  1.063 
1 5 . 9 4 4  1 . 0 6 3  
1 2 . 1 5 b  1 .0h3  
1 1 . 6 9 3  1 .063  
1 0 . 6 3 0  1 .063  
1 C . 6 3 0  1 .063  

2 O  S D U d R E i  L . l l 1  
P L U S  P O S S I R L L  SYSTEMATIC FRROR OF +- ~ P E I I  CENT 

PERL SLAC PUB-622  1 i Y b 9 l  S P R I  

2 2  SQUARE. . 59L  
P L U S  P O S S I R L b  S I S T E H A T I C  E Y R U l  OF r- 19PER CENT 

bMbGLO8FL I JETP  3 7  1 1 2 5 1  1 9 6 0 1  CNTM 

HEAH WOMFNTUHICENTRAL V A L U E ) =  2 . 2 4 1  GEV/C 

B E d l  HOMENTUM RANGE5 F R O M  1 .697  TO 2 .185  G E V I C  

* * * * T H I S  DATA  W l i  READ FROM I GRAPH'*** 

1.600 1 . 8 0 0  . 2 1 0  ."+I 
1. B O C  2 . 0 0 0  . 2 9 9  .049 
2 . 0 0 0  2 .690  . 3 9 1  .OH3 

2 0  SOUARk= 1 .642  
PLUS P U S S I B L E  S I 5 T E M A T l C  ERROR OF +- 5PEk  CENT 2 2  SJUARE=  1 . 3 9 8  

K R C I  SLER PRL L b  l 2 1 1 1 1 9 6 6 1  S P R I  PERL S L 4 C  PUB-622  1 1 9 6 9 1  SPUK 

IUEb* MOMFNTIIY1CENTKC.L V A L U E > =  3 . 0 5 0  GEVIC:: 

UEAi4 MOYENTUM RANGES FROV. 2 .190  TO 3 . 3 1 0  b E V / C  

MOY T U  

MIN IMUM 

2 0 C  
- 3 0 0  
..on 
. 5 0 0  
6 0 0  
. r o o  
R O O  
. 9 0 0  

7 0  S?UARE= 2.113 
P L U S  P O S S I B L E  S Y S T E H 4 T l i  ERdOY OF +- 5PEK CENT 

OERL S i b C  P U B - 6 2 2  l l Y 6 9 I  S P l r  

; FOR DISPLAY OF THESE DATA SEE FIG. 4 2  





np Forward elastic dcr/dt 

MOMtNTUM TRANSFER OETYEEN BEAM AND SCATT BEAM 
I G E V I C  l * * 2  

B E A U  HOYENTUHICENTRAL V A L U E ) =  3 . 3 0 6  G E V l C  BEAM MO'4EI ITUMtCtNTRAL VALUCI .  3 .570 G E V I C  

BEAU MOMENTUM RANGES FROM 2 . 7 8 5  TO 3 . 8 2 6  G E V l C  

SPRK 

S E A 4  YU'IFNTUI* R A r l G t S  FROM 3 . 3 1 0  TO 3 . R 3 0  G E V I C  

* * * * T H I S  D A T A  MAS READ FROM A GRAPH****  

NOH TRA'lSF SIGMA + USIGMA 
I H I L L I B A R N S l l i E V I C l ' t Z I  

2 4 . 0 0 0  2 . 0 0 0  
1 5 . 0 0 0  2 . 0 0 0  

5 . 4 0 0  . l o 0  
5 . 6 0 0  .6OO 
2 . 6 5 0  . 4 5 0  
1 . 1 0 0  . 3 0 G  
1 . 1 5 0  . 3 0 0  
1 . 0 5 0  .25C 

.BOO . I 5 0  

.roo . loo  

. 4 0 c  . 0 5 0  

. l 6 0  . 0 3 0  

. 1 5 0  . 0 4 0  

M I N I M U Y  M A X I Y I I M  SIGMA +- O S l i H A  
I M I L L I 8 A R N S I ( G E V I C I ' r Z I  

. l o 0  2 0 0  4 3 . 8 8 5  3 . 6 7 9  

K R E I S L E R  PRL 1 6  1 2 1 7 f 1 9 6 6 1  

2 0  SOUARE= 2 .5H2 
P L U S  P I J S S I B L E  S Y S T E l l A T I C  EKR:IR O F  +- SPER CENT 

PERL SLAC PUS-622 ( 1 9 6 9 1  SPRK 

BEAY HOYENTUHICENTRAL V A L U E ) =  4 . 0 8 5  G E V l C  B E A U  NOMENTUMICENTRAL VALUE) .  4 .338 G E V l C  

B E A Y  *OYLNTUM AANGES F W Y  3 .826 TO 5.849 G E V l C  dEAM MOMENTUM RANGES FKUM 3 . 9 3 0  TO 4 . 3 4 0  G E V I C  

MUY TR * * t * T t l l S  DATA *AS R E 1 3  FR3M A GKAPH(l*** 

H I N I N U H  MAX IMUH SIGMA +- O S I G f l A  
I M I L L I I A R N S I I G E V I C l t * Z i  

.1CO . 2 0 0  3 6 . 4 5 8  2 .676 
2 0 0  . 3 0 0  1 8 . 2 2 5  1.196 
. 3 0 0  . 4 0 0  8 . 0 9 0  . l o 8  
. 4 0 0  . 5 0 0  4 . 2 5 7  . 5 5 9  
.5CO . h O 0  L . 4 7 3  - 3 3 7  
. b o o  . 7 0 0  1 . 5 5 9  . I 9 2  
.7OC - 8 0 0  1 . 0 0 1  . l 4 1  
.ROO . 9 0 0  0 4 1 3  . 0 9 0  

MU3 TPANSF S l G n A  +- USIGMA 
I ~ I L L I ~ i l i l ~ Y S l l ~ E V I C I f f Z l  

. z o c  1 e . 0 0 0  i . O C 0  
3 1 1 .OC" 
.,.no 4 . 3 0 :  . 73 ,  

. 9 0 C  
1. 0 0 n  
1.2OC 
1 . 4 0 0  
1 . 6 0 0  
1. BOO 
2 .  OOC 

2 C  SQUARE-  3 . 2 8 3  

K R E I S L E I  PRL 1 6  1 2 1 7 1 1 9 6 6 1  SPRK 

2 0  SaUARE= 3 . 0 5 1  
P L U S  P O S S I R L E  S Y S T F H A T I C  ERRUR OF +- SPER CENT 

PERL SLAC P U B - 6 2 2  I I 9 6 9 1  SPRK 

BEAM HOMENTUMICENTRAL V A L U F I =  4 . 5 9 5  G E V l C  

B E A Y  MOYENTUH RANGES FROM 4 . 3 4 G  TO 4 . 8 5 5  G E V l C  

MOM TR 

BEAM MOMFNTUMICENTKAL V A L U E ) =  5 . 1 0 5  GEVlC 

BEAM YOYENTUM RANGES FROM 4 . 9 5 0  TO 5 . 3 6 0  G E V l C  

MOM TR 

MINIMUM MAXIMUM SIGMA +- OSIGYA 
l M l L L l B A K h S / I G E V I C I * * 2 I  

3 3 . 4 1 7  2 . 0 8 0  
1 6 . 9 4 8  l . O g 0  

7.2Ob . 5 2 3  
3 . 4 6 4  . 3 5 9  
1 . 9 0 3  . 2 6 4  
1 . 0 3 6  . I 3 4  

. 5 4 5  . 0 7 5  

. 5 b 8  . 0 7 9  

. 2 H l  . 0 5 5  

. I 9 7  . 0 3 5  

. 0 9 P  . 0 1 1  

2 0  SQUARE= 3 . 5 1 9  
P L U S  P O S S I B L E  S Y S T E M A T I C  ERROR OF +- 5 P E R  CENT 20 SQUARE= 3 . 9 R 9  

P L U S  P O S S l B L E  S Y S T E M A T I C  ERROR OF +- 5PEK CENT 
PERL S L I C  P U B - 6 2 2  1 1 9 6 9 1  SPRK 

PERL SLAG PUR-622 1 1 9 6 9 1  SPPK 



np Forward elastic dcr/dt 



np Forward elastic dc/dt  
HOMENTUM TRANSFEK BETWEEN BEAM AND SCATT OEPM 

I G E V I C I * * 2  

u E A M  MOMENTUHICENTRAL V A L U E l =  5 . 3 5 7  S E V I C  

HEAM MOqENTU* R A t i i E S  FRO* 4 . 8 4 9  TO 5 . 0 6 5  G E V l C  

* * * + T H I S  0 4 7 4  MAS R E 4 0  FROM A GRAPH****  

BEAM M O M E N T ~ M l C E N T R 4 L  V A L U E I =  5 .615 G E V l C  

BEAM MOMENTUM RANGES FKOM 5 . 3 6 0  TO 5 . 5 7 0  G E V l C  

MOM TR 

MOM TRAYSF SIGMA +- DSIGHA 
l M L L L l b A R N S I I G E V I C 1 * * 2 1  

1 4 . 0 0 9  1 . 0 0 0  
6 . 5 0 0  . 5 0 0  
4 . 0 0 0  . 3 0 0  

MINIMUM M 4 X l M U M  SIGMA +- D S l G M A  
I M I L L I  B A R N S I I G E V I C  1 + * 2 I  

4 .221 

PRL 1 6  1 2 1 7 1  1 9 6 6 1  SPRK 

2 P  S2UAHE= 4 . 4 h 0  
P L U S  P O S S I B L E  S Y S T E M A T I C  ERROR n F  +- 5 P E K  C E N I  

PERL S L A C  P U B - 6 2 2  1 1 9 6 9 1  SPRK 

BEAM MOYENTUMICENTRPL V A L U E I =  6 . 1 2 0  G E V I C  

BEAM MOMENTUM RANGES FRON 5 . 8 7 0  TO 6 . 3 7 0  G E V l C  

MOM TR 

M I N I M U M  MAXIMUM SIGMA +- OSIGMA 
1  M I L L l 8 4 R N S I I G E V l C  I*W 

3 0 . 3 5 0  2 . 3 1 8  
1 5 . 1 9 1  . V 7 0  

BEAM MOMENTUHICENTRAL V A L U E ] =  6 . 5 2 2  J E V I C  

B E A r  YOMFIITUM 2 A N G i S  F R U l l  5 .865 TO 7 . 1 7 1  G E V l C  

* * * * T H I S  V A T 4  i A S  K t 4 0  FKOM A GRAPH***'  

2 0  s a u m t =  4 . 9 2 8  
P L U S  P f l S S I D L E  SYSTEMATIC ERROR OF +- 5 P E K  CENT 

PERL SLAG P u b - 6 2 2  1 1 9 6 9 1  SPRK 

8 . 5 0 0  . 0 0 8  . 0 0 3  

2 0  SOUARE= 5 . 3 0 1  

K K E I S L E R  PRL 1 6  1 2 1 7 1 1 9 6 6 1  SPRK 

BEAM MUYENTUMICENTKAL V A L U E l =  6 . 7 7 5  G E V l C  

REAM WOYENTUM R A N J t S  FKOM 6 . 3 7 0  TO 7 . 1 8 0  G E V I L  

M I N I M U M  YAXIMUM SIGMA +- D S I G M A  
I ~ l L L l d A R N S / I G E V I C 1 * * 2 I  

. 1 7 c  . 2 n @  3 2 . 8 7 0  3 . 5 9 8  

BEAM MOMENTUN= 7 . 4 0 0  G E V l C  

MOM TRANSF SIGMA +- OSlGMA 
I M I L L l d A R N S I I G E V I C l * * 2 1  

. I 7 4  2 2 . 0 0 0  1 . 3 0 0  

. 2 2 3  1 5 . 4 0 0  1 . 0 7 0  
- 7 7 4  1 C . 3 0 0  .8bO 

29 SQUARE= 5 .536 
P L U S  P U S S I W E  S Y S T E M I T I C  ERROR OF +- 5PER CENT 2 J  SUUAKE= b . 1 1 7  

G I B B P R O  PRL 2 4  2 2 1 1 9 1 0 1  S P R K I C N T R  PERL SLAC P U B - 6 2 2  1 1 9 6 9 1  SPRK 



np Forward elastic dcr/dt 

I 



np Forward elastic dc/dt 

MOMENTUM TRANSFER BETWEEN BEAM AND SCAT1 BEAM 
(GEV/C)* *2  

BEAM MOMENTUHICENTRAL VALUE)= 9.895 GEVlC 

BEAM MOMENTUM RANGES FROM 8.890 1010.899 

* * * *THIS  DATA HAS READ FROM A GRAPH**** 

MOM TRANSF SIGMA +- DSIGMA 
I MILLIBARNS/ lGEV/C ) W )  

ENGLER P L 298 3 2 1 (  1 9 6 9 )  SPRK 

BEAM MDHENTUM=ll. 4 0 0  GEVlC 

GEV/C MOM TRANSF SIGMA +- OSIGMA 
( M I L L I B A R N S / ( G E V / C ) t a Z I  

. I 7 5  21.000 .930 

.224 15.500 . R BO 
- 2 7 4  10.600 .700 
.323  7.180 .5 70 
.374  5.340 - 5 1 0  
- 4 2 2  3.500 - 4 3 0  
- 4 7 4  2.590 .390 
.545 1.830 - 2 6 0  
.651  .799 - 1 7 0  
.744  .426 .130 
.846  .306  .110 
.Y74 -1 73 ,096 

1.170 .069 .021 
1.476 .034 - 0 1 2  

ZQ SQUARE= 9.851 

BEAM MOMENTUM=15.400 GEVlC 

MOM TRANSF SIGMA +- OSIGHA 

-175 
- 2 2 3  
.2 73 
.323 
.3 73 
- 4 2 3  
.474 
.549  
.649 
,745 

8 4 6  
- 9 6 9  

1.197 
1.515 

ZQ SQUARE= 

G I  BBARD 

14.100 
10.000 

7.460 
5.130 
3.200 
2.180 
1.540 

- 5 5 5  
- 2 9 4  
.128 
.056  
. D l 0  
- 0 1 9  

13.594 

PRL 

BEAM MOMENTUH=23.400 GEVlC 

MOM TRANSF SIGMA +- OSIGMA 

G I  BBAKD PRL 2 4  221 1 9 7 0 )  SPRK+CNTR 

BEAM MOMENTUM=19.400 GEVlC 

MOM TRANSF SIGMA +- DSIGMA 
l M I L L I B A R N S / ( G E V / C l * * 2 l  

.223 14.800 - 7 9 0  
- 2 7 4  9.940 .630 
.323 6.620 .510 
.374  4. t i80 - 4 4 0  
.423  3.580 .390 
.473 2.380 .320 
.550  1 .140  - 2 2 0  
-538 .633 - 1  40 
.743 .32B . I 0 0  
. 8 5 1  .147  .069 
.Y85 - 0 6 2  .020 

1.201 .036 - 0 1 3  
1.638 - 0 0 2  .003 

2Q SQUARE= 17.342 

GIBBARO PRL 24 2 2 (  1 9 7 0 )  SPRK+CNTR 

PIOM TRANSF SIGMA t OSIGMA 
( Y I L L I B A R N S / ( G E V / C ) * * 2 )  
4.840 .680 
3.080 .4YO 
2.190 - 4 3 0  
1.370 - 2 5 0  

. 9 5 1  .260 
- 3 9 1  .160 
.a65 - 0 2 6  
.012  - 0 0 9  

GIBEPRO PRL 24 221 1 9 7 0 )  SPRK+CNTR 

GIBBARD PRL 2 4  221 1 9 7 0 )  SPRK+CNTR 



np Forward elastic da/dt 

I 



Fits t o  np forward elastic du/dt. 

SLOPE 
(cCv/c)-* 

Fig. 39. The slope (b)  coefficient f r o m  our  l eas t - squares  fi t  to the forward np elas t ic  d i f fe r -  
d o  ential  c r o s s  sect ion to  the  formula d c ~ / d t  = - . ebt over  the range It1 5 0.7 ( ~ e ~ / c ) ~ .  In 

2 dt  It=o 
the table x /N  i s  the chi-square  of the fi t  divided by the number  of degrees  of f reedom. Wehave 

2 
tabulated and plotted values f r o m  only those distributions having x /N 5 6 .  All exper iments  in 

this  f igure ,  except Dzhelepov (Ref .I37 ) ,  have normal ized the i r  data by using the optical the-  

o r e m ,  taking var ious  amounts of r e a l  pa r t s .  Thus a plot of the intercept ,  do/dt 1 t,O i s  rnean-  

ingless  in the p resen t  c a s e ,  and we have not given it. A m o r e  ser ious  consideration ( s ince  i t  

can affect not only the intercept  but a l s o  the slope) i s  the fact  that  dc~/dt has  not been m e a s u r e d  

a t  smal l  angles (i. e.  , smal l  ( t  1 values).  Thus t h e r e  could be considerable s t ruc ture  that  h a s  

not yet been uncovered. [See fo r  example Fig.  43,  which shows that the s t ruc ture  in the back- 
2 

ward direction i s  v e r y  nar row indeed, s tar t ing a t  lul  5 0.01 ( ~ e V / c )  . ] Therefore  one m u s t  be 

v e r y  cautious about using the values f r o m  our  f i ts  above. F o r  comparison we have a l so  plotted 

our  f i ts  to the  slopes of the pp elas t ic  scat ter ing (f rom Fig.  3b). F o r  a discussion of the  ap- 
paren t  difference between the np and p p d a t a  s e e  the  text. Fi t ted values of the slope, whenever 

given by the au thors ,  a r e  presented in Table VI. 



Table  VI. F i t s  r epor ted  by authors  t o  the i r  own np fo rward  e las t i c  scat ter ing data. F o r  o u r  

f i t s  to  these  data s e e  Fig.  39. 

FORMULA PARAMETERS References 

-6.321 2 .647 K R E I S L E R  

P E R L  

P E R L  

P E R L  

P E R L  

K R E  1 S L E R  

P E R L  

P E R L  

P E R L  

P E R L  

P E R L  

P E R L  

K R E l  SLER 

P E R L  

P E R L  

P E R L  

P E R L  

ENGLER 

K R E I S L E R  

P E R L  

K R E I S L E R  

P E R L  

P E R L  

ENGLER 

G I  BEARD 

ENGLER 

ENGLER 

G I B M A R O  

E N G L E R  

F N G L E R  

G I B B A R D  

G I B B A R D  

G I B U A R D  

G l B 8 A R D  



pn elastic du/dt 

Fig. 40. pn e las t ic  differential  c r o s s  section. t is the  momentum transfer  between the out- 

going and incoming protons. 

MOMENTUM TRANSFER BETdEEN BEAM AND SCATT BEAM 
I GEV/C ) * * 2  

BEAM MOMENTUM= 1.690 GEVlC 

****THIS DATA WAS READ FROM A GRAPH***+ 

MOM TRANSF SIGMA +- DSIGMA 
( M I  L L I  BARNS/ (GEV/C 1% ) 

(0. EXTRAPOLATED POINT (106.894+-8.067) 
.032 84.708 5.378 
- 0 5 6  70.590 2.689 
- 0 8 8  51.766 1.345 
- 1 2 5  37.648 1.345 
- 2 1 9  16.135 1.345 
.334 10.757 1.345 
.467 8.740 .672 
- 6 1 5  4.034 - 6  72 
,772 3.361 - 6 7 2  
.935 2.017 .672  

1.097 1,345 .672 
1.254 1.345 - 6 7 2  
1.402 1.34; - 6  72 
1.535 2.017 - 6 7 2  
1.651 2.689 1.345 
1.744 6.723 1.345 
1.869 24.875 6.723 

MURRAY NC 49A 2 6 1 (  1 9 6 7 )  CNTR 



d - -.2 
Ill 

a 
- .4 

E ~ . ~ .  
2.00 2.03 2.06 2.09 2.12 2.15 2.18 2.21 2.24 2.27 2.30 

I DUTTON 6a 
2 DUTTON 6 9 

i 
Fig. 41. Rat io  of the  r e a l  t o  the  i m a g i n a r y  p a r t s  of the  f o r w a r d  np  e l a s t i c  sca t t e r ing  ampl i -  

tudes.  

2 DUTTON 69.. . . .NP 09 594 



Fig. 42. np e la s t i c  differential  c r o s s  sect ions  f o r  du/dt 
2 

beyond It l = 2 ( G e ~ / c )  . (t i s  the momentum t r a n s f e r  b e -  

tween the incoming and outgoing neutrons.  ) T h o s e  exper i -  

m e n t s  repor t ing da ta  a t  l e s s  than  ( t  1 = 2 (Gev/c)' only, 

a r e  p resen ted  i n  Fig. 38. See the  caption to  Fig. 38 f o r  

addit ional informat ion on these  data.  





ackwar . 

U BETWEEN BEAM AN0 SCATT TARG 
IGEV/Cl**2 

BEAM MOHENTUUICENTRAL VALUE)= -613 GEVlC BEAM HOMENTUMICENTRAL VALUE)= -637 GEVlC 

BEAM MOMENTUM RANGES FROM .600 TO - 6 2 5  GEVlC BEAM MOMENTUM RANGES FROM -625 TO .650 GEVlC 

SIGMA t OSIGMA 
l M I L L I B A R N S / l G E V / C l r e Z )  

87.820 2.280 
96.170 2.400 

lO4.680 2.470 
116.530 4.200 
126.440 4.400 
140.050 4.600 
235.100 7.600 
244.000 7.300 
282.300 10.900 
317.300 11.400 
331.400 10.300 
339.700 9.900 
358.700 13.300 
355.800 19.000 

28 SOUARE= . I 7 1  
PLUS POSSIBLE SYSTEMATIC ERROR OF + BPER I 

SHEPARO PPAR 1 0  ( 1 9 6 9 1  

BEAM MOMENTUU- .645 GEVlC 

****THIS DATA WAS READ FROM A GRAPH**** 

SIGMA +- OSIGUA 

:ENT 

SPRK 

2 9  SQUARE= - 1 8 8  

KAZARINDV JETP 1 6  2 4 1 1 9 6 3 1  CNTR 

BEAM MOMENTUMlCENTRAL VALUE)= -688 GEVIC 

BEAM MOYENTUM RANGES FROM .675 TO .700 GEYlC 

U SIGMA +- OSIGMA 
1 MILLIBARNS/IGEV/CI**21 

-. I35 54.700 2.300 
- . I 2 1  65.180 1.940 
-. I08 68.580 1.970 
-.095 73.290 2.020 
-.OB2 85.480 3.610 
-.071 107.150 4.010 
-.060 110.890 4.110 
-.049 114.830 4.110 
-.OIL 180.800 6.300 
-.007 218.000 6.800 
-.004 236.400 9.800 
-.003 276.900 lG.400 
-.002 275.600 9.500 
-.001 300.900 8.900 
-.OOO 318.400 11.400 
- - g o 0  354.300 21.200 

2Q SOUARE= - 2 1 1  
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 3PER CENT 

SHEPARO PPAR 10 119691 SPRK 

U SIGMA +- OSIGMA 
l M l L L I B A R N S / l G E V / C l * * 2 ~  

-. I17 71.200 2.800 
- . I 0 5  85.000 2.310 
-.093 86.710 2.280 
-.082 95.210 2.400 
- a 0 7 1  108.550 4.100 
-.061 120.360 4.300 

ZQ SQUARE= - 1 6 4  
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 5PER CENT 

SHEPARO PPAR 10 119691 SPRK 

BEAM MOUENTUMICENTRAL VALUEI= -662 GEVlC 

BEAM MOMENTUM RANGES FROM .650 TO .675 GEVlC 

29 SQUARE= - 1 9 7  
.US PUSS l 8 L E  SVSTEMAT ERROR CENl 

SHEPARO PPAR 10 I 1 9 6 9 1  SPRK 

REAM MOMENTUHfCENTRAL VALUE)= -712 GEVlC 

BEAM MOMENTUN RANGES FROH .700 TO .725 GEVlC 

U SIGMA +- OSIGMA 
I M I L L I B A R N S / I G E V / C ~ * * 2 1  

- . I 4 4  51.800 2.200 
- . I30  58.830 1.850 
-.116 62.650 1.900 

20 SQUARE= 2 2 5  
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 3PER CENl 

SHEPARO PPAR 1 0  119691 SPRK 



Fig. 43. np e las t ic  scattering in  the backward direct ion 

(i. e. , charge exchange" scat ter ing) .  u is  the momentum 

t rans fe r  between the incoming neutron and the outgoing pro-  

ton. Most authors  have given this data in t e r m s  of " t" 

(between the incident neutron and the outgoing proton) ,  but 

we call  i t  ' I  u" to emphasize  the fact  that it i s  backward 

scattering. So a s  not to m a s k  possible s t ruc tures ,  sys te -  

mat ic  e r r o r s  have not been included, even though they may  

have been given by the authors.  Distributions given or igi-  

nally a s  dcr/dw vs.  have been t ransformed to du/du 
' c .  rn. 

vs. u only when they contained data fo r  cos 0 < -0.6. 
C. m. 

Unlike in  the forward direct ion,  data in  the backward d i r -  

rection go v e r y  c lose  to  the  kinematical l imit  (i. e. , u = O), 

since forward-going protons a r e  e a s i e r  to detect than f o r -  

ward  neutrons when using a neutron beam. A genera l  fea -  

t u r e  of a l l  of these  data i s  the v e r y  abrupt  change of slope 

n e a r  u = - 0.01  ( ~ e ~ / c ) '  (independent of beam momentum).  

The solid l ines a r e  the r e s u l t s  of our  l eas t - squares  fit to 
bu do/du = . e , using data in  the interval  lul 5 0.01 

du l u=O 
( G ~ V / C ) ~ .  The square  symbols  on the graph r e p r e s e n t  the 

values of d ~ / d u ( ~ = ~  obtained f r o m  our  f i ts .  The ver t i ca l  

a r r o w s  represen t  the u values  f o r  8 = 90 deg. 
C. m. 



np backward do/du. 

U BETYEEN BEAM AND SCAT1 TARG 
1 GEV/CI* *2  

BEAM MOMENTUMICENTRAL V A L U E I -  .742  GEVlC 

BEAM HOMENrUH RANGES FROH .125 TO . I 6 0  GEV/C 

BEAM MOMENTUMICENTRAL VALUEI=  .a30  GEVlC 

BEAM MOMENTUM RANGES FROM .810 TO . 8 5 0  GEVlC 

SIGMA +- DSlGHA 
I M L L L I B A R N S / I G E V l C l * * 2 I  

39 .500 1 . 6 0 0  
43.300 1.600 
49.420 1 .370 
54 .690 1 .510 
59 .830 1.590 
65 .140 2 . 6 1 0  
66.080 2 .620 
81.730 2 .920 
88.320 3 .020 
96 .140 3.220 

132.000 4.600 
144.200 4.600 
158.400 4.800 
182.100 7.200 
1 9 4 . 3 0 0  7.200 
221.200 7.200 
2 5 7 . 8 0 0  7 .000 

SIGMA +- DSlGMA 
I H I L L 1  B A R N S / l G E V I C 1 * * 2 1  

28 .500 1.300 
29 .400 1.200 
33.420 1.100 
37 .340 1 .140 
C l . 6 7 0  1.210 
46 .050 2 .080 
48.440 2.090 
5 5 . 4 7 0  2 .310 
58 .430 2 .320 
13 .890 2.640 

1 0 3 . 0 0 0  3 .700 
1 1 8 . 8 0 0  3 .900 
1 2 5 . 0 0 0  3 .900 

2 0  SQUARE= .242 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 3PER CENT 

SHEPARD PPAR 1 0  1 1 9 6 9 1  SPRK 

2 0  SQUARE= . 2 9 5  
PLUS P O S S I B L E  SYSTEMATIC ERROR OF +- 2PER CENT 

SHEPARO PPAR 1 0  1 1 9 6 9 1  SPRK 

BEAM MOMENTUMICENTRAL V A L U E l =  - 8 7 5  GEVlC BEAM MOMENTUMICENTRAL V A L U E I =  .925  GEVlC 

BEAH MOMENTUM RANGES FROH - 9 0 0  TO - 9 5 0  GEVlC BEAM MOYENTUM RANGES FROM . a 5 0  TO .900 G E V l C  

U SIGMA +- OSIGMA 
I M I L L I B A R N S / l G E V l C I * * 2 1  

SIGMA +- DSlGMA 
I H I L L L B A R N S / I G E V l C l * * 2 1  

31 .420 1.510 
3 0 . 6 0 0  1.410 
29 .090 1.320 
2 6 . 8 8 0  1.320 
24 .480 1 .230 
20 .100 1.000 
19 .900 1.000 
2 1 . 4 0 0  
21 .500 
2 4 . 4 0 0  
29 .940 
3 3 . 4 2 0  
3 9 . 1 0 0  
45 .310 

2 9  SQUARE= . 3 2 3  
P L U S  P O S S l 0 L E  SYSTEMATIC ERROR OF + 2PER CENT 

1 1 9 6 9 1  SPRK SHEPARO PPAR LO 
2 0  SQUARE= A 5 6  

PLUS POSSIBLE SVSTEHATIC 

SHEPARD PPAR 

ERROR OF +- 2PER CENT 

1 0  1 1 9 6 9 1  SPRK 

BEAM MOMENTUMICENTR4L VALUE)= - 9 7 5  GEVIC BEAM MOMENTUMICENTRAL V A L U E I =  1.050 GEVlC 

BEAM MOMENTUM RANGES FROM 1.000 TO 1.100 GEVlC BEAM MOMENTUM RANGES FROM . 9 5 0  TO 1.000 G E V l C  

U SIGMA +- DSIGMA 
I M I L L I B A R N S / I G E V / C l * * 2 1  

u SIGMA *- OSIGMA 

2Q SQUARE= . 3 8 9  
PLUS P O S S I B L E  SYSTEMATIC ERROR OF +- 2PER CENT 

2 0  SQUARE= .44O 
PLUS P O S S I B L E  SYSTEMATIC ERROR OF +- 2PER CENT 

SHEPARD PPAR 1 0  1 1 9 6 9 1  SPRK 

SHEPARO PP4R 1 0  l l P b 9 1  SPRK 



. - 
*- - / 
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np backward do/du. 



np backward do/du. 

U BETWEEN SEAM AN0 SCATT TARG 
l G E V l C l * * 2  

BEAM MOMENTUMICENTRAL VALUE)' 1.150 GEVlC 

BEAM MOMkNTUU RANGES FROM 1.100 TO 1.200 GEVIC 

SIGMA *- OSlGMA 
I M I L L I B A R N S / I G E V I C l * * 2 l  

31.700 1.810 
28 .330 1.510 
25.780 1.210 
23.150 1.010 
19.910 .910  
11.890 .a20  
15 .610 .820  
13.220 .730  
12.340 .63C 
10 .810 .b40  

1.600 .500 
1 .200 - 4 0 0  
7.100 .Lo00 
1 .700 .4OO 
8.400 .400  

10 .130 .420 

2 0  SOUARE= .512 
PLUS POSSlSLE SVSTEMArlC ERROR OF + 3PER CENT 

SHEPARO PPAR LO 1 1 9 6 9 1  SPRK 

BEAM MOMENTUM= 1.251 GEVIC 

* * * * T H I S  OATA WAS RE40 FROM d GRAPH**** 

U SIGMA +- OSIGMA 
I M I L L I R A R N S / l G E V / C L * * 2 l  

-1.173 88.226 11.693 
-1.135 53.148 8.504 
-1 .069 39.330 2.126 
-1 .016 27 .631 3.189 

-.947 23.385 2.126 
-.a81 l B . 0 1 0  1.063 
-.193 15.944 1.063 
-.694 12.756 1.063 
-.581 11.693 1.063 
- .468  10.630 1.063 
- . 3 l q  10.630 1.063 
-.269 14 .081 1.063 
- . I88  17.007 1.063 
- . I 0 1  27.637 2.126 
-.055 31.204 3.189 
-.036 42.518 3 . ld9  
-.020 49.959 4.252 
-.OO9 63.178 4.252 
-a002 70.155 4.252 

.COO 85.031 5.315 

2 0  SQUARE. . 5 9 1  
PLUS POSSLBLE SYSTEMATIC ERROR OF + l9PER CENT 

AMAGLOBELI JETP 3 1  1 1 2 5 1 1 9 6 O l  CNTR 

BEAM MOMENTUM- 1.356 GEVlC 

-.045 
-.035 
-.028 
-.020 
- . O l L  
-.OW 
-.005 
- .002  

. o o o  

2 0  SQUARE- 

LARSEN CNTR 

REAR MOMENTUMICENTRAL VALUEI=  1.500 GEVIC BE4M MUMENTUMICENTRAL VALUEI' 1.800 GEVIC 

BEAM MOMENTUM RANGES FROM 1.400 TO 1.600 GEVIC BEAM MOMENTUM RANGES FROM 1.600 TO 2.000 GEVIC 

SIGMA +- OSlGMA 
I M I L L I B A R N S I I G E V I C I * * 2 ~  

16.170 1 .610 
12 .780 1.010 
lO.ltO0 . 7 1 0  

7.800 . b 1 0  
6 .420 .410  
4.210 .310  
4.760 .3LO 
3.160 .310  
2.650 .210  
2.360 .2 lO 
1.740 . 2 2 0  
2.200 .zoo  
2.200 .zoo  
2.200 .zoo 
2.500 .ZOO 
3.100 .ZOO 
3.200 .ZOO 
2.590 .310  
3 .130 . 3 8 0  
3.950 .380  
3 .750 .390  
5.110 .390  
6 .900 .530  
9.390 - 5 4 0  

11.080 - 4 3 0  

2 4  SOUARE- .719  
2 0  SOUARE= 1.026 

PLUS POSSIBLE SVSTEHATLC ERROR OF t 8PER CENT 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 6PER CENT 

SHEPARO PPAR 1 0  1 1 9 6 9 1  SPRK 
SHEPLRO PPAR LO 1 1 9 6 9 1  SPRK 

BEAM MOMENTUMICENTRAL VALUEI= 1.300 GEVlC 

BEAM MOMENTUM RANGES FROM 1.200 TO 1.400 GEVlC 

22  SQUARE- .623  
PLUS POSSISLE SYSTEMATIC ERROR OF c &PER CENT 

SHEPARO PPAR 1 0  1 1 9 6 9 1  SPRI: 

U SIGHA +- OSIGMA 
I W L L L L B A R N S / I G E V I C l * * 2 I  

-.'+15 .030  .010  
-_17C -070 

2 0  SOUARE= 6.676 
PLUS POSSIBLE SYSTEMATIC ERROR OF +- 30PER CENT 

M4NNING NC 4 1 4  1 b 1 1 1 9 6 6 1  SPRI  



np backward do/du. 





Fits to np backward elastic do/du. 

Fig.  44. Coefficients f r o m  our  l eas t - squares  fi t  of the np differential  c r o s s  section in  the 
bu 2 backward direction to  the fo rmula  do/du = . e over  the  range lul 5 0.01 ( G ~ v / c )  . Sys- 

t emat ic  scaling e r r o r s  in the data have been folded into the e r r o r s  of - 2 do . In the table x / N  
du /.,=o , --., 

i s  the  chi-square  of the fit divided by the number  of degrees  of f reedom. Notice the possible s t r u c -  

t u r e  in the slope around 0.8 G ~ V / C .  See text f o r  a discussion of this effect. We have fi t  the  in te r -  
-n 2 

cept to d ~ / d u l ~ = ~  = Kpbeam and find n = 2.02 * 0.02, with x / N  = 3.04. We have not plotted this 

in  ( a )  because i t  obscures  the data. 
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Polarization in np elastic scattering 

D I S T R I R U T I O N  I N  C O S I T H E T A )  OF  T H E  S C A T T  T P R G  W I T H  R E S P E C T  TO THE B E A M  D I R E C T I O N  I N  T H E  C-M. SYSTEM 

S i A q  MOYENTUM= 1 . 5 0 0  G E V / C  

C O S I  T H E T A  I 

BEAM MDYENTUM= 2 . 5 0 0  G E V l C  

C O S l T H E T A l  

U I N I M U M  Y A X I M U M  P f l L A P  IZ+- POL M I N I  MUM M A X I M U M  P O L A R I Z t - D P O L  

2 0  SOUARE=  - 7 7 9  
P L U S  P O T S I B L E  S Y S T E M A T I C  ERROP OF  +- 9 6 P E Q  CENT 

a n w  ISH P L 3 1 8  6 1 7 1 1 9 7 0 1  CNTG 2 0  S O U A R ~ =  1 . 6 2 4  
P L U S  P C S S I R L F  S Y S T E M A T I C  ERQOP OF +- 9 6 P E R  C E N T  

GOBP I S H  D L  3 1 8  6 1 7 I 1 9 7 0 )  CNTR 

BEAM MflMENTUP= 3 .500  6 E V / C  

M I N I M U M  M A X I M U M  P O L A R I  L+ -OPOL  

2 0  SQUARE= 2 . 5 1 9  
P L U S  P O S S I B L E  S Y S T S M 4 T I C  ERROR O F  +- 5 P E F  CENT  

R O B R I S H  P L  3 1 0  6 1 7 I 1 9 7 0 1  CNTR 

BEAM MOHENTUH= 4 . 5 0 0  G E V l C  

C D S I  T H E T A )  

M I N I  MUM M A X I Y U M  P O L A R 1  Z+-OPOL 

2 0  SQUARE=  3 . 4 3 2  
P L U S  P O S S I B L E  S Y S T E M A T I C  ERROP O F  +- 9 6 P E R  C E N T  

R 0 8 P  I S H  P L  3 1 8  6 1 7 1 1 9 7 0 1  CNTR 

B E A U  MOMENTUM= 5 . 2 5 0  G E V l C  

C O S I T H E T A )  

M I N l Y V M  Y A X I Y U W  P O L A R 1  Z+-OPOL 

20 SOUARE=  4 . 1 2 3  
P L U S  P O S S I B L E  S Y S T E M A T I C  ERROR OF  +- 9 h D E R  CENT  

ROBF I S H  P L  3 1 8  6 1 7 I 1 9 7 0 1  C N T R  



Polarization in n p  elas tic scattering 

Fig .  45. Polarization in backwards np elastic scattering. 0 i s  the angle between the incident 

neutron and the outgoing proton. This data i s  preliminary. 



Polarization in pn elas tic scattering 

O I S T R l H U T l O N  I N  C O S ( T H E T A 1  O F  T H E  S C A T T  BEAM W I T H  R E S P E C T  TO T H E  B E A U  D I R E C T I O N  I N  THE C.M. S Y S T E M  

B E A M  MOMENTUM= . 8 2 3  G E V / C  

cnsi THETA) 

B E A M  MOMENTUM' , 9 5 4  GEV/C 

C O S I T H E T A I  

M I N I M U M  MAX I MUM P O L A R I Z + - D P O L  M I  N  1  MUM M A X I M U M  P O L A R I Z + - O P O L  

Z Q  S P U A R E =  - 2 9 1  
P L U S  P O S S I B L E  S Y S T E M A T I C  ERROR O F  t 3 P E R  C E N T  

CHENG P  R  1 6 3  1 4 7 0 ( 1 9 6 7 l  C N T R  

2 Q  SQUARE= . 3 7 6  
P L U S  P O S S I B L E  S Y S T E M A T I C  ERROR OF +- 3 P E R  C E N l  

C H E N G  P  R  1 6 3  1 4 7 0 1  1 9 6 7 1  C N T R  

B E A M  MOMENTUM= 1 . 0 9 0  G E V / C  B E A M  MOMENTUM= 1 . 2 1 9  G E V / C  

C O S I  T H E T A )  C O S ( T H E T A 1  

M I N I M U M  M A X I M U M  P O L A R I Z + - O P O L  M I N I M U M  M A X I M U M  P O L A R 1  Z+-OPOL 

2 Q  SQUARE= - 4 7 0  2 Q  SQUARE= . 5 6 4  
P L U S  P O S S I B L E  S Y S T E M A T I C  ERROR O F  t 3 P E R  C E N T  P L U S  P O S S I B L E  S Y S T E M A T I C  ERROR OF +- 3 P E R  C E N T  

C H E N G  P  R  1 6 3  1 4 7 0 ( 1 9 6 7 l  C N T R  C H E N G  P R  1 6 3  1 4 7 0 1 1 9 6 7 1  C N T R  

B E A M  MOMENTUM= 1 . 3 4 3  G E V / C  

M I N I M U M  M A X I M U M  P O L A R 1  Z+-OPOL 

Z U  S Q U A R E =  . 6 5 U  
P L U S  P U S S I B L E  S Y S T E M A T I C  ERROR G F  +- 3 P E R  L F N T  

C H E N G  P R 1 6 3  i G 7 0 ( 1 9 6 7 1  C N T R  



Polarization in pn elastic scattering 

CWENG 5 7  

- . B  - . 6  -.L - . 2  0. . 2  .4 .6 .B 1 

Fig. 46. Polar izat ion in pn elas t ic  scat ter ing.  6 i s  the angle between the incoming and out- 

going proton in  the grand c. m. The data have been cor rec ted  f o r  deuteron effects. 
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Table VII. Var ious  pn inelas t ic  c r o s s  sect ions  (not plotted). 

Ec.m. 
Pbeam ( G e V l c )  (GeV) opnno (mb) on,,+ (mb) R e f e r e n c e s  

1.662 2.313 1 4 . 3 0 0 t  3.500 4 .3002  1.100 BATSON 5 9  1 

S GLAUBER CORRECTION APPLIED 

REFERENCES 
1 BATSON 59.....P.ROY.SOC. 2 5 1  233  C C 

%.m, 
Pbeam ( G e V I c )  (GeV) appn- (mb) References 

1.662 2.313 2.700 ' .600 84TSON 59 I 
1.825 ' - 0 4 5  2.370 2.570 . I 4 0  BRUNT 6 9  5 
2.110 - 0 4 5  2.470 2.680 . I 9 0  BRUNT 6 9  S 
7.000 3.877 1.010 . I 3 0  SHAPIRA 6 8  

S GLAUBER CORRECTION APPLIED 

REFERENCES 
I 8ATSON 59.-...P.ROY.SOC. 2 5 1  i 3 3  
2 SHAPIRA 68.....PRL 2 1  1 8 3 5  
3 BRUNT 69.-...PR 187  1 8 5 6  

E c . m  

pbeam ( G e V I c )  (Gel') opn,+,- (mb) R e f e r e n c e s  

CC 
D8C 
HBC 

1.825 t 0045  2.370 ~ 7 7 0  f .070 BRUNT 6 9  $ 
2.110 - 0 4 5  2.470 1.750 .ZOO BRUNT 69 $ 
b. 9 R C  3.873 3.720 .220 SHAPIRA 7 0  6 

S GLAUBER CORRECTION APPLIED 

REFERENCES 
I BRUNT 69.....PR 
2 SHAPIRA 70.....REHO 

HBC 
HBC 

I GLAUBER CORRECTION APPLIED 

REFERENCES 
1 BRUNT b9.....PR 

BRUNT 
BRUNT 

HBC 

N*' 
+ pn- 

3.877 .500  SHAPIRP 6 8  

REFERENCES 
SHAPIRA 6B... . .PRL 2 1  1835  DBC 

%.m, 
Pbeam (GeVlc) (Gel') OA++A- (mb) R e f e r e n c e s  

A- -+ nn 

6.980 3.873 1.100 t .ZOO SHAPIRA 7 0  S 

S GLAUBEP CORRECTION APPLIED 

REFERENCES 
1 SHAPIR4 70.....REHO HBC 



NN Interactions in the I = 0 State 



NN total cross section (I=o) 

Ec.m 
'beam (GeVlc) ( G ~ v )  o&N (mb) References 

R E F E R F N C E S  
RUGG 66..,..PR 
ABRAMS h9.,...BNL 

BUGG 
BUGG 
BUGG 
BUGG 
BUGG 
BUGG 
BU GG 
BUGG 
BUGG 
BUGG 
BUGG 
BUGG 
BUGG 
BUGG 
BUGG 
BUGG 
BUGG 
BUGG 
BUGG 
BUGG 
ARRAMS 
BUGG 
BUGG 
BUGG 
B UGG 
BUGG 
BUGG 
BUGG 
BUGG 
BUGG 
BUGG 
BUGG 
BUGS 
BUGG 
BUGG 
BUGG 
BUGG 

146 980 
14125 

CNTR 
C NTR 



I - 3  " , . .  
" 16'1 

NN total cross section (I=O) 





ND Interactions 





B E L L E T T I N I  6 5  
GFILBRFIITH 6 5  
BUGG 6 6  
RBRFIrlS 69 
PCILEUSKY 6 4  
PFINTCIEU 65 
ENGLER 6 8  
K R E I S L E R  6 8  
PFIRKER 70 

Fig. 48. pd and nd total c r o s s  sections.  According to isospin invar iance these should be equal. 
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pd elastic du/dR (very forward angles) 

DISTRl8UTlON I N  THE ANGLE OF THE SCATT BEAM WITH RESPECT TO THE BEAM DIRECTION I N  THE LAB SYSTEM 

BEAM MOMENTUM= 1.290 GEV/C 

THETA1 OEGI 

MI NI  HUM MAXIMUM 

1.117 1.232 
1.232 1.346 
1.346 1.461 
1.461 1.576 
1.576 1.690 
1.690 1.805 
1.805 1.919 
1.919 2.034 
2.034 2.149 
2.149 2.263 
2.263 2.378 
2.378 2.492 
2.492 2.607 
2.607 2.722 
2.722 2.836 
2.836 2.951 
2.951 3.065 

24  SQUARE= 1.128 

OUTTON PRL 

BEAM MOMENTUM= 1.540 GEV/C 

THETAIOEGI 

MINlMUM MAXIMUM 

1.003 1.117 

3.524 3.638 
3.63 8 3.753 
3.753 3.867 
3.867 3.982 
3.982 4.097 

24 SQUARE= 1.494 

OUTTON PRL 

SIGMA +- OSIGMA 
IMlLLI8ARNS/STERAOIANI 

1072.000 96.000 
756.000 82.000 
653.000 70.000 
622.000 63.000 

21 1416(1968)  SPRK 

SIGMA +- OSIGMA 

BEAM MOMENTUM= 1.390 GEV/C 

THETA1 OEGl 

MINIMUM MAX IMUM 

1.060 1.175 
1.175 1.289 
1.289 1.404 
1.404 1.518 
1.518 1.633 
1.633 1.748 
1.748 1.862 
1.862 1.977 
1.977 2.091 
2.091 2.206 
2.206 2.320 
2.320 2.435 
2.435 2.550 
2.550 2.664 
2.664 2.779 
2.779 2.893 
2.893 3.008 
3.008 3.123 
3.123 3.237 
3.237 3.352 
3.352 3.466 
3.466 3.581 

SIGMA +- OSIGMA 
IMILLIBARNS/STERADIANI 

791.000 63.000 
607.000 43,000 
520.000 34.000 
511.000 32.000 
482.000 29.000 
424.000 27.000 
395.000 25.000 
357.000 24.000 
347.000 22.000 
312,000 21.000 
326.000 21.000 
298.000 20.000 
297.000 19.000 
296.000 19.000 
292.000 19.000 
302.000 19.000 
268.000 18.000 
247.000 17.000 
289.000 18.000 
257.000 17.000 
250.000 17.000 
252.000 17.000 

OUTTON PRL 2 1  1416119681 SPRK 

REAM MOMENTUM= 1.690 G E V K  

THETA( OEGI 

MINIMUM MAXIMUM SIGMA +- OSIGMA 
I MILLIBARNS/STERAOIAN) 

598.000 39.000 
546.000 36.000 
471.000 33.000 
494.000 32.000 
395.000 28.000 
356.000 27.000 
332.000 25.000 
359.000 26.000 
346.000 25.000 
317.000 23.000 
344.000 23.000 
286.000 22.000 
304.000 22.000 
290.000 23.000 
323.000 23.000 

258 245119671 SPRK 

2 1  1416(19681 SPRK 
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p d  elastic d~/dR (very forward angles) 



pd elastic do/dw 

. l b d  ,007  
2  .008  
. I 2 1  . n o 9  
. I 1 7  . O l S  
. 0 7 1  .001  
. 0 3 7  .003 
.020  .003  
.322  . o n 2  
. 0 2 3  .GO3 
.02B .UOZ 
.039 .no5 
.045  .002  
5  .003  
. 0 7 1  .DO3 
. 0 8 1  .GO5 
. 0 9 1  .GO5 
. o n 1  .0,5 
. 0 9 1  .005  
. I 1 0  .n10  . I 5 0  .310  
.27O .020 
. 3 B O  . 0 2 0  
.R2O .010 

1.240 . I 3 0  
3. LOO .500 
3.100 . 6 0 0  
6 .900 .A90 
1 .700 . 6 0 0  

C n S I T H t T A I  SIGMA +- USIGNA 
l M I C Q U H 4 R N S / i T E R A 0 1 L N I  

- .a85  12 .490 . 4 2 0  
- .H I5  10 .930 .360  
-.850 1.800 . 2 9 0  
- . a 2 5  1 .490 .LbO 
- .a00  b . 8 2 0  , 2 2 0  

2 0  SOUARE. 1.734 
PLUS POSSIBLE SYSTEMATIC €RHUR OF +- ICPEH CENl 

COLEMAN PR I D +  1 6 5 5 1 1 9 6 7 1  CNTR 

2 O  SOUARE; .993  

VINCENT PKL 24  2 3 6 1 1 9 7 0 1  CNTR 

BEAM MOMENTUM= 2.032 I E V / C  REAM MOMENTUM= ? . ? T i  GEVlC 

COS(THETL1 SIGMA +- DSIGMA 
IHICKOBAHNSISTERAOlANl  

-.a95 4.503 .330  

2,> SOUARE= 2 . 2 7 0  
PLUS P n S S l B L t  5YSTE4ATlC ER+!OI OF +- IOPFH CENT 

ZU S U U A R t i  2.630 
PLUS POSSIRLE SYSTEMATIC tRHUR OF r-  LCPtH CENT 

COLEMAN P R I 6 4  1 6 5 5 1 1 9 6 1 1  CNTR 

COLEMAN P R L e i  1 6 5 5 1 1 9 6 7 1  CNT2 

BEAH MOMENTUN= 2 .184 G t V I C  

C U 5 l T H E I A l  S l i ~ Y i i  +- DSIZMA 
l M I C R 0 A I R N S I S T t K A 0 l A N I  

.565  4 . 9 7 0  . I 5 0  

. 6 0 0  7 .11n .210  
+ h 5 0  1 2 . l R C  .370 
.TOO 2 2 . 7 9 2  . 6 8 0  
5  36 .120 1 .090 
.SO0 51 .550 1.550 
. 8 5 0  6+.650 1.940 
.815 78.190 2.520 

2 u  SOUARE= 3 .537 
P L U S  POSSIBLE SYSTEMATIC EReUU UF +-  LOPER C t N i  

CULEYIN PR I 6 4  l b 5 5 1 1 9 6 7 1  CNTR 

Table  VIII.  pd elas t ic  c r o s s  section (not plotted).  

E c m .  
Pbeam ( G e V l c )  (GeL'j oclastlc (mb) R e f e r e n c e s  

19 .300 8 .767 9 . 2 0 9  . j O 0  B E L L E T T I N I  6 5  

REFERENCES 
I YELLETTIN1 55.....PL 1 9  3 4 1  SPRKVCNTR 



pd elastic d u / d ~  

Fig. 50. pd e las t ic  di f ferent ia l  c r o s s  sections.  8 i s  the angle between the incoming and out- 

going proton. 



Sectio P. 





In this section we present a listing of all  

the NN art icles  on our DATA TAPE. These 

a r e  the actual data used in forming the graphs 

and tables in Section 11. The information i s  

presented ar t ic le  -by-article,  just a s  we store 

it. 

We debated for some time whether or  not 

we should give these listings because they a r e  

rather  lengthy. As an experiment, we de-  

cided to put them in the f i r s t  few editions. If 

you find them useful, let us know. 

Actually, these listings do contain a large 

amount of information not included in the 

tables and graphs already presented in Sec- 

tion 11. 

In particular there a r e  a number of 

ar t ic les  giving mass  spectra  e tc . ,  for  which 

we have punched no data but have punched the - 
bibliographic information and keywords. A 

person interested in nucleon interactions may 

find many of these papers quite useful. (These 

papers a r e  not referred to i n  any way in Sec- 

tion 11. ) 

In addition we have also punched the 

title and abs t rac t  for every a r t ic le ,  to ass i s t  

you in your selection of ar t ic les  for  fur ther  

reading. 

e Also in this section you will find corn- 
ments on many pieces of data-it i s  in general 

not yet pract ical  to present these comments 

in  Section 11. 

e Many ar t ic les  give data that we fee l  

we cannot meaninfgully compile a t  present  

(only partially corrected, integrated only 

over a cer tain interval,  etc. ). These data 

have in many cases been punched and will be 

found in this section. 

e You will a lso find in this section, data 

reported a s  upper and lower l imi t s ,  approxi- 

mate values, etc. 

@ We also indicate here how background- 

resonance separations were made and the 

values of the parameters  used (or  fit ted).  

@ Occasionally we do not use the data 

as  originally given in the article.  This section 

tells exactly where our data came f rom (pr i -  

vate communications, unpublished companion 

report,  etc. ). 

The size of an experiment is  frequently 

indicated by the total number of pictures taken, 

or by the number of events in various distribu- 

tions. 

To give you an idea of the scope of a 

particular a r t ic le ,  KEYWORDS a r e  included 

for  each article.  These words can a l so  be 

used to f o r m  classified indices (see Section 

IV). 

Some papers give fitted values for  

various parameters  in which we a r e  in te r -  

ested. These f i t s w i l l b e  found in th i s  sec-  

tion. 

To repeat,  the above i tems a r e  some of 

the things you will find in this section that 

a r e  not presented in Section 11. 

We have also found that theses a r e  f r e -  

quently hard  to come by. Thus we fee l  that 

our listing of theses may help give their  data 

greater  distribution than they might otherwise 

have. We would like to make the general ap- 

peal that a copy of all  particle physics theses 

be sent to us. 

Finally this section may serve  the useful 

function of permitting the reader  to easily 

check on the accuracy of our input data. The 

data i s  arranged article -by-article,  and in 

most  cases we have indicated [ in square 

brackets]  the exact location of the data in 

the ar t ic le  (i. e . ,  the figure, table, o r  page 

number). If you find any e r r o r s  or mis in te r -  

pretations, please let us know as  soon as  pos - 
sible. 

As for  the organization of the information 

in this section, we should f i r s t  mention that 

the order  of the ar t ic les  i s  " random, " and 

has no physical meaning. The order  i s ,  how- 

ever ,  the same as given in the Reference l i s t ,  



and a s  given in the Indices in  Section IV 

Above the double line in each article you 

will find the title, authors and institutions , 

abstract  (if  the article had one), citations, 

KEY WORDS, comments, beam information, 

etc. 

Below the double line in each article ap- 

pear the data. We generally enter the data in 

exactly the same units as  given by the authors. 

(This is done primarily to facilitate the ver i -  

fication of the data. ) If we do a l te r  the data 

in any way, we indicate this fact by an ap- 

propriate comment. 

Occasionally authors give the same data 

in two different forms. We punch both, if we 

fee l  that both forms a re  useful, and display 

them side -by-side in the listings that follow. 

We have tr ied to be particularly careful 

about including systematic e r r o r s ,  whenever 

given by the authors. We have a lso  tried to 

indicate exactly how resonance and background 

separations have been made. In some cases 

i t  is quite unclear from the original article 

and we have had to contact the authors directly. 

Another reason for  contacting authors has 

been to get tables of data that correspond to 

the published graphs. If we a r e  unable to get 

tables f rom an author, or  if the article is 

more  than a couple of years  old, we read the 

data off the published graph, and then include 

the warning that " This data was read f rom a 

graph. " (In some cases the tables we r e -  

ceived have been more up to date than the pub- 

lished graphs. ) 

Because of the limitations imposed by not 

having a printer with Greek le t te rs ,  we have 

had to spell out many symbols. One exception 

i s ,  however, the abbreviation for  microbarns,  

pb: we use "UB. " We hope that we will be 

able, in the near future, to use a more  com- 

plete se t  of characters ,  s o  that our output will 

be eas ier  to read. 



 TOTAL CROSS-SECTIONS FOR N P ANC N O S C A l l E R I N G & T l O  G E V K  NEUTRON MOMENTUM. W H Y S .  U T T E R S  2 7 0 s  5 9 9  " 9 6 " "  

J . E N G L E R ~ K . H O R N ~ J . K O N I G ~ F . * O N h l 6 ~ P P S C H L U O E C K E R . S C H O P P R P . S 1 E V E R S  H.ULLRICH I T E C H N I S C H E  U N I V .  KARLSRUHE, KAQLSRUHE. 
GERMANY 1 

K.RUNGE I E U R C P E A N  ORG. FOR NUC. qES.. GENEVA. S W I T L E R L A N O I  

ABSTRACT THE TOTAL NEUTRON CROSS-SECTIONS HERE HFASURED W l T H  H I G H  P R E C l S l C N  FOP HYDROGEN AN0 OEUTEUUU,. AT AN AVERAGE 
NEUTRON MOMENTUM OF LO G E V I C  HE O B T A I N E O  THE TOTAL CROSS SECTIONS FOR NP = 39.5 +- 0.5 M P  ANn NO = 13 .3  *- 1.1 *0 .  
THESE VALUES A P E  I N  EXCELLENT AGREEMENT W l T H  PP AND PO TOTAL CROSS SECTIONS.  NO ENERGY DEPENDENCE WAS FnUND F n R  NP 
CROSS SECTION BETHEEN 4 ANC 1 0  GEVIC.  

C I T A T I O N S  
PHYS. REV. 1 0 0 ,  2 4 2  1 1 9 5 5 1 ,  PHYS. REV. 1 3 5 ,  8 3 5 8  1 1 9 6 4 1 .  PHYS. REV. L E T T E R S  2 0 ,  4 6 0  1 1 9 6 8 1 ~  PHYS. REV. 1 3 8 .  0 9 1 3  1 1 9 6 5 1 ~  
PHYS. REV. L E T T E R S  1 9 .  8 5 7  1 1 9 6 7 1 .  CEPN M P S I A L O - 7  1 1 9 6 3 1 1  CERN T H  0 5 1 ,  IURt i .  EKSP. TEOP. F I Z .  4 2 1  3 9 2  1 1 9 6 2 1 9  J E T D  
1 5  2 7 2  1 1 9 b 2 1 .  ZURk. EKSP. TECR. F I Z .  4 5 7  LBO8 1 1 9 6 3 1 ,  JETP 1 8  1 2 3 9  1 1 9 6 4 1 .  I N T ' L .  CCNGRESS ON NUCLEAR 
P H Y S I C ~ , ~ A R ~ S ; F R A N C E  1 6 2  1 1 9 6 4 1 ,  AND PHYS. REV. 1 0 1 ,  4 2 7  1 1 9 5 6 1 .  

A R T I C L E  R E L D  BY OOETTE RENARY l h  1 / 6 9 ,  AND V E R I F I E D  BY LERCY P R I C E .  

BEAM NO. 1 I S  NEUTRON CN PROTCh FRO? 4.3 T O  10 .0  GEVIC.  
NO. 2 I S  NEUTRON ON DEUTERON AT 1 0  G E V I C .  

T H I S  EXPERIMENT USES COUNTEPS. 

KEY WORDS . CROSS S E C T I O N  

NEUTRON PROTON T O T A L  CROSS SECTION.  I T A B L E  1 0 1  

LABCRATORY 
B E A U  MOMENTUM 

GEV/C 1 I 1  M I L L I - B A R N S  
4 0 . 4  +- 1.9 
38.7 1.5 
39.5 .5 

1 1 1  MEAN VALUES. 

NEUTRON D i U T E R O N  T O T A L  CROSS SECTION.  [ P A G E  6 0 1 1  

LABCRATORY 
BEAV MOMENTUM 

G E V l C  Ill 
1 0 .  

M I L L I - B A R N S  
73.3 t- 1.1 

I 1 1  MEAN VALUE. 

T O T A L  NEUTRON-PROTON I N T E R A C T I O N  CROSS S E C T I O N  AT 5.5 GEV. I P H Y S .  L E T T E R S  7, 80 1 1 9 6 3 1  1 

~ ~ . N . ~ ~ A c H A T u ~ ~ A N . v . s . P A N r u y E v  [ J O I N T  I N S T .  FOR NULL. RESEARCH. OU0NA. U S R I  

C I T A T I O N S  
JETP 4 2  3 9 2  1 1 9 6 3 1 .  JETP 4 2  9 0 9  1 1 9 6 2 1 .  J E T P  4 4  1 4 1 1  1 1 9 6 3 1 .  REVIEW OF S C I E N T I F I C  INSTRUMENTS 3 2 ,  9 4 9  1 1 9 6 1 1 .  UCRL 
8 5 5 9  1 1 9 5 8 1 .  PHYS. REV. 1 2 3 .  1 8 5 0  1 1 9 b l l r  AND PHYS. REV. 98, 1 3 6 9  1 1 9 5 5 1 .  

A R T I C L E  READ BY OGETTE RENARY I N  1 / 6 9 ,  AND V E R I F I E D  BY LEROY PRICE.  

BEAM I S  NEUTRON ON HYDROGEN COWPOUND FROM 5 . 0 5 3  TO 7 . 3 8 0  GEVIC.  t B E 4 M  K I N E T I C  ENERGY = 4 .2  TO 6.5 G E V I  

T H I S  E X P E R I M E N T  USES CObNTERS. 

K E Y  WORDS - CROSS S E C T I O N  

NEUTRON PROTON T O T A L  CROSS SECTION.  I P A G E  8 1 1  

LABORATORY 
BEAM ENERGY 

GEV Ill 
5.5 

1 1  1 MEAN VALUE.  



~ N E u T R o N - p R o T m  SCATTERING AN0 T H E  D E T E P M I N A T I O N  OF THE P ION-NUCLEON COUPLING COhSTANT.  CNUOVG CTMENTC 1 8 ,  1 0 3 9  1 1 9 6 0 1  I 

R.R.LARSEN 1U.C. LAWRENCE RAC. LAE.9 BERKELEY.  C A L I F . ,  U S A 1  

C I T A T I O N S  
PHYS. REV. 1 1 2 .  1 3 8 0  1 1 9 5 8 1 .  UCRL 8 1 4 8  1 1 9 5 8 1 ,  REVIEW OF S C I E N T I F I C  INSTRUMENTS 2 6 ,  2 2 9  1 1 9 5 5 1 .  ZURN. EKSP. TFnR. 
F I Z .  2 1 9  1 1 1 3  1 1 9 5 1 1 .  UCRL 8 5 2 3  1 1 9 5 8 1 .  AND PHYS. REV. 1 1 6 .  2 2 6  1 1 9 5 9 1 .  

A R T I C L E  READ BY OOETTE BENARY I N  1 / 6 5 .  AND V E R l F L E O  BY LERCY P R I C E .  

BEAM NU. 1  I S  NEUTRON CN PFOTCN AT 1 . 3 5 6  GEVIC.  I R E A H  K I N E T I C  ENERGY = . 7 1  G E V l  
NO. 2  I S  NEUTRON ON CEUTERUN AT 1 . 3 5 t  GEVIC.  I B E A M  K I N E T I C  ENERGY = . 7 1  G E V l  

T H l S  EXPERIMENT USES COLNTERS. 

GENERAL COHYENTS Oh T H l S  A R T I C L E  
1 T H E  O l F F E R E N T l A L  CROSS SECT1Oh H A S  MEASURED I N  T H E  CHARGE EXCHANGE R E G I O N  ICENTEK OF MASS SCATTERING AYGLE BETWEEN 

1 6 0  AN0 1 8 0  OEGREESI .  

K E Y  WORDS r D I F F E R E N T I A L  CROSS S E C T I C N  F l T S  

COMPOUNC KEY WORDS - F l T S  O I F F E R E N T I A L  CROSS S E C T I O N  

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C N  FOR NEUTRCN PROTON. I T A B L E  I 1  

LABORATORY BEAM ENERCY = .71  GEV ( M E A N  V A L U E ) .  

THETA 
DEGREES 
180.00 
1 7 5 . 8 9  

THETA I S  THE ANGLE T H b T  THE NEUTRON MAKES W I T H  THE BEAM I N  THE GRAND C.M. 

B T H E  REAL PART OF T H E  PROTON-NEUTRON S C A T T E R I N G  AMPLITUDE AT 19.3 GEVJC. I P H Y S .  L E T T E R S  199  3 4 1  1 1 9 6 5 1  1  

G ~ B E L L E T T I N I ~ G ~ C O C C O N I ~ A ~ N ~ O I O D E N S ~ E ~ L I L L E T H U N N G ~ M A T T H ~ A E ~ J ~ P . S C A N L O N  A.M.WETHtRELL [EUROPEAN OPG. FOR NUT. RES., GENEVA, 
S W I T L E R L A N O l  

C l T A T l U N S  
PHYS. LETTERS 1 4 ,  1 6 4  1 1 9 6 5 1 .  CERN 6 4 - 3 0  1 1 9 6 4 1 s  PHVS. REV. 1 3 8 r  8 9 1 3  ( 1 9 6 5 1 .  INT-CON.  ON NUC.FORCES...UNIV. CPLLEGE.  
LONDON 1  2 3 3  ( 1 9 5 9 1 .  PHYS. REV. 1 3 5 1  8 3 5 8  1 1 9 6 4 1 ,  PHVS. REV. 1 1 2 ,  6 1 8  1 1 9 5 8 1 ,  NUOVO C l M E N T O  1 1 ,  6 7 0  1 1 9 5 9 1 ~  AND DUBNb 
E - 1 8 2 0  ( 1 9 6 4 1 .  

PROTON DEUTERON TOTAL CROSS S E C T I O N .  [PAGE 3 4 2 1  

LABORATORY 
BEAM POMENTUM 

G E V I C  M I L L  I -BARNS 
74 .1  +- .I 

PROTON NEUTRON TOTAL CROSS SECTION.  [ P A G E  3 4 3 1  
GLAUBER CORRECTION A P P L I E D  

LABORATORY 
BEAM MOMENTUM 

G E V I C  

PROTON DEUTERON E L A S T I C  CROSS SECTICN.  ( P A G E  3 4 4 1  

I THE QUASI  E L A S T I C  C.S.HA.5 B E E h  REMOVEC I 

LABCRATCRY 
BEAM MOMENTUM 

GEVJC 
19.3 



NEUTRON-NUCLEOlrl 1 N T E i A C T l O N S  I N  THC CEV ENERGY REGION. I I N T ' L .  CONGRESS ON NUCLEAP PHYSlCS,PARlS ,FRANCE 1 Y 6 4  1 6 2  1 1 9 6 4 1 1  

H . P A L E V S U Y ~ J . L . F R ~ E D ~ S ~ R . J . S U T T E T , P . E . C H R E N H . R . M U E T H E R  IRROOKHAVEN NAT. LAR., UPTOh.  L.1.v N. Y.. U S A 1  

C l T b T l O N S  
PHYS. REV. L E T T i R S  9 ,  5 0 9  1 1 9 6 2 1 .  PHYS. L E T T E R S  4 ,  1 5  1 1 9 6 3 1 .  PHYS. REV. L E T T E R S  11, 8 8  1 1 9 6 3 1 ,  PHYS. REV. L E T T E R S  11 
4 4 4  1 1 5 6 3 1 .  OURNA D l 3 2 9  1 1 5 6 3 1 ,  PHYS. REV. 1 0 3 ,  2 1 1  1 1 9 5 6 1 .  AND PHYS. REV. L E T T E R S  9 ,  3 2  1 1 9 6 2 1 .  

A R T I C L E  REAC 8Y OCETTE 8ENAPY I h  1 / 6 9 ,  AND V E R l F l t O  BY LEROY P R I C E .  

BEbV NO. 1  I S  NEUTRON C h  PkCTON FROV 1 .380  TO 3 . 6 2 0  GEV/C. (BEAM K l N E T l C  ENERGY = .73 TO 2.80 G E V l  
NG. 2 I S  NEUTROII CN OEUTERCN AT 2 .996  GEV/C. l 8 E A Y  K l N F T I C  ENERGY = 2.2 G E V l  

T H l S  EXPERlMENT USES COUNTERS. 

KEY UCROS - CRCSS S E C T l C N  

NEUTPOh PROTON TOTAL CRCSS SECT19N.  [PAGE 1 6 3 1  

LABORATORY 
REAP ENE9CY 

GEV 
- 7 3  

1.60 
2.20 
2 .80  

NEUTPOh DEUTERON T O T A L  CROSS SECTION.  ( P A G E  1 6 3 1  

LABORATORY 
BEAM ENERGY 

GEV M I L L l - B A R h S  
2.2 80 .3  +- 1.9 

AN I N V E S T l G A T l O N  OF THE R E b C T I O h  PP-D P l t  AT AN I N C I D E N T  PROTON ENERGY OF 9 9 0  MEV. I P H Y S .  LETTERS 11 ,  2 5 3  1 1 9 6 4 1  1  

C l T b T  IONS 
ZURN. EKSP. TEOR. F l Z .  3 4 .  7 6 7  1 1 9 5 0 1 ,  U N l V .  OF R I C H .  TECH. REPORT 1 6 ,  AN0 COKL. AKAO. NAUK. SSSR 1 0 0  6 7 3  1 1 9 5 5 1 .  

A R T I C L E  REbO BY ODETTE BENARY I N  4 / 6 7 ,  AN0 V E R L F l E O  BY LEROY P R I C E .  

BEAM 1 5  PROTON ON PROTON AT 1.68 GEYIC.  

T H I S  EXPERIMENT USES COUNTERS. 

KEY WORDS - CROSS S E C T I O N  O l F F E R E N T l A L  CROSS S E C T I O N  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CRCSS S E C T I O N  FOR PROTON PROTON * DEUTERON P I + .  [PAGE 2 5 3 1  

LABORATORY 
BEAV ENERGY 

GEV 
.99  

N E U T R A L - P I O N  PRODUCTION FROM PRDTON-PROTON C O L L I S I O N S  AT 7 3 5  MEV. I P H Y S .  REV. 131 .  2 7 1 3  L 1 9 6 3 )  1  

~ R . ~ . c E N c E ~ O . L . L I N O ~ G ~ O . Y E A D ~ B . J J M O Y E R  1U.C. LAWRENCE RAD. LAB., BERKELEY,  CAL IF . ,  LISA1 

ARSTI  1ACT AN I N V E S T I G A T l O h  HAS BEEN MADE OF THE R E A C T I O N  PP-PP P I 0  AT AN I N C I D E N T  PRCTON ENERGY OF 7 3 5  MEV. T H E  
EXTERN4L PROTON BEAM OF T H t  1 8 4 - I N .  SYNCHROCYCLOTRON BOMBLRDED b  L IQUID-HYDROGEN TARGET- GAMMA-RAY ENERGY SPECTRA 
HERE MEASURED AT LABORATORY ANGLES OF 6 .  3 2 ,  AND 6 0  OEG W I T H  RESPECT TO THE PROTON BEAM. THO HIGH-RESOLUTlON P A I R  
SPECTROMETERS HERE USED TO MAKE THESE MEASURFMENTS. COUPUTER CODES WERE USED T O  HAKE A L L  NECESSARY CORRECTIONS TO T H E  
DATA AND D E T E R M I N E  T H E  F I N A L  SPECTRA. NO E V I D E N C E  I S  FOUND FOR HIGH-ENERGY GAMPA RAYS PRODUCED FRO* ANY SOURCE OTHER 
THAN NEUTRAL-P ION DECAY. THE CROSS S E C T I O N  FOR P I 0  PRODUCTION WAS MEASURED TO BE 3.46 +- 0 .25  MB. B Y  USE OF THE 
METHOD OF L E A S T  SQUARES, ANGULAR AN0 MOMENTUM D l S T R I B U T l O N S  OF THE NEUTRAL P l O h  I N  THE TUD-PROTON BARVCENTRIC SYSTEM 
HERE DETERMINED FROM THE PHOTON SPECTRA. THE P l O N  PNGULAR D l S T R l B U T l O N  I S  G I V E N  BY 0 -S IGMA ID-OMEGA = I S I G M A - T I 4  P I I I O .  
8 3 4  0 . 0 9 9  1 3  COS-SQUARE0 T H E T A 1  + 0.067 I 5  COS**4 T H E T A I I ,  HHERE THETA I S  T H E  BARVCENTRIC ANGLE O F  EMISSION.  P I O N  
MOMENTUM O I S T R l B U T l O H S  ARE G l V E h  FOR THREE ANGLES. T H E  RESULTS ARE SHOWN TO G I V E  REASONABLE AGREEMENT WITH THE 1SOBAR 
MODEL. 

C I T A T I O N S  
P H I S .  REV. 9 2 ,  7 8 0  1 1 9 5 3 1 .  PHYS. REV. 9 2 s  7 4 9  1 1 9 5 3 1 ,  UCRL I 6 3 7  1 1 9 5 2 1 .  ANNUAL REV. OF NUCLEAR S C I E N C E  4 1  2 1 9  1 1 9 5 4 1 .  
PHYS. REV. 9 6 ,  1 3 9  1 1 9 5 4 1 .  J E T P  9  1 1 7 9  1 1 9 5 9 1 ,  PHYS. REV. 1 0 9 .  1 7 1 6  1 1 9 5 8 1 ,  C b P N E G l E  I N S T .  OF TECH. REPORT N Y O - 7 1 0 8  
1 1 9 5 6 1 ,  PHYS. REV. 8 0 1  6 3 2  1 1 9 5 2 1 ,  P H l L O S O P H l C A L  M A G A Z l N E  2  2 1 5  1 1 9 5 7 1 .  PROC. OF THE ROYAL S O C l E T Y  OF LONDON A 2 5 1 .  
2 1 8  1 1 9 5 9 1 ,  PHYS. REV. 1 0 7 .  2 8 3  1 1 9 5 7 1 .  J E T P  5  6 1 8  1 1 9 5 7 1 .  P H I S .  REV. 1 1 3 .  1 3 3 9  1 1 9 5 9 1 .  J E T P  5 7 7 9  1 1 9 5 7 1 ,  UCRL 1 0 1 8 7  
1 1 9 6 2 1 ~  UCRL 9 2 9 2  1 1 9 6 0 1 ~  UCRL 1 0 7 8 1  1 1 9 6 3 1 .  UCRL BOO0 1 1 9 5 7 ) .  PROC. OF THE ROYAL S O C I E T Y  OF LONOON A 1 4 6 7  8 3  1 1 9 3 4 l r  
PHYS. REV. 9 3 .  7 8 8  1 1 9 5 4 1 ,  P H I S .  REV., bNO 1 0 5 ,  1 8 7 4  1 1 9 5 7 1 . .  

A R T I C L E  READ BY ODETTE BENARY I N  5 / 6 7 ,  AND V E R l F l E C  B Y  LEROY P R I C E .  

BEAV I S  PROTOh ON PROTON AT 1.39 GEVIC.  

T H l S  EXPERIMENT USES COLNTERS.  

K E Y  WCROS - CROSS S E C T I O N  AhGULAR D l S T R l B U T l O N  

CROSS S E C T I O N  FOR PRDTOh PROTON - PROTCN PROTON P l O .  [ P A G E  2 7 1 7 1  

LA8ORATORY 
BEAM ENERGY 

GEV M l L L I - B A R N S  
. 7 3 5  3 .46  *- - 2 5  



E . B I E R M A N , A . P . C O L L E R A I N i i b . N A U E N B E R G  [ P R l h C E T O I  UNIV..  PRINCETON,  N .  J., USA, AND PRINCETOP(-PENN. PPOTCN ACCEL., 
PRINCETON,  N.J..USbI 

AR5TRACT A  SEARCH FOR O lBARYON RESONANT STATES HAS C A R R I E 0  OUT I h  PP C O L L I S I O N S  AT 5.0 B E V I C  I N  THC 8 0 - I N  RROOKHAVEN 
BUBBLE CHAMBER. A  TOTAL OF ABOUT 1 4 0 0  EVENTS *AS MEASURED AN0 ANALYZED. WE WERE NCT ABLE 1 0  DETECT ANY EFFFCT WHICH 
COULD BE CCNSTRUED AS B E I N G  DUE T C  A  O l B A q Y O N  PCSnNANCE. WE 08SERVEG THE Y + I L i  ANC THF N*++  F tSONANCE.  HE ALSO 
ORSERVF THE EFFECT OF THE l b B B * + +  RESONANCE I N  I T S  ILAYBOA-O.K+ l  OECAY MCCE. OUP DATA A"€ C O N S I S T E N T  WITH THE . - . - . - - 

ONE-PICN-EXCHANGE MODEL. 

C I T A T I O N S  
PHYS. REV. 1 3 1 .  2 2 3 9  1 1 9 6 3 1 ,  PHYS. L E T T E R S  1 1 ,  1 6 4  1 1 9 6 4 1 .  BULL. 4Y. PHYS. SGC. 1 0 ,  5 1 7  1 1 9 6 5 1 ,  P W S .  REV. L F T T E R S  1 4  . 
6 0 4  1 1 9 6 5 1 ,  P H I S .  REV. LETTERS 1 3 ,  3 5 5  1 1 9 6 4 1 ,  PHYS. REV. 1 2 3 ,  1 4 6 5  1 1 9 6 1 1 ,  BNL O r - H - 1 0 ,  C E R h  h 0 - 3 3 .  CERN 6 1 - 2 9 ,  
PHYS.  REV. 1 2 8 1  1 8 3 6  1 1 9 6 2 1 .  BNL B C - 0 4 - 3 - 0 ,  PHYS. REV. 1 2 0 .  9 8 8  1 1 9 6 0 1 ,  PWYS. REV. 1 2 5 ,  1 0 4 8  1 1 9 6 2 1 ,  PHYS. REV. 1 3 3 ,  
8 4 5 8  1 1 9 6 4 1 .  PHYS. REV. LETTERS 1 5 ,  4 6 8  I L 9 6 5 1 ,  NUOVO C I Y E N T O  3 4 .  7 3 5  1 1 9 6 4 1 .  NUOVC CIMENTC 3 G r  1 6 4 4  1 1 9 6 4 1 ~  ANC 
PHYS.  REV. LETTERS 8 .  1 4 C  i 1 9 6 2 1 .  

A R T I C L E  READ PY OCETTE BENARY I N  4 / 6 7 ?  AND V E R I F I E D  BY LEROY P R I C E .  

BEAM I S  PROTON O h  PROTON AT 4.95 G E V I C .  

T H I S  E X P E R I M E N T  USES TFE B.N.L. 8 0  I h .  I H I  BUBBLE CHAMBER. 

K E Y  WOROS CROSS SECTION O A L I T Z  PLOT MASS SPECTRUP MODELS AhGULAR D I S T R I B U T I O N  STRANGE P A R T I C L E S  
' N * I 1 b B B I a  Y * 1 1 3 8 5 1  

LABORATORY eEAY MOMENTUM = 4.95 GEVIC.  

R E A C T I O N  
PROTCN PROTON * 

PROTON LAMBOA K I  
PROTON SIGMAO K +  
PROTCN LAYBDA K+ P I 0  
NEUTRON LAMBOA K +  P I *  
PROTON LAMBDA P I *  KO 
PROTON P I +  KO SIGMAO 
PROTON 5 I C M A t  1 0  . . ... . 
PROTCN P I 0  SIGMA. KO 
NEUTRON P I +  S IGMA+ KO 
PROTON P I +  K +  P I -  L 6 L B D A  
PROTON K t  NEUTRON KOBAR 
PROTON PROTON KO KOBAH 

MICRO-BARNS NO. EVENTS 

m E L A S T l c  S C A T T E R I N G  OF PROTCNS. ANTIPROTONS,  N E G A T I V E  P IONS,  AN0 N E G A T I V E  KAONS AT H I G H  ENERGIES.  W H Y S .  REV. L E T T F P S  
1 5 1  4 5  1 1 9 6 5 )  I 

K . J . F O L E Y , E . S . G I L M O R E ~ S . J . L I N O E N B A U ~ , H . A . L O V E S . O Z A K E . H . L L E N R . Y A M b O  L.C.L.YUAh IRROOKHAVEN NAT. LAB., UPTOM. L.I., N. 
I . ,  U S A 1  

C L O S E L Y  RELATEC REFERENCES 
C O N T f N U A T I O N  OF PREVIOUS E X P E R I I E L T  I h  PHYS. REV. L E T T E R S  11. 4 2 5  1 1 9 6 3 1 .  

A O D l T l C h A L  C I T A T I O N S  
PHYS. REV. LETTERS 1 0 .  376 1 1 9 6 3 1 .  NUCLEAR INSTRUMENTS AN0 fiETHOOS 3 0 ,  4 5  I 1 9 6 4 I .  PHYS. REV. L E T T E R S  1 1 ,  5 0 3  1 1 9 6 3 1 ~  
PHYS. REV. LETTERS 8. 1 7 3  1 1 9 6 2 1 ,  PHYS.  REV. L E T T E R S  7. 1 0 4  1 1 9 6 1 1 ,  PHYS. REV. LETTERS 7, 3 5 2  1 1 9 6 1 I ,  PHYS. RFV.  1 2 9 ,  
2 2 8 5  1 1 9 6 3 ) .  PHYS. REV. LETTERS 1 2 9  2 0 6  1 1 9 6 4 1 .  AND PHYS. REV. 1 3 0 ,  8 1 1 6 7  1 1 9 6 4 1 .  

A R T I C L E  R E P 0  BY OOETTE BENARY I h  6 / 6 7 .  AND V E R l F l E O  BY LEROY P P I C t .  

BEAM NO. 1 I S  PROTON OW PROTON FRCY 1 0 . 9 4  TC 24 .63  GEVIC.  
NO. 2 I S  P I -  ON PROTCN FROM 14 .84  T O  25 .34  G E V I C .  
NO. 3 I S  ANTI -PROTON ON PPDTON FRCM 11 .80  TO 1 5 . 9 1  GEVlC .  
NO. 4  I S  K- ON PROTCh FROY 11 .80  TC 1 5 . 9 1  GEVIC.  

T H I S  EXPERIMENT USES CCUNTERS. 

K E Y  HORCS - D I F F E R E N T I A L  CROSS SECTION F I T S  

COMPOUNO KEY WOROS . F I T S  D I F F E R E N T I A L  CRCSS S E C T I O N  

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O I I  FOR PROTON PROTON. I T A B L E  1 1  

LABORATORY BEAM MOMENTUM = 10 .94  G E V I C .  

O-S ICMAIO-T  
M R / I G E V I C l * * 2  

T  I S  THE MOHENTUM TRANSFER BFTWEEN T H E  I I N C O M I N G  PROTON]  A N 0  THE l O U T G O l N G  PROTONI .  

E L A S T I C  C l F F E R E N T l A L  CRCSS S E C T I O N  FOR P R n T O N  PROTON. I T A B L E  1 1  

LABORATORY BEAY MOLENTUY = 1 4 . 9 3  G E V I C .  

- T  D-S IGL IA IO-T  

T  I S  T H E  MOMENTUM TRANSFEP BETWEEN THE I I N C O M I N G  PROTONI  AN0 THE [ O U T G O I N G  P R O T O N I .  



E L A S T I C  O l F F E R E N T l A L  CRCSS S E C T I C N  FCR PROTOh PRCTON. I T A B L E  1 1  

LABORPTORY BEAM W H E h T U r  = 1 9 . 8 4  GEVIC.  

D - S I G M A I D - T  
M B / ( G E V I C l * * Z  
9.290 +- .2RO 

T  I S  THE MOMENTUM TRANSFER BETWEEN THE [ I N C O M I N G  PROTON1 A N 0  THE I O U T G O l N G  PROTONI .  

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FCR PROTDh PROTON. I T A 8 L E  1 1  

LABORATORY BEAV MOMENTUM = 21 .88  GEVIC.  

T  I S  THE MOMENTUM TRANSFER BETWEEN THE [ I N C O M I N G  PROTON1 AND THE I O U T G O I N G  PROTONI .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E L A S T I C  D I F F E R E N T I A L  CRGSS S E C l I O h  FCR PROTCN PROTON. f T A 6 L E  1 1  

LABORATORY BEAV MCVEhTUP = 24 .63  GEVIC.  

T  1 5  THE MOMENTUM TRANSFER BETWEEN THE I I N C O M I N G  PROTON1 AND THE l O U T G O l N G  PROTON] .  

F I T  TO E L A S T I C  D I F F E R E N T I A L  CROSS S E C T I O N  FOR PROTON PROTON. [ T A B L E  1 1  

L d 8 O R A T O R l  BEAM MOMENTUP = 1 0 . 9 4  GEVIC.  
F I T T E D  FORMULA I S  D - S I G M A I D - T  = E X P I P  + B I T 1  + C l T t t 2 1 1  

WHERE O - S I G M A I D - T  I S  I N  M B I I G E V / c l * r 2  AND T  I S  I N  I G E V / C l * * 2 .  T  I S  THE MOMENTUH TRANSFER BETUEEN THE 
I I N C O M I N G  PROTON1 ANC THE [OUTGOING PROTONI. 

F I T T E O  VALUE 

F I T  TO E L A S T I C  D I F F E R E N T I A L  CROSS S E C T I O N  FOR PROTON PROTON. I T A B L E  1 1  

LABORATORY BEAW POPENTUN = 1 4 . 9 3  GEV/C. 
F I T T E D  FORMULA I S  C - S I G M A I D - T  = E X P l A  + B I T 1  r C I T * * 2 1 l  

WHERE C - S I G M A I D - T  I S  I N  M 8 / I G E V I C I * * Z  A N 0  T I S  I N  I G E V I C I * + 2 .  T  I S  THE MOMENTUN TRANSFER BETWEEN THE 
I I N C O M I N G  PROTON1 AN0 THE LOUTGOING PROTON]. 

F I T T E O  VALUES 

A  = 4 .32  +- .LO 
B  = 8 .89  r- . 5 2  
C  = .98  +- - 6 2  

F I T  TO E L A S T I C  D I F F E R E N T I A L  CROSS S E C T I G b  FOR PROTON PROTON. I T A 8 L E  I 1  

LABORATORY BEAM MOPENTUW = 19 .84  GEVIC.  
F I T T E D  FORMULA I S  O-S IGMAID-T  = E X P I A  + B I T 1  + C I T + t 2 I I  

WHERE D - S I G M A I D - T  I S  I N  H B / I G E V / C I * * 2  AND T  I S  I N  I G E V I C l * * 2 .  T  I S  T H E  MOMENTUM TRANSFER BETWEEN THE 
[ I N C O M I N G  PROTON1 A N 0  THE I O U T G O I N G  PROTON]. 

F I T T E D  VALUES 

F I T  TO E L A S T I C  D I F F E R E N T I A L  CROSS S E C T I O N  FOP PROTON PROTON. I T A B L E  1 1  

LABORATORY BEAM MOMEhTUH r 21.88 GEVIC.  
F I T T E D  FORMULA I S  D-SIGMA/D-T = E X P ( A  + B I T 1  + C I T * * Z I I  

W E R E  O-S lGMAIO-T  I S  I N  M B I ( G E V / C I * + Z  AN0 T  I S  I N  I G E V / C l * * 2 .  T  I S  THE MOMENTUM TRANSFER BETWEES THE 
[ I N C O M I N G  PROTON1 ANC THE I O U T G O I N G  PROTONI. 

F I T T E D  VALUES 

A  = 4 . 3 8  r- . 1 6  
0 = 9 . b 3  +- . 7 8  
C  = 1 . 5 6  +- . 8 9  



F I T  TO E L A S T I C  D I F F E R E N T I A L  CROSS S E C T I O h  FOR PROTON PRCTON. [ T A B L E  1 1  

L A B O R A T O R Y  B E A *  r o n i N T u v  = 24 .63  GEVIC. 
F I T T E D  FORMULA I S  0 - S I G M A I D - T  = E X P I A  B I T 1  C I T * * 2 I I  

WHERE 0 - S I G M A I D - T  I S  I N  M 8 I I G E V I C I * * 2  AN0 T  I S  I N  I G E V I C l t r 2 .  T  I S  THE MOMENTUY TRANSFFR B E T H E E N  THE 
I l N C O M I N G  PROTON1 ANC THE IOUTGOING PROTONI. 

F I T T E D  VALUES 

PROTON-PRCTON I N T E R A C T I O N S  A 1  2.75 REV. IPHYS.  REV. 1 0 3 1  1 4 8 4  1 1 9 5 6 1 1  m ..... LccK.E ...... ,. 10"KE UN,VERSITY.  0, R.bM. N.C.. U S A 1  
V.T.COCCONlrE.HART I C C R N E L L  UNIV.. [THACAs N. Y.9 U S A 1  
Y.B.FOWLER.R.P.SHUTT,A.M. THORNClKE,k .L .WHlTTtHORE IBROOKHAVEN NAT. Lb0 . r  UPTON. L . I . ,  N. Y.9 U S A 1  

ABSTRACT 2 1 2  I N T E R A C T I O N S  OF 2.75-BEY PROTONS HAVE BEEN OBSERVED I N  A  HYOROGEN-F ILLED O l F F U S I C N  CLOUO CHbMBER. T + E  
DATA I N D I C A T E  AN E L A S T I C  CROSS S E C T I O N  OF 1 5  M I L L I B A R N S ,  W I T H  ABOUT 9  M I L L I B A R N S  CROSS S E C T I O N  FOR S I N G L E  P I O N  
PRODUCTION. 1 3  M I L L I B A R N S  FOR DOUBLE. AN0 4  FOR T R I P L E .  THERE I S  ONE EXAMPLE OF QUADRUPLE P I O N  PROOUCTIOh.  ONE 
D E F I N I T E  EXAMPLE OF THE PRCOUCTION OF HEAVY UNSTABLE P b R T I C L E S  WAS OBSERVED, AN0 TWO OOUBTFUL CASES. THE V E O I A N  
E L A S T I C  S C A T T E R I N G  ANGLE HAS 1 9  OEG. I N  THE C.Y. SYSTEM. I N G L E  AN0 MOMENTUY O l S T R l B U T l O N S  FOR I N E L A S T I C  EVENTS ARE 
C O N S I S T E N T  W I T H  THOSE OBSERVED b T  LCWER ENERGIES. 

C I T A T I O N S  
PHYS. REV. 1 0 3 ,  1 4 7 2  1 1 9 5 6 1 1  PHVS. REV. 1 0 3 1  1 4 7 9  1 1 9 5 6 1 ,  PHYS. REV. 1 0 3 ,  1 4 8 9  1 1 9 5 6 1 ,  REVIEW OF S C I E N T I F I C  
INSTRUMENTS 2 5 ,  9 9 6  1 1 9 5 5 1 .  P H I S .  REV. 1 0 3 1  2 1 2  1 1 9 5 6 1 ,  REV. MOO. PHYS. 2 7 ,  1  1 1 9 5 5 1 .  PHYS. REV. 9 8 .  1 2 1  1 1 9 5 5 1 ,  AN 
PHYS. REV. 9 9 ,  2 6 1  1 1 9 5 5 1 .  

A R T I C L E  REAO BY OCETTE EENbRY I N  3 / 6 7 ,  AN0 V E R I F I E D  RY LEROY P R I C E .  

B E b ?  I S  PROTON ON PRCTON b T  3.57 GEVIC.  

T H I S  EXPERIMENT USES b  CLOUD CHAMBER. 

K E Y  hOROS CROSS S E C T I C N  C I F F E R E N T I A L  CROSS S E C T I O N  

I P A G E  1 4 8 5 1  

LABORATORY eEAH ENERGY = 2.75 +- . 1 0  GEV. 

R E A C T I O N  
PROTON PRCTON - 

TOTAL 

E L b S T I C  
TOTAL I N E L b S T I C  

- 5.  
1 5 .  1 1 1  
26 .  Ill 

NO. EVENTS 

I 1 1  VALUE I S  APPROXIMATE CNLY. 

THE R E A L  PART OF THE FCRWPRD A Y P L I T U C E  I N  PROTON-PROTON S C A T T E R I N G  A T  1.7 GEVIC.  I P H Y S .  L E T T E R S  1 2 1  2 5 2  1 1 9 6 4 1 1  

J . O . O O H E L L ~ R ~ J ~ H @ M E R ~ Q . ~ . K H A N N W . K ~ M C F A R L A N E J . S . C . M C K E E A . W . O ' O E L L  [ B I R M I N G H A M  UNIV..  B IRYINGHAY,  E h G L A N O l  

C L O S E L Y  RELATED REFERENCES 
SEE ALSO S I E N N A  CONFERENCE 6 8 3  1 1 9 6 3 ) .  

A D O I T I O N A L  C I T A T I O N S  
P H I S .  REV. L E T T E R S  9 .  1 0 8  1 1 9 6 2 1 .  PHYS. LETTERS 1. 4 1  1 1 9 6 2 1 ,  NUOVO C I M E N T O  2 8 ,  9 4 3  1 1 9 6 3 1 ,  NUCVO C I H E N T O  2 0 ,  1 0 4 9  
1 1 9 6 1 1 ,  PHYS. REV. 1 1 0 ,  5 7 5  1 1 9 6 0 1 .  PHYS. REV. L E T T E R S  9 1  4 2 5  1 1 9 6 3 1 ,  NUOVO CIMENTO 2 3 ,  6 9 0  1 1 9 6 2 1 ,  NUCLEAR 
I N S T R U H E N T S  AND METHODS 17 ,  1 1 1 9 6 2 1 .  NUOVO C I M E N T O  1 8 .  8 1 8  1 1 9 6 0 1 ,  KYOTO U N I V E R S I T Y  R F I P - 3 1  1 1 9 6 3 1 .  PHYS.  L E T T E R S  
2 0 5  1 1 9 6 4 1 ,  PHYS. REV. 111. 1 1 7 8  1 1 9 5 8 1 ,  S IENNA CONFERENCF 5 9 3  1 1 9 6 3 1 ,  PHYS.  L E T T F R S  3. 1 8 4  1 1 9 6 3 1 ,  A h N A L S  OF P H Y S l  
3 ,  1 9 0  1 1 9 5 8 1 .  NUC. PHYS. 9, 6OC l L 9 5 9 1 ~  JETP 1 8  4 1 2  1 1 9 6 4 1 .  AN0 S I E N N P  CONFERENCE 5 9 8  1 1 9 6 3 1 .  

A R T I C L E  REAO BY OOETTE BENARY I h  1 0 1 6 9 ,  ANn V E R l F l E O  B Y  LEROY PRICE.  

BEAM I S  PROTON O h  PROTON AT 1.7 GEVIC.  

T H I S  EXPERIMENT USES COUNTERS. 

K E Y  WORDS r R E A L  I b M P L I T U O E l l l M b G I N A P Y  I A M P L I T U D E I  D I F F E R E N T I A L  CRDSS S E C T I O N  

T H E  R E l l Y  R A T I O  FCR THE FORWARE E L A S T I C  AMFLITUOE FOR PROTON PROTON. I P A G E  2 5 4 1  

LABORATORY ALPHA 
eEbM MOMENTUM 

G E Y l C  
1.7 -.OC7 r- .C70  

~ p R o T o N - p R o T o N  S C A T T E R l N G  AT VERY SMALL ANGLES AT 2 4  G E V I C .  I P H V S .  LETTERS 1 3 .  7 8  I 1 9 6 4 1 1  

E.LOHRH4NN.H.MEYER I D E U T S C H E S  ELEKTRCLEN-SVNCH., HAMBURG. G E R M b N V l  
H - H I N Z E L E R  I E U R O P E A N  ORG. FOR NUC. RES., GENEVA, S H I T Z E R L A N D I  

C I T A T I O N S  
ANNALS OF P H Y S I C S  3 ,  1 9 0  1 1 9 5 8 1 ,  PHYS.  REV. L E T T E R S  11, 4 2 5  1 1 9 6 3 1 ,  AND PHYS. LETTERS 7. 7 3  1 1 9 6 3 1 .  

A R T I C L E  R E 4 0  R I  OCETTE BENARY I h  1 0 1 6 9 ,  AND V E R I F I E O  RY LEROY P R I C E .  

BEAM I S  PROTON ON PROTCN AT 24 CEVIC.  

T H I S  E X P E R I M E N T  USES EMULSIONS. 

K E Y  WORDS - R E A L  l b M P L I T U O E I I I M b G I N A P Y  I b M P L l T U C E l  D I F F E R E N T I A L  CROSS S E C T I O N  



T H E  R E / l M  R A T I O  FOR T H E  FORHARD E L A S T I C  A M F L I T U O E  FOR PROTOh PROTOh. I P A G E  7 9 1  

LABORATORY A L P H A  
e t n r  WCMENTUH 

G E V l C  
2 4 .  - . I 9  +- .C9 

~ N U C L E O N - N U C L E O N  TOTAL CROSS S E C T I O L S  FROM 1.1 TC 8 GEVIC. I P H Y S .  REV. 1 4 6 ,  9 8 0  1 1 9 6 6 1 1  

IO.V.BUGG.D.C.SALTER,G.H.STAFFORC IRUTHERFCRO H I G H  Eh .  LAB., C H I L T O N ~ O I O ~ B E R K ~ E N G L A N O I  
R.F.GEORGE,K.F.RILEIIR.J.TAPSER I C A V E N C I S H  LAB., CAMB. UN1V.v CAMBRIDGE, ENGLAND1 

ABSTRACT MEASUREMENTS HAVE e E E h  LADE CF THE T n T A L  CROSS S E C T I O N S  S I G H P I P - P I  A N 0  S I G M A I P - 0 1  OVER THE LABORATORY 
YOHtNTUN RANGE 1.1 TO B  GEVIC.  W I T H  R E L A T I V E  ERRORS OF 0 .1  PER CENT. THE ABSOLUTF ACCURACIES O F  THESE CROSS S F C T I O N S  
ARE L I M I T E D  T C  0.3 P E F  CENT BY LACK O F  I N F D R H A T I C N  WHICH W l L l  ALLOW THE COULOMB-NUCLEAR INTERFEPENCE TC BE C A L C U L A T E 0  
ACCURATELY. VALUES O F  THE TOTAL CROSS S E C T I O N S  S I G M A 1 P - N I  &YO S I G M b l l - O l  ARE DECUCFD 8 1  ASSUMING THE GLAURER 
CORRECTION. STHUCTURE I S  CBSERVED I N  S I G M A I P - P I  NEAR A  MASS VALUE OF 2.75 GFVIC-SPUARED:  I T S  I N T E R P R E T A T I O N  I S  
OISCUSSEO. S l G M A l l - 0 1  R I S E S  R A P I D L Y  t h  THE RANGE 2.3 TO 2 . 9  GEVIC-SQUARED. bND T H I S  I S  A T T P I B U T E O  TO THE DNSFT OF 
STRONG I N E L A S T I C  SCATTERING.  

CLOSELY RELATED REFERENCES 
T H I S  A R T I C L E  SUPERSFOES PbYS. REV. L E T T E R S  1 5 ,  2 1 4  1 1 9 6 5 1 .  

I T I O N A L  C I T A T I C h S  
PHYS. REV. 1 0 3 ,  2 1 1  1 1 9 5 6 1 .  PHYS. REV. 1 2 5 ,  7 0 1  1 1 4 6 2 1 ,  DOKL. bK4O. NAUK. SSSR 1 0 4  3 8 0  1 1 9 5 5 1 ,  PHVS. REV. L E T T E R S  9.  
3 2  1 1 9 6 2 1 ,  PHYS. REV. 1 3 8 ,  8 9 1 3  1 1 9 6 5 1 ,  PHYS. REV. L E T T E R S  7. 1 8 5  1 1 9 6 1 1 .  DOKL.  AKAO. NAUK. 5 5 5 9  1 0 4  7 1 7  1 1 9 5 5 1 9  
S O V I E T  JNP 1 9 3  1 1 9 6 5 1 .  I N T ' L .  CONGRESS ON NUCLEAR PHYSICS.PARIS ,FRANCE 2  I 6 2  1 1 9 6 4 1 ,  NUOVO C I M E N T O  3 4 .  8 2 5  1 1 9 6 4 1 1  
PHYS. REV. L E T T E R S  11, 4 2 5  1 1 9 6 3 1 .  PHYS. REV. L E T T E R S  9 .  1 0 8  1 1 9 6 2 1 ,  PHYS. L E T T E R S  1 4 1  5 4  1 1 9 6 5 1 s  RUTHERFORD H I G H  
ENERGY L I B .  N I R L I R 1 9 5 .  REVIEW OF S C I E N T I F I C  INSTRUMENTS 2 4 .  7 2  1 1 9 5 3 1 .  PHVS. REV. L E T T E S S  1 3 1  2 0 5  1 1 9 6 4 1 .  PHYS. 
L E T T E R S  1 3 ,  7 8  1 1 9 6 4 1 ,  PVYS. PEV. L E T T E R S  1 4 ,  7 4  1 1 9 6 5 1 .  PHVS. LETTERS 1 3 .  9 3  1 1 9 6 4 1 ,  S IENNA CONFERENCE 1  6 8 3  1 1 9 6 3 1 .  
PHYS. L E T T E P S  1 2 1  2 5 2  1 1 9 6 4 1 ,  PHYS. L E T T E R S  1 4 .  1 6 +  1 1 9 6 5 1 .  PHYS. L F T T E R S  8 .  2 8 5  l L 9 6 4 1 ,  PHYS. L E T T E R S  20 .  2 0 3  I 1 9 6 6 1  
PHYS. REV. L E T T E R S  5 ,  2 6 3  l l 9 6 0 l .  PHVS. REV. 1 1 2 ,  2 0 7 7  1 1 9 5 8 1 ,  S O V I E T  JNP 1 3 7 9  1 1 9 6 5 1 .  PHYS. REV. 1 0 0 .  2 4 2  1 1 9 5 5 1 ,  
S I E N N A  CONFERENCE 1 6 3 4  1 1 9 6 3 1 .  PHYS. REV. 1 4 2 ,  1 1 9 5  1 1 9 6 6 1 ,  PHYS. REV. 1 2 3 .  1 3 9 3  I I S b l l .  PROC. OF THE ROYAL S O C I E T Y  
OF LONDON 4 2 4 4 ,  4 9 1  1 1 9 5 8 1 ,  NUOVO CIMENTO 2 1 ,  1 4 5 0  1 1 9 6 3 1 .  PHYS. REV. 1 2 3 ,  2 1 6 C  I L 9 b l 1 ,  PHYS. REV. 1 2 5 9  2 0 8 2  I 1 9 6 2 l r  
PHYS.  REV. 1 2 5 ,  2 0 9 1  1 1 9 6 2 1 .  PHYS. REV. 1 3 3 .  1 1 0 1 7  1 1 9 6 4 1 .  PHYS. REV. 1 3 8 ,  8 6 7 C  1 1 9 6 5 1 .  NUOVO r l M E N T O  30, 2 4 0  1 1 9 6 3 1 ,  
PHYS. REV. L E T T E R S  1 3 ,  6 6 8  1 1 9 6 4 1 ,  PHYS. L E T T E R S  1 1 ,  1 6 4  1 1 9 6 4 1 .  AND PHYS. REV. L E T T E R S  1 4 ,  6 0 4  1 1 9 6 5 1 .  

A R T I C L E  REAO BY OCETTE BENARY I h  4 / 6 1 ,  AND V E R l F l E C  B Y  LERCY P R I C E .  

BEAM NG. 1  I S  PRCTON CO PROTCh FRCY 1 . 1 1 1  T C  7 . 8 3 5  GEVIC.  
Nn .  2 I S  PROTON ON CEUTERON FRCM 1 . 1 1 1  TO 7 .835  GEVlC .  

T H I S  E X P E R l P F N T  USES COLNTEPS. 

K E Y  HOROS + CRGSS S E C T I O N  REAL l A Y P L I T U D E I l I M A G I N 4 R Y  I A M P L I T U D E I  

PROTON PROTON TOTAL CRCSS SECTICN.  
COULOVB CORRECTIONS A P P L I E C  

LABORATCRY 
BEAM MOMENTUM 

G E V I C  M I L L I - B A R h S  
PER CENT 

T A B L E  2 1  



PROTON NEUTRCN TOTAL CROSS SECTION. [TABLE 5 1  

t r T H I S  OATA SHOULD NOT BE USEC * * 1 VbLUES ARE APPROXIMATE ONLY I 
GLAUBER + FERMI  MOTION CORRNS. b P P L l E D  

LABORATORY 
BEAM MOMENTUM 

GEVlC M I L L I - B b R h S  1 1 1  
PER CENT 

1.111 +- .5 35.22 
1.289 . 5  38.76 
1.408 - 5  35.61 
1.607 .5 39.61 
1 . t6C . 5  39.97 

VALUES ARE APPRGXIYATE ONLY. 

PROTON NEUTRON TOTAL CRCSS SECTION. [ T A B L E  5 1  
GLAUBER CORRECTICh A P P L I E D  

LABCLbTCRY 
BEAM MOMENTUM 

G E V l C  
PER CENT 

1 .111 *- - 5  
1.289 

H I L L I - B A R N S  



P R O T O N  CEUTERON T O T A L  c a o s s  S E C T I O ~ .  
COLLCPB CORRECTICNS APPLIEC 

Lb80RbTCRY 
BEAM POMENTUN 

GEVlC MILLI -HARNS 
PER CENT 

1 .111 *- .5  6 7 . 2 0 5  +- .C90 
1 .289 .5  7 6 . 9 0 5  . I 1 0  
1 . 4 0 8  . 5  80.450 .C57 

I = 0  NUCLECN NUCLEON TOTAL CRCSS SECTION. ITABLE 5 1  
CGULOM0 CORRECTIONS APPLIEC 

8EAF UOflEN7UM 
GEVlC HILLI -BARNS 

PER CENT 



/ S V A L L - A N G L E  E L b S T l C  S C A T T E R I N G  CF 24.5 G E Y l C  PROTONS ON HYORGGEN NUCLEI .  [ P H I S .  L E T T E R S  1 ,  7 3  I 1 9 6 3 1 1  
* - 

u I P B R E I T E N L O H N E R . P . E G L L . H . H O F E R I I k . K C C H H Y . h I K O L I C J . P A H L b . P A L L 1 h G E R  E . P A L L I N G E R ~ M . S C H N E E B E R G E R ~ R . S C H N E E R E i l G E R H I N E L  I 
U N I V .  BERN. BERN. S H I T Z E R L I N D I  

G.CZAPEK. GIKELLNER I U K L V .  WIEN,  W I E h ,  A U S T R I b I  

C l T b T l O N S  
NUOVO C I Y E N T O  1 0 ,  5 2 5  1 1 9 5 8 1 ,  PkVS.  REV. L E T T E R S  7 ,  1 8 5  1 1 9 6 1 1 ,  PHYS. REV. L E T T E R S  LC, 4 1 3  1 1 9 6 3 1 .  J F T P  3 7  6 5 1  1 1 9 5 9 1  
PHYS. REV. L E T T E R S  9 ,  1 0 8  1 1 9 6 2 1 .  PHYS. REV. LETTERS 1 0 ,  3 7 6  1 1 9 6 3 1 q  PHYS. L E T T E R S  1. 2 9  1 1 9 6 2 1 ,  AND PHYS. REV. 
L E T T E R S  9 0  1 8 3  1 1 9 6 2 1 .  

A R T I C L E  REbO BY OCETTE BENARY I h  4 / 6 7 .  b h D  V E R I F I E D  EY LEROY P R I C E .  

BEAM I S  PROTON Oh PRCTON AT 24 .5  G E V I C .  

T H l S  E X P E R I V E N T  USES b  HYCROGEN BURBLE CHAMBEP AND EMULSIONS.  

KEY WCRCS CROSS S E C T I O N  C I F F E R € N l l A L  CROSS S E C T I O N  

I P A G E  7 5 1  

L ~ B O R A T O R Y  eEAM MOMENTUM = 24 .5  GEVIC.  

R E A C T I O N  
PROTCh PROTON r 

TOTAL 
E L A S T I C  

V I L L I - B A R N S  

39.3 +-  .8 
8.8 - 3  

F I T  TC E L A S T I C  C I F F E R E N T l b L  CRCSS S E C T I O N  FOR PROTON PROTON. [PAGE 7 5 1  

LABORITORY e E & r  MOMENTUM = 2 4 . 5  GEVIC.  
F I T T E D  FOPPULA I S  C - S I C M A I D - T  = b * E X P L 8 * T I  

WHERE 0 - S I G M A I D - T  I S  I N  M B I l G E V I C I + I Z  AND T  I S  I N  I G E V / C l + * 2 .  1 I S  THE UOHENTUM TRANSFER B E T H E E h  THE 
I I N C C P I N G  P R O T O h l  ANC T H E  [OUTGOING PROTON). 

F I T T E E  VALUES 

H I H - E N E R G y  L - N E  PP A N  P -  P  S C A T T E R I N G  AND PP TOTAL CROSS S E C T I O N S  [PHYS.  REV. L E l l E R S  l9, 8 5 7  1 1 9 b T U  

K . J . F O L E Y ~ R . S . J O N E S I S . J . L ~ N O E ~ B ~ U M H K . A . L O V E S . O Z A K I E O . P L A T N E R  C.b.OUbRLES,E.H.HILLEN I B R O O K H I V E N  N I T .  LAB.,  UPTO* ,  
L.1.. N. Y.1 U S A 1  

C l T A T I C h S  
PHYS. REV. L E T T E R S  1 9 ,  1 9 3  1 1 9 6 7 1 ,  PHYS. REV. L E T T E R S  19 ,  3 3 0  l 1 9 6 7 1 .  PHYS.  L E T T E R S  1 4 1  1 6 4  1 1 9 6 5 ) .  PHYS. L E T T E R S  1 9 s  
7 0 5  1 1 9 6 6 ) .  PHYS. REV. 1 4 6 .  9 8 0  1 1 9 6 6 1 .  PHYS. REV. L E T T E R S  7 ,  1 8 5  1 1 9 6 1 I r  PHYS. REV. 1 3 8 .  8 9 1 3  1 1 9 6 5 1 .  P H I S .  L E T T E R S  
1 3 1  7 8  1 1 9 6 4 1 .  NUOVO CIMENTO 3 8 1  9 5  1 1 9 6 5 1 .  PHYS. LETTERS 1 4 1  5 4  1 1 9 6 5 ) .  PHYS. L E T T E R S  1 3 .  9 3  1 1 9 6 4 1 .  PHYS. REV. 
L E T T E R S  1 4 .  7 4  l 1 9 t 5 1 .  PkY!. L E T T E R S  13 ,  1 8 5  1 1 9 6 4 1 ,  AND PHYS. LETTERS 8 1  2 8 5  1 1 9 6 4 1 .  

A R T I C L E  READ BY OOETTE BENbRY I h  1 1 / 6 7 ,  AN0 V E R l F l E C  RY LEROY PRICE.  

REAP NC. 1 I S  PROTON Oh PROTCh FRO* 7.82 TO 26.00 GEVIC.  
NO. 2 I S  b N T I - P R C T O N  ON PROTON I T  1 2  GEVIC.  

T H l S  E X P E R I P E N T  USES CCUNTERS. 

K E Y  WORDS - CROSS S E C T I O N  R E b L  I A ~ P L I T U O E I / I M b G I N b R Y  I A M P L l T U D E l  

PROTON PROTGN T O T A L  CROSS S E C T I O N .  

L IBORATORY 
B E b V  MCMENTUM 

G E V l C  M I L L L - B A R h S  
PER CENT 

7.82 +- - 2  40 .34  +- . 1 2  
9 .80  - 2  39 .84  . 1 2  

~ A N A L y s l s  OF PP * PP P I +  P I -  AT 1 6  G E V I C  BY THE VULTI -REGGE-POLE EXCHANGE POOE. I P H Y S .  REV. L E T T E R S  2 2 ,  2 4 8  1 1 9 6 9 l l  

J-G.RUSHRROOKE.J.R.UlLLlAMS I C I V E N D I S H  LAB.. CAMB. UNIV., CAMBRIOGE, ENGLAND1 

ABSTRACT E X P E R I M E N T A L  O l S T R l B U T I O N S  FOR THE R E A C T I O N  PP-PP P I +  P I -  AT 1 6  G E V I C  APE CONSISTENT W I T H  P R E D I C T I O N S  OF A  
REGGE-POLE MODEL l N C O R P O R b T l N G  EXCHANGE OF b  R E G S E I Z E D  P ION.  THE T R E I M b N - Y I N G  ANGLE O I S T R I B U T I O N  bFFOROS A  
O I S T I N C T I V E  TEST I N  FAVOR CF P I O N  R E G G E I Z b T l O N  FOR T H I S  REACTION.  

. - 
P H I S .  REV. L E T T E R S  1 9 ,  t 1 4  1 1 9 6 7 1 ,  PHYS. REV. 1 6 3 ,  1 5 7 2  1 1 9 6 7 1 .  NUOVO C I M E N T O  2 7 ,  1 4 5 0  1 1 9 6 3 1 1  PHYS. REV. L E T T E R S  2 1 ,  
7 0 1  1 1 9 6 8 1 ,  PHYS. REV. L E T T E R S  2 0 ,  9 6 4  1 1 9 6 8 1 ,  AND PHYS. REV. L E T T E R S  2 0 ,  1 0 7 8  1 1 9 6 8 1 .  

A R T I C L E  R E P 0  BY OOETTE BENbPY I N  2 / 6 5 ,  AND V E R I F I E D  BY LERCY PRICE.  

BEAP I S  PROTON Oh PROTON AT 1 6  CEVIC.  

T H I S  EXPERIMENT USES TPE CERN 2 P  I M l  B U B B L E  CHAMBER. 

K E Y  WOROS - CROSS S E C T I O N  VCOELS H b S S  SPECTRUM ANGULAR D I S T R I B U T I O N  





E L b S T l C  O I F F E R E N T I P L  CRCSS S E C T I O N  cCR P R l l T O N  OEUTFROh. 

LABORATORY BEAM ENERGY = 2. GEV. 

THETA I S  THE ANGLE THAT THE PROTON MAKES W l T H  THE BEAM I N  THE GRbNC C.M. 

1 1 1  PLUS P O S S I B L E  S Y S T E P A T I C  ERRCR CF +- 1 0  PER CENT. 

STRUCTURE I N  THE ANGULbR O l S T R l B U T l O h  OF H I G H  ENERGY PROTOk-PROTON SCbTTERlNG.  I P H Y S .  LETTERS 2 8 8 1  6 7  I 1 9 6 8 1 1  

J . V . A L L A R Y ~ F . B I N O N , A . N . O I O O E N S , P . D U T E l L . A . K L C V N I N G , R . E U N I E Q J . P . P E l G N E U X  E . J . S b C H b R I D I S v K . S C H L U P M A N h i h i M . S P I G H E L . J . P . S T R O  
A.M.THORNO1 KF,b.M.YETHERELL I E U R C P E A h  ORG. FOR NUC. RES., GENEVA, S W I T Z E R L A N O l  

ABSTRACT RESULTS ARE PRESENTED ON MEASUREUENTS OF E L A S T I C  PROTOh-PROTON S C P T T E R I N G  AT 19.2 AN0 21 .1  G E V l C  I N  THF 
ANGULAR REGION YHEPE P R E V I O U S L Y  STRUCTURE H A 0  BEEN ORSERVED A T  LOWER ENERGIES.  

CLOSELY R E L A T E 0  REFERENCES 
C O N T I N U A T I O N  OF P R E V I C U S  E X P E R I M E h T  I N  PHYS. L E T T E R S  2 5 8 .  1 5 6  1 1 9 6 1 1 .  

I O D I T I O N A L  C I T A T I O N S  
UCRL 1 6 2 7 5  1 1 9 b b l l  PHYS. REV. 1 7 0 .  1 2 2 3  1 1 9 6 8 1 .  PHYS. L E T T E R S  2 7 8 ,  4 9  1 1 9 6 8 1 ~  C E R h  W P S I H l b R - 1  1 1 9 6 8 1 ~  NUCLEAR 
INSTRUUENTS AND METHCOS 2 2 .  1 6 5  1 1 9 6 3 1 ,  BNL 1 1 3 6 0  l 1 9 6 7 1 ,  NUOVO C I U E N T O  3 8 1  6 0  1 1 9 6 5 1 .  PHYS. REV. 1 5 2 s  1 1 6 2  I l P b b l ~  
PHYS. REV. L E T T E R S  1 7 1  1 1 0 5  1 1 9 6 6 1 ,  PHYS. REV. 1 5 9 .  1 1 3 8  ( 1 9 6 7 1 .  I N T .  CONF. ON H-E .  PHYS..NUC.STRUCTURE,REHOVWH 3 4 8  
1 1 9 6 7 1 .  PHYS. REV. 1 7 0 ,  1 5 9 1  1 1 9 6 8 1 ,  PHYS. REV. LETTERS 2 0 ,  6 3 7  1 1 9 6 8 1 .  PHYS. REV. LETTERS 2 0 1  1 2 1 3  1 1 9 6 8 1 .  CERN 
TH-892 .  C E R N  T H - 9 1 4 ,  LND C E R N  ~ r - 9 0 9 .  

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C N  FCR PROTOh PROTON. I T A B L E  1 1  

L IBORATORY eEAY UOPENTUH = 19.2 G E V I C .  

T  D - S I G M A I O - T  
l G E V l C l * * 2  U B I l G E V I C I * * 2  I 1 1  

PER CENT 

T  I S  THE NOMENTUM TRANSFER BETUEEN THE [ I N C O M I N G  PROTON1 bNO THE [ O U T G O I N G  PPOTONI .  

I 1 1  PLUS P O S S I B L E  S Y S T E P A T I C  ERROR OF c 8  PER CENT. 



E L A S T I C  D I F F E R E N T I A L  CROSS S E C T I O N  F C L  PROTOh PROTON. [ T A B L E  1 I 

LABORATORY BEAP MOPENTUL = 21 .12  GEVIC.  

U B / ~ G E V I C I * * ~  Ill 
PER CENT 

3 9 3 0 C .  +- 4 

T I S  THE MOMENTUN TRANSFER BETWEEN THE I l N C O M l N G  PROTON1 AND THE I O U T G O l h G  PROTCNI .  

1 1 1  P L U S  P O S S l N L E  S Y S T E P A T I C  ERRCP OF +- B PEP CENT. 

W S I G H b  PRODUCTIO& I N  PP C O L L L S l C h S  b T  5 G E V K .  W H Y S .  L E T T E R S  2 6 8 ,  6 6 5  l I 9 6 8 l  1 

1.SCNOHI I P R l h C E T O N - P E N h .  PROTOh ACCEL.. PRINCETON,  N.J..USAl 

ABSTRACT THE CROSS S E C T I O N  FOR THE R E A C T I O N  PP - SIGMA+ K *  N AT 5 G E V I C  I S  MEASURED TO BE 68 .1  r- 3.5 MICROBARNS. THE 
K S IGMA NASS SPECTRUM SWOHS A h  ENHANCEUENT AT 1 .86  GEV, WHICH MAY B E  DUE TO THE D E L T A 1 1 9 2 0 1  RESflNANCE. ADEQUACY O F  
THE ONE-PION EXCHANGE UOOEL FOR THE R E A C T I O N  I S  D ISCUSSED.  THE CROSS S E C T I O N  FOR THE R E A C T I O N  PP - SIGMA+ K O  P I S  
FOUND TO 8~ 24.9 +- 2.3 MICROBIRNS.  

C I T A T I O N S  
ATHENS CONFERENCE 7 2  1 1 9 6 5 1 ,  CERN DO 6 3 / 1 2 ,  CERN DO 6 2 / 1 0 ,  AN0 PHYS. REV. 1 4 7 ,  9 2 2  1 1 9 6 6 1 .  

A R T I C L E  READ BY OOETTE BEhbRY I N  l l 6 9 r  ANC V E R I F I E D  BY LERCY P R I C E .  

BEAM I S  PROTOL C h  PROTON AT 4.95 GEVIC.  

T H I S  EXPERIMENT USES THE B.N.L. 8 0  I h .  CHI  B L B B L E  CHAMBER. A TOTAL OF 1 2 0 0 0 0  P I C T U R E S  ARE REPORTED ON. 

GENERAL CCMWENTS C h  T H I S  b R T l C L E  
1 THE K S IGMA I N V A R I A N T  MASS SPECT. SHOUS &N ENHANCEMENT WHICH MAY B E  DUE TO THE N * 1 1 9 2 0 1  RESONANCE. 

K E Y  WOROS - CROSS S E C T I C N  O b L I T Z  PLOT MASS SPECTRUM ANGULAR D I S T R I B U T I O N  MODELS 
BARYON RESONANCE H l T H  Y - 1  b T  l B b 0  MEV 

LABCRATCRY PEAY VOMENTUL = 4.55 GEVIC.  

R E A C T I O N  
PROTOh P R C l C h  - 

SIGMA+ K +  NEUTRON 
S I G M b t  KO PROTON 

1 PAGE 6 4 5 1  

~ P O L ~ ~ Z A T I O ~  I N  PROTON-PROTON S C A T T E R l K S  AT 7 3 5  HEV. CPHYS. REV. 1 4 0 ,  1 2 8 0  l l 9 6 6 i l  

P.G.HCMANIGAL~R.O.E~NOIIS.N.KDPLA~~BBJ.MOVER I U r C .  LAWRENCE R I D .  LA8 . r  BERKELEY.  CAL IF . ,  U S A 1  

ABSTRACT NEW MEASUREMENTS BV CHEhG OF P-C P O L A R I Z A T l O N  AS A F U N C T I O N  OF A h G L E  A h 0  I N C I D E N T  PROTON ENERGY ALLOY US TO 
REDUCE U N C E R T A I N T Y  I h  OUR PREVIOUSLY REPORTED MEASUREMENT OF PP P O L A R I Z A T I O N .  ON THE B A S I S  OF T H I S  NEW INFORMAT ION.  
I T  I S  CONCLUDED THdT THE P P  P O L b R I Z A T I O h  AT 7 3 5  UEV REbCHES A MAXIMUM OF 1 6 0  r- 2 1  PER CENT. 

CLOSELY R E L A T E D  REFERENCES 
T H I S  4 R T I C L E  SUPERSEDES PART OF PHYS. REV. 1 3 7 .  8 6 2 0  ( 1 9 6 5 1 .  

A O D I T I O h A L  C I T A T I O N S  
PHYS. REV. 1 3 7 .  8 6 2 0  1 1 9 6 5 1 .  U C Q L  1 1 9 2 6  1 1 9 6 5 1 .  BULL .  AM. PHYS. SOC. 1 0 0  7 1 7  1 1 9 6 5 1 ,  A N 0  PHYS. REV. 1 4 8 ,  I289 1 1 9 6 6 1 .  

A R T I C L E  READ BY OCETTE BENARY I N  4 / 6 7 .  AND V E R I F I E D  BY LEROY PRICE.  

REAM I S  PROTON ON PROTCN AT 1 .385  GEYIC.  

T H I S  E X P E R I M E N T  USES CCUNTERS. 

GENERAL COMMENTS ON T H I S  A R T I C L E  
1 F I R S T  S C A T T E R I N G  O h  HYORCGEN. SECOND S C A T T E R I N G  ON CARBON. 

K E Y  WORDS - P O L A R I Z A T I O N  



t L A S T l C  P O L b R f Z A T l C h  FCR PQOTCh P IOTGN.  

LABCRATORY BEAM ENERGY = . 7 3 5  GFV I A P P R O X I M A T E L V I .  

I T H I S  DATA REPLACES VALUES G l V E h  E b R L l E R  I N  MCMANIG4L.ET AL.. PHYS. REV. 1 3 7 ,  e 6 2 0  1 1 9 6 5 1 1  

THETA 
CEGREES 

4 .5  
t.C 
7.3 

THETA I S  THE ANGLE T h b T  THE PROTON UAKES U I T H  THE BEAY I N  THE LAB.  
THE P O L A R l l A T l O N  I S  OF THE PROTON ALONG THE NORMAL TO T e E  PRODUCTION P L A N E  I N  THE GRAND C.M. 

PROOUCTIUN OF THE N * l l 4 7 O l  I R  PC + F I S P E C T A T O R I  PP P I -  b T  7.0 GEVIC. [ P H I S .  REV. L E T T E R S  2 1 1  1 8 3 5  1 1 9 6 8 1 1  

m A . s p A p ~ R A , O . ~ E N A R Y ~ Y ~ E I S E N 8 E R C ~ E C E E R O N A T ~ C t Y A F f E ~ G t Y E K U T I E L I  I H E I Z Y A N N  INST.  OF SC1.s R E H O V O T ,  I S R A E L I  

ABSTRACT YE SEE b S l G N I f I C A h T  P E b K  I n  = 1 .446  +- 0 . 0 1 1  GEV. GbMMb = 1 9 8  *- 4 0  M E V I ,  CONSISTENT W I T H  A I = 1 1 2 ,  J = I f 2  
STATE.  I N  THE P P I -  MASS O l S T R l B U T l O N  OF THE R E A C T I O N  PO - P I S P E C T L T O R I  P P  P I -  b T  7 .0  GEVlC .  YE INTERPRET 11 t S  T H E  
N * l l 4 7 0 l  PROOUCEO I N  THE R E b C T l O N  PN P N * 0 1 1 4 7 0 I  L N * 0 1 1 4 7 0 1  . P P I - ]  I N  DEUTERIUM. THE PRODUCTION OF THE N t l 1 4 7 0 1  I S  
STRONGLY PERIPHERAL I N 0  FAVORS I = 0 EXCHAMGE. A D I S C U S S I O N  OF T H I S  PEAK I N  TERMS Of  DOUBLE-REGCE-POLE EXCHANGE 
MECHANISM I S  PRESENTED. 

2 1 ,  6 9 1  1 1 9 6 8 1 .  REV. MOO. PHVS. 4 0 ,  7 7  1 1 9 6 8 1 .  PHYS. REV. L E T T E R S  1 7 ,  8 8 4  l i P 6 6 i ,  ~ H v s . ~ P ~ v ~ ~ ~ E f i E ~ s ~ i i :  70;-1;6 

T A T  IONS 
PHVS. LETTERS 1 8 ,  3 4 2  1 1 9 6 5 1 ,  H E I O E L B E R G  CONFERENCE 7 9  1 1 9 6 7 1 ,  NUOVO C I Y E N T O  5 0 6 ,  1 0 0 0  1 1 9 6 7 1 ,  NUOVD C I Y E N T O  3 5 .  1 0 5 2  
1 1 9 6 5 1 ,  PHYS. LETTERS 1 8 ,  1 6 7  1 1 9 6 5 1 ,  P H I S .  REV. L E T T E R S  1 6 ,  8 5 5  1 1 9 6 6 1 .  PHYS. REV. LETTERS 17 ,  7 8 9  1 1 9 6 6 1 .  PHYS. 
REV. LETTERS 1 9 ,  3 9 7  1 1 9 6 7 ) .  PHYS. REV. L E T T E R S  1 2 .  3 4 0  1 1 9 6 4 1 .  PHVS. REV. L E T T F R S  20. l b 4  1 1 9 h R I .  PUvC.  P F U .  I F T T E R S  

. .- . 6 8 1 ,  
PHYS. REV. 1 4 6 ,  5 e O  1 1 9 6 6 1 1  UANOBUCH OER P H Y S I K  3 9  1 1 1 9 5 7 1 ,  UCRL 9 6 9 1  1 1 9 6 1 1 .  P H I S .  REV. 1 5 6 1  1 6 8 5  1 1 9 6 7 1 ,  PHYS. 
REV. LETTERS 21 ,  4 4 4  1 1 9 6 8 ) .  NUCVO CIMENTO 3 4 .  1 6 4 4  1 1 9 6 4 1 .  PHYS. REV. L E T T F R <  1 6 .  1217 I I P L O I .  Duvc.  ~ F v .  L E T T E R S  1 9  , 
6 1 4  l l S 6 l l .  hUOVO C I M E N T O  4 9 A .  1 5 7  1 1 9 6 7 1 .  AND PHYS. R E V .  1 6 6 ,  1 7 6 8 - 1 1 9 6 6 1 .  - 

- - -  ' - 
A R T I C L E  REAC BY OCETTE BENARY I N  1 / 6 9 ,  A N 0  V E R I F I E D  BY LEROY PRICE.  

B E A P  I S  PROTON ON OEUTEROL A T  7 GEVlC .  

T H I S  EXPERIMENT USES T P E  B.N.L. 8 0  Ih. ( H I  B U B B L E  CHbMBER. h TOTPL OF 4 8 0 0 0  P I C T U R E S  ARE PEPORTED ON. 

GENERAL CCMMENTS ON T H I S  A R T I C L E  
1 NORRALIZEO TC CObNTEP E X P E R I M E N T S  

K E Y  WORDS . CROSS S E C T I O N  MPSS SPECTRUM ANGULAR O l S T R l B U T l O N  F I T S  YCOELS 

COWPOUND KEY YOROS - F I T S  b h C L L b R  C I S T R l e U T I U N  

CROSS S E C T I O N  FOR PROTON NEUTRCN - PROTON PROTON P I - .  I P b G E  1 8 3 5 1  

1 NOT CORRECTEO FCQ OEUTERCN EFFECTS.  I 

LABORATORY 
BEAM POYENTUM 

G E V f C  M l L L I - B A R N S  
7 .  1 .01  +- .13  

CROSS S E C T I O N  FOR PROTON NELTRON - PROTON N t 1 1 4 7 0 1 0 .  I P A G E  1 8 3 8 1  
N * l  1 4 7 0 1 0  - PROTON P I -  [ I 1  

I NOT CORRECTEO FOR OEUTERCN EFFECTS.  I 

LABORATORY 
BEAV MOMENTUM 

G E V l C  M I L L ! - E A R L S  1 2 1  
7 .  .5 

C L 1  F I T T E D  FOR MASS b N D l O R  W I D T H  1 MASS = 1.446 G E V i  U I O T H  = - 1 9 8  GEV 1. ANC THEN TOOK ONLY EVENTS ABOVE 1 F I T T E O l  
BACKGROUNO. 

1 2 1  VALUE I S  APPROXIMATE CNLV. 



122 ~OIFFERENTIAL CROSS SECTIONS FCG THE R t d C T l O N S  PP * 0 P I +  AN0 PP + 0 RHO+ AT 2 1  GEVIC.  IPHYS. LETTERS 2 9 8 ,  1 9 8  1 1 9 6 9 1 1  

L - I ~ . ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ B ~ ~ 0 ~ ~ ~ . ~ . C I O O E N S 7 P P O U T E I L ~ A e K L C V N I N G ~ R . M E U N 1 E R J . P . P E l G N E U X  E . J . S A C H A R I O I S ~ K . S C H L U P V A N N L ~ . S P I G H E L , J . P . S T R O O T ~  
A.U.THORN01 KEI A.M.WETHERELL IEUROPEAN ORG. FOR NUC. RES.. GENEVA. SWITZERLAND1 

ABSTRACT RESULTS ARE PRESENTED FROM AN EXPERIMENT I N  HHICH HIGH-ENERGY OEUTERCNS. PROCUCEO BY PROTON-PROTON 
INTERACTIONS AT 21.1 GEV/C I N C l O E h T  MCMENTUM, MERE DETECTED OVER A RbNGF OF ANGLES FROM 12.5 MDAO TO 6 0  *PA0 I N  THE 
LABORATORY SYSTEM. FROM THE MOPENTUM SPtCTRA OF THE DEUTERONS, THE F I N A L  STATES 0 P I +  AN0 0 RHO+ HAVE l F F N  
I D E N T I F I E D .  THE ANGULAR O I S T R l B U T l O N  FOR THESE REACTIONS ARE PRESENTED AN0 COMPARED N I T H  PREVIOUS 0 4 1 4  AT LCHER 
ENERGIES. 

CLOSELY RELATEC REFEREhCES 
CONTINUATION OF PREVIOUS EXUERIPENT I N  VIENNA CONFERENCE 3 5 3  I l Y b B l .  AND CERN NP-66-2 119661.  

A O O I T I G h A L  C I T A T I O N S  
PHYS. REV. 9 5 9  6 3 8  1 1 9 5 4 1 8  OOKL. I K A O .  NAUK. SSSG LOO 6 7 3  1 1 9 5 5 1 ,  PHYS. RFV. 1 3 3 9  8 1 0 1 6  1 1 9 6 4 1 .  PHYS. LETTEPS 11, 2 5 3  
1 1 4 6 4 1 .  PHYS. REV. 1 6 7 1  1 2 3 2  1 1 9 6 8 1 ,  PHYS. LETTFRS 111 1 6 1  1 1 9 6 4 1 ,  PHYS. REV. LETTERS 11. 4 7 4  1 1 9 6 3 1 ,  P W S .  LETTERS 7 I 

2 2 2  1 1 9 6 3 1 .  PHIS.  REV. LETTERS 21,  8 5 3  1 1 9 6 B 1 1  PHIS.  REV. 1 4 2 ,  9 1 8  1 1 9 6 6 1 ,  PHIS.  REV. LETTERS 17,  1 0 0  l 1 9 h 6 1 ,  PHYS. 
REV. 165.  1 4 4 2  1 1 4 6 8 1 .  P h Y I .  REV. 1 3 6 .  8 1 7 9  1 1 9 6 4 1 ,  PHYS. LETTERS 2 8 8 ,  6 7  1 1 9 6 0 1 .  ANNUAL REV. OF NUCLEAR SCIENCE 1 3 .  
2 6 1  1 1 9 6 3 ) .  NUCLEAR INSTRUVENTS 4NC METHODS 22. 1 6 5  1 1 9 6 3 1 .  R E V I E h  OF S C I E N T I F I C  INSTRUMENTS 3 5 1  1 5 2 3  1 1 9 6 4 1 .  PHYS. 
REV. LETTERS 18,  0 9  1 1 9 6 7 1 ,  PHYS. REV. LETTERS 9. 1 3 3  1 1 9 6 2 1 s  PHYS. REV. 154.  1 2 8 4  1 1 9 6 7 1 ,  PHYS. REV. 1 6 1 .  1 3 8 1  l l P b 7 I v  
NUOVO ClMENTO 55.  6 6  1 1 9 6 8 1 1  PHYS. LETTERS 2 2 .  5 2 8  1 1 9 6 6 1 .  PHYS. REV. 1 3 4 .  8 4 5 4  1 1 9 6 4 1 1  NUC. PHYS. 87 .  3 7  1196.81. 
PHYS. REV. LETTERS 2 1 ,  3 8 9  1 1 9 6 8 1 .  PHYS. REV. LETTERS 22. 1 0 2  1 1 9 6 9 1 q  AND VIENNA CONFERENCE 3 1 6  I I P b B I .  

A R T I C L E  READ BY OOETTE BENAPY I h  6 / 6 9 ,  AN0 V E R I F I E D  BY LEROY PRICE. 

BEAM I S  PROTON Ch PROTON AT 21.1 GEVIC. 

T H I S  EXPERIWENT USES COUNTERS. 

KEY WORDS . CROSS SECTION O I F F E R E N T I P L  CROSS S E c T l O h  F I T S  

COMPOUNO KEY UOROS - F I T S  D I F F E R E N T I A L  CROSS SECTION 

LABORATORY PEAM MOMENTUP = 21.1 G E V l C  +- 2 l P E R  CENTI .  

REACTION MICRO-BARNS 1 1 1  
PROTCh PRCTON - 

CEUTERON P I +  . 0 1 5 1  +- . 0 0 1 5  
CEUTERON RH017C51+ .O159 .On24 

I 1 1  PLUS POSSIBLE SVSTEVATIC ERROR OF + 1 2  PER CENT. 

O I F F E R E N T I A L  CROSS SECTION FCR PROTON PROTON . OEUTEROh PI* .  I T A B L E  1 1  

LABORATORY BEAM MOMENTUP = 21.1 GEVIC r- 2 l P E R  CENTI .  

THETA 
RADIANS 

C-SIGWbI0-0VEGb 
UBISG Ill 

PER CENT 
. 0 7 7 3  t- 1 5  
.02B2 1 5  

THETA I S  THE ANGLE THAT THE DEUTERON VAKES WITH THE eEeM I N  THE LAB. 

Ill PLUS POSSIBLE SYSTEPATIC ERROR OF +- 1 2  PER CENT. 

D I F F E R E N T I A L  CROSS SECTION FOR PROTON PRCTON DEUTERON R H 0 1 7 6 5 l + .  

LABORATORY BEAM MOPENTUP = 21.1 G E V l C  *- 2 l P E R  CENTI .  

THETA 
RADIANS 

O-SIGMAID-OMEGA 
U~ISR 1 1 1  

PER CENT 
.0778 *- 1 5  
. 0 2 5 5  1 5  
.0118 1 5  
.no43 1 5  
.OOC8 2 0  
.OCC4 2C 

THETA I S  THE ANGLE THAT THE OEUTERON MAKES H l l H  THE BEbW I N  THE LAB. 

I 1 1  PLUS POSSIBLE SYSTEVATIC ERROR OF r- 1 2  PER CENT. 

O l F F E R E N T l b L  CROSS SECTION FOR PROTOh PROTON - DEUTERON P I + .  I T A B L E  1 1  

LABORATORY BEAM MOVEhTUM = 19.2 GEVIC +- 2 l P E R  CENTI .  

THETA 0-SICMAIO-OMEGA 
RADIANS UEISR Ill 

PER CEhT 
.04 . 0 0 q 8  +- 1 5  

THETA I S  THE ANGLE THAT 1HE OEUTERON MAKES U I T h  THE BEAM I N  THE LAB. 

I 1  1 PLUS POSSIBLE SYSTEPATIC ERROR OF +- 1 2  PER CENT. 



D I F F E R E N T I A L  CROSS S E C T I O N  FOR PROTOh PROTCN - CEUTEROh R H 0 1 1 6 5 1 + .  I T A B L E  1 1  

LABORATORY BEAP YOYEhTUr  = 1 9 . 2  G E V I C  +- 2 l P E E  C E N T I .  

THETA C-SIGMAID-OMEGA 
R A D I A N S  U B I S R  Ill 

PER CENT 
- 0 4  .OD49 +- 1 5  

THETA I S  T H E  ANGLE T F A T  T b L  DEUTERON MAKES W l T H  THE BEAY I N  THE LAB. 

1 1 1  PLUS P O S S I B L E  S Y S T E Y A T I C  ERROR OF +- 1 2  PER CEhT. 

D I F F E R E N T I A L  CROSS S E C T l O h  CCR PROTOh PROTON - OEUTEPON P I + .  ( T A B L E  1 1  

LABORATORY 8EAY MOMENTUM = 19 .4  G E V I C  +- 2 l P E R  C E N T I .  

THETA O-S IGMLIC-OYEGA 
R A C I A N S  U B I S P  Ill 

PER CENT 
. 0 2 5  - 0 2  +- 3C 

THETA I S  THE ANGLE THAT THE DEUTERON MAKES W l T H  THE BEAM I N  THE LAB.  

I 1 1  PLUS P O S S I B L E  S Y S T E Y A T I C  ERROR OF +- 1 2  PER CENT. 

m S C A T T E R I N G  OF ZOC MEV NEUTRONS BY PRCTONS. I J E T P  1 6  2 4  1 1 9 b 3 l I  

~ I . M . K A Z A R ~ N O V V Y U . ~ . S I Y O ~ O V  I J O l h T  I N S T .  FOP NUCL. RESEARCH. DUBNA. U S S R 1  

ABSTRACT THE T O T A L  AN0 THE O I F F E R E N T l A L  CROSS S E C T I O N S  FOR THE SCATTERING CF 2 0 0  WEV I E F F E C T I V E  ENERGY)  NEUTRONS BY 
PROTONS k E R E  MEASURED. THE TOTAL CROSS S E C T I O N  I S  142 .7  +- 0.91 X l o * * - 2 7  CP-SOUAREO. THE F U N C T I O N  S I G M A I T H E T L I  I S  
A P P R E C l A B L Y  ASYMMETRIC W I T V  RESPECT TO THE ANGLE THETA = 9 0  OEG. THE PION-NUCLEON I N T E R A C T I D N  CONSTANTl  D E T E R M I N E 0  
FROM THE ANGULAR O I S T R I B U T I O N S  OF T H E  SCATTERED P A R T I C L E S ,  I S  F-SQUARE0 = 0.00 +- 0.02. 

C I T A T I O N S  
JETP 3 7  1 5 8 7  ( 1 9 5 9 1 ,  JETP 1 0  1 1 2 5  1 1 9 5 9 1 1  PHYS. REV. 1 1 6 .  2 2 6  ( 1 9 5 9 1 ,  JETP 3 8  6 6 0  1 1 9 6 0 1 .  J E T P  11 4 7 4  1 1 9 6 0 1 .  J E T P  3 9  
9 4 9  ( 1 9 6 0 1 ,  JETP 1 2  6 5 1  1 1 9 6 1 1 ,  J E T P  4 1  1 9 1  1 1 9 6 1 1 .  JETP 1 4  1 4 3  1 1 9 6 2 1 ,  PHYS. REV. 7 2 .  1 0 0 8  ( 1 9 4 8 1 .  REV. MOD+ PHYS. 3 0  
3 6 8  1 1 9 5 0 1 ,  JETP 3 4  5 3  ( 1 9 5 8 1 .  JETP 1 3 1  1 1 9 5 8 1 .  P h l S .  REV. 0 0 ,  1 5  1 1 9 5 2 1 s  AN0 J I N R  0 - 5 1 3  1 1 9 6 0 1 .  

L R T I C L E  READ BY OOETTE BENARY l h  1 1 6 5 r  A N 0  V E R l F l E C  BY LEROY P R I C E .  

B E A Y  I S  NEUTRON ON HYCROGEN COPPOUNO AT - 6 5 4  GEVIC.  I B E A M  K I N E T I C  ENERGY = . 2 0 5  G E V I  

T H l S  EXPERIMENT USES COLNTERS. 

K E Y  WCROS - CROSS S E C T I C N  D I F F E R E N T I A L  CROSS S E C T I O N  

[ P A G E  2 4 1  

LABORATORY BEAM ENERGY = . 2  GEV I M E A k  V A L U E I .  

R E A C T l O h  
NEUTRON PROTON r 

TOTAL 
E L A S T I C  

M I L L I - B A R N S  

1 1 1  AT T H l S  ENERGY, T H l S  I S  THE O N L Y  CHANNEL OPEh.. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FOR NEUTRON PROTON. I F I G U R E  2 1  

LABORLTORY BEAM ENERGY = .2 GEV I P E A h  V A L U E I .  

................................... . T H l S  DATA WAS READ FROY A  GRLPH . ................................... 
T h E T b  

DEGREES 
7 .  
10. 
2 0 .  
3 0 .  

C-SIGMAIO-OMEGA 
WBISR 

5.5 +- 2.5 
8.3 - 7  
4.7 .7 
4.2 - 5  

THETA I S  THE ANGLE THAT THE NEUTRON YAKES W l T H  T H E  BEAM I N  THE GRAND C.M. 



P O L A R I Z A T I O N  PARAMETER I N  P-P SCATTERING F R O *  3 2 8  T C  7 3 6  NEV. I P H Y S .  REV. 1 4 8 ,  1 2 8 5  1 1 9 6 6 1 1  

~ F . 8 E T ~ . J . ~ ~ E N s . o . c ~ A M 8 E R ~ b 1 N ~ n . C C s T . P . G R A h h l s . ~ . H A h s R o u L . L . m L L o H A v ,  C . S C + U L T Z ~ G . S H b P l R O  [U.C. LAWRENCE RAG. LAB.. SERKELEY.  
CAL IF . ,  U S A 1  

ABSTRACT THE P O L A R I Z A T I O N  PARAMETER I N  E L A S T I C  PROTON-PROTON S C A T T E R I N G  HAS B E E N  MEASURED U S I N G  A k  UNPOLAPIZED PROTON 
BEAU AND A  P O L A R I Z E D  PROTON TARGET. MEASUREUENTS HELE TAKEN A T  LABORATORY K I N E T I C  ENERGIES OF 3 2 8 9  6 1 4 1  6 7 9 1  AND 7 3 6  
MEV I N  THE ANGULAR R E G I C h S  FRCM 3 3  TO 1 1 0  CEGREES CENTER-OF-MASS. THE R E S U L T S  I N D I C A T E  THAT THE PAXlMUY P C L A R l Z A T l O h  
AT A  G I V E N  ENERGY I N C R F A S E S  I N  THE R E G I C h  FROM 3 2 8  T O  6 1 9  MEV. AT 3 2 8  MEV T H E  RESULTS ARF I N  GOO0 AGREEMENT U l T H  
THOSE OF A  P R E V I C U S  EXPERTPENT AT 3 1 5  MEV PERFORMED BY THE 0 0 U 8 L E - S C A T T E R I N G  TECHNIQUE.  

C I T A T I O N S  
ANNUAL REV. OF NUCLEAR SCIENCE 1 0 ,  2 9 1  1 1 9 6 0 1 .  PHYS. LETTERS 3, 2 6 5  1 1 9 6 3 1 .  PHYS. REV. 1 3 8 s  R 2 9 1  ( 1 9 6 5 ) .  BULL. AM. 
PHYS. SOC. 9 ,  7 2 4  1 1 9 6 4 1 .  ANNUAL REV. OF NUCLEAR S C I E N C E  6 ,  4 4 3  1 1 9 5 6 1 ,  PHYS.  REV. 1 4 8 ,  1 2 9 7  l l 9 b b l +  PHYS. LETTERS 2 .  
3 1 0  ( 1 9 6 2 1 .  PHYS. L E T T E R S  7 ,  2 9 3  ( 1 9 6 3 1 ,  UCRL 1 1 1 4 9 ,  PRCG. NUCL. TECH. I N S T R .  I 1 1 3  1 1 9 6 4 1 .  KYOTO U N I V E P S I T Y  R I F P - 3 0  
1 1 9 6 3 1 .  UCRL 1 1 5 6 5 .  AN0 PHIS .  REV. 1 0 5 .  2 8 8  ( 1 9 5 7 1 .  

A R T I C L E  REAC B Y  ODETTE BENARY l h  4 / 6 1 ,  AND V E R L F I E O  0 1  LERCY P R I C E .  

BEAM I S  PROTON ON HYDROGEN COMPOUND FRCY - 8 5 0  T C  1 .386  GEV/C. TARGET I S  P O L A R I Z E D  4 0  PER CENT INORMAL TO THE BEAW 
D I R E C T I O N l .  

T H I S  EXPERIMENT USES COLNTERS. 

K E Y  WORDS - P O L A R I Z A T I O N  

E L A S T I C  P O L A R I Z A T I O N  FOR PROTON PROTCh. I T A B L E  2 1  

LABORATORY BEAP ENERGY = . b 1 4  +- .OC5 GEV. 

T b E T A  
DEGREES 

5 8 . 0  t- 2.0 

THETA I S  THE ANGLE THAT THE PROTOL P I K E S  U l T H  THE eEAU I N  THE GRAND C.N. 
THE P O L b R I Z A T l O N  I S  OF THF PROTON ALONG T H E  NORMAL TO THE P R f l O U C T l C N  PLANE I N  THE GRAND C.*. 

1 1 1  PLUS P O S S I B L E  S V S T E P b l l C  ERROR O F  +- 1 9  PER CENT. 

E L A S T I C  P O L A R I Z A T I O N  FOR PROTCh PRCTCL. l T A 8 L E  3 1  

LhBORATORY B t A P  EhERCY = . 6 7 9  +- . a 0 7  GEV. 

THETA 
DEGREES 

38.8 +- 1.0 
41.9 1.0 

P O L A R I Z A T I O N  I 1 1  

- 5 1 0  +- . 0 2 8  
. 5 1 8  . @ I 9  

THETA I S  THE ANGLE THAT THE PROTON MAKES H l T h  THE SEAM I N  THE GRAND C.n. 
THE P O L A R I Z A T I O N  I S  OF THE PROTON ALONG T H E  NORMAL TO THE PRODUCTION P L A N E  I N  THE GRANC C.U. 

I ll P L U S  P O S S I B L E  S Y S T E M A T I C  ERROR OF + 6.5 - 5.8 PER CENT. 

E L A S T I C  P O L A R I Z A T I C N  FCR P l O T O h  PROTCh. I T A B L E  4 1  

LABORATORY BEAM ENERGY = - 7 3 6  +- .CC5 GEv .  

THETA P O L A R l Z A T I O N  I 1 1  
DEGREES 

T H E T A  I S  THE ANGLE THAT THE PROTON MAKES U I T H  THE SEAY I N  THE GRAND C.M. 
T H E  P O L P R I L A T I O N  I S  CF THE PROTON ALONG T H F  NORMAL TO THE PRODUCTION PLANE I N  THE GRAND C.M. 

Ill PLUS P O S S I B L E  S Y S T E l A T I C  ERROR OF + 6.5 - 5.8 PER CENT. 



E L A S T I C  P O L A R I l A T L C N  FOR PROTCh PROTON. I T A B L E  1 1  

LABORATORY BEAY ENERGY : . 3 2 8  t- .006 GEV. 

THETA P C L b E l l A T l O N  Ill 
DEGREES 

4 9 . 1  t- 1.0 - 3 8 9  +- . 0 4 5  
52.2 1.0 . 3 4 9  . 0 3 1  
55.3 1.0 . 3 2 4  .C25 
58.4 1.0 . 3 1 7  .022  

THETA I S  THE ANGLE T b A T  THE PROTON MAKES W l T H  THE BEAM I N  THE GRAND C.W. 
T H E  P O L A R l L A T l O N  I S  OF T H E  PROTCN ALOhG THE NORMAL TO THE PROOUCTION P L A N E  I N  TPE GPAND C.H. 

Ill P L U S  P O S S I B L E  S Y S T E P A T I C  ERROR OF + 6.5 - 5.8 PER CENT. 

T O T A L  CROSS SECTICNS OF PROTOhS W l T H  PCMEkTUM BETWEEN 1 0  ANC 2 8  G E V I C .  IPHYS.  REV. L E T T E R S  5 1  5 7 6  I 1 9 6 0 1 1  

~ A . b S H M o R E . G . c o c c o N I i A . N . O I O D E h s ~ A . M n w E T H E R E L L  ,EUROPEAN OR,. FOR NUC. RE,, GENEVA, SN,TZERLANOI 

C I T A T I O N S  
H E L V E T I C A  P H Y S I C A  
1 1 9 6 0 1 .  AND PHYS. 

ACTA 
REV. 

3 3  5 4 +  ( 1 9 6 0 1 ,  
L E T T E R S  3 ,  5 b 8  

REVIEW OF 
1 1 9 5 9 1 .  

S C I E N T I F  INSTRUMENTS PHYS. REV. LETTERS 5, 3 3 3  

A R T I C L E  READ B Y  OOETTE BENARY I N  4 / 6 7 ,  AND V E R I F I E C  BY LEROY P R I C E .  

B E A P  NO. 1  I S  PROTON ON bYDROGEN COMPOUND FROM 9.9 TO 28.4 GEVIC.  
NO. 2  I S  PROTON ON CEUTERIUM CGMPOUND FRCM 9.9 TO 24.2 GEVIC.  

T H I S  E X P E R I P E N T  USES CCUNTEPS. 

GENERAL COMMENTS ON T H I S  A R T I C L E  
1 FOR THE P-N MEASUREMENTS H Z 0  AND O2C TARGETS MERE USEO. 

K E Y  WORDS - CROSS S E C T I O N  

PROTOh PROTON TOTAL CROSS S E C T I C N .  I F I G U P E  2 1  

LABORATORY 
e E e w  POMENTUM 

G E V I C  M I L L I - R A R h S  
PER CENT 

PROTON NEUTRON TOTAL CRESS SECTION.  I F I G U R E  2 1  

I P-N CROSS S E C T I O N  h A S  MEASURED U S I N G  0 2 0  AND H Z 0  TARGETS. GLAUBER C O R R E C T l C h  NGT A P P L I E D .  I 

LABORATORY 
B E A P  PCPENTUM 

G E V I C  M I L L I - B A R L S  
PER CENT 

9.5 +- 2.5 3 t . 0  *- 2.5 
15 .8  2.5 36.2 2.0 
24.2 2.5 35.5 2 .0  



( 2 6 P R O O U C T l O N  OF K MESONS I N  THREE-BOOY STATES I N  PROTON-PROTCN I N T E R A C T l O N S  4 1  6  B E V I C .  IPHYS.  PEV. 1 6 5 ,  1 4 6 6  1 1 9 6 0 1 1  

u ~ ~ ~ ~ ~ ~ ~ h ~ ~ ~ . ~ . ~ . ~ l h ~ t ~ ~ ~ . ~ . ~ ~ ~ l h . ~ . ~ d h ~ ~ ~ ~ ~ ~ h , ~ . S C t . U L T Z  1U.C. LAHPENCE RAG. LAB., BERKELEY. CAL IF . .  USA1 
F . P A R T l h ,  M.L.PERL.T.H.TAN I S T A h F C R O  L I N E A R  bCCEL. CNTR.. STANFORC.CALlF.,  U S A 1  

ABSTRACT A N A L Y S I S  OF 9 1 0 0  EVENTS. C O N T A I N I N G  AT LEAST ONE OBSERVED NEUTRAL OR CHARGE0 OECAY. PRODUCE0 BY h - R E V l C  
PROTONS I N  THE L R L  7 2 - I N .  L IQUIO-HYDROGEN BUBBLE CHAMBER HAS Y I E L D E D  1 7 4 6  FXAMPLES OF THE R E A C T I O N  PROTON-PROTON 
-HYPERCN K-MESON NUCLEON. PRODUCTIOh CROSS SECTIONS FOR THESE THREE-BODY REACTIONS ARE AS FOLLOWS -- LAYBCA K r  P  = 
5 4 1 - 5  + 3 1  MICROBARNS: S ~ G M ~ - o  I+ P = 1 7 1 - 2  ++I M I C R O B A R N S :  SIGMA+ K O  P = 2 6  +- 4  MICROAARNS; s l t n a +  K +  N = 5 1  +- 7 
MICROBARNS. STRONG N *  P R C O U C T I O h  I S  OBSERVED I N  A L L  CHANNELS. I h  P I R T I C U L A R .  ONE CR MORE T  = 1 1 2  RFSONAYT S T b T E S  W l T H  
YASS NEAR 1 7 0 0  MEVIC-SQLLRED,  CECAYlNC INTO LAMBDA K t ,  AND 4  T  = 3 1 2  RESONANCE W I T H  L A S S  1 9 2 0  MEVIC-SOUbREO, CECAYING 
I N T O  S IGMA+ K* .  ARE PROCUCEO. I h  A L L  CASES THE DATA ARE CONSISTENT W l T H  A  PRnOUCTION PPOCESS OOHINPTEO B Y  A  
S INGLE-P ION-EXCHdNGE M E C P A h I S P .  NO EVIOENCF I S  FCbNO FOR A  O I B A R Y C h  STATE I N  E I T H E P  TVF LAMBOA-PROTCN OR 
SIGMA-NUCLEON SYSTEM. 

l T I O h S  
PHYS. REV. 1 3 1 .  2 2 3 9  ( 1 9 6 3 1 ,  PPYS. REV. LETTERS 1 3 ,  2 0 2  1 1 9 6 4 1 s  PHYS. REV. L E T T E R S  1 2 ,  6 2 5  1 1 9 6 4 1 ,  BULL .  AM. PHYS. SCC. 
1 0 ,  5 2 9  1 1 9 6 5 1 .  PHYS. L E T T E R S  2 1 ,  5 8 7  1 1 9 6 6 1 ,  PHYS. L E T T E R S  2 1 1  2 3 6  1 1 9 6 6 1 ,  U N I V .  O F  HARYLANC 4 6 9  1 1 9 6 5 1 ,  PHYS. REV. 
LETTERS 1 4 .  6 0 4  1 1 9 6 5 1 ,  PCYS. L E T T E R S  11 .  1 6 4  1 1 9 6 4 1 .  B U L L .  AM. PHYS. SOC. 1 2 ,  5 1 7  ( 1 9 6 5 1 .  PHYS. REV. LETTERS 1 5 .  2 0 1  
1 1 9 6 5 1 ,  UCRL 8 3 4 6 1  L R L  INTEROEPARTPEhTAL REPORT E E T - 1 0 1 1 ,  PHYS. REV. 1 4 7 s  9 2 2  ( 1 9 6 6 1 ,  REV. MOO. PHYS. 39 ,  1  1 1 9 6 7 1 .  
PHYS. REV. 1 3 9 0 .  1 3 4 8  1 1 5 6 5 1 ,  PHYS. REV. LETTERS LO, 1 9 2  1 1 9 6 3 1 ,  PHYS. REV. 1 4 8 s  1 4 4 4  1 1 9 6 6 1 .  NUC. PhYS.  0 3 ,  1 0  1 1 9 6 l L ,  
P H I S .  REV. 1 1 3 1  1 6 4 0  1 1 9 5 9 1 .  PHYS. REV. 1 2 0 ,  9 8 8  1 1 9 6 0 1 ,  PHYS. REV. 1 2 1 s  1 5 4 1  1 1 9 6 1 1 ,  PHYS. REV. 1 2 5 ,  1 0 4 8  1 1 9 6 2 1 .  
NUOVO CIMENTO 3 3 ,  SO6 1 1 9 6 4 1 ,  PVYS. REV. 1 3 9 ,  8 4 2 8  1 1 9 6 5 1 ,  PHYS. REV. L E T T E R S  19 ,  1 0 7 9  1 1 9 6 7 1 ,  PHYS. REV. L E T T E P S  9, 
1 3 5  1 1 9 b 2 l r  PHYS. REV. L E T T E R S  7 ,  1 8 8  I l 9 6 1 1 v  PHYS. L E T T E R S  1 6 ,  8 3  1 1 9 6 5 1 s  PHYS. REV. 1 3 9 8 .  1 4 1 1  1 1 9 6 5 1 9  NUOVO 
C l M E N T O  4 3 1 .  1 4 2  l 1 9 6 6 i p  NUOVO CIMENTC 45A.  8 8 5  1 1 9 6 6 1 ,  PHYS. REV. 1 3 9 .  0 1 0 9 7  1 1 9 6 5 1 ,  CERN T C L l 6 6 - 2 0 .  PHYS. REV. 
L E T T E R S  8 .  3 3 2  1 1 9 6 2 1 .  PHYS. REV. 1 3 3 .  0 4 5 7  I 1 9 6 4 L .  UCRL 1 0 8 3 8 1  PHYS. REV. 1 0 8 ,  1 3 5 3  1 1 9 5 1 1 s  A N 0  PHYS.  REV. 1 6 3 .  1 4 3 0  
( 1 9 6 1 1 .  

A R T I C L E  READ BY O C t T T E  BENdRY I h  1 / 6 9 ,  AN0 V E R I F I E C  BY LEROY P R I C E .  

B E b *  I S  PROTON Oh PRCTON AT 6  6 E V I C .  

T H I S  EXPERIMENT USES T k E  L.R.L. 1 2  I h .  I H 1  BUBBLE CHAMBER. A  TOTAL OF 500CCO P I C T U R E S  ARE REPORTEO ON. 

GENERAL COMMENTS ON T H I S  d R T I C L E  
1 CONSIDERABLE NUCLEON ISOBAR PROOUCTION I N * 1 1 9 2 0 1  AND N t l l 6 8 B I l  OBSERVED I N  THE K+ SIGMA+ . AN0 K +  LdMECA E F F E C T I V E  

MASS O I S T R I B U T I O N S .  

K E Y  WOROS . CROSS S E C T I O N  l N G U L A R  D I S T R I B U T I O N  O A L I T Z  PLOT MASS SPECTRUM YODELS 

LABCRbTORY CEAW MOMENTUP = 6.C5 +- .06 GEVlC .  

R E A C T I O N  
PROTOh PRCTON - 

LAMBDA PROTON K +  

S IGMA0 PROTON I+ 

SIGMA*  PROTON KO 
S IGMA+ K t  NEUTRON 

MICRO-BARNS 

54. 3. 
- 5. 

11. 4 .  
- 2. 

26 .  4 . 1 1 1  
57. 7 .  

Ill BASEC ON EVENTS WHERE THE KO OECAY I S  SEEN.. 

m N p  E L A S T l C  CHARGE EXCHANGE I N  THE BEV ENERGY R E G I O N -  [PHYS.  REV. L E T T E R S  9. 5 0 9  1 1 ~ 6 2 1 1  

H ~ P A L E V S K Y ~ J ~ A ~ ~ O C R E ~ R ~ L . S T E d R N S ~ H ~ R . Y E U T H E R P . J . S U T T E R R . E . C H R l E N A . P . J A I N  K.OTNES IBRCOKHAVEN N b T .  LAB.. UPTON, L.I., N. 
Y., U S d l  

CLOSELY R E L A T E D  REFERENCES 
PART OF T H I S  A R T I C L E  SUPERSEDEC BY PHYS. REV. L E T T E R S  1 5 ,  3 8  1 1 9 6 5 1 .  

4 C C I T l C h A L  C I T A T I C N S  
NUOVO CIMENTO 1 8 ,  1 0 3 9  1 1 9 6 0 1 ,  PHYS. REV. 9 5 1  1 0 2 6  1 1 9 5 4 1 .  PHYS. REV. 1 1 1 ,  1 3 8  1 1 9 5 8 1 ~  PHYS. REV. L E T T E R S  6 ,  4 8 4  1 1 9 6 l l ,  
PHYS. REV. 1 2 1 ,  1 8 3 6  1 1 9 6 2 1 .  REV. MOO. PHYS. 333 4 5 8  1 1 9 6 1 1 ~  REV. MOO. PHYS. 2 0 .  2 1 4  1 1 9 5 6 1 ,  AND F O R T S C H P I T T E  OER 
P H Y S l K  9 .  5 4 9  1 1 9 6 1 1 .  

A R T I C L E  REAC BY OOETTE BENARY I N  1 / 6 9 .  AN0 V E R I F I E D  BY LEROY P R I C E .  

BEAX I S  NEUTRON ON PROTOh F R C *  2 .828  TO 3 . 6 7 2  GEVIC.  I B E A Y  K I N E T I C  ENERGY = 2 .0 *  TO 2.85 G E V I  

T H I S  EXPERIWENT USES COUNTERS. 

KEY WOROS - CROSS S E C T I O N  O I F F E R E k T I A L  CPOSS S E C T I O N  

NEUTRCN PROTON E L A S T I C  CROSS SECTION.  I P A G E  5 1 1 1  

DATA I S  I N T E G R A T E D  OVER C O S I T H E T A I  FROM -1. TO 0.. THETA I S  THE ANGLE THAT THE NEUTRON MAKES W l T H  T H E  BEbM I N  THE 
GRAND C.Y. 

r T H I s  D A T A  SHOULD NOT B E  USEC - M C R E  RECENT VALUES nnr BE FOUNO IN FRIEDES. E T  AL.. w s .  REV. LETTERS i s ,  3 8  1 1 9 6 5 1 1  

LABORATORY 
BEAM ENERGY 

GEV M I L L I - B A R N S  
2 . 0 4  . 6 5  +- .15  

NEUTRON PROTON E L A S T I C  CROSS SECTION.  I P A G E  5 1 1 1  

DATA 1 5  I N T E G R A T E D  OVER C O S l T H E T A l  FROM -1. TO 0.. THETA I S  THE ANGLE THAT T H E  NEUTRON MAKES W I T H  THE B E b Y  I N  THE 
GRAND C.M. 

LABORATORY 
BEAN ENERGY 

GEV M I L L I - B d R h S  
2 - 8 5  . 4 3  +- . I 6  



PROTON-PROTON I N T E R A C T I O N S  AT 8 1 0  MEV. [ P H I S .  REV. 1 0 3 ,  1 4 7 2  I 1 9 5 6 1 1  

~ T . W . M O R R I S ~ E . C . F C W L E R R J . O . G A R R I S C h  1  YALE UNIV..  NEN HAVEN. CCNh.. U S A 1  

ABSTRACT 2 4 4  EXPMPLES OF PRCTON-PROTON SCATTERING HAVE REEN OASERVEC BY CSIh 'G  THE HYDROGEh-F ILLLO OIFFUSILIL CLCUD 
CHAMBER OF THE RROOKH4VEN CLOUC CHAMBER GROUP. THE MEAN ENERGY OF THE l N C l O E N T  PROTONS WAS MEASUREC T ?  A L  8 1 0  +- 1 0 0  
MEV. T H E  R E A C T I O N S  O B S t P V E C  WERE I l l  PP - PP, 1 2 6  EXAMPLES,  I 2 1  PO - P h  P I + ,  8 4  EXAMPLES, 1 3 1  PP * D P I + ,  1  EXAMPLE, 
AND 1 6 1  PP - PP PLO, 5  EXAPPLES,  W l T h  2 8  EXAMPLES WHICH C A h  B E  E I T H E R  R E A C T l O h  1 2 1  n P  141 .  THE TOTAL PPCTCN PPOTCW 
CROSS S E C T I O N  WAS DETEPYINED TO RE 4 5  +- b MA. THE R A T l C  P  OF THE CROSS S E C T I O N  FOR P i +  PRODUCTION TO THAT FOF P I C  
PRCOUCTION I S  1 7  +- 8 .  A h  F L A S T f C  O I F F E P E N T I A L  D l S T R l B U T I D N  STRONGLY P E A K F C  I N  THE FCRHAQD D I C F C T l O N  WAS CRTAINEC.  
ANGLE AND MOMENTUM O I S T R I B U T I G N S  CF P P R T I C L E S  ANC ANGULAR CORRFLATIONS AETUEEN P A I P S  OF P A R T I C L E S  FROY REACTIOM I 2 1  
ARE PRESENTEO. NO 1NTERbCTIONS L E A D I N G  TO THE PROOUCTlON OF MORE T H A h  O h E  PESOh OR OF HEAVY UNSTABLE P A E T l C L F F  WERE 
I O E N T I F I E O .  

C I T P T I O N S  ~ - 

REV. MOD. PHYS. 2 2 ,  7 7  1 1 9 5 0 1 .  PRCC. PHYS. MATH. SOC. JAPAN I 7  4 8  1 1 9 3 5 1 ,  PHYS. REV. 9 8 ,  1 5 1 3  1 1 9 9 5 1 ,  PHYS. PFV. 9 8 ,  
8 4 0  1 1 9 5 5 1 .  PHYS. REV. 9 7 1  5 8 3  1 1 9 5 5 1 r  PHYS. REV. 9 5 1  1 6 9 4  1 1 9 5 4 1 .  PHYS. PFV. 9 3 1  1 4 3 0  1 1 9 5 4 1 ,  NATURE 1 7 3  9 4 0  1 1 9 5 4 1 ,  
PHYS. REV. 9 3 7  9 2 7  ( 1 9 5 3 1 1  PHYS. REV. 8 3 1  9 2 9  1 1 9 5 1 1 .  PHYS. REV. 01 ,  5 9 3  1 1 9 5 1 1 ,  PHYS, REV. 9 0 ,  9 9 6  1 1 9 5 3 1 ,  PVYS. 
REV. 9 5 ,  1 0 2 6  1 1 9 5 4 1 ,  PHYS. REV. 9 5 ,  6 6 3  1 1 9 5 4 1 ,  PHYS. REV. 1 0 3 ,  2 1 2  1 1 9 5 6 1 ,  PHYS. REV. 9 7 ,  7 9 1  1 1 9 5 5 1 ,  PVYS. RFV. 9 1  
1 2 8 1  1 1 9 2 3 1 ~  PHYS. REV. 9 3 .  8 6 1  1 1 9 5 4 1 .  PHYS. REV. 9 8 1  1 2 1  1 1 9 5 5 1 1  PHYS. REV. 9 7 ,  1 1 8 0  1 1 9 5 5 1 ,  "ROC. OF THF ROYAL 
S O C I E T Y  OF LONDON A 2 3 0 9  2 1 5  1 1 9 5 5 1 1  PROC. OF THE ROYAL SOCIETY OF LONDOh A 2 3 0 1  2 2 2  1 1 9 5 5 1 .  P H l l O S O P H l C A L  V A G A Z l h E  $ 6  
8 7 1  1 1 9 5 5 1 ,  P H Y S -  REV. 1 0 0 ,  9 6 2  1 1 9 5 5 1 ,  AN0 ROCHESTER CCNFERENCE 4 3  1 1 9 5 5 1 .  

A R T I C L E  REAO BY OCETTE EENPKY I h  3 / 6 7 ,  AND V E R I F l E C  BY LEROY PRICE.  

eEAM I S  PROTON Oh PRCTCN AT 1.48 G E V I C .  

THIS EXPERIMENT U S E S  A c i o u o  C H A M B E R .  A T C T A L  OF  1 7 5 0 0  PICTURES A R E  R E P O R T E C  ON. 

K E Y  WCRDS - CROSS S E C T I C N  C I F F E R E N T I A L  CROSS S E C T I O N  

PROTON PROTON T C T A L  CRCSS SECTICN. [PAGE 1 4 7 5 1  

LABORATORY 
BEAM ENERGY 

GEV 
.BL +- . I d  

M I L L I - B A R N S  NO. EVENTS 
4 5 .  +- 6. 8 5 6  

 NUCLEON ANC NUCLEAR CRESS S E C T l O h S  FCR P O S I T l V E  P I O N S  AND PROT!3NS A80.E 1.4 B E V I C .  [PHYS. REV. 1 2 5 .  7.1 1 1 ~ 6 2 1 1  

U.J.LCNGO.B.J.MCYEL [U.C. L I N R E h C E  RAC-  LAB., B E R K E L E Y *  CALIF . .  U S A 1  

ABSTRACT T O T A L  ( P I +  P I  AND 1 P P l  CROSS SECTIONS I N  THE MCPENTUH RANGE 1.4 T C  4.0 G E V l C  ARE PRESENTED. THESE MEASUPEMENTS, 
W I T H  AN ACCURACY OF APPROXIMATELY 2  PER CENT. WeRE MADE AT THE BERKELEY BEVATRON BY USING COUNTER TECHNIOUFS.  P I O N S  
WERF O l S T I N G U l S H E O  FROM PPCTONS BY WEANS OF A  G A S - F I L L E C  CEPENKOV COUNTER. TVE ! P I +  P I  TOTAL CPOSS S E C T I O N  UAS FOUND 
TO BE ALMOST CONSTANT ABOVE 2.0 B E V l C  AT A  VALUE NEAR 2 9  ME. THE I P P I  CROSS S F C T I O N  CECREASES GRACUALLY FROM 4 7 . 5  H 8  
TO 41 .7  MB OVER T H E  MOMENTUM R A h G E  COVERED. T R A N S H I S S I O N  MEASUREMFNTS OF P i +  NUCLEUS AND P  NUCLEUS C R O Z I  S E C T I O k S  I N  
BOTH GOO0 PND POOR GEOMETRY HERE MACE AT 3.0 BEVIC.  T H E  RESULTS ARE COMPARED W I T H  THE P R E D I C T I O N S  OF THE O D T I C A L  MODEL. 
I N  CONTRAST TO MOST PREVIOUS WORK AT H I G H  ENERGIES,  AN E S S E N T I A L L Y  EXACT S O L U T I O N  OF THE WPVE EOUATION FOR A  
P O T E N T 1 4 L  WELL W I T H  b  O I F F L S E  EDGE WAS USED. T H E  VALUES OF T H E  l M b G f N A R Y  PART OF THE O P T I C A L  P O T E N T I A L  THAT BEST F I T  
THE E X P E R I M E N T A L  DATA ARE I h  GOOD AGREEMENT W I T H  THE P R E D I C T E D  VALUES. NC STRCNG C n N T l l l < l n N  P F C A R O I N C  THF R F A l  .APT 

OF THE P O T E N T I A L  WAS POSSIBLE.  A B S O R P T l C N  AND T O T A L ~ E L A S T I C  S C A T T E R ~ N G  C ~ O S S  ~ E C T ~ ~ N ~ ~ ~ ~ ~ ~ B E , ~ ~ .  i i ; - b N ~ ~ ~ ~ u ' a ( l € '  
PRESENTED.  THE T O T A L  E L A S T I C  S C A T T E R I N G  CROSS SECTIONS FROM T H l S  E X P E R I M k N T  CISAGREE WITH WIKNER'S  FOR P I -  NUCLEUS 
SCATTERING.  

C L O S E L Y  R E L A T E D  REFERENCES 
T H l S  A R T I C L E  SUPERSEDES PkYS. REV. LETTERS 3. 5 6 8  1 1 9 5 9 1 .  
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8 0 3 0  1 1 9 6 1 1 .  A T O M I C  ENERGY R E I .  EST&B., HARUELL.  REPORT U 5 2 1  1 1 9 5 9 1 .  PHYS. REV. 2 ,  1 1 7  1 1 9 5 9 1 ,  PHYS. PEV. 9 9 .  8 5 7  
1 1 9 5 5 1 ,  PHYS. REV. L E T T E R S  59 3 3 3  1 1 9 6 0 1 ~  NUOVO C l M E N T O  1 9 ,  2 1 0  1 1 9 6 1 l .  PHYS. REV. LETTERS 4 1  2 4 2  1 1 9 6 0 1 .  PHYS. REV. 
1 2 0 .  1 + 5 8  ( 1 9 6 0 1 ,  PHYS. REV. 1 0 1 ,  8 9 1  1 1 9 5 6 1 .  PHYS. REV. 1 0 2 ,  1 1 5 7  1 1 9 5 6 1 .  P W S .  REV. 1 1 8 s  8 2 4  1 1 9 6 0 1 ,  NUOVO C l M E N T O  
1 0 1  4 5 2  1 1 9 5 8 1 ,  NUC. PHYS. 1 3 ,  5 4 9  1 1 9 5 9 1 ,  PHYS. REV. 1 1 8 .  5 7 9  1 1 9 6 0 1 .  UCRL 8 9 6 0  1 1 9 5 9 1 ,  ANNUAL REV. OF NUCLEAR 
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A R T I C L E  REAO 8 1  OOETTE BENARY I h  6 / 6 7 ,  AN0 V E R l F l E D  !Y LEROY P R I C E .  

BEAM NO. 1 I S  PRGTON C h  P R O T C I  FROM 1 - 4 2  TC 4.00 GEVIC.  
NO. 2  I S  P I +  ON PROTON FRCM 1 .42  TC 4.00 GEVIC.  

T H l S  E X P E R I Y E N T  USES CCUNTEPS. 

K E Y  WORDS - CROSS S E C T I O N  F I T S  HOOELS 

COMPOUNO KEY WCROS - F I T S  MODELS 
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PROTON PROTON T O T A L  CROSS SECTICN.  [ T A B L E  1 1  

LABORATORY 
e E b P  YCYENTUV 

G E V l C  M l L L I - B A R h S  
PER CFNT 

1.42 *- 2.5 4 6 . 2 0  + .SO - . 4 5  
1 .60  2.5 41.50 r 1 .02  



ABSTRACT D I F F E R E N T I P L  CRCSS SECTIONS AS A  F U N C T I J N  OF MOMENTUM APE PRESENTED FCR THE PRODUCTION OF K t  PESONS I N  PP 
C O L L I S I O N S  AT I N C l C E N T  PRCTON E h E R G I E S  OF 2 - 5 4 .  2.88. AND 3 . 0 3  GEV. THE WEASUREMENTS hERE M4DE AT 2 0  OEG., 3 0  OEG., 
AND 4 0  DEG. R E L A T I V E  TO THE D I R E C T I O N  OF THE I N T E R N I L  PROTON BEAM OF THE P R I N C E T O N - P E N N S Y L V b N l b  ACCELERPTOR. AT 2.54 
GEV. THk  RESULTS FOLLOW CLCSELY THF P R E D I C T I O N S  FROM PHASE SPACE I h I T H  6 0  PER CENT K+ S1GHU N AN0 4 0  PER CEhT K +  
LAMBOA P  I N  THE F I N A L  STbTE.1  AT 2 - 0 8  A h 0  3 .03  LEV,  HOHEVER, THERE I S  b  O E F I W l T E  D I S I G P E E M E N T  WITH PHASE SDACE. THE 
DbTA ARE COMPARED TO THE P R E D I C T I O N S  OF THREE MDOELS -- I l l  b MODEL BASED ON T b E  ASSUMPTION THAT K ' S  bRE PRODUCED V l b  
PP K *  X1, WHERE X+ I S  A  @ = 2 ,  8 = -1 RESONLNCE WHICH DECAYS I N T O  A  NUCLEON+HYPERON; I 2 1  THE ISOBAR MDCFL: AN0 1 3 1  
THE ONE-PION-EXCHbhGE MODEL. *COEL 1 1 )  I S  FOUNO TO RE I N C O N C L U S l V E s  MODEL I 2 1  I S  lNbOEOUbTEl  AF'D MODEL 1 3 1  I S  P b P T L Y  
SUCCESSFUL I N  P R E D I C T I N G  T C T A L  CROSS SECTIONS.  BUT NOT I N  I N T E R P R E T I N G  THE D E T A I L E D  EXPERIMENTAL CBSERVbTIONS.  

C I T A T l O K S  
PHYS. REV. 1 4 8 .  1 3 1 5  1 1 9 6 6 1 ,  PHYS. L E T T E R S  1 1 1  1 6 4  1 1 9 6 4 1 .  PHYS. REV. 1 0 8 ,  1 0 4 8  1 1 9 5 7 1 ~  PPYS. REV. LOBl 1 3 2 2  1 1 9 5 7 1 .  
P H I S -  REV. 1 1 2 9  6 1 4  1 1 9 5 8 1 ,  PHYS. REV. 1 2 3 1  1 4 6 5  1 1 9 6 1 1 .  I E E F  TRANS. NUCL. S C I .  1 2  2 5 1  I I P b 5 1 .  PHYS. REV. 1 2 8 .  2 3 7 3  
1 1 9 6 2 1 1  l E E E  TRANS. NUCL. SC1. I 2  2 4 9  1 1 9 6 5 1 ,  REVIEW OF S C I E N T I F I C  I M T R U M E N T S  2 5 .  1 0 7 0  1 1 9 5 4 1 .  PHYS. LETTERS 20. 3 1 0  
1 1 9 6 6 1 ~  PHYS. R t V .  L E T T E R S  1 3 ,  C b 8  1 1 9 6 4 1 .  PHYS. REV. 1 4 7 .  9 2 2  1 1 9 6 6 1 .  PHYS. REV. 1 0 5 .  1 8 7 4  1 1 9 5 7 1 .  PHYS. REV. 1 0 6 ,  
1 1 0 7  1 1 9 5 7 1 ~  PHYS. REV. L E T T E R S  5 1  2 4  1 1 9 6 0 1 .  PHYS. REV. 1 0 9 ,  1 7 2 3  1 1 9 5 8 1 .  PHYS. RFV. 2 3 ,  3 3 3  1 1 9 6 1 1 ,  BULL. AV. PHYS. 
SOC. 9 .  4 2 D  1 1 9 6 4 1 .  NUOVC C l M E N T O  3 5 .  7 3 5  1 1 9 6 5 1 ,  P H I S -  REV. 1 5 4 ,  1 2 8 4  ( 1 9 6 7 1 .  NUOVC C lMENTO 4 7 b .  3 2 2  I L 9 6 7 l ~  PHYS. 
REV. 1 3 7 .  8 9 6 2  1 1 9 6 5 1 ,  NUOVD C l M E N T O  2 4 ,  4 5 3  1 1 9 6 2 1 .  PHYS. REV. L E T T E R S  7. 3 8 7  1 1 9 6 1 1 ,  NUOVO C lMENTO 2 7 .  1 1 5 0  1 1 9 6 3 b 1  
NUOVO C lMENTO 2 1 9  1 0 2 8  1 1 9 6 1 1 ,  CERN CONFERENCE 2 7 1  1 1 9 6 2 1 ,  PHYS. REV. 1 3 3 ,  8 4 5 8  1 1 9 6 4 1 ,  PHYS. REV. 1 2 0 ,  9 8 8  1 1 9 6 0 1 ,  
b N 0  PHYS. RFV. 1 2 5 .  1 0 4 8  1 1 9 6 2 1 .  

A R T I C L E  READ BY OOETTE BENbRY I h  1 / 6 5 ,  AN0 V E R I F I E D  BY LERCY PRICE.  

8 E b C  I S  PRCTON Oh PRCTON FROM 3 .308  TO 3 . 8 2 5  GEVIC.  I B E b M  K I N E T I C  ENERGY = 2.5 TO 3.0 G E V l  

T P I S  EXPERIMENT USES COUNTERS. 

KEY WORDS . CROSS S E C T I O N  C I F F E R E h T l b L  CRCSS S E C T I O h  MODELS MASS SPECTRUM 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CROSS S E C T I O N  FOR PROTCh PRCTON K +  LAMBDA PROTON + K *  S I G V A  NUCLEON. I T A B L E  2 1  

LABORATORY 
BEAM ENERGY 

GEV MICRC-BARhS 
2 . 5 4  +- .O2 6 1 .  +- 1C. 

CROSS S E C T I O N  FOR PROTCh PRCTON - K +  LbMBOA PROTON + K +  SIGMA NUCLEON K +  SIGMA NUCLEON P I O N  t K r  LAMBDA 
NUCLEOh P ION.  I l A B L E  2 1  

LABORATORY 
BEAM ENERGY 

GEV MICRC-BbRhS 
2 .88  +- .02  1 2 3 .  +- 21 .  

CROSS S E C T I O N  FOR PROTOh PRCTON - K +  LbMBDA PROTON + K +  S IGMA NUCLEOh r K +  SIGMA NUCLEON P I O N  + K t  L b M e D b  
NUCLEON PION.  [ T A B L E  2 1  

LABORATCRY 
BEAP ENERGY 

GEV MICRC-BbRI IS  
3 .03  +- .C2 1 6 0 .  +- 2'9. 

l P b G E  1 4 7 7 1  

LABORATORY BEAM ENERGY = 2.54 r- . 02  GEV. 

R E b C T I O N  
PROTOh PROTCh - 

K +  LAMBDA PROTON 
K +  S I G W b  NUCLEON 

F R A C T I O N  
PER CENT 1 1 1  

Ill THESE F R A C T I C N S  SHOULC BE W U L T I P L I E D  BY 6 1 .  +- 10 .  TO GET CROSS S E C T I O N S  l h  MICROBARNS. 



~ s l ~ A N G E - p A R T I c L E  PXOOUCTlOk  I h  @-BEV/C PRCTCh-PRCTCN I h l E R A C T I O N S .  I P H Y S .  PEV. 1 7 2 ,  1 3 5 4  1 1 9 6 0 1 l  

M . F I R E B A U G H , G . A S C O L I I E . L . G C L C ~ A S S E R , F . C . ~ A R C J . U R A Y  I U N I V .  OF I L L L L C I S ,  URRANAt  I L L . ,  U S A 1  

ARS TPACT A  S Y S T E V A T I C  SURVEY OF STRANCE-PARTICLE F I N A L  STATES PROCUCEC B Y  8 -BEVIC PROTONS h A S  MADE I N  T t E  RNL 8 0 - 1 h .  
HYDROGEN BURBLE CHAMHER. CROSS S E C T I O N S  HERE MEASU9ED FCR SOME 3 3  REbCTICNS.  T h S  R A T I O  OF THE CROSS SECTION FDP T H F  K 
K-BAQ CHANNELS T C  T H E  T O T A L  STRANGE-PCRTICLE CRilSS S E C T I O N  WAS MEASURED TC BE 0 . 1 2  AND APPEARS TC RE R I S I N G  I N  T W l S  
MOMENTUM RFGION.  THE T O T A L  CROSS S F C T I C N  F 0 9  STRANGE-PAPTICLE PRODUCTION I S  E S T I M A T E D  AS 1.8 + -  C.2 WB. COMPAPISON I S  
MADE OF THE DATA H l T H  T H E  P R E D I C T I O N S  OF THE ONE-PION-FXCHANGE MODEL, bNC AT LFAST P A R T I A L  AGREFMENT CCCURS FOR TWF 
K+ P LAMBDA ANC P I  K  N  S1GYb F I N A L  S T I T E S .  TPE K  P  SIGMA STATES APPEAR T n  C O L T A I N  N * l l 9 2 4 1  - K S IGCA.  AND THE P I  K h  
LAMBOA STATES ALL I N C L U D E  Y * 1 1 3 8 5 1  PRCDbCTlON W l T H  THE P I +  KO P  LAMBDA S T A T E  ALSO C O Y T A I N I N G  N f 1 1 2 3 6 1  AND K t 1 8 9 0 1  
PRODUCTION. AN E X b M l N b T l C N  OF T k E  F I V E -  AND S IX-BODY K .  LAMBDA STATES I N O I C A T E S  STPOCG Y * 1 1 3 8 5 1  AND N 1 1 1 2 3 6 1  
PRODUCTION. F I N A L L Y ,  A L L  F l h A L  STATES C O N T A I N I N G  b  K  bNC A  LAMBDA SHOW A DEPENDENCE ON M I K . L A W R D A l  WHICH I S  H E L L  
P A R b M E T E R I L t O  BY A  0 R E l T - H l G N E D  SHAPE W I T H  M I 0 1  i 1 7 7 7  MEV 4 N 0  G lPMA = 3 4 5  MEV. T H l S  BFHAVIOP I S  INTEPDRETFD AS R E I N C  
C O h S l S T E N T  W l T H  O L E - P I O h  EXCHANGE AS THE OOMINANT M E C H A h l S Y  FOR THESE REACTIONS.  

C l T b T l O N S  
PHYS:REV. 1 2 3 ,  I 4 6 5  1 1 9 6 1 1 ,  PHYS. REV. LC7. 9 2 2  1 1 9 6 6 1 .  PHYS. REV. L E T T E R S  1 3 ,  3 5 5 6  1 1 9 6 4 1 r  PHYS. REV. 1 6 5 9  1 4 6 6  
( 1 9 6 8 1 1  B U L L .  AM. PHYS. SOL. 1 2 ,  5 0 5  1 1 9 6 7 1 1  BULL. 4W. PHYS. SOC. 1 2 ,  5 0 5  1 1 9 6 7 1 ,  NUOVO CIWENTO 51 ,  3 0 5  1 1 9 6 7 1 ,  NUOVO 
C I V E N T O  2 9 s  8  1 1 9 6 3 1 .  NUC. P t Y S .  6 0 .  2 0 9  1 1 9 6 4 1 .  PHYS. REV. L E T T E R S  1 4 .  6 0 4  l 1 9 6 5 l r  PHYS. REV. L E T T E P S  13 ,  6 6 0  1 1 9 6 4 1  7 

BULL.  An. PHYS. SOC. 1 1 .  3 4 2  1 1 5 6 6 1 ,  PHYS. LETTERS 2 0 1  3 1 8  1 1 9 6 h l l  PHYS. L E T T E R S  11 ,  1 6 4  1 1 9 6 4 1 ,  BNL H I C  1 1 9 6 2 1 1  
PI1YS. REV. 1 3 8 1  0 9 1 3  1 1 9 6 5 1 .  PRCC. OF THE ROYAL SOCIETY OF LONDON 3 7 0 4 .  4 0 1  1 1 9 6 4 1 .  PHYS. L E T T E R S  1 3 s  19C 1 1 9 6 4 1 .  PHYS. 
REV. 1 3 7 ,  R 7 0 8  1 1 9 6 5 1 .  PHYS. PFV. 1 5 6 ,  1 5 5 5  1 1 9 6 7 1 ,  P H I S .  REV. LETTERS 1 0 9  l 2 l e  1 1 9 6 7 1 ,  PHYS. REV. LETTEPS 1 9 ,  1 9 0  
1 1 9 6 7 1 .  B U L L .  AM. PHYS. SOC. 1 1 ,  3 6 0  ( 1 9 6 6 1 .  BULL .  AR. PHYS. SOL. 1 2 1  4 5  1 1 9 6 7 1 ,  PHYS. REV. 1 2 5 ,  1 0 4 0  1 1 9 6 2 1 ,  NUOVP 
C I M E Y T O  1 5 ,  6 5 2  1 1 9 6 0 1 ,  PHYS. REV. 1 2 0 ,  5 9 9  1 1 9 6 0 1 .  PHYS. REV. LETTERS 1 9 .  1 0 7 9  1 1 9 6 7 1 ~  PHYS. R E V -  LETTERS 0 1  3 3 2  
1 1 9 6 2 I ,  NUOVC C I P E h T C  4 3 ,  0 1 0 1 0  1 1 9 6 6 l ,  PHYS. REV. 1 3 9 ,  8 1 0 9 7  1 1 9 6 5 1 1  PHYS. REV. 1 3 8 ,  0 4 3 3  1 1 9 6 5 1 ,  PHYS. REV. 1 3 4 .  
8 3 8 3  1 1 9 6 4 1 ,  PhYS.  REV. 1 2 8 ,  3 6 8  I l F b Z L .  PHYS. REV. 1 2 7 ,  6 0 7  1 1 9 6 2 1 .  REV. MOO. PHYS. 3 3 1  3 7 4  1 1 9 6 1 1 .  PHYS. REV. 1 6 3 .  
1 4 7 9  1 1 9 6 7 1 ,  P k Y S .  REV. LETTERS 9 ,  1 3 5  1 1 9 6 2 1 .  PHYS. REV. 1 2 9 ,  2 7 4 3  1 1 9 6 3 1 ,  NUOVO C l P F N T C  4 3 1  1 4 2  1 1 9 6 6 1 ,  NUflVO 
C l Y E U T O  4 5 ,  8 8 5  1 1 9 6 6 1 ,  C E L h  6 6 - 1 0  1 1 9 6 6 1 ,  PHYS. REV. 1 3 1 ,  8 1 2 3 2  1 1 9 6 5 1 .  PPYS. REV. LETTERS 1 8 .  2 6 6  1 1 9 6 7 1 ,  PHYS. 
L E T T E R S  2 4 8 1  4 8 9  1 1 9 6 1 1 s  AhD BULL .  AM. PHYS. SOC- 1 2 .  9 1 6  1 1 9 6 7 1 .  

A R T I C L F  REAC BY OOETTE BENARY I N  1 / 6 5 .  AND V E R I F I E D  BY LEROY P R I C E .  

BEAV I S  PROTON C h  PRCTCN AT 1.E7 GEVlC .  

T H l S  EXPERIMENT USES T H E  B.N.L. 8 0  I N .  I H I  BUBRLE CHAMBER. A  T O T A L  OF 3 7 C 0 0  P I C T U R E S  ARE REPORTEC ON. 

K E Y  UOROS - CROSS SECTLCN ANGULAR O l S T R l B U T I O N  O A L I T Z  PLOT MASS SPECTRUY MODELS D E L T A 1 1 2 3 8 1  
D E L T A 1  1 9 2 0 1  K * I  B S C I  Y 1 1 1 3 8 5 1  STRANGE P A R T I C L E S  

R E A C T I O N  
PROTOh PROTOh - 

K +  PROTOh LAMBDA 
K +  PROTCh S IGMbO 
KO PROTON SIGMA*  
PROTON PROTON KC KOBbR 
I+ PROTOh KOBAR LEUTROh 
P I +  K+ LbMBOA hEUTRON 
Y +  P R n i r h  1 A M ~ C A  PIC .. . . . 
P I +  PROTCN KC LAMBDA 
P I +  PPOTON KO S I G M A 0  
P I +  S IGMA+ KO L E U T R C h  
PROTON SIGMA+ KO P I C  
K+ PROTOh S I G P b +  P I -  
P I +  K +  PROTnN SIGMA- 
P l t  PROTON KO KO0AR NEUTRON 
K +  PROTOh PROTCN P I -  KOBAF 
P l r  PROTON PROTON K -  KC 
P I +  K+ PROTON P I -  LAMBDA 
P l t  PROTON KC LAPBDA P I C  
P I +  P I +  KO LAMBCA NEUTRON 
P I +  Kt PROTCN P1-  S I G P A O  
K +  PROTON SIGMA+ P I -  P I C  
F i t  PROTOtl  S I G Y A +  P I -  KO 
P I +  K+ S IGMA*  P I -  NEUTRON 
P I +  K +  PROTON SIGMA-  P I 0  
P l t  P I +  PROTON S l G I A -  KO 
P I +  P i +  K t  S IGMA-  NEUTPON 
P I +  P R r T r h  P R n T n N  P I -  KO KCBAR 
P I +  K+ PROTCN P l -  KOAAR NEUTRCh 
P l t  PROTON PROTON K- KC P I C  
P I *  P I +  PROTUh K- KO NEUTRON 
P l t  P I +  PROTON P I -  KO LAMBCA 
P I +  K +  PROTON P I -  LAMBCA P I C  
P I +  PI* K* P I -  LAMBOA NEUTRCh 

LABORATORY EEAY MOMENTUM = 7.E7 GEVIC.  

R E A C T I O N  
PROTON PROTON - 

TOTAL 
STRANGE P A R T I C L E S  

I P A G E  1 3 5 6 1  

M I L L I - B A R N S  



B 5 - B E v  NEUTRCN CROSS SECTICNS I N  HYCRCGEN AND OTHER ELEMENTS I P H Y S -  R E V  1 2 3 7  1.50 l l 9 b l l l  

J .H .ATKINSON,W.N .HESS,V .PEREZ-WENOEZ,R .UALLACE 1U.C. LAWRENCE RAD. LAe.9 BERKELEY, CALIF.. USA1 

ABS TRACT T H l S  EXPERIMENT PEISUREC THE hEUTRCN TOTAL ANC REACTlOh CROSS SECTIONS AT 5.0 BFV. T Q b N S M I S S l C h  YEASUREMENTS 
HERE MADE I N  GOOD ANC POOR GECMETRY. THE H I G H  ENERGY NEUTRON BEAM UPS PRCOUCEO UHFN THE BEVATROk C lqCULATTNG PROTON 
BEAM STRUCK A COPPER TARGET. hELTRONS WERE I D E N T I F I E D  RY THEIR PRODUCTlnN OF PIONS I N  A REQYLLIUY RLCCK. THE PIOHS 
WERE THEN DETECTED BY A CCLhTER TELESCOPE INCLUDING A GAS CERENKCV COUNTER. TbE THRESHOLD OF T H I S  GAS CERENKOV 
COUNTER OEFINEC T h c  WEAh E F F E C T I V E  NEUTRON ENERGY AT 5.0 +- 0.4 REV, h l T H  THE HALF- lhTENS1TY PCINTS OF THE NEUTRON 
ENERGY D l S T R l 8 L T l O N  AT 5.9 AN0 4.2 BEV. THE CROSS SECTIONS MEASUREC FOP T?F VAQIOUS ELEMENTS A P F I I N  N I L L l B A R N S l  

PB S h  CU AL C b 
S I G H P I T I  2 5 3 4  +- 1 0 5  1 9 8 6  +- 8 8  1 1 5 6  t- 3 4  6 1 4  +- 3 3  3 1 9  r- 2 0  33.6 +- 1.6 
S I G M A I R I  1 6 7 0  r- 7 9  5 8 6  +- 2 5  3 8 1  +- 2 7  2 3 5  +- 1 6  
i n t  +BEV T O T A L  C R C S S  SECTIONS A R E  20  PER C F N T  B E L O W  THE T O T A L  C R O S S - S E C T I O N S  MEASURED A T  1.4 R E V  BY  c o o a  E T  AL.. 
*HEREAS THE REACTICN CROSS SECTICNS REMAIN F S S E N T I A L L Y  CONSTANT AS A FUNCTION OF ENERGY ABOVE 3 0 0  MEV. THIS REHAVIER 
OF THE CROSS SECTICNS CbN eE INTERPRETEC BY A GENERALIZED O I F F R A C T l O h  THECRY DEVCLOPED BY GLASSGOLD AND GRIEDER. 

C l T A T l O h S  
PHYS. REV. 98 ,  1 3 6 4  1 1 9 5 5 ) .  PHYS. REV. 98 .  1 3 9 3  1 1 9 5 5 1 .  PHYS. REV. 1 0 7 .  8 5 9  1 1 9 5 7 1 .  PHYS. REV. LETTERS 2. 1 6 9  1 1 9 5 9 1 .  
REVIEW OF S C I E N T I F I C  INSTRUMENTS 3 0 ,  1 0 0 4  1 1 9 5 9 1 ,  UCRL 8 5 5 9  1 1 9 5 8 1 ~  PHYS. PEV. 1 1 4 ,  1 3 7 4  1 1 9 5 9 1 .  UCRL 3 2 8 9  1 1 9 5 6 1 1  
NUOVO CIMENTO 4 ,  3 5 9  l l F 5 6 l .  PHIS.  REV. 1 0 1 1  1 1 2 1  1 1 9 5 7 1 ,  J. WASH. ALAO. SC1. 29  4 1 6  1 1 9 3 9 1 s  PHIS.  REV. 105.  1 5 8 7  
1 1 9 5 7 1 ,  AH. PHYS. 1 0  I 0 0  1 1 9 6 0 1 r  PHYS. RtV.  7 5 1  1 3 5 2  1 1 9 4 9 1 ,  PHYS. REV. 9 8 .  1 3 8 7  1 1 9 5 5 1 ,  PEV. WOO. PHYS. 28. 2 1 4  1 1 9 5 6 1 ,  
AND REV. MCD. PHYS. 3 0 ,  4 3 C  119581.  

ARTICLE READ BY OCETTE eEN4PY I N  1 / 6 5 ,  6 4 0  V E R I F I E D  BY L E R C I  PRICE. 

BEAM I S  NEUTRON Ch PROTUh AT 5 .865 GEVIC. I n E A M  K l h E T l C  EhERGY = 5 GEVl  

T H l S  EXPERIWENT USES CCUNTERS. 

KEY YCROS - CROSS SECTION NCDELS 

NEUTRCh PROTON TOTAL CROSS SECTION.  (PAGE 1 8 5 0 1  

LABORATORY 
BEAV ENERGY 

GEV Ill Y I L L I - B A R h S  
5. 33 .6  *- 1.6 

1 1  1  MEAN VALUE. 

m T C T A L  CROSS SECTIOhS FOR I N T E R b C T I C N  OF NEUTROWS . IT?  PROTONS AND NELTRONS FRCP 2.6 TO 8.3 BEV. I S U V I E T  JNP I 9 3  1 1 9 6 5 1  I 

V.S .PANTUEV.M.N .KHACHATURYAN, I -V -CHUVILO I J O I N T  INST.  FOR NULL. RESEARCh. OURLA. USSR1 

PBSTRPCT WE HAVE MEASURED T+E TCTAL CRCSS SFCTIUNS FOR INTERACTION OF NEUTRONS HAVING MEAN EFFECTIVE FNERGIES OF 2.6. 
3.91 5.5. 6.9, AN0 0.3 BEV WITH PROTONS AND NEUTRON? UNDER CONDITIONS CF GOOD GEOMFTRY ITHETA = 0.228 DEG.1. h F  HAVF 
OBTAINEC THE F C L L C U l h G  VALbES 
E I N I  2.6 BEV 3.5 BEV 5.5 BEV 6.9 BEY 3.3 EEV 
TOT. C.S. I N P l  MB 30.1  +- 2.6 43.4 +- 11.6 41.2 +- 1.7 39.3 +- 1.7 40.0 +- 1.9 
TOT. C.S. I N N 1  MB 34.8 +- 1.6 31.5 *- 1.7 

C l T A T l C h S  
PHIS.  REV. 9 8 1  1 3 6 9  1 1 9 5 5 1 ,  PFYS. REV. 1 2 3 ,  1 8 5 0  1 1 9 6 1 1 .  BULL. AM. PHYS. SOC. 9 ,  9 4  1 1 9 6 4 1 .  INSTRUMENTS AND 
EXPERIMENTAL TECHNIQUES 2  3 8 2  l l 9 b l l s  JETP 4 2  3 9 2  1 1 9 6 2 1 .  JETP 1 5  2 7 2  1 1 9 6 2 1 .  UCRL 8559.  INSTRUMENTS AND EXPEPIRENTAL 
TECHNIQUES 6  1 0 2 5  1 1 9 b 4 1 ,  PWYS. PEW. 5 5 .  1 0 2 6  1 1 9 5 4 1 ,  REVIEU OF S C I E N T I F I C  INSTRUPENTS 3 2 1  9 4 9  1 1 9 6 1 1 .  J. HASP. ACID. 
SCI .  2 5  4 1 6  1 1 9 3 9 1 1  BULL.  AW. PHYS. SCC. 1, 3 8 5  1 1 9 5 6 ) .  NUOVO CIMENTC 4. 3 5 9  1 1 9 5 6 1 ,  PHYS. REV. LETTERS 8. 1 4 2  I l 9 6 2 I  , 
JETP 4 4  2 1 8 4  1 1 9 6 3 1 ,  JETP 17 1 4 6 6  1 1 9 6 3 1 ,  PHYS. REV. LETTERS 7 s  1 8 5  1 1 9 6 l l ,  PHYS. REV. LOO. 2 4 2  1 1 9 5 5 1 s  NUC. PHYS. 6 .  
3 4 8  1 1 5 5 8 1 1  AN0 PHYS. REV. 1 0 3 ,  2 1 1  1 1 9 5 6 1 .  

A R T I C L E  REAC eY OCETTE EENARY I h  L l b S ,  AND V E R l F l E O  BY LEROY PRICE. 

BEAM NC. 1  I S  NEUTRON ON HYDROGEh CC*PCUND FROY 3.413 TO 9.192 GEVIC. IBEAM K l h E T l C  ENERGY = 2.6 TO 8.3 GEVl 
NC. 2  I S  NEUTRON ON CEUTERIUV COMPOUND FROM 6 . 3 7 1  T n  9.192 GEVIC. l 9 E A r  K I N E T I C  EhERGY = 5.5 TO 0.3 GEVl 

T H I S  EXPERIYENT USES COUNTERS. 

KEY UCROS + CROSS S E C T I C I  

NEUTRON PROTON TOTAL CRCSS SECTION. I T A A L E  2 1  

LABORATORY 
BEAM ENERGY 

GEV Ill M I L L  I -EbPhS 
2.6 3 8 . 1  +- 2.6 
3.9 4 2 . 4  1.6 
5.5 41.2 1.7 

Ill WEAN VALCES. 

NEUTRON NEUTRCh TCTAL CROSS SECTIOh.  I T A B L E  3 1  

I NOT CORRECTEC FCR CEUTERIUP EFFECTS. I 

LABORATORY 
BEA"  ENERGY 

GEV I 1 1  
5.5 
8.3 

Ill VEAh VALUES. 



NEUTRON DEUTERON TOTAL CROSS S F C T I O h .  1  PAGE 9 9 1  

LABORATCRY 
eEAM ENERCY 

GEV Ill V I L L I - R A R h S  
5.5 7 6 . 0  *- 2.4 
0.3 71.6 2 .5  

I 1 1  HEAh VALUES.  

P O L A R I Z A T I O N  I N  PP E L A S T I C  S C A T T E R I N G  A T  LARGE MCUENTUW TRANSFERS. I P H Y S .  REV. L E T T E R S  21 .  6 5 1  1 1 5 6 8 1 1  

N E B O O T G C N F O R T R J E S T E R L I N G - A R Y J S C H E O D S E R O E N  A.YOKOSAUA IARGONNE N I T .  LAR.9 bRGCNhE,  I L L . ,  U S A 1  I E N R l C O  F E O M I  I N S T .  FOR N K .  8TU.v C H l C A G O ~ l L L . , U S A l  

ABSTRACT MEASUREPELTS OF T H E  P O L A R I Z A T I C N  I N  PY E L I S T I C  SCATTERING HAVE BEEN MADE AT 5.15 G E V l C  OVEP THE RANGE -1 = 
0 .2  TO 1.0 I G E V I C I - S P U A R E C .  T H E  OATA ARE COMPAPEO h l T H  A  REGGE-POLE YODEL, ANE W I T H  THE O l F F P A C T l O N  MODEL OF OURAND 
AND L l P E S  I N  WHlCV T b E  A B S C P P T I V E  P A R T  OF THE PP I N T E R A C T I O N  I S  D E R I V E D  FRCM THE ELECTPOMAGNETlC  FORM FACTOR OF THE 
PROTON. THE LATTER WCOEL REPRODUCES T h E  T  DEPENDENCE OF THE E X P E R I M E N T A L  OATA I h  A  D U A L I T A T I V E  YAY. 

C  I T A T I C I L S  
PHYS. L E T T E R S  2 4 0 ,  7 7  1 1 9 6 7 1 ~  PHYS. REV. 1 4 8 ,  1 2 9 7  1 1 9 6 6 1 ,  PHYS. REV. 1 6 1 .  1 3 7 4  1 1 9 6 7 1 ,  PHYS. REV. 1 6 4 .  1 6 7 2  1 1 9 6 7 1 ,  
REV. MOO. PHYS. 3 9 ,  5 3 1  I I F b 7 1 s  UCRL 1 6 2 7 5  1 1 9 6 6 1 ,  PHYS. REV. 1 6 5 1  1 6 1 5  1 1 9 b B I .  AND PHYS. REV. L E T T E R S  20 .  6 3 7  l l 5 f 0 l  . 

A R T I C L E  REAC 0Y UCETTE EENbRY I N  l l 6 s ,  A N 0  V E R l F I E C  BY LEROY P R I C E .  

PEAM I S  PRCTON ON HYDROGEN CCMPOUNV AT 5.15 GEVICI TARGET I S  P O L A R I Z E 0  5 5  PER CEhT 1VORYbL T C  TPF BEAM O I Q E C T I O N I .  

T H I S  EXPERIMENT USES COLNTEPS.  

K E Y  YOQOS - P O L b R l Z A T I C h  WOCFLS 

E L A S T I C  P O L A R I Z A T I C N  FOR PROTOL PRCTCh.  

LABORATORY e E A I  N C I E L T U M  = 5.15 G E V I C .  

................................... . T U l S  DATA WAS READ FRO*  L GRbPH . ................................... 
P G L A R I Z A T I O N  C l I  

. 2 2  +- . C l  

T I S  THE UOMENTUM TRANSFER RETYEEN THE I I N C O W l N G  P R O T O V I  AN0 THE I O U T G C l h G  PROTON]. 
THE P O L A R I Z A T I O N  I S  OF T H E  PROTON ALONG THE NORUAL TO THE P R O D U C T l O h  PLPNE I N  TPE GRAND C.M. 

1 1 1  PLUS P O S S I B L E  S Y S T E Y A T I C  ERROR OF +- LO PER CENT. 

m S E b K : b : A  F L U C T L I A T I O N S I N  T H E  A ~ U L A R O I S T ~ R U T I O N  OF PROTOh-PRCTOk S C A T T E R I h G A T  l6.9 GEV". W H Y S .  L E T T E R S 2 3 ,  3 8 9  

J ~ V . A L L b B Y ~ C . B E L L E T T I N I ~ G G C O C C O N I ~ A ~ h . D l D O E N S M L G O O D G A T T H l A E  E . J . S A C H A R I D I S , A . S I L V E R M A h h A r \ M . W E T H E R E L L  LEUROPEAN ORG. 
FOR NUC. RES., GENEVA. S H I T Z E R L L N D I  

ABSTRACT ME4SUREMENTS OF THE AhGULAR D I S T R I B U T I O N  OF PROTOL-PROTON E L A S T I C  S C A T T E R I N G  AT 1 6 . 9  G E V l C  FROM 6 7  DEG. TO 9 0  
DEG. I N  THE C.M.S. ARE PPESENTEO.  T H E  DATA ARE F I T T E D  BY AN E X P O N E N T I A L  I N  THE TRANSVERSE MOYENTUM, EXP - 1 P  S I N  
T H E T A 1 0 1  h l l H  R = 1 2 2 5  +- 4 1  M E V l C  AND 0 0  NOT D I S P L A Y  THE C H A R A C T E R I S T I C  F L U C T U A T l O R  PREOlCTED BY ERICS0N.S  
S T A T I S T I C A L  MCOEL. 

C L O S E L Y  R E L A T E D  REFERENCES 
DATA SUPERSEDED 0 1  PPYS. L E T T t R S  2 5 8 .  1 5 6  1 1 9 6 7 1 .  

A D D I T I O N A L  C I T A T I O N S  
CERN D L  6 5 - 1 0 ,  CERN N P l 6 6 - 2 1  PHYS. REV. 1 2 8 .  2 3 9 2  1 1 9 6 2 1 .  ANNUAL REV. OF NUCLEbR SCIENCE 13 .  Z b l  < L 9 6 3 I r  PHYS. 
L F T T E R S  1 3 ,  1 9 0  1 1 9 6 4 1 ,  PHYS-  REV. 1 3 8 ,  8 1 6 5  1 1 9 6 5 1 ,  UCRL 1 1 4 4 1 s  UCRL 1 6 2 7 5 .  NUOVO CIMENTO 2 7 ,  8 5 6  1 1 9 6 3 1 .  NUOVO 
C l H E N T C  2 7 .  2 0 8  1 1 9 6 3 1 .  NUOVO C l M E N T O  337 6 4 3  1 1 9 6 4 1 r  PHYS. L E T T E R S  8 ,  2 8 7  ( 1 9 6 4 1 .  NUOVO CIMENTO 3 5 7  2 1 6  1 1 9 6 5 1 .  
NUOVO C I U E N T O  3 5 7  1 2 1 1  1 1 9 6 5 1 .  NUOVO C I V E N T C  3 5 1  1 0 5 0  l L 9 6 5 1 ~  CERN TH 4 O t  1 1 9 6 4 1 .  CERN 6 b l T H 1 6 8 6 .  ANNALS OF P H Y S I C S  2 3 .  
3 9 0  1 1 5 6 3 1 .  PHYS. REV. 8 5 .  9 4 7  1 1 9 5 2 1 ~  PHYS. P E V -  1 0 5 ,  3 0 2  1 1 9 5 7 1 s  CERN 6 5 - 2 2 ,  AND REV. HOD. P H I S .  36s 6 5 5  1 1 9 6 4 1 .  

A R T I C L E  P E A 0  BY OLETTE EENAPY I h  5 / 6 7 ,  AND V E R I F l E V  BY LEROY P R I C E .  

BEbM I S  PROTON Oh PROTON AT l t . 9  GEVIC.  

T H I S  E X P E R l P E N T  USES CCLNTERS.  

K E Y  UOROS - D I F F E R E N T I A L  CROSS S E C T I O N  F I T S  

COMPOUND K E Y  UOROS F I T S  D l F F E R E N T l A L  CROSS S E C T I O N  



E L I S T I C  D I F F E R E N T I A L  CROSS S E C T I C N  FCR PFOTOh PROTON. [ T A B L E  1 1  

LABORATORY B E b P  MOYENTUM = 1 6 . 9  G E V I C .  

I T H I S  DATA SHOULD NOT RE U S E 0  - HCRE RECERT VALUES MbY BE FOUND I N  ALLABY.  € 1  AL.9 PHYS. LETTERS 2 5 8 .  1 5 6  1 1 9 6 7 1 1  

THETA 
DEGREES 

6 7 .  
1 0 .  
72. 

THETA I S  THE ANGLE THAT THE PROTCh MAKES h t T H  THE BEAW I N  THE GRANC C.H. 

I ll P L U S  P O S S I B L E  S Y S T E Y A l I C  ERROR OF +- 7  PER CENT. 

m N E U T R A L  STRANGE-PARTICLE PRODUCTION I N  PP C O L L I S I O N S  AT 6 .92  G E V I C .  INUOVO C l M E N T O  5 3 A .  4 5 5  l l 9 6 B ) l  

G .ALEXANOER.A .SHbPIRA~ E f S I M O F 0 U L O U u  G . Y E K U T E L 1  I WEIZMANN I N S T .  OF S C I  .. REHOVOTH. I S R A E L I  

ABSTRACT NEUTRAL STRANGE P A R T I C L E  PROOUCTION I N  PP C O L L I S I O N S  AT 6.92 G E V I C  HAS BEEN S T U O I E O  I N  THE 8 0  I N .  HPC AT BNL. 
P A R T I A L  CROSS-SECTIONS FOR T H E  D I F F E R E N T  CHANNELS ARE G I V E N .  NO E V I D E N C E  FOR HYPERON-NUCLEON RESONANCES HAS BEEN 
OBSERVED. STRONG PROOUCTlOh OF h * I l 2 3 6 1  AND Y * 1 1 3 8 5 1  H A S  BEEN SEEN I N  THE FOUR- AND F IVE-BODY F l N A L  STATES, WHICH H I S  
BEEN ANALYZED I N  TERMS OF b  ONE-PION-EXCHANGE HECHANISY.  

C I T A T I O h S  
PHYS. REV. L E T T E R S  1 3 ,  3 5 5 b  1 1 9 6 4 1 ,  PHYS. REV. 1 5 4 .  1 2 8 4  1 1 9 6 7 1 ,  PHYS. REV. 1 4 7 s  9 2 2  1 1 9 6 6 1 ,  AN0 NUOVO CIMENTO 2 4 ,  
4 5 3  I I 9 6 2 I .  

A R T l C L E  READ BY OCETTE BENARY I h  L l b S r  A N 0  V E R I F I E O  BY LERGY PRICE.  

BEAM I S  PROTON ON PROTON AT 6 .52  GEVIC.  

T H I S  EXPERIMENT USES T b E  B.N.L. 8 0  I h .  ( H I  BUBBLE CHAMBER. b  T O T A L  OF 6 4 0 0 0  P I C T U R E S  ARE REPCRTED ON. 

KEY WORDS - CROSS S E C T I O N  C E L T A I l 2 3 B I  Y * 1 1 3 8 5 1  MASS SPECTRUM MOOELS ANGULAR D I S T R I B U T I O N  
STRANGE P A R T I C L E S  

I T A B L E  1 1  

LABORATORY PEA? MOPENTUY = 6 .920  +- . 0 7 5  GEVIC.  

R E A C T I O N  
PROTOh PRCTON + 

LAHBOb PROTON K +  
S I G M A 0  PROTON K t  
S IGMA+ PROTON KO 
PROTCN PROTON KOBAR KO 
NEUTRON PROTON KORA9 K* 
S I G M A 0  PROTON KO P I +  
SIGMA* NEUTRON KO P I 4  
S IGMA*  PROTON KO P I 0  
LAMBOb NEUTRON K r  P I +  
LAMBOA PROTOh KO P I +  
LAMBDA PROTON K +  P I 0  
NEUTRON PROTOh KOBbR KO P I +  
PROTCR PROTON KOBPR K* P I -  
S f G F A t  PROTON KO P I +  P I -  
S I G H P -  PROTON KO P I +  P I +  
S I G M A 0  PROTON K+ P I +  P I -  
L b n s c A  PROTON K O  PI+ PIO 
LAMBDA NEUTRON KO P I +  P I +  
LAVBDA PROTOh K +  P I +  P I -  
~ E U T R O N  PROTON r o 8 e R  X +  PI+ PI- 
PROTON PROTON KO K-  P I +  P I 0  
LAMBOA PROTON KO P l t  P l t  P l -  
LAWBOA PROTON K t  P l t  P I -  P I 0  

MICRO-BARNS 

43.3 +- 8.0 
20.9 6.6 
20.2 7.4 

6.2 3.6 
2 8 . 3  8.5 
54.3 12.1 

5.3 3.6 
10.8 5.3 
18 .2  1 0 . 6  
89.8 10 .1  
74.1 10 .4  
15.7 10.0 
16.0 6.4 
10.5 5.1 

8.3 4.7 
13 .7  4.3 
39 .6  12.8 
2 9 . 6  LG.9 
26.1 6.4 

5.4 3.8 
2.6 2.5 
6 .2  2 . t  

14.2 4.3 

NO. E V E h T S  

29.6 



m P R O T O N - P R O T C N  D I F F E R E N T I A L  CRCSS S E C T I C N  FROM 6 0 0  TO 1 0 0 0  Y E V I C .  I P R I N C E T O h - P E N N  ACCELERATOR PPAR-11  1 1 9 6 9 1 1  

u B . A . R Y 4 h ~ 4 . K 4 N ~ ~ ~ X Y  I L E b I G W  U N I V E R S I T Y ,  BETHLEHEM. PI. .  U S 4 1  
T . J . O E V L I N . R . t . M I S C H k E , P . F . S H E P b R C  I P R l N C E T O h  IJNIV..  PRIMCETCN,  N. J . ,  U S A 1  

ABSTRACT PROTON-PROTOL E L A S T I C  O I F F E R E h T I A L  CROSS SECTIONS HAVE BEE& MEASURED I h  THE 3 4  OFG. REAM L I N E  OF THE 3-GEV 
PRINCETON-PENNSYLVANIA  ACCELEPATOF FOR I N C I D E N T  L A B  MOMENTA OF 6 0 0  TC 1 0 0 0  M E V I C  AND CENTER-OF-MASS A k G L E 5  OF 5 OEG. 
TU 9 0  OEG. THE MOMENTA CF THE PROTONS I h C l D E N T  ON A  L l O U l D - H Y D R O G E N  TARGET WERE MEASURED BY TIME-OF-FL IGHT 
TECHNIQUES.  THE MOMENTA I N C  S C A T T E R I N G  ANGLES OF THE R E C O I L  PRCTONS WERE MEASURED BY b SPECTROMETER C O N S I S T I N G  OF TWC 
SETS OF M A G N E T O S T P I C T I Y E  WIRE SPARK CbAMBFRS PLACED AT THF ENTRANCE AND E X I T  OF A h  ANALYZING MAGNET. b K I N E Y A T I C A L  
RECONSTRUCTIOh WAS PERFORWED FCR EACH EVENT e Y  AN O N - L I N E  POP-7 COPPUTER h b l C W  ALSO RECORDEO THE R A h  OPT4 AND 
' IONITORED VARIOUS ASPECTS CF T H t  t X P E R l Y E N T A L  EQUIPMENT.  A  MORE O E T A I L E C  C F F - L I N E  A N A L Y S I S  RESULTED I N  N O R M b L I Z E D  
D I F F E R E N T I A L  CROSS S E C T l O h S .  T H E  D I F F E R E N T I A L  CROSS SECTIONS WERE COUPAREO W I T n  S I H P L E  MODELS FOR PP S C A T T 5 R I N G  WHICH 
PROVED TO BE lNACEOUATE TC E X P L b l h  MAhY OF THE E X P E R I M E N T A L  O E T A I L S .  

A T I O h S  
REV. MOD. PHYS. 3 0 1  3 6 4  1 1 9 5 8 1 ,  ATOMIC ENERGY RES. ESTAB.9 HARWELL, REPORT 135  I 1 9 6 1 l p  ATOMIC ENERGY RES. ESTAB.. 
HARHELL, PEPORT 1 4 9  1 1 9 6 6 1 ,  PHYS. REV. 1 6 9 ,  1 1 4 9  1 1 9 6 8 1 1  NUOVO CIMENTO 4 9 4 ,  2 6 1  l l 9 6 7 l v  P IOGR.  THEORET. PHYS. I K Y O T O I  
3 1  6 1 5  1 1 9 6 5 1 ,  DUBNA C O N F E l E N C t  2 4  1 1 9 6 4 1 ,  ANNALS OF P H Y S I C S  10 .  1 0 0  1 1 9 6 0 1 .  PHYS. REV. 7 2 1  1 0 0 9  1 1 9 4 7 1 ,  SLAT 6 6  1 1 9 6 6 1 .  
PHYS. REV. 1 3 0 ,  1 5 7 1  1 1 9 6 3 1 ,  NUOVO C I M E N T O  5 7 4 ,  1 9 0  1 1 9 6 8 1 .  PHYS. REV. LETTERS 7. 3 9 4  ( 1 5 6 1 1 ,  PHYS. REV. LETTERS 8 .  
4 1  1 1 9 6 2 1 ,  NUOVC C lMENTO 1 4 .  9 5 1  ( 1 9 5 9 1 ,  NUOVO CIMENTO 18 ,  9 4 7  ( 1 9 6 0 1 ,  C E L L  6 7 - 1 6  1 1 9 6 7 1 ~  PHYS. REV. 1 b 3 1  1 6 0 3  1 1 9 6 1 )  . 
NUCLEAR INSTRUMENTS AND PETHCOS 5 6 9  1 9 7  1 1 9 6 7 1 .  PFYS. REV. 1 4 0 ,  1 3 1 5  1 1 9 6 6 1 ,  PRINCETON-PENN ACCELERATOR PPAP-3 1 1 5 6 8 1  1 

PRINCETON-PENh ACCtLERATOR P P A O Z 7 9 - 0  1 1 9 6 6 1 .  PRINCETON-PENN ACCELERATOR P P A R - 1 0  1 1 9 6 9 1 .  PHYS. REV. 1 2 0 ,  2 2 5 0  1 1 9 6 C I .  
JETP 2 3  5 2  1 1 9 6 6 1 .  PHYS. LETTERS 1 2 .  2 5 2  1 1 9 6 4 1 ,  OUBNA CONFERENCE 6 1  1 1 9 6 4 1 .  PHVS. LETTERS 8, 2 0 5  ( 1 9 6 4 1 9  PHYS. REV. 
L E T T E R S  15 ,  4 5  1 1 9 6 5 1 ,  A h 0  PHYS. REV. 1 3 2 ,  1 2 5 2  1 1 9 6 3 1 .  

A R T I C L E  READ BY COETTE BEMARY I M  1 2 / 6 9 ,  A K C  V E R I F I E C  BY LEROY P R I C E .  

BEAM 1 5  PRCTON Oh PROTON FROY .6 TO 1.0 GEVIC.  

T H I S  EXPERIMENT USES SPARK CHAYBERS. 

K E Y  WORDS - C I F F E R E N T I A L  CROSS S E C T I O N  F I T S  MODELS 

COMPOUND KEY WORDS - F I T S  O l F F E R E h T l A L  CROSS S E C T I O h  

- - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FCR PROTOh PROTON. [ T A B L E  1 1 1 1  

CAT4 I S  AVERAGED OVER LABORATORY BEAM MOMENTUM FROM - 6 0 0  TO . 6 9 9  G E V I C .  

-1 O - S I G M A I D - 7  
( G E V / C I * * Z  M B / I G E V I C I * * 2  I 1 1  
M I N  MAX 

. 0 5 0  . 0 9 9  122.5 +- 7.5 

. l o 0  - 1 4 9  95.4 8.3 

. I 5 0  - 1 9 9  1 2 8 . 3  6.3 

T  I S  THE MOMENTUM TRANSFER BETWEEN THE [ I N C O M I N G  P R O T C k I  AND THE [OUTGOING PROTON]. 

[ I  1  P L U S  P O S S I B L E  SYSTEIJATIC  EPROR OF +- .4 PER CENT. 



E L A S T I C  D I F F E R E N T I A L  CSCSS S E C T I C h  FCQ P R O T O h  PRGTDN.  I T A B L E  1 V 1  

D A T A  I S  AVEGAGEC OVER LABCRATORY B E A M  MOMENTUM FROM .8CC TO . 8 9 9  G E V / C .  

M I N  MAX 
.C5C  . 0 9 9  8 9 . 5  +- 4.0 

T  I S  T H E  MOMENTUL T R A N S F E R  B E T H E E N  T H E  [ I N C O M I N G  P R O T C h l  AND T H E  L O U T G O I h C  P R O T O N I .  

1 1  1  P L U S  P O S S I B L E  S Y S T E V A T I C  ERRCF OF +- .5 PER CENT. 

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C N  FCR P R O T O h  PROTON. [ T A B L E  V 1  

D A T A  I S  AVERAGED CVER L A C C G A T O X Y  8 E b P  VCMENTUM FRDW - 9 0 0  T O  , 9 9 9  GEV/C. 

V l h  MAX 
.C5C . 0 9 9  7 6 . 1  r- 3.8 
.LOO - 1 4 9  6 7 . 8  5.3 
. I 5 0  - 1 9 9  7 1 . 2  4.2 
.ZOO . 2 4 9  6 3 . 9  3.5 
. 2 5 0  . 2 9 9  6 6 . 6  2.8 
. 3 0 0  . 3 4 9  6 6 . 3  3.2 

T  1 5  T H E  MOMENTUM T R A h S F E R  BETWEEN T H E  I l N C C M l N G  P R O T O N 1  ANC T H E  I O U T G O I N G  P R O T O N I .  

I l l  P L U S  P O S S I B L E  S Y S T E W A T I C  ERROR O F  +- 1.2 PER CENT. 

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C N  FCR P R O T O h  PRCTON. [ T A B L E  V I I  

O b T e  I S  AVERAGED OVER L A B C R A T O R Y  8 E b M  MOMENTUM FROM 1 . 0 0 0  TO 1 . 0 9 9  GEV/CI 

- T  D - S l C M A I D - T  
I G E V I C l * * 2  M 8 l l G E V l C I * * 2  1 1 1  
M I N  MAX 

. 0 5 C  .OV9 5 8 . 1  +- 2 .9  

. I 0 0  - 1 4 9  6 3 . 6  3 .3  

. I S 0  . I 9 9  56 .5  3.5 

T  I S  T H E  MOMENTU*  T R A N S F E R  BETWEEN T H E  I I N C C H I N G  P R O T D h l  ANC T H E  [ O U T G D l N G  P R O T O N I .  

L11 P L U S  P O S S I B L E  S Y S T E V A T I C  ERROR O F  +- 2.1 PER C E N T .  

E L A S T l C  D l F F E R E N T L b L  CRCSS S E C T I O N  FCR PROTON PROTON.  [ T A B L E  V L I I  

D A T A  I S  AVERAGED OVER LABORATORY e E b V  MCMENTU*  FROM 1 . 1 0 0  TO 1 . 1 9 9  G E V I C .  

-1 D - I 1  C Y A I D - 1  
l G E V / C l * * 2  M B I I G E V / C l t * Z  [ I 1  
# I N  MAX 

. o 5 0  - 0 9 9  5 3 . 3  +- 2.e 

T  I S  T H E  YUMENTUV T R A k S F E R  B E T U E E N  T H E  I I N C C M I N G  P R O T O N 1  AND T H E  I D U T G O I N G  P R f l l O N 1 .  

1 1 1  P L U S  P C S S I B L E  S Y S T E Y A T I C  ERROR O F  +- 2.3 PER CENT.  

E L A S T I C  O I F F E R E N T l A L  CRCSS S E C T I O N  FCR P R O T C h  PROTON.  I T A B L E  V I I I 1  

D A T A  I S  AVERAGED OVER LABCRATORY BEAM MOMENTUM FROM 1 . 2 0 0  TO 1 . 2 9 9  G E V I C .  

- T  O -S IGMA/@-T  
l G E V / C l * * Z  M B / I G E V l C l * * Z  [ l l  
M l N  MAX 

T  I S  T H E  MOHENTUY T R A N S F E R  BETWEEN T H E  I I N C O M I N G  P G O T O N I  A N 0  THC I D U T G O I N G  P R O T C N I .  

1 1 1  P L U S  P O S S I B L E  S Y S T E P A T I C  ERROP O F  +- 2 .4  PER CENT.  



E L A S T I C  C I F F E R E N T I A L  CROSS S E C T I C h  F C H  P R O T O h  PROTON. [ T A B L E  1 x 1  

D A T A  I S  AVERAGED GVEP L A B C P A T O R Y  F E L Z  YCMENTUW F A C Y  1 . 3 0 0  T C  1 . 3 9 9  G E V I C .  

T  1 5  T H E  MOMENTUM T R A N S F E Q B B T T E E N  T H E  I I N C O M I N G  P R O T O N 1  ANC T H E  [ O U T G O I N G  P R n T O N 1 .  

ill P L U S  P O S S I B L E  S Y S T E Y A T I C  EPROR O F  +- 2.8 PER C E N T .  

E L A S T I C  O l F F E E F N T l b L  C R E S S  S E C T I O k  F C R  P Q O T O h  PRCTON. I T A B L E  X I  

D A T A  I S  A V t R A G E D  OVEK L A B C F P T O F Y  B E A V  WCMENTUM FROY 1 .400  TO 1 . 4 9 9  G E V I C .  

-1 O - S I C Y A I C - T  
I G E V I C  ) * I 2  H B I I G E V I C l * * 2  I 1 1  
P I h  MAX 

.C5C  . 0 9 9  8 5 . 1  *- 5.0 

. l o 0  . 1 4 9  6 8 . 5  4.3 

T  I S  T H E  MOMENTUP T R A N S F E R  BETWEEN T H E  I l N C C M l N G  P R O T O N 1  ANC T H E  I O U T G O l h G  P R O T O N I .  

1 1 1  P L U S  P O S S I B L E  S Y S T E Y A T L C  EFROR O F  +- 2 . 5  PER C E N T .  

E L A S T I C  O I F F E R E N T I A L  CRCSS S E C T I C N  FCR P R O T O h  PROTON. ( T A B L E  X I  1  

C A T A  I S  AVERAGED OVER L A B O R L T O R Y  B E A V  MCMENTUP F R C P  1 . 5 0 0  T C  1 . 5 9 9  G E Y I C .  

-1 D - I 1  G M A I D - T  
I G E V / C I * * 2  Y B / l G E V / C l * * 2  I 1 1  
M l h  MAX 

. 0 5 0  . 0 9 9  9 3 . 5  +- 5.5 

T  I S  T H E  VOWEhTUW T R A N S F E R  8ETWEEN T H E  [ I N C O M I N G  P R O T O N 1  ANC T H E  I O U T G O I N G  P R O T O N I .  

I 1  I P L U S  P O S S 1 8 L E  S Y S T E P A T I C  ERROR O F  +- 1.4 P E R  CENT.  

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  F C F  P Q O T O h  PROTON.  I T A B L E  X I 1 1  

D P T A  IS A V E R A G E D  O V E K  L A B O Q A T O R Y  B E P M  n o n E N T u n  FROM 1.600 TO 1 .699  GEVIC. 

-1 O - S I E M A I D - T  
[ G E V I C l * + 2  M B / I G E V I C l * * Z  L l l  
MEN MAX 

. 0 5 C  

. I 0 0  

.2OC 

. 3 0 0  
- 5 0 0  
- 6 0 0  
. l o 0  . BOC 
. g o o  

T  I S  T H E  MOMENTUM T R A N S F E R  BETWEEN T H E  [ I N C O M I N G  P R O T O N 1  A N 0  T H E  I O U T G O l h G  P R O T C N I .  

1 1 1  P L U S  P O S S I B L E  S Y S T E P A I I C  EPROR O F  +- 1.1 P E R  CENT. 



E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C N  FCR PRCTCh PRCTON. I T A B L E  X I 1 1 1  

O A T &  IS A V E R A G E O  C V E R  L A e c R b T o a y  e E n r  UCHENTUM FROH 1 .700  TO 1 . 7 9 9  GEVIC. 

-1 E - S I E U A I C - T  
l G E V l C l t t 2  K B / l G E V I C l * * Z  Ill 
P I N  MAX 

T I S  THE MOMENTUM TRANSFER BETWEEN THE I l N C O M l N G  PROTON1 AN0 THE [ O U T G O l N G  PROTONI .  

Ill PLUS P C S S I B L E  S Y S T E I A T I C  ERRCR OF +- 1.1 PER CENT. 

F I T  TO E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C N  FOR PROTOL PROTON. I T A B L E  1 4 1  

DATA I S  F I T  OVER LDBCRATCRY B E A ?  MOMENTUM FRO? .BOO TO - 8 9 9  GEVIC.  
F I T T E D  FORMULA 1 8  C-S IGMAIO-T  = L * E X P I - R T + C T * * Z I  

WHERE 0 - S I G N A I D - 1  I S  I N  U 8 / l G E V / C l t * 2  AND -1 I S  I N  l G E V I C l * * 2 .  T  I S  THE HOYENTUM TRANSFER PETWEEN THE 
I I N C O U I N G  P R O T O h l  AhC THE I C U T G O I N G  PROTONI. 

F I T T E D  VALUE 

F I T  TO E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C L  FOR PROTOL PROTON. I T A B L E  1 4 1  

DATA I S  F I T  CVER LDBCRATCRY BEAW MCRENTUM FROM . 9 0 0  TO . 9 9 9  G E V I C .  
F I T T E D  FORMULA I S  C-S IGHAIO-T  = A r E X P I - B T + C T * * Z I  

WHERE L!-SIGMAID-T I S  I N  U B / I C E V I C I * * Z  AND -1 I S  I N  I G E V / C l * * 2 .  T  I S  THE FOMENTUM TRANSFER BETWEEh THE 
L l N C O M I N G  P R C T O N I  AhC THE IOUTGOING PROTONI. 

F I T T E O  VALUES 

F I T  TO E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FOP PROTOh PRCTON. I T A B L E  1 4 1  

DATA I S  F I T  CVER LbBORATCRY B E A l  MCFENTUH FROW 1 .000  TO 1 .099  GEVIC.  
F I T T E D  FORNULA I S  D-S IGMAID-T  = b * E X P l - B T + C T * * 2 1  

WHERE D - S l G M A l O - T  I S  I h  Y B / I C E V I C I * * Z  AND -T I S  I N  I G E V I C l * * Z .  T  I S  THE HOUENTUU TRANSFER B E T h E E h  THE 
I l N C O R l N G  PROTON1 ANC THE LOUTGOING PROTONI. 

F I T T E O  VALUES 

F I T  TO E L A S T I C  D I F F E R E N T I A L  CROSS SECTION FOR PROTON PRGTON. I T A B L E  1 4 1  

D A T e  I S  F I T  OVER LABCRATORY BEbW WCVENTUM FRCM 1 . 1 0 0  TO 1 .199  GFV/C.  
F I T T E D  FORMULA I S  0 - S I G U A I D - T  = b * E X P I - B T + C T * * 2 1  

WHERE b S I G M A I D - T  I S  I N  M B / I G E V / C l * * 2  AN0 -T I S  I N  l G E V I C l * * 2 .  1 I S  THE MOMENTUM TRANSFER BETWEEN THE 
L l N C O M l N G  PROTONI  PNC THE LOUTGOING PROTONI. 

F I T T E D  VALUES 

F I T  TO E L A S T I C  O I F F E R E N T I A L  CROSS S E C T I O N  FOR PROTON PROTON. I T A B L E  1 4 1  

DATA I S  F I T  OVER LABORATCRY BEA? l'CUENTUfl FROM 1 .200  TO 1 .299  GEV/C. 
F I T T E D  FORMULA I S  0 -S IGMb/D- '  = b * E X P L - B l + C T * * 2 1  

WHERE W S I G H A I D - T  I S  I h i  M B I I G E V / C l * * 2  AN0 -1 I S  I N  I G E V I C l t t 2 .  T  I S  THE MOUENTUH TRANSFER B E T U E E h  THE 
I I N C O M I N G  PROTON1 ANC THE I O U T G O I N G  PROTONI. 

F I T T E D  VALUES 



F I T  TO E L A S T I C  D I F F E R E N T I A L  CROSS S E C T I O N  FOR PROTOh PROTON. I T A B L E  1 4 1  

DATA I S  F I T  CVER LbDCRATOkY B E A *  MOMENTLU FROM 1 . 3 0 0  TG 1 . 3 9 9  GEVIC.  
F I T T E D  FORMULA I S  O-S IGMAIC-T  = A * E X P l - R T + C T * * Z I  

U H i R E  D - S I G M A I O - T  I S  I N  M R I l G E V / C l * * Z  AND - T  I S  I N  I G E V I C ) * * Z .  T  I S  THE MOMENTUM TPANSFEP BETWEEN THE 
[ I N C O N I N G  P R O T O N l  ANC THE I O U T G O I N G  PROTONI. 

F I T T E O  VALUES 

A  = 107 .4  +- 5.8 
0  = - 5 . 7 t  +- . 4 1  
C  = 3.68 *- .b5 

F I T  T C  E L A S T I C  D I F F E R E N T I b L  CRCSS S E C T l O h  FOR PROTON PROTON. ( T A B L E  I 4 1  

DATA I S  F I T  OVER LABCRATCRY BEA? MOMENTUM FROM 1 . 4 0 0  TO 1 .499  GEVIC.  
F I T T E D  FORMULA I S  C - S l G q A / O - T  = A L E X P I - B T + C T * * 2 1  

WHERE D-S IGMAID-T  I S  I h  P B / I G E V / C I * * 2  AN0 -1 I S  I N  l G E V I C l * * 2 .  T  I S  THE MOMENTUM TRANSFER 8 E T h E E N  THE 
[ I N C O Y I N G  P R O T O N l  ANC THE [OUTGOING PROTOI! l .  

F I T T E D  V b L U E S  

A  = 116 .1  +- 7.1 
8  = -5.45 +- .46  
C  = 1 .04  +- .79  

F I T  TO E L A S T I C  O l F F E R E N T I b L  CRCSS S E C T I O N  FOR PROTON PRCTON. I T A B L E  I 4 1  

DATA I S  F I T  OVER LABCRATCRT BEAY MOMENTUM FRO? 1 .500  TO 1 . 5 9 9  GEVIC.  
F I T T E D  FORLULb I S  C-SlGMA/O-T = * * E X P I - R T + C T + * 2 1  

WHERE O-S IGMAID-T  I S  1 N  M B / I G E V / C l * * 2  AND - T  I S  I N  l G E V / C l * * 2 .  T  I S  THE MOMENTUM TRANSFER BETWEEN THE 
I INCOMING PROTON1 ANC THE LOUTGOING PROTONI. 

F I T T E D  VALUES 

F I T  T C  E L A S T I C  O I F F E R E N T I P L  CROSS S E C T I O N  FOR PROTOh PRCTON. [ T A B L E  1 4 1  

DATA I S  F I T  OVER LABORATOPY BEAY MOMENTUM FRCY 1 . 6 0 0  TO 1 . 6 9 9  GEVIC.  
F I T T E C  FORVULA I S  C - S I G M I / O - T  = P I E X P I - B T + C T * t 2 1  

HHERE D-S IGMAIO-T  I S  I N  M B l I G E V / C l * * 2  A N 0  - T  I S  I N  l G E V I C I * * 2 .  T  I S  THE MOMENTUM TRANSFER BETWEEN THE 
I I N C C M I N G  PROTONI  ANC T H E  I O U T G O I N G  PROTONI. 

F I T T E D  VALUES 

F I T  TC E L A S T I C  O l F F E R E N T I A L  CRCSS S E C T I O N  FOR PROTON PROTON. I T A B L E  1 4 1  

DATA I S  F I T  OVER LABORATORY B E A ?  MOMENTUM FROM 1.7CO TC 1 . 7 9 9  GEVIC.  
F I T T E D  FORMULA I S  C - S I G V b l O - T  = b * E X P t - B T + C T * * Z I  

WHERE O - S I G M A I D - T  I S  I N  M B / I G E V l C l * * Z  AND - T  I S  I h '  I G E V l C l * * 2 .  T  I S  THE MOMENTUP TRANSFER BETWEEN THE 
I I N C C N l N G  PROTON1 ANC T H E  LOUTGOING PROTONI .  

F I T T E C  VALUES 

1 38 ~ E V ~ O E N C E  FOR A  W l l 4 5 O l  I N  PP C O L L I S I O N S  AT 1 0  GEVIC.  CNUOVO CIMENTO 5 0 1 ,  1 0 0 0  1 1 9 6 7 1 1  

~ ~ - P - A L ~ E I ~ A ~ J . G . R U S H ~ R D C K E ~ J ~ ~ . ~ C H A R E N G U ~ V E L  I C A V E N O I S H  LAB.. CAMB. UNIV..  CANBRIOGE.  ENGLAND1 
M-BEHRENSIY.BLOBEL. H.C.0EHNE~J.OIAZ~R.SCHAFECcU.P.SWANSON I U N I V .  HAMBURG, HAMBURG. GERMANY1 
1-BORECKA,G.KNIES IDEUTSCHES ELEKTRDLEN-SYNCH., HAMBURG, GERMANY1 

C L O S E L Y  R E L A T E 0  REFERENCES 
DATA SUPERSEDED B 7  PHYS. REV. 1 7 4 .  l b 3 8  1 1 9 6 8 1 .  

T I O N A L  C I T A T I O N S  
CERN T H  7 0 5  l 1 9 6 b l l  UCRL 8 0 3 0  JAh. ( 1 9 6 7 1 1  PHYS. L E T T E R S  8 .  1 3 4  1 1 9 6 4 1 .  PHYS. L E T T E R S  8, 1 3 7  1 1 9 6 4 1 .  PHYS. REV. 
L E T T E R S  1 3 s  5 5 5  1 1 9 6 4 1 .  PHYS. REV. L E T T E R S  1 4 ,  1 0 4 3  1 1 9 6 5 1 ,  PHYS. L E T T E R S  1 8 ,  1 6 7  1 1 9 6 5 1 ~  NUOVO C l M E N T O  3 5 1  1 0 5 2  1 1 9 6  
PHVS. REV. L E T T E R S  1 6 ,  8 5 5  1 1 9 6 6 1 .  PHYS. REV. L E T T E R S  1 7 ,  7 8 9  1 1 9 6 6 1 .  PHYS. L E T T E R S  2 3 .  3 8 6  1 1 9 6 6 1 .  NUOVO CIMENTO 2 4  
4 5 3  1 1 9 6 2 1 s  NUOVO CIMENTC 3 9 ,  1 6 9  1 1 9 6 5 1 .  NUOVO CIMENTO 2 7 7  1 4 5 0  1 1 9 6 3 1 .  NUOVO C I M E N T O  3 0 .  2 4 0  1 1 9 6 3 1 .  OUBNA 
CONFERENCE I 1 4 8  1 1 9 6 4 1 .  DESY 6 7 1 4  1 1 9 6 7 1 ,  PHYS. REV. 1 5 0 .  1 2 9 2  1 1 9 6 6 1 .  PHYS. REV. LETTERS 7. 1 9 9  1 1 9 6 1 1 .  PHYS. REV. 
L E T T E R S  1 3 ,  1 6 9  1 1 9 6 4 1 s  P H I S .  L E T T E R S  1 5 ,  2 0 1  1 1 9 6 5 1 ,  PHIS .  REV. L E T T E R S  ll. 8 8 4  1 1 9 6 6 1 1  NUOVO CIMENTO 4 0 1  8 3 9  I 1 9 6 5 1  
PHVS. REV. 1 5 4 .  1 2 8 4  1 1 9 6 7 1 .  NUOVO CIMENTO 4 7 A .  2 3 2  1 1 9 6 7 1 1  PHYS. L E T T E R S  2 0 ,  5 5 4  1 1 9 6 6 1 .  PHYS. REV. LETTERS 16, 8 6 3  
1 1 9 6 6 1 ,  NUOVO C l M E N T O  3 4 ,  1 6 4 4  1 1 5 6 4 1 ,  PHYS. L E T T E R S  1 8 ,  3 4 2  1 1 9 6 5 1 ,  PHYS. L E T T E R S  12. 7 6  1 1 9 6 4 1 .  AND PHYS. REV. 1 3 9 .  
8 1 5 6 6  1 1 9 6 5 1 .  

A R T I C L E  READ BY ODETTE BENARY l h  9 / 6 7 .  AND V E R Z F l E D  BY LEROY P R I C E .  

BEAM I S  PROTON C h  PROTON PT 10 .01  G E V I C .  

T H I S  EXPERIMENT USES THE SACLAY 0 1  C Y  I H I  BUBBLE CHAMBER. A  T O T A L  OF 0 0 0 0 0  P I C T U R E S  ARE REPORTED ON. 

K E Y  WORDS - CROSS S E C T l C N  MPSS SPECTRUM N * l 1 4 7 0 1 P L l  MOOELS 



[FROM PAGE l C O l  b N 0  PbGE 1 0 0 5 1  

LABCRATORY PEA" MOMENTUM = l C . 0 1  +- - 0 1  GEVIC.  

I T H I S  ObTA SHOULO NOT BE USEO - MORE RECENT VALUES MAY BE FOUND I N  A L M E l D b  ET AL.. PHYS. REV. 174 .  1 6 3 8  1 1 9 6 8 l l  

R E A C T l O N  M I L L  1-BARNS NO. EVENTS 
PROTOh PRCTON - 

PROTON PROTON F l t  P I -  
PROTON NEUTRON P l *  
PRCTCN N 1 1 1 4 7 0 1 +  

N t l 1 4 7 0 1 t  - PROTON P I +  P I -  Ill 
PROTON N 1 1 1 4 7 0 1 r  

Ill F I T T E D  FOP MASS ANO/CR k I O T H  [ PASS = 1 . 4 5 0  GEV: H I C T P  = .Z2O GEV 1, ANC THEN TOOK ONLY EVENTS ABOVE I F l T T E O l  
RACKCRCUhO. 

1 2 1  F I T T E O  O l S T R I B U T I O N  h I T b  F l X E O  MOSS &NO W I D T H  I H I S S  = 1 . 4 5 0  G E V i  W l O T n  = . 2 2 0  GEV 1 AN0 TOOK EVERTS ONLY 
ABOVE I F I T T E D I  BbCKCRCLND. 

~ p R ~ o u C T I O N  OF THE NLICLEON l S O 8 A R S  1 2 3 6 .  1 4 1 0 ,  1 5 1 8 ,  AN0 1 6 8 8  MEV I N  PROTON-PROTCN C C L L I S I O N S  AT 2.85. 4 - 5 5 ,  6 - 0 6 .  AN0 7.88 
GEVlC .  I P H Y S .  REV. L E T T E R S  1 7 9  7 8 9  1 1 9 6 6 l l  

I .M.8LAIR,A.E.TAYLOR I A T O M l C  EN. RES. ESTA8.s HbRWELL, 8ERKS.v E N G L A N C l  
W . S . C H A P M A N , P . I . P . K A L M U S 5 J . L I T T 5 P . C c P I L L E R , O . . S C O T T H J . S H E R M A N  I P U F E N  MARY COLLEGE,  LONDOh. ELGLAND1 
A.ASTBURY,T.G.WALKER IRUTHERFCRC H I G b  Eh. LAB.. CHlLTCN.OID.BERK.ENGLANDl  

ABSTRACT MOMENTUM SPECTRA OF PROTONS SCATTERED I N E L 4 S T I C I L L Y  I N  PROTON-PRCTCh C C L L I S I O N S  WERE O B T A I N E O  I h  AN EXTERNAL 
BEAM A T  NIMROD U S I N G  I N C I D E N T  PROTON MOPENTA OF 2.85, 4.55. 6 . 0 6 1  AN0 7 .88  G E V I C  AND VARIOUS SCATTERING ANGLES I N  T H E  
RANGF >7 T n  1 6 4  MRAO. T H F P F  I S  F V I O F N C F  FOR THE P R C n U r T I O N  OF THE 1 4 1 0  PEV ISOBAR AT SMALL ANGLES. THE *ELL-KLOWN 
ISCB;R~-OF-M~SS VALUES 1 . ? 3 ; v - i 5 i 8 ; - i ~ C - 1 6 8 8  ME; A R ~ - ; ~ S ~ - S E E N .  T H E - D ~ F F E ~ E N T I A L  CROSS SECTIONS ARE PRESENTED FOR THE 
PRODUCTlON OF THESE ISOBAPS.  THEY A R t  AhALYZEO I N  TERMS OF T H E  USUAL V A R I A B L E S  S AN0 T .  F l T S  TO THE OASERVED MOMENTUM 
SPECTRL I N D I C A T E  FCR THE N * l l 4 l O l  A MASS OF 1 4 1 0  +- 1 5  MEV AND A WIDTH OF 1 2 5  +- 2 0  MEV. 

CLOSELY RELPTED REFERENCES 
DATA SUPERSEDED BY NUOVO C l M E N T O  6 3 A v  5 2 9  1 1 9 6 9 1 .  

A O D I T I O N A L  C I T A T I O N S  
PHYS. REV. L E T T E R S  4, 6 1 1  1 1 9 6 0 1 ,  PHYS. REV. 1 2 8 ,  1 8 2 3  1 1 4 6 2 1 ,  P H I S .  REV. L E T T E R S  7 1  4 5 0  1 1 9 6 1 1 ~  PHYS. L E T T E R S  8, 1 3 4  
1 1 9 6 * 1 .  PHYS. L E T T E R S  1 8 .  I 6 7  1 1 9 6 5 1 ,  NUOVO C lMENTO 3 5 ,  1 0 5 2  1 1 9 6 5 1 ,  PHYS. REV-  LETTERS 1 6 ,  8 5 5  1 1 9 6 6 1 1  REV. MOO. PHYS. 
3 7 .  6 3 3  1 1 9 6 5 1 .  PHYS. LETTERS 8 ,  1 3 7  1 1 9 6 4 1 ,  PHYS. REV. L E T T E R S  1 3 ,  5 5 5  1 1 9 6 4 1 .  PHYS. REV. LETTERS 14. 1 0 4 3  1 1 9 6 5 1 .  
PHYS. REV. L E T T E R S  1 2 .  3 4 0  1 1 9 6 4 1 .  PHYS.  REV. 1 3 8 ,  8 1 9 0  1 1 9 6 5 J r  PHYS. L E T T E R S  1 2 .  7 6  1 1 9 6 4 1 .  PHYS. L E T T E R S  1 1 ,  3 3 9  
1 1 9 6 4 1 ,  AND P H I S .  RE\.  L E T T E R S  1 4 s  8 8 1  1 1 9 6 5 1 .  

* * l * l . * * * * * t * . * * * * f  

* NO DATA PUNCHEC FCR T H l S  A R T I C L E  * * * * * * , * * . * * * * * * * * *  

~ l s c o N T I N u ~ u s  BEHAVIOUR l h  LARGE ANGLE PROTOh-PROTON E L A S T I C  S C A T T E R I N G  AT H I G H  ENERGIES.  IPHYS.  LETTERS 25.. 1 5 6  
1 1 5 6 7 l >  

J . V . A L L A B Y . G . C O C C O h l ~ A . N . C I O G E N S 5 A . K L O V N I N G , G . M A T T H l A E E . J . S A C H 4 R I O l S  A.M.WETHERELL [EUROPEAN ORG. FCR NUC. RES.. GENEVA. 
S W I T Z E R L A N D 1  

ABSTRACT MEASUREMEhTS OF E L e S T I C  PROTON-PROTON D I F F E R E N T I A L  CROSS S E C T I O N S  FOR 6NGLES BETHEEN 6 5  OEG. ANC PO OEG. C.M.5. 
HAVE BEEN M4DE A T  8 .  9 ,  1 0 1  11, 1 4 s  1 5  AN0 2 1  GEVIC.  TPE SHAPE OF THE ANGUL4R O I S T R l 8 U T l O N  I S  FOUND TO CHdNGE 
SUODENLY BETWEEN 8 A N 0  11 C E V I C .  AN I N T E R P R E T A T I O N  OF T H l S  D I S C O N T I N U O U S  BEHAVIOUR I N  TERMS OF THE R E A C T I V E  E F F E C T S  
OF BARYON-ANTIBARYCC P A I R  FRODUCTION I S  PROPOSED. 

CLOSELY R E L A T E 0  REFERENCES 
T H l S  A R T I C L E  SUPERSECES PHYS. L E T T E R S  2 3 ,  3 8 9  1 1 9 6 6 1 .  
PART OF T H I S  A R T l C L E  SUPERSEOEC BY CERN 6 8 - 7  5 8 0 .  AN0 CERN HAORON CONFERENCE 1 5 8 0  1 1 9 6 8 1 .  

A C K I T I O N A L  C I T A T I O N S  
CERN T H  4 0 6  1 1 9 6 4 1 .  ANNUAL REV. OF NUCLEAR S C I E N C E  11, 1 8 3  1 1 9 6 6 1 r  UCRL 1 6 2 7 5 ,  UCRL 1 1 4 4 1 ,  PHYS. REV. 1 2 8 .  2 3 9 2  1 1 9 6 2 1 .  
ANNUAL REV. OF NUCLEAR S C I E N C E  1 3 .  2 b l  1 1 9 6 3 1 ,  PHYS. LETTERS 1 3 ,  1 9 0  1 1 9 6 4 1 ,  PHVS. REV. 1 3 8 ,  8 1 6 5  1 1 9 6 3 1 .  U C R L  1 7 2 5 7  
PHYS. REV. L E T T E R S  1 7 .  1 1 0 5  1 1 9 6 6 1 ,  PHYS. LETTERS 8 1  8 0  1 1 9 6 4 1 0  A N 0  P H I S .  REV. LETTERS 1 2 ,  2 5 7  1 1 9 6 4 1 .  

A R T I C L E  READ BY OOETTE BENARY I h  1 0 1 6 7 ,  AND V E R I F I E D  PY LEROY P R I C E .  

BEAM I S  PROTON O h  PROTCN FRCP 0.1 TC 21 .3  GEVIC.  

T H l S  EXPERIMENT USES COUNTERS. 

GEhERAL CCMMENTS ON T H I S  A R T I C L E  
1 AT 8, 9 ,  AN0  1 0  G E V l C ,  C h 2  TARGETS WERE USEO. 

K E Y  UOROS - D I F F E R E N T I A L  CRGSS S E C T I C L  F I T S  

CCPPOUNC KEY WORCS - F l T S  D I F F E R E N T I A L  CROSS S E C T I O N  

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FCR PROTON PROTON. I T A B L E  1 1  

LA8ORATORY PEAP MOMENTUM = 8.1 G E V I C .  

I T H I S  DATA SHOULD NOT B E  USED - MORE RECENT VALUES MAY BE FOUNO I N  A L L A B Y ,  ET  A L - r  CERN 6 8 - 7  5 8 0  1 1 9 b 8 l I  

THETA 
DEGREES 

68. 0 
7 2 . 2  
76.2 
8 2 - 2  

THETA I S  THE ANGLE THAT THE PROTCN WAKES WITH THE BEAK I N  THE GRANC C.M. 

1 1 1  PLUS P O S S I B L E  S Y S T E Y b T l C  ERROR OF +- 7 .14  PER CENT. 



E L A S T I C  O I F F E R E N T I A L  CRCSS S E C T I O N  FCR PROTUh PRCTON. I T A B L E  1 1  

LABORATORY EEAY MOMENTUM = 9.1 GEVlC .  

I T H I S  DATA SHOULD NOT BE USEC - MCRE RECENT VALUES MAY BE FOUND I N  ALLABY,  ET AL., CERN 6 8 - 7  5 8 0  1 1 9 6 8 1 1  

THETA 
DEGREES 

68 .1  
74 .2  
82.2 

THETA I S  T H E  ANGLE T k A T  THE PROTCN MAKES W I T H  THE BEAM I N  THE GRANO C.H. 

1 1 1  PLUS P O S S I B L E  S Y S T E M A T I C  ERROR OF t- 7 . 1 4  PER CENT. 

E L A S T I C  D I F F E R E N T I A L  CROSS S E C T I C N  FCR P R O l O h  PRCTON. I T A B L E  1 1  

LABORATORY BEAP MOMELTUV = 10 .  GEVIC.  

[ T H I S  DATA SHOULD NOT B t  USEC - MORE RECENT VALUES MAY B E  FOUNO I h  4 L L A B I .  ET AL.. CERN 6 0 - 7  5 8 0  I 1 9 6 8 1 1  

THETA 
DEGREES 

T P E T A  I S  THE ANGLE T h A T  THE PROTON VAKES WITV THE BEAM I N  THE GRAhD C.M. 

Ill P L U S  P O S S I B L E  S Y S T E I A T I C  ERRCR OF +- 7 - 1 4  PER CENT. 

E L A S T I C  D I F F E R E N T I A L  CROSS S E C T I O N  FCR PROTOh PROTON. I T A B L E  1 1  

LABORATORY BEAM MOMENTUI  = 11. GEVIC.  

I T H I S  O A T 4  SHOULD NOT B E  USEC - MORE RECENT VALUES YAY BE FOUND I h  ALLABY,  ET 4L.. CERN 6 8 - 7  5 8 0  1 1 9 6 8 1 1  

THETA 0 -S IGMLIC-OMEGA 
D E G R E E S  u e l s e  1 1 1  

73 .  .036O r- .CCO5 
7 8 .  . 0 2 9 6  .CC07 
86 .  . 0 2 b S  .CC05 

THETA I S  THE ANGLE THAT THE PROTCh MAKES W I T H  THE BEAU I N  THE GRANC C.M. 

1 1 1  PLUS P O S S I B L E  S Y S T E I A T I C  ERROR OF +- 7.14 PER CENT.  

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C N  FOR PROTOh PROTON. I T A B L E  1 1  

LbeORATORY BEA*  MOMENTUP 2 14.25 GEVIC.  

I THESE VALUES HAVE BEEN CCRRECTED ACCOPOING TO CERN 6 8 - 7  VOL. 11 PAGE 5 8 0 .  1  

THETA 
OEGREES 

6 7 .  
71 .  
7 7 .  
9 0 .  

C-SIGMAIC-OMEGA 
N b N C B A R h S l S R  I 1  1  
8 .11  +- . 2 5  
6.27 .ZC 
4 . t 7  . 1 5  

T h E T A  I S  THE ANGLE T H A T  THE PROTON MAKES W I T H  THE BEAM I N  THE GRbhC C.M. 

Ill P L U S  P O S S I B L E  SVSTEWATIC ERROR OF +- 7. 1 4  PER CENT. 

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C N  FCR PRCTCh PROTON. I T A B L E  1 1  

LABORATORY B E A r  MCWEhTUY = 16.4 GEVIC.  

I T H I S  DATA PEPLACES VALUES G I V E N  E A R L I E R  I N  ALLABY ET AL.. PHYS. L E T T E R S  23s 3 8 9  1 1 9 6 6 1 1  

( THESE VALUES HAVE BEEN CCRRECTEO ACCOROING TO CERN 6 8 - 7  v 0 L . 1 1  PAGE 5 8 0 .  1  

THETA 
DEGREES 

6 7 .  

C-S IGMAIO-CIEGA 
NAhCBARNSlSR Ill 
2.15 +- .04  
1 - 6 5  .Cb 
1.53 .C5 
1 .29  .C4 
1.10 .03  

THETA I S  THE ANGLE THAT THE PR0TOh M I K E S  WITW T H E  BEAP I N  THE GRANO C.M. 

1 1 1  PLUS P O S S I B L E  S Y S T E M A T I C  ERROR OF +- 7.14 PER CENT. 



E L A S T I C  C I F F E R E N T l d L  CRCSS S E C T I C N  FCR P R O T C h  PROTON. I T A B L E  1 1  

LARORATORY e E A P  NOVEhTUW = 1 9 . 3  G E V I C .  

I T H E S E  V A L U E S  H A V E  R E E N  CCRRECTEC ACCOROING T C  C E R k  6 8 - 7  VOL. 1, PAGE 58C. I 

T H E T A  
DEGREES 

t 4 .  
6 9 .  
1 5 .  
9 0 .  

T F o T A  I S  T H E  ANGLE T + A T  T H E  PROTON WAKES W I T H  THE 8 E A Y  I N  T H E  G R A h D  C.P. 

1 1 1  P L U S  P O S S l 8 L E  S Y S T E V A I I C  ERROR O F  +- 7 .14  PER C E h T .  

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C N  F C R  P R O T O h  PROTON. I T A B L E  I 1  

LABORATORY BEAY HOYENTUY = 2 1 . 3  G E V I C .  

I T H E S E  V A L U E S  H A V E  PEEN C C R R E C T E D  A C C O R D I N G  T O  CEPN 6 8 - 7  v n i .  I, P A G E  5 8 0 .  I 

T H E T A  
OEGREES 

6 6 .  
7 0 .  
7 5 .  
87.  

T H E T A  I S  T H E  ANGLE T H A T  T H E  P R O T O h  WAKES h l T H  THE B E A N  I N  T H E  G R b h C  C.H. 

I 1 1  P L U S  P O S S I B L E  S Y S T E V A T I C  ERRCR O F  +- 7.14 PER CENT. 

) E L E L T I C  S C A T T E P L N G  ANC S I N G L E - F I C N  P R O D U C T I O N  I N  PROTCN-PRCTCN I N T E R A C T I O N S  AT 6 . 9 2  B E V I C .  I P H Y S .  R F V .  1 7 3 ,  1 3 2 2  1 1 9 6 8 1 1  

G . A L E X A N D E R ~ L . C ~ R H E L ~ Y . E I S E N ~ E R G G E . E ~ R O A T A . S H A P I A , G . Y E K U T ~ E L ~  I k E l Z ~ A M l l  I N S T .  CF  SCI. .  REHOVOTH, I S R P C L l  
A.FPIOMANIG.M~UPER.J.OUOETTCCZECHHPPCUEP [ C E N T R E  OES RES. N U C L E A I R E S ,  STRASBCUPG,  F R A N C E 1  

A A Y T R A C T  F I A < T l C  5 C A T T E R l h C  A h C  S I N G L E - P I C N  P R O D U C T I O N  I h  P P  C O L L I S I O N S  AT  6 . 9 2  B E V l C  WERE S T U D I E D  I N  THE RNL  8 0 - I N .  . . . . . . . . . 
HYOPOGEN B U B B L E  CHAMBER. P A P T I A ~ ~ C R O I S  ~ E C T I O N S ~ F O R  T H E  DIFFEIIENT F I N A L  S T A T E S  ARE G I V E N .  T H E  P E A C T I O N  P P -  N E U T R n N  
N * l l 2 3 8 ) + +  W I T P  S I G N 1  = 1.9 t- 0 .3  M B  I S  A N A L Y Z E C  A N D  15 I N  AGREEHENT h f T H  T H F  W O D l F l E O  C N E - P I F N  EXCHANGC MCOEL. 
< I N G I T - - L I P N  PR"O l ! rT l f lN  C A N  RE E X P I A I N F "  A <  O l lF  'MAINLY TC TUP C H A N N E L S  -- l b l  P P - N * 1 1 2 3 8 1 + +  N E i l T R O h  A N 0  I R I  P P - P I N  - ~ - .  - -  

P I * ]  OR P P - P I P  P I O l ,  WHERE T H E  I N  P I + )  AND I P  P I 0 1  P A I R S  ARE I N  AN I = 1 1 2  S T A T E .  

C L O S E L Y  R E L A T E D  R E F E R E N C E S  
SEE A L S O  NUOVO C I H E I I T O  5 3 ,  4 5 5  1 1 9 6 0 .  

A O O I T L O N A L  C l T A T l O N S  
P H I S .  REV. 1 5 4 ,  1 2 8 4  1 1 9 6 7 1 .  PHYS.  R E V .  1 4 6 .  9 8 0  1 1 9 6 6 ) .  PHYS. REV. I*'+* I 1 2 2  1 1 9 6 6 1 ,  PHYS. REV. 1 6 0 ,  1 4 1 0  1 1 9 6 7 1 .  
NUOVO C I M E N T O  3 3 .  3 0 5  1 1 9 6 4 1 ,  P h Y S .  REV. 1 5 1 ,  1 3 0 6  1 1 9 6 6 1 ,  U C R L  1 8 0 1 0  1 1 9 6 1 1 ,  PHYS. REV. 1 6 0 ,  1 7 7 3  1 1 9 6 8 1 1  PHYS. REV .  
1 2 5 ,  2 0 8 2  1 1 9 6 2 1 ,  PHYS. REV. 1 6 2 ,  1 3 2 0  l L 9 6 7 1 ,  NUOVO C l Y E N T C  4 9 4 ,  4 7 5  1 1 9 6 7 1 ~  h U O V O  C I H E N T O  5 3 4 ,  2 3 2  I 1 5 h B I v  PHYS. REV. 
L E T T E R S  1 6 .  8 5 5  1 1 9 6 6 l .  ANC PHYS. REV .  L E T T E R S  1 1 .  7 8 5  1 1 9 6 6 1 .  

A R T I C L E  READ BY O C E T T E  BENARY I h  I l b F ,  A N 0  V E R I F I E D  BY  L E R O Y  P R I C E .  

B E & *  1 5  PROTON ON P P O T O h  AT  6 . 5 2  G E V l C .  

T H I S  E X P E R l Y E N T  U S E S  T b E  E.N.L. 8 C  I h .  I H I  B U B 8 L E  CHAMBER. A  T O T A L  O F  6 4 0 0 0  P I C T U R E S  ARE REPOP.TE0 ON. 

K E Y  WCRCS - CROSS S E C T I O N  C I F F E R E N T I A L  CROSS S E C T I O N  F I T S  A N G b L A F  O I S T R I B U T I C L  MASS SPECTRUM 
MODELS O i N S f T Y  Y A T R I X  C A L I T Z  PLOT  R E D L  I A M P L I T U D E I I I H A G I N A R Y  I A M P L l T U O E l  D E L T A 1 1 2 3 8 1  

CCHPUUNC K E Y  WORCS - F I T S  C I F F E R E N T I A L  CROSS S E C T I O N  

[ F R C H  PACE 1 3 2 2 .  T A B L E  I, b N O  PAGE 1 3 2 6 1  

L A B O R A T O R Y  e E A V  YCMENTUV = 6 . 9 2 0  +- . D l 5  G E V I C .  

R E D C T I O N  
PROTON PROTON - 

T O T A L  
E L A S T I C  
PROTON NEUTRON P I +  
PROTCL PROTON PIC 
NEUTRON O E L T A I l Z 3 8 1 + +  

O E L T A I I 2 3 8 l + +  - P P O T O h  P I +  L 1 1  
2  PRCNGS 

H l L L I - B A R N S  hO.  E V E N T S  

1 1 1  F I T T E D  O l S T K l B U T l O h  W I T H  F I X E D  YASS AND W l O T H  ANC TOOK E V E N T S  O N L Y  ABOVE l F I T T F O l  BACKGROUND. 



E L A S T I C  O I F f E R E h T l d L  C R C S S  S E C T I C h  F C k  P R C T C h  P R D T O h .  [ F I C U R E  2 1  

L O B C Q A T J R Y  P E P Y  I O P E L T U *  = 6 . 9 2 0  +- . C 7 5  G E V I C .  

................................... . T H I S  O P T A  h b S  R F A O  F R O P  E C R b P W  . ........... 
-1 

I G E V I C  l * * 2  
Y l h  M A X  

. 0 2  

. 0 3  

NC. F V E N T S  

1  I S  TWE M O M E N T U M  T R A N S F E R  B t T h E E h  T H E  I l N C O H l N G  P R O T O N 1  P N C  T H E  I O U T G O l N G  P R O T O N I .  

I 1 1  C O U N T S  k E R r  M U L T l P L l E C  E Y  .5 TO C E T  T + E S E .  E R R O R S  I R E  T A K E N  b S  P R O P O R T I O N A L  T O  T H E  S O U A R E - R O O T  O F  T H E  C O U N T S .  

F I T  T C  t L A S T I C  D I F F E R E N T I A L  C R C S S  S E C T I C N  F O R  P R O T O N  PROTON. 1  P A G E  1 3 2 4  1  

L A B O R b T O R I  B E b ?  P O M E N T U Y  5 6 . 4 2 0  +- . 0 7 5  G E V I C .  

O b T b  I S  F I T  O V E F  -1 F R O *  . O L  T C  . 1 2  I G E V l C l t l 2 .  T  I S  T H E  M O M E N T U V  T R P N S F E R  B E T W E E N  T h E  I l N C O R l N G  P R O T O N I  A N 0  T H E  
[ C U T G O I N G  P R O T O N I .  

F I T T E D  F O R Y U L A  I S  C - S I G V b I O - T  = A * E X P I B I T I I  

F I T T E D  V A L U E S  

F I T  T C  E L A S T I C  U l F F E R E N T l A L  C R O S S  S E C T I O N  F O R  P R O T O N  P R O T O L .  [ P A G E  1 3 2 3 1  

L A R O R P T O R Y  e E A I  Y O M E N T U Y  = 6 . 9 2 0  *- . O T 5  G E V I C .  

D A T A  I S  F I T  OVER -1 F R O ?  - 0 4  T O  . 5 0  I G E V I C I * * Z .  T  I S  T H E  Y O R E N T U V  T R A N S F E R  B E T U E E I  T H E  I I N C O Y I N G  P R O T O N I  A N D  T H E  
1  O U T G O I N G  P R O T O N I .  

FITTED FOPYULA IS C - S I G M b l O - T  = A * E X P I 8 l T l + C t T * * 2 1 1  

WHERE D - S L G R P I C - T  I S  I N  Y B / I G E V I C l * * 2  A N D  - T  I S  I h  I G E V I C l * * Z .  

F I T T E C  V A L U E S  



D I F F E R E N T I A L  CROSS S E C T I O N  FOR PRCTCh FRCTON - O E L T A l l 2 3 B I + +  NEUTRON. 
O E L T A I 1 2 3 8 l + +  - PROTON P l t  I 1 1  

LABORATORY e E A *  MOMENTUP i 6 . 5 2 0  r -  . 0 7 5  GEVIC. 

I BACKGROUNO E S T I M A T E C  T C  EE ( 1 5  PER CENT. I 

................................... . T H I S  DATA WAS READ FROP L GRAPH . ....................-.............. 
-1 0 - 5 1  GMAlO-T 

I G E V I C I * * 2  Y R / l G E V l C l * * 2  
M I N  MAX 

T  I S  TUE MOMENTUM TRANSFEP BETWEEN T H E  I l N C n M l N G  PROTON1 AND TPE I O E L T A l 1 2 3 8 1 + + 1 .  

Ill CCUNTED ALL  EVENTS I h  YASS RAND. 

B A  BUELF;;::::ER STLIDY CF P R O l O h - P R U C h  C O L L I S I O N S  A l 4  G E V K .  Il. - M U L T I P L E  P I "  PROOUCl lON.  "".LlOVO CIMENT"  5"'""". 

L . B G O I N I ~ L . C A S E ~ J . K ~ D C . L . P A N O E L L I L V . P E L O S ~ , S . R A T T I . V . R U S S O ~ L . T A L L O ~ E  I U N I V .  0 1  WILAhC.  MILANO,  I T A L Y 1  
C . C A S O . F . C O N T E ~ ~ . . O A H E R I ~ G . T O ~ b S I N I  I U N I V .  C1 GENOVA. GENOVA, I T A L Y 1  

<ACT bBOUT 50.OCO P I C T U R E S  WERP T A K E N  I N  THE 8 1  CM SACLAY HYOROGEh BUBBLE CHAMBER EXPOSED AT THF CEPN 
PROTOh-SVNCHROTROh T C  A  SEPARATEC 8 E A V  OF 4  G E V l C  I N C I D E N T  MOMENTUM PROTONS. CROSS-SECTIONS FOR THE VARIOUS CHAhNELS 
FOR M U L T I P L E  P I O N  PROOUCTICN ARE PEPORTED, AS h E L L  AS PROOUCTION CROSS-SECTIONS FOE BARYOh AND BOSON RFSONANCES. 
T A K l h G  I N T O  ACCOUNT THE PERIPHERAL B t + A V I O U R  OF THE I N T E R A C T I O N  I N  THE E V A L U A T I O N  OF THF BACKGROUND. ALL  THE CHANNELS 
APPEAR TO BE OOMlNATEO BY THE N I l 1 2 3 6 1  ISOBAR PROOUCTIOL.  W H I L E  THE PRESENCE OF HIGHER ISOBARS ODES NOT SEEM TO 
AFFECT A P P R E C I A B L Y  T H E  GENERAL FEATURES OF THE D I F F E R E N T  REACTIONS.  THE CNLY CLEAR EVIDENCE AMONG THE BOSON 
RESONANCES I S  FOR ETA I S I G P A I E T A I  = 10 .04  +- 0 . 0 2 1  M 8 l  A N 0  OMEGA I S l G M A l O H E G A l  = IO.CB +- 0.031 MBI .  THERE I S  NC 
STRONG E V I O F N C E  FOR THE I = 5 1 2  I S O B A R  AROUND 1.58 GEVIC-SQUARED. F I N A L L Y  AN A N A L Y S I S  OF REACTIONS PROOUClNG WORE 
THAN ONE NEUTRAL P A R T I C L E  +AS BEEN T R I E D .  ALLOWING AN E S T I M A T E  OF THE MEAN M U L T l P L l C I T l E S  FOP BOTH CHARGEC AN0 
UNCHARGED P IONS.  

CLCSELY R E L A T E 0  REFERENCES 
T H l S  A R T I C L E  SUPERSEDES S I E N N A  CCNFERENCE 1  3 4 8  1 1 9 6 3 1 .  
T H l S  A R T I C L E  SUPERSEOES PART OF P H I S .  LETTERS 1 6 ,  7 5  1 1 9 6 5 1 .  
C O N T I N U A T I O N  OF P R E V I C U S  E X P E R I P E N T  I N  NUOVC C I N E N T D  4 9 A 1  4 7 9  1 1 9 6 7 1 .  

A O D I T I O N P L  C I T A T I O N S  
NUOVO C I U E N T O  4 3 8 1  1 2 1 0  1 1 9 6 6 1 ,  UCRL 8 0 3 0  JAN. 1 1 9 6 0 1 ,  CERN 6 5 - 7  1 1 9 6 5 1 ,  CERN 6 6 - 1 8  1 1 9 6 6 1 9  CERN TH 8 3 7  1 1 9 6 7 1 ,  P Y Y S -  
REV. L E T T E R S  1 7 1  8 8 4  1 1 9 6 6 1 .  P H I S .  REV. 1 3 8 8 ,  1 9 C  1 1 9 6 5 1 ,  PHYS.  REV. L E T T E R S  1 5 ,  4 6 8  1 1 9 6 5 1 ,  NUOVD C lMENTO 5 5 A .  6 6  
1 1 9 6 B 1 r  NUOVO C l M E N T O  5 0 1 .  1 0 0 0  1 1 9 6 7 1 .  NUOVO CIWENTC 2 4 ,  4 5 3  1 1 9 6 2 1 .  CORAL GABLES CONFERENCE 8 9  1 1 9 6 5 1 .  PHYS. R E V -  
L E T T E R S  1 5 ,  2 0 7  1 1 9 6 5 1 ,  PHYS. L E T T E R S  2 1 .  5 8 2  1 1 9 6 6 1 ,  AN0 PHYS. REV. 1 5 4 .  1 2 8 4  1 1 9 6 l l -  

A R T I C L E  READ BY OOETTE BENARY I h  1 / 6 5 ,  A N 0  V E R I F I E D  BY LEROY P R I C E .  

B E A P  I S  PROTON ON PROTON AT 4 C E V l C .  

T H l S  EXPERIMENT USES T+E SACLAY 8 1  C v  l H 1  BUEBLE CHANRER. A  T C T A L  OF 5 0 0 0 0  P I C T U R E S  ARE REPORTED ON. 

K E Y  WORCS - CROSS S E C T I O N  ANGULAR D I S T R I B U T I O N  F I T S  MASS SPECTRUP O A L I T Z  PLOT MOOELS 
D E L T A 1 1 2 3 8 1  E T A 1 5 4 8 1  OMEGA17831  ' N * 1 1 6 8 8 1 '  N * 1 1 5 2 0 1 0 1 3  

COHPOUNO KEY WORDS - F I T S  ANCLLAR O I S T R I B U T I O N  

LABCRATORY EEbM POMENTUN = 4. C E V I C .  

R E A C T I O N  
PROTOh PRCTON - 

PROTON PROTON P l t  P I -  
PROTCh PROTON P I +  P I -  P I 0  
PROTON NEUTRON P I +  P i +  P I -  
PROTON NEUTRON P I +  M M 2 1 P I O  
PROTON PROTOh P M > 2 P I C  
NEUTRON NEUTRON P I +  P l t  MPLOPIO 
4 PRCNGS - .  
t PRONGS 

M I L L I - B A R N S  hO. EVENTS 

CROSS S E C T I O N  FOR PROTON PRCTOh - PROTON NUCLEON R H O 1 7 6 5 1  P I O N .  I P A G E  4 8 9 1  

LABORATORY 
e E b P  PCMEhTUH 

G E V I C  



LABORbTORY FEAW YCPEhTUP = 4. GEVIC.  

REACTlON M I L L I - B A R N S  
PRUTCh PRCTON - 

PPCTGN PROTON ETA1 5 4 8 1  
E T b l 5 4 8 I  - P I +  P I -  P I 0  1 1 1  

Ill F I T T E D  D l S T R l b U T I @ N  WITH F I X E D  ?ASS AN0 WlOTH AN0 TOOK EVEhTS ONLY ABCVE I F l T T E C l  BACKGROUND. 
I 2 1  F I T T E D  FOR YASS ANOICR h1OTH I MASS = .7B4 GEV: WlDTH = . 0 1 4  GEV 1, ANC THEh TOOK ONLY EVENTS ABOVE I F l T T E D l  

BbCKtRCUNC. 

[PAGE 4 9 1 1  

LABORATORY BEAW MOLEhTUL s 4. GEVIC. 

REACTION 
PROTOh PROTON * 

D E L T b l 1 2 3 8 1 + +  h * l l 5 2 O I C  
D E L T A 1 1 2 3 B I r +  . PROTOL P I +  1 1 1  
N * l 1 5 2 O I O  . PRCTON P i -  P I 0  1 1  I 

O E L T A 1 1 2 3 8 1 + +  ' N * l l b B 8 l O '  
OF1 T A 1 1 7 ? R I + +  . PROTCh P l t  1 1  I 

Ill F I T T E D  O I S T R l B U T l O N  k l T M  F I X E D  VASS ANC WlOTP AND TOCK EVENTS ONLY bBOVE I F I T T E O L  BACKGROUND. 

[PAGE 4 9 3 1  

LABOPATORY eEAM M O r E h T U I  = 4. GEVIC.  

REACTION 
PROTON PROTGh - 

O E L T A I 1 2 3 8 1 + +  D E L T A l l 2 3 8 1 -  P l t  
D E L T A l 1 2 3 B I + +  . PROTOh P I +  1 1 1  
O E L T A 1 1 2 3 8 l -  - hEUTROh P l -  1 1 1  

D E L T A 1 1 2 3 B l + +  NEUTRON P I +  P I -  
o ~ ~ T ~ 1 1 7 3 8 1 t r  - PRCTCL P i +  r 1 1  

1 1 1  F I T T E D  O l S T R l 0 U T l O h  N I T +  F I X E C  PASS AND WIDTH AND TODK EVENTS ONLY ABOVE I F I T T E O I  BbCKGROUNO. 

LABORbTORY eEAP MOFENTUP = 4. GEVIC.  

REACTlON V I L L I - B A R N S  
PROTCh PRCTOh - 

PROTON P I +  NEUTRON P I 0  3.8 +- .3 
PRCTCN P I +  NEUTRON P I 0  P I 0  1.0 .2 

m E L b S T l C  PROTON-PROTON SCATTERING AT 9C DEG. AN0 STRUCTURE W l T H l N  THE PROTON I P k Y S .  REV. 1 5 9 ,  1 1 3 8  1 1 9 6 7 1 1  

u C . U . A K ~ R L O ~ ~ ~ . P . H I E B E R ~ A . O . K I R S C H  I U h I V .  OF Y I C H I G b h ,  bNN ARBOR, MICH.. U S A 1  
K.W.EOWbPOS I U N I V .  OF ICYA,  lOHA C I T Y ,  IOUA,  USA1 
L.G.RATNER I l R G O h N E  NAT. LAB.. PRGONhE. ILL.. U S A 1  
K.RUDO1CK I U N l V .  OF MINNESOTA. Y I N h E A P O L I S .  MINh.. USA1 

ABSTRACT THE C I F F E R E N T I A L  CRCSS SECTION OF PROTON-PROTON E L A S T l C  SCATTERING AT 9 0  OEG. I N  THE CENTEP-OF-YASS SYSTE*  
MAS MEASURED AT LbRORATORY MOMEhTA R b h G l N G  FROM 5.0 TO 13.4 GEVIC.  F IFTY-ONE MEASUREMENTS WERE MbDE b T  MOMENTUM 
INTERVALS OF 1 0 0  OR 2 0 0  MEVIC. THE EXTRACTED PROTOh BEAP OF THE ZGS I P P l N G E D  UPON b CH2 TARGET. THE THC SCATTERED 
PRCTONS UERF DETECTED BY ThC SPECTROMETERS CONSISTING OF MAGNETS AND S C I N T I L L A T I O N  COUNTER TELESCOPES I h  COINCIOENCE. 
THE lNC1DENT BEAP FLUX HAS MEASLREO BY RbOIOCHEMlCAL ANALYSIS OF THE CH2 TARGETS. THE EXPERIMENT SHOWED NO EVIOENCE 
FOR ANY S=0. T = 1  OlBbRYOh RESONANCES I N  THE 3 3 0 0  - 5 2 0 0  MEV MASS RANGE. I T  ALSO VIELOEO SOME 1NFORMATION bBOUT T k E  
V A L l D I T V  OF THE S T A T I S T I C A L  MODEL AhD THE A N A L Y T I C I T Y  OF THE SCATTERING I V P L I T U O E .  ThE MOST 1NTERESTING RESULT OF THE 
EXPERIMENT WAS A SHARP BREAK I N  THE FIXED-ANGLE CROSS SECTION. T H I S  MAY BE EVIOENCE FOR THE EXlSTENCE OF TWO INNER 
REClCNS OF THE PROTON k l l t  R A D I I  0.51 +- - 0 2  AND 0.34 +-  .O2 F. 
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ARTICLE READ BY LERCY PRICE l h  1 0 1 6 7 ,  AN0 V E R l F l E D  BY OOETTE BENIRY.  

BEAM I S  PROTON ON HYDROGEN COMPOUND FRCY 5.0 TC 13.4 GEVIC. 

T H l S  EXPERIMENT USES CObNTERS. 

KEY WORDS - PROTON CROSS SECTICN O I F F E R E N T l A L  CROSS SECTION MODELS FORM FACTORS 



E L A S T I C  D I F F E R E N T I A L  CRCSS SECTION ( A T  F I X E D  ANGLE OR T I  FOR PROTON PROTON. I T A B L E  1 1  

THETA = 90. DEGREES. THElD I S  THE ALGLE THAT THE PROTON MAKES H l T H  THE BEAM I N  THE GRANO C.M. 

LABORATORY 
e E b r  Y C M E N T U H  
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ERROR 
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f NUCLEON-NUCLEON P O L d R l Z A T l O N  BETWEEN 3 0 0  AN0 7 0 0  MEV. IPHYS. REV. 1 6 3 .  1 4 7 0  ( 1 9 6 7 1 1  
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J.A.HELLAN0 I U N I V .  OF C b L I F - I  LOS ANGELESI CAL1F.r U S A l  
P.M.OGOEN [SEATTLE P A C I F I C  COLLEGE. SEATTLE, WASH.. USA1 

ABSTRACT THE POLARIZATION PARAMETER P I T H E T A  * ) H A S  BEEN MEASURED AT BEAM ENERGIES OF 3 1 0 .  400 .  500 ,  6 0 0 9  AND 7 0 0  MEV 
OVER THE RANGE I N  THE C.M. SCATTERING AhGLES 3 0  OEG S THETA * $ 1 5 0  CEG TO AN ACCURACY OF T Y P I C A L L Y  +- 0.03 FOR PN 
SCATTERING, AN0 +-  0.02 FOR PP SCDTTERING. A  POLARIZED PROTON BEAM WAS SCATTERED FPOV AN UNPOLARIZEO 
TARGET--0EUTERIOL FOP OUbSIFREE PN ANC PP MEASUREMENTS, HYOROGEN FOR FREE PP MEASUREMENTS--AN0 BOTH OF TPE CUTGOING 
NUCLEONS FROM THE I O U A S l - l  E L A S T I C  SCATTER WERE OETECTEO BY AN ARRAY OF 2 7  S C l N T I L L A T I O N  COUNTERS I N  MULTICHANNEL 
COINCIDENCES. I T  WAS FOUNO THAT P I T H E T A  *I FOR PP SCATTERING CAh BE APPROXIMATEC R V  A S I N  THETA * COS THETA *. WHERE 
A VARIES FROY -0.25 AT 3 1 0  MEV TO -0.4 AT 7 0 0  MEV I N  T H I S  RANGE. A  COMPARISON OF P I T H E T A  8 1  FOR FREE AN0 OUASIFPEE PP 
SCATTERING REVEAL; GOO0 AGREEMENT BETkEEN THE TUO. 

C l T A T I O h S  
PHIS.  REV. 85 .  9 4 7  1 1 4 5 2 1 ,  UCRL 1 1 3 3 9  f 1 9 6 4 1 ,  UCRL 1 2 1  ( 1 9 4 4 l ,  PHIS.  REV. 111, 4 8 5  ( 1 9 5 9 1 .  PBYS. REV. 137.  BbZC 1 1 9 6 5 1 ,  
b N 0  UCRL 1 1 9 2 6  ( 1 9 6 5 1 .  

A R T I C L E  READ BY OOETTE BENARY I N  1 / 6 5 ,  AND V E R l F l E C  BY LEROY PRICE. 

BEAM NO. 1  I S  PROTON ON PROTON FRCP . a 2 3  TO 1 .343 GEVIC. IBEAY K I N E T I C  ENERGY = .31  TO - 7 0  GEVl  l P O L A R l Z E 0  BEAM1 
NO. 2  I S  PROTON CN CEUTERCN FROH .B23 TO 1.343 GEV/C. IBEAM K I N E T I C  ENERGY = . 3 1  TO .10 GEVI  IPOLARlZED BEAM1 

T H I S  EXPERIVENT USES CCLNTERS. 

GENERAL CCMYENTS ON T H I S  b R T I C L E  
1 BEAY I S  POLARIZED BY SCbTTERIhC ON CARBON. 

K E Y  WOPOS - P O L b R l Z A T l U h  F I T S  

COFPOUNO KEY WORDS - F I T S  O C L P R I Z A T I C N  
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E L A S T I C  P O L b R l Z A T l O N  FOR PROTOh PROTON. I T A B L E  4 1  

LABORATORY BEAM ENERCY = .7 GEV. 

1 L S l N G  HYOROGEN TARGET 1  

THFTA P O L A P I Z A T I O N  1 1 1  
OEGREES 

30.8 +- 1.7 
35.7 1.7 

THETA I S  THE ANGLE THAT THE PRCTOh WAKES WITH THE BEAY I N  TPE GRANO C.M. 
THE POLARIZATION I S  CF THE PROTON ALONG THE NORMAL TO THE PRODUCTION PLAhE I h  THE GRbNC C.M. 

1 1 1  PLUS POSSIBLE S Y S T E Y A T l t  ERROR OF +- 3  PER CENT. 



E L A S T I C  P O L A R l Z A T l O N  FCR PROTCL PROTCL. [ T A B L E  4 1  

LABORATORY BEAM ENERGY = .6 GEV. 

I U S I N G  HYDROGEN TARGET I 

THETA P O L A R l l A T l O N  I l l  
DEGREES 

33.6 + 2.5 . 5 1 3  +-  .C10  

THETA I S  THE ANGLE THAT THE PROTOh VAKES WITH THE BEAM I N  THE GRANO C.M. 
THE P O L A R I L A T I O N  1 5  OF THE PROTON ALONG THE NORMAL TO THE PRODUCTION PLANE I N  THE GRdNC C.M. 

1 1 1  PLUS P O S S l B L E  S Y S T E P A T I C  ERROR OF +- 3  PER CELT.  

E L A S T I C  P O L A R I Z A T I O N  FOR PROTCh PROTON. I T A B L E  4 1  

LABCRATORY BEAM ENERGY = .5 GEV. 

I U S I N G  HYCROGEN TARGET I 

THETA 
OEGREES 

33.7 t- 2.3 

THETA I S  THE ANGLE THAT THE P l O T C N  MAKES W I T H  THE BEAM I N  THE GRANO C.M. 
THE P O L A R l Z A T I O N  I S  OF THE PROTCN ALONG THE NORMAL TO THE PROOUCTION PLANE I N  THE GRAND C.H. 

I 1 1  PLUS P O S S l 8 L E  S Y S T E L A T I C  EPRCR OF +- 3  PER CENT. 

E L A S T I C  P O L A R I Z A T I G L  FCR FROTCL PRCTCN. 

LABORATORY eEAM ENERGY = .4 GEV. 

I U S I N G  HYORCGEN TARGET I 

THETP 
OEGREES 

33.e +- 2.3 
47.8 3.1 
48.0 3.6 
63.5 3.3 
65.2 3.7 
80.6 3.5 
02.5 3.7 

THETA I S  THE ANGLE THAT THE PROTCN MAKES WITH THE BEAP I N  THE GRANO C.M. 
THE P O L A R l Z A T l O N  I S  CF THF PROTON ALONG THE NORMAL TO THE PRODUCTION PLANE I N  THE GRANC C.M. 

Ill PLUS P O S S I B L E  S Y S T E P A T I C  ERROR OF +- 3  PEP CENT. 

E L A S T I C  P O L A R I Z A T I C N  FGR PROTCL PRGTCh. [ T A B L E  4 1  

LABORATORY BEAY EhERGY = - 3 1  CEV. 

I U S I N C  HYOROGEN TARGET I 

THETA P O L A R I Z A T I O N  Ill 
DEGREES 

THETA IS THE ANGLE THAT  THE PRO TO^ W K E S  WITH THE B E A U  ~k  THE ~ 8 b t . c  c.n. 
THE P O L A R l l A T L O N  I S  CF THE PROTGk ALONG THE NORMAL TO THE PRODUCTION PLANE I N  THE GRANO C.H. 

1 1 1  PLUS P O S S I B L E  S Y S T E M A T I C  ERROR OF +- 3  PER CENT. 

E L A S T I C  P O L b R I Z A T l C N  FOR PROTOL NEUTRON. [ T A B L E  3 1  

LABORATORY REAM ENERGY = .7 GEV. 

I U S l N G  DEUTERIUM TARGET. I 
GLAUBER CORRECTLOh A P P L I E D  

THETA 
OEGREES 

29 .5  +- 0.7 
44.3 6.7 
6G.4 6.5 
77 .1  6.0 
93 .0  5.1 

110 .9  5.4 

THETA I S  THE ANGLE THAT THE PROTON MAKES U I T H  THE BEAM I N  THE GRANC C.M. 
THE P O L A R I L A T I O N  I S  OF THE NEUTRON ALONG THE NORMAL TO THE PROOUCTION PLANE I N  THE GRANC C.M. 

1 1 1  PLUS P O S S I B L E  S Y S T E P A T I C  ERROR OF +- 3  PER CENT. 



E L A S T I C  P O L P R I Z A T I C N  FCE PROTCh NEUTPCh. I T L e L E  3 1  

L b 8 0 R A T O R Y  BEAP EhERGY = .6 GEV. 

I U S I N G  OEUTERIUP TARGET I 
GLAUBER C O P R E C T I C h  A P F L I E C  

THETA 
DEGREES 

33.0 +- 6.0 
48.5 5.8 

THETA I S  THE ANGLE THAT THE PROTCh MAKES k l T H  THE BEAM I N  THE GRbhC C.H. 
THF P O L A R I Z A T I O N  I S  CF THE NEUTPON 4LONG THE NORMAL TO THE PROOUCTlOh PLANE I N  THE GRPNO C.M. 

1 1 1  P L U S  P O S S I B L E  S Y S T E * A T I C  EPRCR OF +- 3 PER CEhT.  

E L A S T I C  P O L A R l Z A T l C N  FCR PROTON WEUTRON. [ T A B L E  3 1  

LABORATORY REAM ENERGY = - 5  GEV. 

I U S I N G  C E U T E R I U P  TARCET I 
GLAUBER C O R R E C T I C L  A P P L I E C  

THETA P C L P F l Z b T l O N  [ I 1  
OEGREES 

3 3 . 4  +- 5.8 . 2 9 7  +- .C24  

THETA I S  THE ANGLE THAT THE PROTOh MAKES h I T H  THE BEAM I N  THE GRANC C.M. 
THE P O L A R I Z A T I O N  I S  OF THE NEUTRON ALONG THE NORMAL TO THE PROOUCTION PLANE I N  THE GRbNC C.M. 

Ill P L U S  P O S S I B L E  S Y S T E V P T I C  ERRCa OF +- 3 PER CENT. 

E L A S T I C  P O L L R I Z A T I C N  FOR PPOTCN NEUTRON. [ T A B L E  3 1  

LABORATORY BEAM ENERGY = .i GEV. 

I U S I N G  OEUTERIUP TARGET I 
G L b U 8 E R  C O R R E C T I C h  A P P L I E C  

THETA P O L A F I Z P T I O N  [ I 1  
OEGREES 

33 .1  +- 6.9 . 4 1 1  +- .C87  
48.3 6.9 2 4  . 0 2 3  
6 6 . 6  7.2 .C83  . 0 3 2  

THETA I S  THE ANGLE THAT THE PROTON MAKES W I T H  THE BEAM I N  THE GRLNC C.M. 
T H E  P O L b R l L A T I O N  I S  OF THE NEUTRON ALONG THE NORMAL TO THE PRODUCTION P L A N E  I N  THE GRANC C-M. 

I 1 1  P L U S  P O S S I B L E  S Y S T E P A T I C  EPROP OF +- 3  PER CENT. 

E L I S T I C  P O L P R I Z A T I C N  FOR PROTCN NEUTRON. [ T A B L E  3 1  

I U S I N G  D E U T E R I U P  TARGET I 
GLAUBER CORRECTION A P P L I E D  

T H E T L  
DEGREES 

33 .1  +- 6.7 
47 .8  7.2 
bb .7  8.1 
83 .2  8.0 
99.8 7.8 

THETA I S  THE ANGLE THAT THE PROTON MAKE5 WITH THE BEAV I N  THE GRPNC C.V. 
THE P O L A R l Z b T l O N  I S  OF THE NEUTRON ALONG THE NORMAL TO THE PRODUCTION PLANE I N  THE GRANC C-M. 

Ill P L U S  P O S S I B L E  S Y S T E P A T I C  ERROR OF +- 3 PER CENT. 



 ISOBAR PROOUCTIOEI MECHANISWS I N  PRGTCN-PROTOh C O L L I S I C h S  AT 5  GEVIC.  1PbYS.  REV. 1 6 1 ,  1 3 8 1  1 1 9 6 7 1 1  

uA.P .COLLERAINE~L i .NAUENBERG I P R I L C E T C h  U h I V . .  PRINCETOh,  h .  J., USA. AND PRINCETON-PENN.  PROTON ACCLL.,  PRINCETON.  
h.J..USAl 

ABSTPACT APPROXlMATELY 7 5 C 0  FOUR-PRONG PROTOh-PROTCN C O L L I S I O N S  AT 5  G E V l C  HAVE BEEN S T U D I E D  U S I N G  T H t  RCL 8 0 - I N .  
HYDROGEN BUBBLE CHAPBER. TPE THREE P R l N C l P b L  REACTIONS STUDJEC W l T P  T H E I R  CROSS S E C T I O N S  ARE I A I  PP-PP P I +  P I -  2 . 9 6  
+- 0 .12  MB. I 0 1  PP+PP P I +  P I -  P I 0  1 - 1 6  +- 0.07 MB, I C I  PP-P  N  P I +  P I +  P I -  2 .19  +- 0 .09  MB. I N  EACH R E A C T I O N  B n T H  
S I N G L E  A N 0  OCUBLE h* PROCUCTION CCCURS ANC T H E  DECAY ANGULAR O I S T P I 8 U T l O N S  AN0 D E N S I T Y  M A T R I X  ELEMENTS HAVF BEEN 
CALCULATED HhENEVEk P O S S I B L E .  T k E S E  PARAMETERS I N O I C A T E  THAT PSEUOOSCALAR I P I O N l  EXCHANGE APPEARS TO BE OONIMANT AT 
L O k  VALUES OF MOMENTUM TRAhSFER AN0 THAT AT H IGHER MOMENTUM TRANSFER A B S O R P T I V E  EFFECTS BECOME IWPORTANT. H E  F I N D  NO 
E V I D E N C E  FOR RHO EXCHANGE I N  THE R E A C T I O N  PP-N*++ N I O .  THE FORMATION OF THE ETA &NO OMEGA RESON RESONANCES I S  
OBSERVED I N  REACTION 1 0 1 ,  EUT I N  NONE OF THE REACTIONS STUOIEO I S  ANY S I G N I F I C A N T  RHO-MESON PRODUCTION FOUND TO 
OCCUR. I N  R E A C T I C N  I C 1  YE F l N C  b  O E V L A T I O N  FROM PHASE SPACE I N  THE R E G I C N  O F  THE 1580-MEV *ASS BUMP I N  THF P  P I +  P I *  
1 1 = 5 / 2 J  SYSTEM WHICH WAS OBSERVED B Y  ALEXANDER ET AL., BUT WE A S C R I B E  T H l S  DEPARTURE FROM PHASE SPACE A T  OUR ENFRGY 
AS B E I N G  P R I N C I P A L L Y  DUE TC N i + t  A N 0  N I -  FORPATION I N  T H I S  CHANNEL. 
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A R T I C L E  READ BY OOETTE BENDRY I h  l l l t 7 ~  AND V E R l F I E C  BY LERCY PRICE.  

BEAP I S  PRCTON ON PROTON AT 4.95 GEVIC.  

T P I S  EXPERIMENT USES T b E  B.N.L. 8 0  I h .  f H J  BUBBLE CHAMBER. 

K E Y  YOROS - CROSS S E C T I O N  MASS SPECTRUv ANGULAR O I s T R I B u T I O h  MODELS D E N S I T Y  M A T R I X  O E L T b 1 1 2 3 B I  
OEUTERON E T A 1 5 4 8 1  O M E G A 1 7 8 3 1  R H O 1 7 6 5 1  

LABCRATORY EEAP MCMENTUP = 4.95 +-  - 0 3  G E V I C .  

R E A C T I O N  M I L L I - B A R N S  
PROTOh PROTON r 

PROTON PROTON PI+ PI- 
PROTON PROTON P I +  P 1 -  P I 0  
PROTON NEUTRON P I +  P I +  P I -  
C E U ~ E R O N ~ P I + ~ P ~ + ~ P I - ~  
DEUTERON P I +  P I +  P I -  P I 0  

NC. EVENTS 

[PAGE 1 4 0 1 1  

LbBORATORY BEAP MCMENTUP = 4.95 +- - 0 3  GEVIC.  

R E A C T I O N  
PROTOh PROTON - 

PROTON PROTON O M E G A l 7 8 3 1  
PRCTCh PROTCL E T A 1 5 4 8 1  

1 46 I P R o T O ~ - P R O T C N  SCATTERING AT 9 7 0  HEV. I P H Y S .  REV. 133 .  8 1 0 1 7  1 1 9 6 4 1 1  

~ O ~ V . B U G G ~ A . J . O X L E Y ~ J . A P Z O L L ~ J . G . R U S H B R O K E V . E . B A R N E S  [ L I V E N D I S H  LAB., CAWB. U L I V . ,  CAMBRIOCEI ENGLANOI  
J.B.KINSONI 3 . P . D O O D ~ G . A . O O R I b N ~ L . R 1 0 0 1 F O R C  I B I R M I N G H A V  UNIV..  R IRMINGHAM.  E N G L A N O I  

ABSTRACT PROTON-PROTON SCATTERING H A S  BEEN STUOIEO A T  9 7 0  MEV U S I N G  THE B I R M I N G H A M  U N I V E R S I T Y  1-BEV SYNCCROTRON AND A  
9-IN.-OIAM L IOUID-HYOROGEN BUBBLE CHAMBER: 3 9 4 5  EVENTS HAVE B E E N  ANALYZEC AND CROS5 SECTIONS OETERMINEO FOP THE 
VARIOUS REACTIONS.  THE E L A S T I C  S C A T T E R I N G  CROSS S E C T I O N  OF 24.8 +-  0.9 Me I S  S I G N I F I C A N T L Y  HIGHER THAN THE RESULT OF 
OOWELL E l  AL. U S I N G  CCUNTERS. THE TWO EXPERIMENTS AGREE ON THE SHAPE OF THE ANGULAR O l S T R l % U T l O N ~  BUT NOT ON I T S  
N O R M A L I Z A T I O N :  P O S S I B L E  REASONS FOR T H l S  ARE OISCUS5EO. THE E L A S T I C  S C A T T E R I N G  ANGULAR O I S T R I B U T I O N  1 5  PEAKEP 
STRONGLY FORWARD, N I T  DOES NOT DGREE O U A N T I T I V E L Y  WITH PURE D I F F R A C T I O L .  P C L b R l Z b T I O N  EFFECTS OBSERVED I N  THE E L A S T I C  
SCATTERING AGREE N l T H  PREVIOUS DNC MORE ACCURATE COUNTER EXPERIMENTS.  I N E L A S T I C  SCATTERING I S  STRONGLY l N F L U E N C E 0  BY 
THE l 3 1 2 , 3 / 2 1  P I +  P  PESONALCE A N 0  T H E  P E R I P H E R A L  MECHANISP.  T H E O R E T I C A L  P R E O I C T I O N S  BASED ON THE S I N G L E - P I O N  EXCHANGE 
MCOEL ARE COMPARED I h  O E T A l L  W I T H  T H E  EXPERIMENTAL R F S U L T S  &NO GOO0 O U A N T l T A T l V E  AGREEMENT I S  C E T A l N E O  FOP SMLLL  
MOMENTUM TRANSFERS, P A R T I C U L A R L Y  FOR THE REACTION PP-N P  P I + .  EVEN F 0 9  SMALL MOMENTUM TRANSFERSv ASYYMETRIES I N  THE 
TRElMAh-YANG TEST AND DEPARTURE FROM THE EXPECTED 1 1  + 3  ICOSI -SQUARED T H E T A 1  P I +  P  ANGULAR O I S T R I R U T I O N  I N O l C d T E  
THAT OTHER MECHANISMS *AY 8E IMPORTANT.  THE CROSS S E C T I O N  FOR OOUBLE-P ICN P R O O L C T I O h  AT 9 7 0  MEV I S  L E S S  T H A h  0.2 "0. 

.- ~ 

PHYS. REV. 1 2 5 ,  2 0 8 2  1 1 9 6 2 1 .  P t Y S .  REV. LETTERS 1 9  1 9 6  ( 1 9 6 1 1 ,  PHYS. REV. 1 0 5 ,  1 8 7 4  1 1 q 5 7 1 v  PPYS. REV. 1 1 0 ,  5 7 9  1 1 9 6 0 1 ,  
PHYS. REV. 1 0 7 .  8 5 9  1 1 9 5 7 1 .  PRCC. O F  T H E  ROYAL S O C I E T Y  CF LONOOK b 2 5 1 ,  2 1 8  1 1 9 5 9 1 .  PROC. CF THE ROYAL SOCIETY OF 
LONOON b 2 5 1 ,  2 3 3  1 1 9 5 9 1 .  PbYS. REV. L E T T E R S  7. 2 8 8  ( 1 9 6 1 I r  N U C L E A R I N S S T R U E N T S  AND METHODS 4. 2 6  1 1 9 5 9 1 ,  N U C L E l e  
INSTRUMENTS AND PETHCCS 1 3 s  1 1 8  1 1 9 6 1 1 ,  NUCLEAR INSTRUMENTS AN0 METHOOS 5 1  9 2  1 1 9 6 0 1 .  R E V I E M  OF S C l E N T l F I C  
INSTRUMENTS 3 2 .  5 3 8  1 1 9 6 1 1 ,  PRCC. O F  THE ROYAL SOCIETY CF LONDCN A 7 0 1  1 6 5  1 1 9 5 7 1 ,  NUOVO C l M E N T O  23 .  6 9 0  1 1 9 6 2 1 .  NUOVO 
CIMENTO 1 8 .  8 1 8  I 1 9 b O l l  U N I V .  OF B l R M l N G H A M  1 3  1 1 9 6 2 1 .  J E T P  1 2  8 0 2  ( 1 9 6 1 1 ,  NUOVP CIMENTO 1 6 .  1 1 3 2  1 1 9 6 0 l r  ANNUAL REV. 
OF NUCLEAR S C I E N C E  6 ,  4 3  1 1 9 5 6 1 ,  PPCC. OF THF ROYAL S O C I E T Y  OF LONOOh 1 2 4 4 ,  4 9 1  1 1 9 5 0 1 ,  PROGRFSS OF T H E O R E T l C b L  
P H Y S I C S  5 1  5 1 C  1 1 9 5 0 1 ,  PHYS. REV. 1 0 3 ,  4 0 4  l l 9 5 b l ,  PHYS. REV. 1 1 3 ,  1 6 4 0  1 1 9 5 9 1 ,  NUOVO C lMENTO 2 4 1  4 5 3  1 1 9 6 2 1 1  NUOVC 
CIMENTO 2 2 1  1 2 3  1 1 9 6 1 1 s  hUCVO C I M E N T O  2 7 s  1 4 5 0  1 1 9 6 3 1 ,  PHYS. REV. L E T T E R S  6 ,  6 4  1 1 9 6 1 1 ~  NUOVO CIMENTO 1 5 ,  4 6 5  1 1 9 6 0 1 ~  
PHVS. REV. LETTERS 7 .  3 8 7  l l 5 6 1 1 .  PHYZ. REV. 1 2 3 .  2 1 6 0  I 1 9 6 1 1 9  NUOVO C l M E N T O  2 1 ,  1 0 2 8  1 1 9 6 1 1 .  PROGRESS OF T H E O R E T I C A L  
P H Y S I C S  2 5 s  1 0 1 8  L 1 9 6 1 I .  P+YS. REV. L E T T E R S  0s 1 4 0  1 1 9 6 2 ) .  A N 0  PHYS. L F T T E R S  2 1  6 6  1 1 9 6 2 ) .  

A R T I C L E  READ BY OOETTE BENARY I h  5 / 6 1 .  A N 0  V E R l F I E C  eY LERCY P R I C E .  

BEAW I S  PROTON C h  PRCTCh AT 1 .661  G E V I C -  

T H I S  EXPERIMENT USES A  hYCRDGEN BUBBLE CHAMBER. 

GENERAL CCUUENTS ON T H I S  P R T l C L i  
1 N n R M b L l Z E D  TO b  TOTAL CRCSS S E C T I O N  OF 47 .3  +-1.0 ME. 

K E Y  YOROS - CROSS SECTION O I F F E R E h T I A L  CROSS S E C T I O h  P O L A R I Z A T I O N  MASS SPECTRUM O A L I T Z  PLOT 
D E L T A 1 1 2 3 8 1  MODELS DEUTERON ANGULAR D l S T R l B U T I O N  



LABCRATORY BEbP ENERGY = . 4 7 0  +- .CL5 GEV. 

R E A C T l O h  
PROTON PPCTON - 

E L A S T I C  
DEUTERON P I *  
PROTON NEUTRON P I 4  
PROTCN PROTON P I G  

M I L L I - B A R N S  

1 47 I N U C L E l h  I S C P A R  PRODUCTION I N  PRCTON-PROTON C O L L I S I O N S  BETWEEN 3  A N 0  7  GEVIC.  

NO. EVENTS 

2 1 6 0  
4 2  

1 4 1 4  
2 8 5  

IPHYS.  REV. 1 7 0 ,  1 2 2 3  I l 9 6 8 I l  

~ C . M . ~ N K E N ~ R A N C T ~ ~ . R . C L A R K L B . C O R K , T ~ E L I O F F ~ L . T . K E R T M , ~ . A . W E N Z E L  1ir.C. LAWRENCE RAD. LAB.. BERKELEY. C A L I F - .  U S A 1  

ABSTRACT A  SYSTEMATIC STUOY HAS 8 E E h  WADE CF T H E  REACTIGNS PP-PP AND PP-PN*  I N  TPE ANGULAR RANGE FROM T H E T A I L A B I  = 1 0  
OEG. TO THETA1C.M.I = PO DEG. A T  31 4. 5,  b r  AND 7  GEV/C. AN ORTHOGOLAL O I S P E R S I O N  MAGNETIC SPECTROMETER DETECTED 
PROTONS FROM L N T E R b C T l O h S  I N  HYDROGEN W I T H  MOMENTUM TRANSFER 
I h  THE M I S S I N G  MASS SPECTRA OCCURRED AT AYFRACF N t  L A < < F C  flF 
F U L L  WIDTHS OF 1 0 2  +- 4, 9 2  +- 3, AND I l C  
HERE FOUND. THE N* PROOUCTlOh CROSS SECTIONS D-S IGWAIOT NEAR 
THE P R E D I C T I O N S  OF T H E  S T A T I S T I C A L  MODEL. FOR EACH ISOBAR T H I  
E X P I - Y / Y O I .  YHFPF V I S  n F F I N E D  AS 1 - T U l l T  + U l l :  VO V A R I E S  5 1  

I - T I  I N  EXC 
1 7 6 0  +- A .  

ESS OF 0.5 IGEVISQUAREO.  U E L L - D E F I N E D  PFAKS 
1 5 0 8  +- 7. AND 1 6 8 3  +- 3 MEV WITH AVERbGF . -  -. ...-- .- .  ~ .. ~ - .  - 

) +- 4  HEV. R E S P E C T I V E L Y .  RELOY 2 4 0 0  REV NO OTHEP S I G N I F I C A N T  EhHANCEMENTS 
THETAIC;M. I 

i D I F F E R E N T 1  
' S T E M A T I C A L L  

= 9 0  OEG. 4RE I N  Q U A L I T A T I V E  AGREEMENT W I T H  
A L  CROSS SECTION AT F I X E D  ENERGY V A R I E S  AS 
1 W I T H  ENERGY AND TENDS TOWARD THE SAFE VALUE 

C I T A T I O N S  
PHYS. REV. L E T T E R S  7. 4 5 0  1 1 9 6 1 1 ,  PHYS. REV. 1 2 8 .  1 8 2 3  1 1 9 6 2 1 q  PHYS. L E T T E R S  8 ,  1 3 4  1 1 9 6 4 1 .  PHYS. L E T T E R S  1 8 ,  1 6 7  
( 1 9 6 5 1 .  NUOVC CIMENTO 3 5 .  1 0 5 2  1 1 9 6 5 1 1  PHYS. REV. L E T T E R S  1 6 ,  8 5 5  1 1 9 6 6 1 .  PHYS. REV. LETTERS 1 7 .  7 8 9  1 1 9 6 6 ) .  PHYS. REV. 
LETTERS 1 2 1  3 4 0  l L S b 4 l ~  UCRL 1 7 2 5 7  1 1 5 6 7 1 ,  NUOVO C l M E N T C  2 1 ,  2 0 8  1 1 9 6 3 1 .  NUOVO CIMENTO 2 7 ,  8 5 6  1 1 9 6 3 1 ,  NUOVO C l M E N T O  
3 5 ,  2 1 6  1 1 9 6 5 1 ,  PkYS.  REV. LETTERS 1 2 ,  1 1 2  1 1 9 6 4 1 ,  PHYS. L E T T E P S  1 3 ,  1 9 0  1 1 9 6 4 1 ,  UCRL 1 6 2 7 5  1 1 9 6 6 1 ,  PHYS. L E T T E P S  2 3 .  
3 8 9  1 1 5 6 6 1 r  PHYS. LETTERS 2 5 8 ,  1 5 6  1 1 9 b 7 1 ,  PHYS. REV. L E T T E R S  1 7 ,  1 1 0 5  1 1 9 6 6 l .  PHYS. REV. 137 .  8 7 0 8  1 1 9 6 5 1 .  UCRL 
1 6 2 2 8  1 1 9 6 5 1 ,  UCRL 9 7 2 7  I L 9 b l I ,  NUOVO CIMENTO 3 4 1  1 6 4 4  1 1 9 6 4 1 ,  P H I S .  L E T T E R S  8. 8 0  1 1 9 6 4 1 .  &NO PHYS. REV. L E T T E R S  1 2 1  
2 5 7  1 1 9 6 4 1 .  

A R T I C L E  READ BY ODETTE BENAPY I h  1 / 6 5 ,  A N 0  V E R l F L E O  BY LERCY P R I C E .  

BEAM I S  PROTON O h  PROTCN FRGW Z.0 TC 7.1 CEVIC.  

T H I S  EXPERIMENT USES COUNTERS. 

GENERAL CCMMENTS ON T n l s  ARTICLE 
1  USES A  M I S S I N G  MASS TECHNIOUE 

K E Y  WOROS * O l F F E R E N T l A L  CROSS SECTLCh F I T S  MODELS MASS SPECTRUM O E L T A 1 1 2 3 8 1  N * 1 1 5 Z 0 1 0 1 3  
' N * 1 1 6 8 8 1 '  

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FOR PROTOh PROTON. [ T A B L E  L I  

L b 8 0 R A T O R Y  eEAM UOHENTUP = 2 . 5 8  GEVIC.  

T I S  THE UOMENTUM TRANSFER BETWEEN THE I I N C C M I N G  PROTON1 AN0 THE (OUTGOING PROTONI. 

I l l  PLUS P O S S I B L E  S Y S T E I A T I C  E l R C R  CF +- 7 PER CENT. 

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C N  FCR PRCTOh PRCTON. [ T A B L E  1 1  

7 I S  THE UOMENTUW TRANSFER BETWEEN THE I I N C C M I N G  PROTON)  bNC T H E  I O U T G O I N G  PROTONI .  

I 1 1  P L U S  P O S S I B L E  S Y S T E I A T I C  ERROR OF +- 7  PER CENT. 



E L A t T I C  O I F F E R E N T I P L  C R C S S  S E C T I O N  F C R  P R O T n h  P R O T O h .  I T A B L E  1 1  

L P e O R A T O R Y  e E A V  N C L E h T U V  = 5 . 0 2  +- . O i  G E V I C .  

T  I S  T H E  MOMENTUM T R A N S F E R  B E T h E E N  T H E  I l N C O M l N G  P R O T C N I  ANC T H E  I O U T G C l h C  P R O T O N I .  

I 1 1  P L U S  P O S S I B L E  S Y S T E W A T I C  ERROR O F  +- 7 P E R  C E N T .  

E L A S T I C  D I F F E R E N T I A L  C R C S S  S E C T I O N  F C R  P R O T O h  P R O T O N .  I T A B L E  I 1  

L A B O R A T O R Y  e E b Y  M O M E h T U P  : 6 . C 7  +- . O 1  G E V I C .  

T  I S  T H E  M O M E N T U M  T R A N S F E R  B E T W E E N  T H E  I I N C C M I N G  P R O T O h l  P N C  T H E  L O U T G C I h G  P R O T C N I  

1 1 1  P L U S  P O S S I B L E  S Y S T E Y A T I C  ERROR O F  +- 7  P E R  C E N T .  

E L A S T l C  D I F F E R E N T I A L  C R G S S  S E C T I O N  F C P  P R O T O N  P R O T O N .  I T A B L E  1 1  

L A B O R A T O R Y  E E A V  Y O P E L T U P  = 7.12 +- . 0 5  G E V I C .  

T IS THE M o n E N T u r  TRANSFER BETWEEN THE IINCCMING P R O T C ~ I  ANC THE IOUTGOING PROTON]. 

I 1  I P L U S  P O S S I B L E  S Y S T E V A T I C  ERROR O F  *- 7 P E R  C E N T .  

D I F F E R E N T I A L  C R C S S  S E C T I C h  FOR P R O T O N  P R O T O N  - P R O T O N  O E L T A l l 2 3 8 l t .  I T b B L E  3 1  

L A B O R A T O R Y  B E I V  M O Y E N T U M  = 2 . 9 8  G E V I C .  

O - S I G M A I D - T  
M 8 l I G E V l C ~ * * Z  Ill 

1 . 5 0  +- . 2 0  
. 9 0  . I 0  

T I S  T H E  MOMENTUW T R A N S F E R  B E T H E E N  T P E  I I N C O M I N G  P R O T O N 1  A N 0  T H E  I O U T G O I N G  P R O T O N I .  

I 1  I P L U S  P O S S I B L E  S Y S T E Y A T I C  ERROR O F  +- 1 2  P E R  C E N T .  

D I F F E R E N T I A L  C R O S S  S E C T I C L  FOR P R O T O N  P R O T O N  - P R O T O N  O E L T A l l 2 3 8 l t .  [ T A B L E  3 1  

L A B O R A T O R Y  e E A Y  M O Y E N T U M  = 4 . O C  +- . 0 2  G E V I C .  

T  I S  T H E  M O M E N T U M  T R A N S F E R  B E T W E E h  T H E  I I N C C M I N G  P R O T O N 1  ANC T H E  I O U T G O I N G  P R O T O N I .  

Ill P L U S  P O S S l 8 L E  S Y S T E P A T I C  ERROR O F  +- 1 2  P E R  C E N T .  



D l F F E R E N T I b L  CROSS S E C T I C N  FOR PROTOh PROTOh - PROTON O E L T A 1 1 2 3 8 1 + .  

L A B r R b T O R v  PEA? MOVENTUY = 5.02 +- .On G E V I C .  

D - S I S M A I O - T  
M B l l G E V l C l * * 2  1 1 1  

1 I S  T H E  MOMENTUP T R A N S F E R B E T W E E N  THE I l N C C M l N G  P R O T C N I  ANC THE I O l J T G O l N G  PROTONI .  

I 1 1  PLUS P O S S I B L E  S Y S T E Y A T I C  ERRCR CF +- 1 2  PEP CENT. 

C I F F E R E N T I A L  C R n S S  S E C T I C h  FOP PROTCh PROTON - PROTON O E L T A l l 2 3 B I + .  I T b B L E  3 1  

LABORPTORV eEbM MOrENTUM = 6.C7 +- .O1 GEVIC.  

T  I S  THE MCMENTUV TRANSFER e E T Y E E h  THE I I N C O M I N G  PROTON1 ANC THE I O U T G O I N G  PROTONI .  

I 1 1  PLUS P O S S I B L E  S V S T E P A T I C  ERROR OF +- 1 2  PER CENT. 

C l F F E R E N T l A L  CROSS S E C T I C h  FOR PROTOh PROTON + PROTCh D E L T A 1 1 2 3 8 1 t .  I T b B L E  3 1  

LABORATORY EEAM MOYELTUV : 7.12 +- . 0 5  G E V I C .  

-1 C - S I C M A I C - 1  
L G E V l C  1 * * 2  M B I l G E V I C l * * 2  I 1 1  

1 . 3 3  .OOBO *- .On30  

1 I S  THE MOMENTUM TRbNSFER BETWEEh THE I I N C C M I N G  PROTON1 AND TPE I O U T G O I N G  P R O T O N I .  

Ill PLUS P O S S I B L E  S Y S T E Y A T I C  ERROR OF +- 1 2  PER CENT. 

D I F F E R E N T I A L  CROSS S E C T l C h  FCR PROTON PROTON . PROTON N * l 1 5 2 0 l + .  I T A B L E  4 1  

LABORbTORY BEAP MCPEhTU* = 4.00 +- - 0 2  G E V I C .  

1 I S  THE MOMENTUM TRANSFEk  BETHEEN THE [ I N C O U I N G  PROTON1 ON0 THE I O U T G O I N C  PROTONI .  

Ill PLUS P O S S I B L E  S V S T E V A T I C  ERROR CF +- 1 2  PER CENT. 

D I F F E R E N T I A L  CROSS S E C T I C L  FCR PROTON PROTON - PROTON N * I 1 5 2 O I + .  

LABORATORY e E A r  UOYELTUM = 5.02 +- .O4 G E V I C .  

1 I S  THE MOHENTUP TRAhSFER BETWEEN THE I I N C O M I N G  P R O T O N I  bNO THE I O U T G O I N G  PROTONI .  

( 1 1  PLUS P O S S I B L E  S Y S T E P I T I C  ERROR OF + 1 2  PER CENT. 



O I F F E R E N T I P L  CROSS SECTLCh FCR PROTON PROTON - PROTON N * l 1 5 2 0 1 + .  

LABORATORY BEAM MCMENTUY = b.C7 +- .OL GEVIC.  

O - S I C N A I C - T  
* B l l G E V I C l * * Z  Ill 
. 0 b b 0  + -  . 0 0 b 0  
. O h 3 0  .CCbO 
.059C .COB0 
.032C .CC30 
.02BC .CO4C 
. 0 1 9 0  .DO20 
. 0 1 4 C  .COlO 
.01C7 .COO7 
.GO82 . 0 0 0 b  
.OC7C . C C l C  

T  1 5  THE NOMENTUV TRANSFEF BETWEEN THE [ I N C O M I N G  P R O T O h l  AND THE I C U T G O I N C  PROTONI .  

Ill PLUS P O S S I B L E  S Y S T E V A T I C  ERROR OF +- 1 2  PER C E L T .  

D I F F E R E N T I A L  CROSS S E C T I C N  FOR PROTON PROTON a PRCTON N * 1 1 5 2 0 1 + .  

LABORATORY BEAP MOPENTUV = 7.12 +- . 0 5  GEVIC.  

T  I S  T H E  MOMENTUM TRANSFER BEThEEN THE I I N C O M I N G  P R O T C N I  ANC T H E  I O U T G O I N G  PROTONI .  

Ill P L U S  P O S S l 0 L E  S Y S T E V A T I C  ERRGR OF +- I 2  PER CENT. 

D I F F E R E N T I A L  CROSS S E C T I C h  FCP PROTON PRCTCN - PROTON ' N * l l b B 8 1 + . .  

LABORATORY eEAP V C M E h T u r  = 4.00 +- . 0 2  G E v l C .  

-1 
I G E V I C  I**> 

T I S  THE MOMENTUM T R A M F E R  BETWEEN T H E  [ I N C O M I N G  PROTON1 AND THE COUTGOING PROTONI .  

( 1 1  PLUS P C S S I B L E  S Y S T E P P T I C  ERROR OF +- 1 2  PER CENT. 

D I F F E R E N T I A L  CRESS S E C T I C L  FCR PRCTON PROTON - PROTON ' N * l l b B B l + ' .  I T P B L E  5 1  

LABORATORY eEAP MCVENTUP = 5.02 +- .04 GEVIC.  

T  I S  THE MOMENTUP TRANSFER BETHEEN THE [ I N C O M I N G  PROTON1 AN0 THE [OUTGOING PROTONI .  

1 1 1  PLUS P O S S I B L E  S Y S T E Y b l I C  ERROR OF +- 1 2  PER CENT. 

O l F F E R E N T l b L  CROSS S E C T l O h  FCR PROTON PROTON - PROTON ' N * f L b B 8 I + ' .  I T A B L E  5 1  

LABORATORY BEAV MOPELTUV = b.C7 +- .O1 GEVIC.  

1  I S  THE MOMENTUM TRANSFER B E T h E E N  THE L I N C O M I N G  P R O T C h l  ANC THE [ O U T G O l h C  P R O T O N I .  

I ll PLUS P O S S I B L E  S Y S T E P A 7 I C  ERRCR CF +- 1 2  PER CEKT. 



D I F F E R E N T I A L  C P O S S  S E C T I O N  FOP P R O T C h  P R C T G N  - P R C T O h  ' N * I 1 6 8 8 1 + ' .  [ T A B L E  5 1  

L A e O R d T O R Y  P E A *  P L P E L T U "  = 1 . 1 2  +- . 0 5  G E V I C .  

1 I S  T H E  M O M E N T U Y  T R A N S F E P  B E T k E E h  T b E  I I N C C M I N G  P R C T C N l  b N O  T H E  I O U T G C l h C  P R C T O N I .  

I 1 1  P L U S  P O S S I B L E  S Y S T E P A T I C  E R R C R  C F  + -  1 2  P E R  C E N T .  

~ T H E  P D L A R X D T I O ~  WRAMTEPIN PI+- P AND w E L A S ~ C  SCATTERING F R O *  6  T O  1 2  G E V ~ C .  IPHYS. L ~ E P S  2%. u 1 1 9 ~ 1 1  

M . B O R G H l N i . G . C C I 6 N E T , L . C I C K ~ K . K b R C D D i l L . C I L E L L D P . C . M b C A . l C H A L O l l C Z  J . C . O L I V I E R  I E U R C P E A N  OPG. F O E  NUC. RES., G E L E V A .  
S W I T Z E R L A N D 1  

A B S T R A C T  E X P E R I M E N T A L  R E S U L T S  P R F  C I V E N  FOR T H E  P O L A R I Z A T I O N  P P R A M E T E P  P ( C I  I h  P I -  P  S C A T T E R I N G  A T  6.0. 8.0.  1 0 . 0  A k a  
1 2 . 0  G E V I C .  A N C  I r r  D l +  P D h D  P P  S C A T T E R I N G  A T  6 . 0 ,  1 0 . 0  A N D  12.0 G E V I C .  T b E  I N V A R I A N T  F O U R - M O M E N T U M  T R A N S F E P  S O U A R F O  
-1 V b R l E S  F R C V  0 . 1  T C  0 . 7 5  I G E V I C I - S O U A R E D .  

C L O S E L Y  R E L A T E D  R E F E R E N C E S  
C O h T I N U A T I O N  OF P R E V I O U S  E X P E R l r F N T  I N  P H Y S .  L E T T E R S  21. 1 1 4  1 1 9 6 6 1 .  

A C C l T l C h A L  C I T A T I O N S  
U C R L  1 6 9 4 0  1 1 9 6 0 1 .  P H Y S .  R E V .  1 3 9 ,  R 1 3 3 L  1 1 5 6 5 ) .  P H Y S .  REV. l + B .  1 2 9 1  1 1 9 6 6 1 ,  Y O S C C U  I N S T .  FDR T H E O R .  A N D  E X P T L .  
P H Y S I C S  N - 2 5 8  1 1 9 6 4 1 ,  A h C  J E T P  1 8  8 7 4  1 1 9 6 4 1 .  

A R T I C L E  R E D C  B Y  O C E T T E  B E N A R Y  I h  4 / 6 7 .  A N D  V E R I F I E D  R Y  L E R C Y  P R I C E .  

B E b U  NO. 1 I S  P R O T O N  O N  H Y O R C G E N  COMPOIJNO F R O M  6  TO 1 2  G E V I C .  T A R G E T  I S  P O L A R I Z E C  7 0  P E R  C F h T  ( N O R M A L  T O  T H F  8 E A Y  
O I R E C T l O N l .  
NG. 2 I S  P I -  O N  H Y D R O G E N  COMPOUND F P C P  6  T O  1 2  G E V I C .  T A R G E T  I S  P O L A R I Z E D  TO P E R  C E h T  I N O R V A L  T O  T H E  8 E l M  D I R E C T I O N I .  
NO. 3  1 5  P I +  O N  H Y D R O G E N  COMPOUND F R D P  6 T O  1 2  G E V I C .  T A R G E T  I S  P O L A R I Z E D  7 C  P E R  C E N T  I N O R M A L  T O  T H E  B E A M  D I R F C T I O N I .  

T H l S  E X P E R W E N T  U S E S  C C L N T E P S .  

G E N E R A L  C C M Y E N T S  O N  T H I S  P R T I C L E  
1 T H l S  A R T l C L t  A L S C  C U h T b l h S  O b T A  O h  P O L b R I Z A T l O N  I h  P l t P  A N 0  P I -  P. T H I S  E X P E R I M E N T  U S E S  U N P O L A R I Z E C  B E A N S  A N D  

P O L A R l Z E D  T A R G E T .  

K E Y  WOROS - P O L A Y I Z A T I C L  P R C T C N  D l +  P I -  

E L A S T I C  P O L b R l Z A T l O h  F C C  P R O T C L  P R O T C N .  

L D B O R A T O R Y  R E A P  M O Y E N T U Y  = 6 .  G E v / C .  

T  I S  T H E  M O M E N T U M  T R A N S F E P  B E T W E E N  T H E  I l h C C M l N G  P R O T O N 1  b N C  T H E  I O U T G O I N C  P R O T O N ] .  
T H E  P C L D R I Z A T I O N  I S  O F  T P E  P R O T O N  A L O N G  T H E  N O R M A L  T O  T H E  P R O D U C T I O N  P L A N E  I h  T H E  G R A N C  C.M. 

1 1 1  P L U S  P O S S I B L E  S Y S T E P A l I C  ERROR O F  +- 5 P E R  C E L T .  

E L A S T I C  P O L A R I Z A T I O N  F C P  P R O T C L  P R C T C N .  

L b B O R A T O R Y  e E A M  Y O Y E h T U P  = 1 0 .  G E V I C .  

T  I S  T H E  M O M E N T U M  T R A N S F E P  B E T H E E N  T H E  I I N C O M I N G  P R O T O N 1  b N C  T H E  I O U T G C l h G  P R C T O N I .  
T H E  P O L A R I Z D T I C N  I S  C F  T H E  P R O T C N  D L O N G  T H E  N O R M A L  T O  T H E  P R O C U C T I O N  P L A N E  I N  T H E  G R A N D  C - M .  

1 1 1  P L U S  P O S S l e L E  S Y S T E P A T I C  ERROR O F  +- 5 P E R  C E N T .  



E L A S T I C  P O L P R l Z A T l C N  FOR PROlCh PRCTCh. 

T  I S  THE MOMENTUY TRANSFER BETWEEN THE I l N C C U l N G  PROTONI AN0 THE ICUTGCING PROTONI. 
THE P O L A R l Z A T l O N  I S  OF THE PROTCN ALONG THE NORUAL TO TbE PROOUCTION PLANE I N  THE GRAND C.M. 

Ill PLUS POSSIBLE S Y S T E I A T I C  ERROR OF +- 5  PER CENT. 

p R ~ T o N - p R O T C ~  SCATTERING AT 1.48 BEV. IPHYS. REV. 1 3 8 .  867. I I 9 6 5 1  1  

4 . U . E I S N E R ~ E 1 L . H A R T I R . I . L 0 U T T I T ~ T . h . M 0 P R 1 S  [BROOKHAVEN NAT. LAB., UPTCN, L.1.. h .  Y., USA1 

bBSTRbCT A S A I P L E  CF 2 6 5 7  PRCTGh-PROTON SCATTERING EVENTS AT 1.40 BEV HAS BEEh ANbLYZED. THE E L b S T l C  CROSS S E C T I O N  I S  
19.06 HB, AN0 THE E L A S T I C  SCATTERING I S  CONSISTENT H l T H  A SIMPLE OPAQUE-DISK OPTICAL MOOEL WITH R = 0.91 F  ANC I 1  - 
A) = 0.864. THE DOMINANT FEATURE OF THE I N E L A S T I C  SCATTERING I S  THE PROOUCTlCh CF THE ( 3 / 2 , 3 / 2 1  1SOBAR. THE REACTION 
PP - P N P I +  I S  IhTERPRETEC S A T I S F b C T C R I L Y  I h  TERMS OF THE ONE-PION-EXCHANGE MODEL. 

C l T A T l O N S  
PHIS. REV. 1 2 5 ,  1 0 1  1 1 9 6 2 1 ,  PHYS. REV. 1 2 8 ,  1 8 3 6  1 1 9 6 2 1 .  PHIS.  REV. 128,  1 8 3 2  1 1 9 6 2 I q  PHIS. REV. 1 0 3 ,  2 1 1  ( 1 9 5 6 1 .  PHIS.  
REV. 1 0 7 ,  8 5 9  1 1 9 5 1 1 ,  PHIS.  REV. LETTERS 3. 5 6 8  ( 1 9 5 9 1 ,  UCPL 9 4 9 7  1 1 9 6 1 1 ,  PPYS. REV. LETTERS 5 ,  3 3 3  1 1 9 6 0 1 .  PHYS. REV. 
123.  2 1 6 0  I 1 9 b l l .  PkYS. REV. LETTERS 5. 5 7 1  1 1 9 6 0 1 .  PHVS. REV. LETTERS 7 s  1 9 6  1 1 9 6 1 1 .  PHYS. REV. 1 2 5 .  2 0 8 2  1 1 9 6 2 1 .  
PHIS.  REV. 1 2 5 .  2 0 9 1  1 1 9 6 2 I .  PHIS.  REV. 126,  7*7  1 1 9 6 2 1 ~  PHYS. REV. 1 3 3 .  0 1 0 1 1  ( 1 9 6 4 1 ,  PHYS. REV. 7 5 1  1 3 5 2  1 1 9 4 9 1 ~  
PHYS. REV. 1 0 5 0  1 8 1 4  1 1 9 5 7 1 .  PHIS.  REV. 1 2 3 ,  3 3 3  ( 1 9 6 1 1 ~  PHIS. REV. LETTERS 6. 6 4  ( 1 4 6 1 1 ~  CERN 8 9 5 6 l T H 4 2 8 r  PHYS. RFV. 
LETTERS 8. 1 4 0  1 1 9 6 2 1 1  AND PHYS. LETTERS 2, 6 6  119621.  

A R T I C L E  REAC BY OCETTE BENARI  I N  5 / 6 7 ,  AND V E R I F I E D  BY LEROY PRICE.  

BEAM I S  PROTON ON PROTON AT 2.23 GEV/C- 

T H I S  EXPERIMENT USES T t E  B.N.L. 2 0  I N .  I H I  BUBULE CHAMBER. A  TOTAL OF 4OOC PICTURES ARE REPORTED Ch. 

KEY HGROS - CROSS SECTION ANGULAR D I S T R I B U T I O N  O I F F F R E h T I b L  CRCSS SECTION F l T S  PASS SPECTRUM 
MODELS D E L T A 1 1 2 3 8 1  

COMPOUND KEY iORDS - F I T S  C I F F E R E N T I A L  CRCSS SECTION 

LABCRATORY eEAV, MOMENTUY = 2.2: +- - 0 6  GEV/C. 

REACTION 
P R O T t h  PRCTON - 

ELASTIC 

PROTON NEUTROh P I +  

PROTCh PROTON P I 0  

CEUTERON P I +  
CEUTERON P I +  P I 0  
P I +  P l t  NEUTRON NEUTROh 
PROTCN PROTON P I 0  P I C  
PROTON P I +  NEUTRON P I 0  
PROTOh PROTON P I *  P l -  
PRCTCN PROTON P I *  P1-  P I 0  
PROTOh P I +  P I +  PL- hEUTRGN 

P I L L I - B A R N S  N t .  EVENTS 

E L A S T I C  O I F F E R E N T I P L  CRCSS SECTION FCP P R O l O h  PROTON. I F I G U R F  2 1  

LABORATORY BEAP UOYEhTUH = 2.23 +- .Ot  GEVIC. 

................................... . T H I S  DATA WAS REbC FUOW L GRAPW . ................................... 

T I S  THE MOMENTUM ThbNSFEF BETWEEN THE I I N C C M I N i  PROTONI AN0 THE I O U T G O l h C  PRCTONI. 



P P I +  P I -  EhHAhCEMEI\TS I N  THE R E b C T l O h  PP . PP P I +  P I -  AT 24.. GEV/C. IPHYS.  REV. LETTERS 2 1 9  1 8 3 9  1 1 9 6 8 1 1  

R . E R L I C H ~ R . h l E P O R E N I . R . J . P L A N O , J . B . U b I T T A K E R  IRUTGEHS UNIV.. NEW BRUNSWICK, h. J.I U S b l  
C.BALTAY.J.FElkMAh. P . F R A h Z l h l . F . N E W # A h ~ N N Y E h  [COLUMBIA UNIV.. NEH YORK. N. Y - ,  USA1 

ABSTRACT A STUDY OF THE REbCTlON PP - PP P I +  P I -  AT 24 .8  GEVIC.  BASED ON 3 2 5 0  EVENTS, GIVES STRONG SUPPORT FOP ThE 
PRODUCTION OF RESONANT P P I +  P I -  STATES AT 1.423 +- 0 .027 AND 1.688 +-  0.023 GEV. 

c I T e T  IONS 
BULL. AM. PHYS. SOC. 1 3 ,  7C4 1 1 5 6 8 1 s  PbYS. REV. LETTERS 2 1 ,  1 3 6 8  1 1 9 6 8 1 .  BULL. AM. PHYS. SCC. 13 ,  6 8 2  1 1 9 6 8 1 s  NUCVC 
CIMENTO 5 0 4 .  1 0 0 0  1 1 9 6 0 1 ,  PHYS. REV. LETTERS 17.  R84 1 1 9 6 b l .  U N I V .  OF I L L l N O l S  COO1195-78, PHYS. LETTERS 18. 6 7  1 1 9 6 5 1 .  
PHYS. REV. LETTERS 1 6 ,  8 5 5  1 1 9 6 6 1 ,  PHYS. REV. LETTEkS 19 ,  3 9 7  1 1 9 6 7 1 ,  BULL.  A*. PHYS. SOC. 1 3 ,  6 8 2  1 1 9 6 8 1 ,  PHY8. 
REV. LETTERS 18. 9 7 3  ( 1 9 6 7 1 ,  ANC PHYS. REV. LETTCRS 1 3 1  1 6 9  1 1 9 6 4 1 .  

A R T I C L E  REdC BY OCETTE BENARY I H  1 / 6 5 >  AN9 V E R I F I E D  BY LERCY PRICE.  

BE4P I S  PROTOh Oh PROTOii bT 24.8 GEVIC.  

T H I S  EXPERIMENT USES TWE 8-N.L. 8 0  I h .  I H L  BUBBLF CHAMBER. 

GENERAL CCMHENTS ON T H I S  ARTICLE 
1 THE P P I *  P I -  I N V A R I A N i  MASS SHOWS EN~ANCEMENTS AT 1 . ~ 2  AND 1 .688 GEV. HOWEVER THE RESONANCE PROOUCTlCh CRPSS 

SECTIONS DEPENC C R I T I C A L L Y  UPCN THE ASSUME0 SHAPE OF THE BACKCRCUNO. 

KEY hOROS - CRCSS SECTICN N * l 1 4 7 C l P l l  - N * 1 1 6 8 8 1 '  MASS SPECTRUM C E L T A I L 2 3 8 I  

CRCSS SECTION FOR PROTON PRCTCh PRCTCN PROTON P I +  P I - .  I P A G E  1 8 3 9 1  

LABORATDPY 
FLAY MOMENTUM 

GEVlC M l L L l - E A R L S  NO. EVENTS 
2 4 . 0  1.5 r -  .2 1 5 5 0 0  

THE REAL PART OF THE SPIN-INOEPENOENT FORMARE SCATTERING AMPLITUOE I N  E L A S T I C  NUCLECh-NUCLEON CCILLISIGNS. IPHYS.  
LETTERS 2 5 8 s  2 4 5  1 1 9 6 7 )  I 

L . ~ . C . D U T T O N ~ R . J . k . H O * E L L S . J . O . J A F A R p H . B V A N  OER RAAY I B I R M I N G H A I  UNIV.. B IRMINGHAP.  ENGLAND1 

ABSTRACT ELASTIC PP ANC PC SCATTERING I N  THE COULOMB INTERFERENCE REGION HAVE BEEN STUOIED U S I N G  A SONIC SPARK CHAVEER - ~~ 

TECHNIQUE. ALALYSES OF THESE DATA Y I E L D  A L P H A I P I  = 0.10 +- 0.16 ANC A L P H A I N I  = -0.50 r- 0.15 AT 1.69 GEVlC I N  GOOD 
AGREEMENT h l T H  D l S P E R S l O h  F E L A T I C N  CALCuLbTIONS,  THE VALUE OF A L P H A I P I  = -0.30 +- 0.09 ORTAIbIEO AT 1.54 G E V K  I S  
WOkEVER NOT COhSlSTENT H I T b  THESE CALCULATIONS. 

CLOSELY RELATE0 REFERENCES 
SEE ALSO PHYS. LETTERS 2 6 0 .  6 7 9  1 1 9 6 8 ) .  AND PHYS. REV. LETTERS 1 9 ,  1 4 1 6  1 1 9 6 8 1 .  

A C C I T I O N A L  C l T A T l O N S  
NUCLEAR INSTRUMENTS AN0 PETHOOS 55,  8C 1 1 9 6 7 1 ,  PROC. OF THE P H Y S I C A L  SOCIETY CF LONCON 63A 5 9 9  1 1 9 5 0 1 ,  PROGRESS OF 
THEORETICAL PHYSICS 3 1 .  1 1 6 2  1 1 9 6 4 1 ,  PHYS. LETTERS 1 2 9  2 5 2  1 1 9 6 4 1 .  PHYS. REV. 135, 0 3 5 8  l 1 9 6 4 1 v  PHIS.  LETTERS 19,  3 4 1  
( 1 9 6 5 1 ,  PHYS. LETTERS 89 2 8 5  1 1 5 6 4 L .  RUTHERFORD H I G H  ENERGY LAB. P P P I H I l 4  1 1 9 6 6 1 ,  PbYS. REV. 1 3 9 .  8 3 6 2  1 1 9 6 5 1 .  PHIS.  
REV. 1 3 9 ,  8 3 8 C  1 1 9 6 5 1 ,  SOVIET JLP 1 6 2 0  1 1 9 6 5 1 ,  J E T 0  1 8  8 1 0  ( 1 9 6 4 1 ,  KYOTO U N I V E R S I T Y  R I F P  4 6  1 1 9 6 5 1 s  PRCC. OF THE 
PHYSICAL SOCIETY OF LONCCN 7 1  7 e l  1 1 9 5 7 1 .  PHYS. REV. 1 1 9 ,  3 8 1  1 1 9 6 0 1 .  JETP 6  2 8  1 1 9 5 8 ) s  SOVIET PHYSICS OOKLAOY 1. 3 6 1  
1 1 9 5 6 l .  PHYS. REV. 1 1 0 .  5 1 9  1 1 9 6 0 1 .  JETP 1 8  4 1 2  1 1 9 6 4 ) .  SOVIET JNP 1  3 7 9  ( 1 9 6 5 1 1  PHYS. REV. LETTERS 14,  7 4  1 1 9 6 5 1 .  
PHYS. LETTERS 1 4 ,  5 4  1 1 9 6 5 1 1  P H I S .  LETTERS 2 0 ,  2 0 3  1 1 9 6 6 1 ,  J E T P  1 9  5 4 2  1 1 9 6 4 1 ,  SOVIET PHYSICSI JETP LETTERS 6 ,  8  ( 1 9 6 6 1 .  
PHYS. REV. LETTERS 1 5 9  3 t  1 1 9 6 5 1 s  AN0 NbOVO ClMENTO 40,  1 6 7  ( 1 9 6 6 1 .  

BEAM NC. 1  I S  PROTON ON PROTOh FROM 1.54 TO 1.69 GEVIC. 
NO. 2  I S  PRCTON C h  CEUTERCh FRCH 1.54 TO 1.69 GEVIC. 

T H I S  EXPERIMENT USES SPARK CHAPeERS. 

K E Y  WORDS - O I F F E R E h T I A L  CROSS SECTICh REAL I A M P L I T U D E l / l M A G I N A R Y  I A M P L I T U O E ~  

E L A S T I C  D I F F E R E N T I A L  CRCSS SECTICN FCR PROTON DEUTERON. 

LbBORATORY e E A r  MOMENTUV = 1 .69  G E V I C  +- - 6 I P E R  CENTI .  

I CORRECTED FOR BEAM O l S T R l B U T I G N  AN0 PLURAL SCATTERING. P R I V A T E  COMMUNICATION FRO* VAN DER RAAY A P R I L  1 9 6 9  1  

THETA C-SICHAIC-OIEGA 
RACIANS 

- 0 2 0 5  +- . 0 0 1 0  
- 0 2 2 5  .COlO 
.C2*5 . 0 0 1 0  
. 0 2 6 5  .COlO 
.C285 .LC10 
. 0 3 0 5  .GO10 
- 0 3 2 5  .0010 
. 0 3 4 5  .GO10 
- 0 3 6 5  .DO10 
- 0 3 8 5  .0OlC 
- 0 4 0 5  .0010 
- 0 4 2 5  - 0 0 1 0  
. 0 4 4 5  .OOlO 

HBISR 
5 9 8 .  r- 35. 
54.5. 3 t .  
471 .  33 .  
4 9 1 .  ?2 .  
3 9 5 .  28 .  
356 .  27. 
3 3 2 .  25 .  
3 5 9 .  r e .  
3 4 t .  25. 
3 1 7 .  23 .  

THETA I S  THE ANGLE THAT THE PROTON WAKES WITH THE BEAM I N  THE LAB. 

E L l S T l C  D I F F E R E N T I A L  CRCSS S E C T I C N  FCR PROTDh PROTON. 

LABORdTORY @EAW HOPEhTUM = 1.69 GEV/C +- .bIPER CENTI .  

I CORRECTED FOR BEAM O l S T R l B U T f O N  AND PLURAL SCATTERING, P R I V A T E  COMMUNlCATlOh FROM VAN OER RAAY A P R I L  1 9 6 9  1  

ThETA C-SIGHAIL-OIEGA 
RACIANS MB/SP 

- 0 1 9 5  +- . 0 0 1 0  3 7 2 .  r- 50. 

THETA I S  THE 4 N G L t  TCbT THE PROTON WAKES Y l T C  THE BEAM I N  THE L A B -  



E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FCR PROTOh PROTON. 

LABORATORY BEAY M O P E h T U r  = 1.54 G E V I C  +-  . b I P F R  CENT) .  

I CORRECTFO FOR BEAM D I S T R l B U T I G h  AND PLURAL SCATTERING,  P R I V A T E  COMMUNICATION FROM VAN DER RAAY A P R I L  1 9 6 9  1  

THETA 
R A D I A N S  

114 .  LC. 
1 2 9 .  17 .  
111. 17 .  

THETA I S  THE ANGLE T H A T  THE PROTOh VAKES H I T H  THE BEAM I N  THE LAB.  

TME R E l I N  R A T I E  FOP THE FCRWIRC E L A S T I C  A P F L I T U O E  FOR PROTON PROTON. ( P A G E  2 4 5 1  

I THESE VALUES ASSUME T H A T  THE SPIN-DEPENDANT AMPLITUDE MAY BE NON-ZERO. I 

LbBORATORY ALPHA 
BEAV PCHENTUN 

G E V I C  
1 - 6 9  . I 0  +- . I 6  
1 .54  -.30 .09 

T H E  R E l I M  R A T I O  FOF T H E  FORWARO E L A S T I C  AMPLITUDE FOR PROTOP PROTOk. I P A G E  2 4 5 1  

( THESE VALUES ASSUME T H A T  THE SPIN-OEPENOANT A * P L I T U O E  MAY E €  NON-ZERO. I 

LABCRATORY I L P H A  
PEAM MOMENTUM 

G E V I C  
1 - 6 9  - .50 +- - 1 5  

mspALL ANGLE PP S C A T T E R I L G  I N  THE MOMENTUP RANGE 1.3 T C  1 - 5  G E V I C -  I P H Y S .  L E T T E R S  2 6 0 7  61'3 1 1 9 6 8 ~ 1  

L.M-C.DUTTON.H.B.VAh DER RAAY 1 0 l R M I h G H A P  UNIV., 81RV lhGHAM.  ENGLAND1 

ABSTRACT E L A S T I C  PP S C A T T E R I L G  I h  T H E  COULOMB INTERFERENCE R E G I O N  HAS BEEN STUOIEO U S I N G  S O N I C  SPARK CHAP8ERS h 1 T H  A  
MAGNETIC SPECTROMETER. MEASUREMENTS WERE MADE A T  1.29, 1.39. AND 1 .54  G E V I C  ANC THE DATA WSRE A N 4 L Y L E D  T o  O E T E R N I N E  
THE R E A L  PART OF TI-€ S P I h  INDEPENDENT FORWAR0 S C A T T E R I N G  AMPLITUDE.  D ISAGREEMENT WITH THE P R E O I C T I G N S  OF O I S P E R S I O N  
R E L A T I C N  C A L C U A T I C N S  WAS FCULD. 

C L C S E L Y  RELATEC REFERENCES 
SEE A L S O  P w s .  REV.  L E T T E R S  19. v.16 1 1 9 6 8 1 .  
C O N T I N U A T I U N  OF P R E V I C U S  E X P E R I P E N T  I N  PHYS. LETTERS 25R.  2 4 5  1 1 9 6 7 )  

A D O I T I O N A L  C I T A T L C N S  
P H I S .  L E T T E R S  E. 2 e 5  1 1 9 6 4 1 ,  NUCLEAR INSTRUMENTS AND PETHOOS 5 5 1  8 0  1 1 9 6 7 1 ,  P H I S  REV. 1 4 6 ,  9 8 0  ( 1 9 6 6 1 .  J E T P  I 8  4 1 2  
1 1 9 6 4 1 ,  P H I S .  REV. 1 1 9 s  3 8 1  1 1 9 6 O I .  DNO PHYS. REV. 9 5 .  1 3 5 0  1 1 9 3 4 1 .  

A R T I C L E  READ BY OOETTE BENARY I h  4 / 6 5 ,  AN0 V E R I F I E C  BY LERCY P R I C E .  

8EAM I S  PROTON Oh PROTCN FROY 1.29 TC 1 . 5 4  GEVIC.  

T H I S  EXPERIMENT USES SPbRK CHAPeERS. 

K E Y  WORDS - O I F F E R E N T I A L  CROSS SECTION REAL l A M P L l T U O E l / l M A G I N A R Y  I A M P L I T U D E I  

E L A S T I C  D I F F E R E N T I A L  CRCSS SECTLCN FGR PROTOh PROTON. 

LABORPTORY REAP POVELTUH = 1.54 GEVIC.  

I CORRECTED FOR 8 t . w  D ISTRIBUTIO~  AND PLURAL SCATTERING. P R I V A T E  COMMUNICATION FROM V A L  OER R A A Y  APRIL 1 9 6 9  1  

THETA C-S lGMAlO-OPEGA 
R A C I A N S  M B I S P  

. O l 6 5  1 0 1 4 .  +- 243 .  

. 0 1 8 5  5 9 C .  7 6 .  

. 0 2 0 5  5 3 2 -  58. 

. 0 2 2 5  3 3 7 .  36. 

. 0 2 4 5  3 2 6 .  3 1 .  
- 0 2 6 5  2 7 8 .  27 .  
- 0 2 8 5  2 2 8 .  24. 
. 0 3 0 5  22C.  22 .  
- 0 3 2 5  1 4 7 .  19. 

THETA 1 5  THF ANGLE T h A l  I H E  P R O l G h  MAKE5 h I T H  THE BEA? I N  THE LAB.  



E L A S T I C  O I F F E R E I I T I A L  CRCSS SECTION FCR PROTOh PPOTOh. 

LABORATORY BEAY POMENTU" = 1 .39  GEVIC.  

I CORRECTED FOP BEAM O I S T P I B U T I O N  AND PLURAL SCATTERING. PPIVATE COMMUNICATlOh FRO* VAL OER RAAY A P R I L  1 9 6 9  1  

THETA C-SIGMAIC-CPEGP 
R A C I A V I  V P I S F  

.C175 1 0 3 5 .  + -  1 3 5 .  

. 0 1 9 5  5 3 5 .  72 .  

. 0 2 1 5  5 2 4 .  4C. 

. 0 2 3 5  43C. 3 1 .  

. 0 2 5 5  3 8 4 .  28 .  

.C275 3 2 4 .  24 .  

. 0 2 9 5  2 6 7 .  22. 
. 0 3 1 5  2 1 2 .  20. 
. 0 3 3 5  175.  15. 
. 0 3 5 5  1 3 0 .  17 .  
. 0 3 7 5  1 4 6 .  16 .  
. 0 3 9 5  129.  14 .  
. 0 4 1 5  75 .  13. 
. 0 4 3 5  ICC.  13 .  
- 0 4 5 5  9 9 .  I ? .  
. 0 4 7 5  121.  13. 
. 0 4 9 5  9 4 .  12 .  
. 0 5 1 5  9 5 .  12 .  
. 0 5 3 5  5 5 .  1 2 .  
. 0 5 5 5  94 .  11. 
.C575 97 .  11. 
. 0 5 9 5  7 1 .  11 .  
.O615 81 .  11. 
. 0 6 3 5  5 t .  11. 
. 0 6 5 5  BC. 1C. 
. 0 6 7 5  73. 9. 
.O695 62. 5 .  
. 0 7 1 5  St. 7. 

THETA I S  THE ANGLE TbAT THE PROTON H I K E S  WITH THE BEAM I N  THE LAB. 

E L A S T I C  D I F F E R E N T I A L  

LPBORATORY BEAP 

I CORRECTrD FGT 

THETA 
RADIANS 

CRCSS S E C T I O h  FCR PROTOh PROTON. 

WOYENTUV = 1.25 GEVIC. 

BEAM O l S T R l e U T l O N  A N 0  PLURAL SCATTERING. 

142. 17. 
1 6 3 .  17. 
1 3 t .  16 .  
132. I t . 
1 3 7 .  15 .  
1 3 2 .  2C. 

9 7 .  20. 
1 0 1 .  20 .  

9 4 .  i c .  
B l .  19 .  
65. 1E. 
7 8 .  16. 
71 .  16 .  
55 .  14. 

LON FQOY OER RAAY A P R I L  I 

TCETA I S  THE ANGLE THAT TkE PROTOh MAKES N I T H  THE BEAM I N  THE LAB. 

THE R E l l V  R A T I C  FCR THE FCRWAPC E L A S T I C  4VFLITUOE FOR PROTON PROTOh. [ T A B L E  1 1  

( THESE VALUES ASSUME THAT THE SPIN-DEPENDANT PART UF TCE AMPLITUDE PAY BE NON-ZERC. I 

LABORATORY 
BEAM MOMENTUM 

GEVIC 

ALPHA 

HIGH-ENERGy pRoToh-p+wmN s c o T T E R 1 w .  [ w v s .  R w .  LETTERS 9, 1 1 1  1 1 9 6 2 8 1  

A . h . D I O D E N S , E . L I L L E T H U h h G . P A N h 1 h G G A . E . T A Y L @ R T . G . A L K E R A . M . U E T E R E L L  [EUROPEAN ORG. FGR LUC. QES., GENEVA* SWITZERLANCI  

CLOSELY RELATED REFERENCES 
T H I S  ARTICLE SUPERSEDES PFYS. REV. LETTERS 7, 4 5 0  1 1 9 6 1 1 .  

A O C I T I O N A L  C I T A T I G N S  
PHYS. REV. 1 2 7 .  9 5 C  1 1 9 6 2 1 ,  PbYS. REV. LETTERS 9 ,  1 0 8  1 1 9 6 2 1 ,  PHYS. REV. 1 0 7 ,  8 5 9  1 1 9 5 7 1 ,  I N T ' L .  CONF. ON ELEH. 
PARTLCLESI AIX-EN-FROVENCE 2 1 2 8  1 1 9 6 1 1 ,  PHYS. 9EV. LFTTERS 7 ,  3 9 4  I 1 9 6 1 1 .  ZURh. EKSP. TEOR. F I Z .  419  6 6 7  ( 1 9 6 1 1 ,  
JETP 1 4  4 1 8  1 1 9 6 2 1 ,  AND PHYS. REV. LETTERS 1, 2 9  1 1 9 6 2 1 .  

A R T I C L E  REAC BY OCETTE FENARY I h  4 / 6 7 .  AND V E R I F I E D  BY LEROY PRICE. 

BEAM I S  PROTON ON HYDRCGEN CCMPCUNO FROY 12.99 TD 22.92 GEVIC.  

T H I S  EXPERIPENT USES CCLNTERS. 

KEY UOQCS - O I F F E R E N T I A L  CROSS SECTICL 



E L A S T I C  O l F F E R E N T l A L  CRCSS SECTICN l b T  F l X E C  ANCLE OR T I  FOR PRDTON PROTON. 

THETA = . 0 5 6 5  RADlAhS.  TFETb I S  THE ANGLE THAT THE PRCTON MAKES h I T t  TbE BEAM l h  THE LA6.  

I T H l S  OAT4 REPLACES VbLbES G l V E N  EARLIER I M  COCCONI ET AL., PHYS. REV. LETTERS 7 1  4 5 0  I 1 9 6 1 1 1  

LABORATORY C-SIGMAIC-CHEGA 
B E b r  PCMEhTUM 

GEVIC P ~ I S C  
PER CENT 

E L A S T I C  O l F F E R E N T l A L  CRCSS SECTION ( A T  F l X E C  ANGLE OR T I  FOR PROTOh PROTON. 

THETA = . 0 6 0 5  RAOlANS. TbETA I S  THE ANGLE THAT THE PROTON MAKES W l T P  THE BEAM I N  THE LAB. 

[ T H I S  DATA REPLACES VALUES GIVEN EARLIER I N  COCCONl E l  AL., PHYS. REV. LETTERS 7. 4 5 0  I 1 9 6 l I l  

LABORATORY 
BEbP MCMENTUM 

GEVIC 

10 .29  
27.83 

M e l S P  
PER CENT 

. 5 6 0  +- 5 0  

. 0 2 6  5C 

E L A S T I C  O l F F E R E N T l A L  CRCSS SECTION I d T  F l X E C  bNGLE OR T I  FOR PROTON PRCTON. 

THETA = . I 1  RACIANS. THETA I S  THE ANGLE THAT THE PROTON MAKES WITH THE BEAM I N  THE LAB. 

LABCRATORY 
eEAM POPEUTUM 

GEVIC 
PER CENT 

2 .7500 +- 5 0  
.31CO 5C 

.WALL-ANGLE PO SCATTERlhC 1. T P E  UCMENTLIM RANGE 1.3 TO 1.5 GEVIC. (PHYS. REV. LETTERS 2 1 ,  1.16 1 1 9 6 8 l  I 

L.M.C.DUTTON.H.B.VbN CER RAbY L@IRMINGHAV UNlV.9 BIRMINGHAMI ENGLAND1 

ABSTRACT THE E L A S T I C  AND C U A S l E L A S T I C  SCATTERING OF l N C l O E N T  PROTONS BY A OEUTERIUM TARGET, OVER THE ANGULAR RANGE 
20-70  MRAO I N  THE LABORATORY SYSTEM. HAS BEEN OETERMlNEC USING A SONIC SPARK-CHAUBEP SYSTEM. DATA HERE OBTAINED AT 
INCIDENT MOMENTA OF 1.29. 1.39. PNC 1.54 GEVlC AN0 ANALYZED TO DETERMINE THE R A T I O  OF THE RFAL TO IPAGINARY PARTS CF 
THE PN FORUARD SCATTERING bMPLITUOE. SATISFPCTORY AGREEWENT WITH THE P R E C l C T l O N S  OF OlSPERSION-RELATICN CALCULATIONS 
UPS OBTAINEC. 

C L O S E C Y  R E L A T E D  R E F E R E N C E S  
CONTlNUATlON OF PREVlCUS EXPERIMEhT I N  PHYS. LETTERS 2 5 8 ,  2 4 5  1 1 9 6 7 ) .  

A D O I T l O N A L  C I T A T I O N S  
PHYS. LETTERS 20.  2 0 3  1 1 9 6 4 1 .  PHYS. REV. 1 3 5 ,  8 3 5 E  1 1 9 6 4 1 ,  PHYS. LETTERS 2 6 8 .  6 7 9  1 1 9 b B I .  PHYS. REV. l G b ,  9 8 0  1 1 9 6 6 1 .  
PHYS. LETTERS 1 9 .  3 4 1  1 1 4 6 5 1 ,  PHYS. LETTERS 6. 3 8  1 1 9 6 5 1 .  NUOVC ClMENTO 4 1 A .  1 6 7  ( 1 9 6 6 1 ~  PHYS. REV. 1 3 9 ,  8 3 6 2  1 1 9 6 5 1 ~  
PHYS. REV. 139,  B3eO 1 1 5 6 5 1 ,  AND J E T P  1 9  5 4 2  119641.  

A R T I C L E  REAC BY OOETTE BENARY 1N 4 / 6 9 .  AND V E R I F I E D  BY LEROY PRICE.  

BEAV I S  PRCTON ON CEUTERCK FRCP 1.25 TO 1.54 GEVIC. 

T H I S  EXPERIMENT USES SPARK CHAPeERS. 

KEY HORCS - O I F F E R E N T l A L  CRCSS SECTION REAL I A U P L I T U D E I I I H A G I N P R Y  I A M P L I T U O E I  

E L A S T I C  O I F F E R E N T l A L  CRCSS SECTICK FCU PROTON CEUTERON. 

LABORATORY eEAP MCYENTUP = 1 .54  +- .6C GEVIC. 

I CORRECTED FOP BEAM O l S T R l B U T l O N  AN0 PLURAL SCATTERING. PRIVATE CO*MUNICATlOh FROY VAh OER RAAY A P R I L  1 9 6 9  1  

THETA 
RACIANS 

. 0 1 8 5  +- .0010 

. 0 2 0 5  .0010 
- 0 2 2 5  .0010 
. 0 2 4 5  .COlO 
.C265 .C010 
.02B5 .COIO 
. 0 3 0 5  .C010 
.0325 .0010 
- 0 3 4 5  . o o 1 a  
- 0 3 6 6  . 0 0 1 0  
. 0 3 8 5  .001C 
.0405 .0010 
- 0 4 2 5  .0010 
- 0 4 4 5  . 0 0 1 0  
.0465 .OD10 
. 0 4 8 5  .OOLO 

C-SIGMbIC-PPEGA 
" e l s P  

8 5 6 .  + -  07. 
536.  6 4 .  
4 5 8 .  51. 
458 .  50 .  
4 9 5 .  41. 
4 4 0 .  24 .  
4 3 6 .  22. 
4 0 1 .  21. 
4 1 3 .  20. 
392 .  2C. 
3 1  1 8 .  
3*6 .  1 8 .  
338. i e .  
3 1 1 .  1 7 .  
3 3 t .  17. 
3 2 4 .  1 6 .  
3 5 6 .  16 .  
3 6 1 .  I t . 
327.  I t .  
3 0 t .  16 .  

THETA I S  THE AhGLE THAT THE PROTON W I K € L  H I T F  THE BEAH I N  THE LAB. 



E L A S T I C  D I F F E R E N T I A L  CRCSS SECTICN FCR PROTOh CEUTERON. 

LABORATORY EEAF MOVEUTUM = 1.39 +- .6C GEVlC.  

I CORRECTED FOR BEAM O l S T R l 8 U T l t h  A h 0  PLURAL SCATTERING. PRIVATE COHHUNlCATlON FROP VAN DFR RAAY A P R I L  1 9 6 5  1 

THETA I S  THE ANGLE THAT THE P R C l O l  LAKES WITH THE BEAM I N  THE LAB. 

E L A S T I C  D I F F E R E N T I A L  CRCSS SECTICU F C I  PROTOh CEUTERON. 

LABORATORY eEbY HCWEhTUM = 1.29 +- .6C GEVIC.  

I CORRECTED FOR BEAM D I S T R I B U T I O N  bNO PLURAL SCATTERING. P R l V b T E  COMHUNlCATlCh FROM VAN OER RAAY A P R I L  1 9 6 9  1 

THETA O-SIGNAID-CYEGA 
RACLANS MBISR 

. 0 2 0 5  +- . 0 0 1 0  1 0 1 2 .  +- 96- 

.0225 . 0 0 1 0  7 5 6 .  82. 

. 0 2 4 5  - 0 0 1 0  6 5 3 .  1C. 
- 0 2 6 5  . 0 0 1 0  6 2 2 .  6 3 .  
. 0 2 8 5  . 0 0 1 0  447.  5 4 .  
- 0 3 0 5  . 0 0 1 0  3 9 2 .  5 2 .  
- 0 3 2 5  . 0 0 1 0  392.  2 5 .  
. 0 3 4 5  . 0 0 1 0  3 8 2 .  21. 
. 0 3 6 5  .PO10 3 6 3 .  26. 
.0385 . 0 0 1 0  35C. 2 5 .  
. 0 4 0 5  . 0 0 1 0  3 9 4 .  25. 
. 0 4 2 5  . 0 0 1 0  3 4 0 .  23 .  
. a 4 4 5  .C010 3 ? 4 .  23. 
.O465 .DO10 3 8 5 .  23. 
. 0 4 8 5  . 0 0 1 0  3 6 4 .  23. 
.0505 .OOlO 34E.  22. 
. 0 5 2 5  . 0 0 1 0  3 1 1 .  21. 

THETA I S  THE ANGLE TbAT THE PROTON MAKES W I T H  THE BEAM I N  THE LAB. 

THE R E l l M  R A T I O  FOP THE FCRVARC ELASTIC AMPLITUDE FOR PROTON NEUTRON. [TABLE I 1  

I THESE VALUES ASSUME THbT THE SPlh-DEPENDANT PART OF TkE AMPLITUDE MAY BE UNEQUAL TO ZERO. I 

LABORATORY 
BEAM t4OHENTUM 

GEV/C 





E L A S T I C  D I F F E R E N T I A L  C R C S S  S E C T I O N  F L P  P R O T U L  P R C T O h .  [ F I G U R E  5 1  

L A B O R A T O R Y  B E A V  M C V E h T U *  = 4 . 0 0  +- . O 4  G E V / C .  

................................... . T H I S  O A T A  H 4 5  R E A C  F R O *  I G R A F k  . ................................... 

. a 7 5  
L O O  
. I 3 0  
. I 5 0  
. 2 1 0  
. 2 3 0  
. 2 7 0  

T  I S  T H E  MOMENTUM T R A N S F E R  B E T W E E N  T H E  I I N C O N I N G  P R O T O N 1  A N D  T H E  I C U T G C I h G  P R O T O N I .  

F I T  T O  E L A S T I C  D I F F E R E N T I A L  C R C S S  S E C T I C L  F G R  P R O T O h  P R O T O N .  [ P A G E  4 0 8 1  

L A B O R A T O R Y  R E A L  W O M E h T U P  = 4.00 +-  . 0 4  G E V I C .  

O A T A  I S  F I T  OVER - T  F R O M  - 0 2  T C  . 4 0  l G E V / C I * I 2 .  T  I S  T H E  M O H E N T U V  T R A N S F E R  B E T W E E N  T k E  [ I N C O M I N G  P R O T O N 1  ANC T H E  
I O U T G O l h G  P R C T O N I .  

F I T T E D  F O R M U L A  I S  D - S I G M A / O - T  = A r E X P I B ~ T l I  

WHERE D - S I G M A I O - T  I S  I N  M e l l G E V / C l * * 2  A V O  -T I S  I N  I G E V / C I * * 2 .  

F I T T E C  V A L U E S  

m C R O S S  S E C T I O N S  F O R  E L E M E N T A R Y  P A R T I C L E  I N T E R A C T I O N S  I F O R T S C H R I T T E  OER P H Y S I K  9 .  5 4 9  1 1 9 6 1 1  1  

uV .S .8ARASHENKOV.V .H .RaLTSEY I J O l h T  1 h S T .  F C R  N U C L .  R E S E A R C H .  D U A N A .  U S S R 1  
* t T H I S  I S  A  C O M P l L b T l O h  + * 

A R T I C L E  R E A D  BY O O E T T E  B E N A R V  I h  I O / C 5 ,  L N C  V E R I F I E D  B Y  L E R C Y  P R I C E .  

G E N E R A L  C O W V E N T S  C N  T H I S  P R T I C L E  
1 WE H A V E  N O T  E N C O D E D  A L L  C F  T H E  D A T A  G I V E N  B Y  R A R A S H E N K O Y  I N  H I S  T A B L E S  , B U T  R A T H E R  H A V E  A R B I T R A R I L Y  S E L F C T E O  O U T  

S C M E  R E P R E S E N T A T I V E  P C I N T S .  

K E Y  WORDS * C R O S S  S E C T I O N  

P R O T O h  P R O T O N  T O T A L  C R C S S  S E C T I C N .  ( 1 1  

L A B O R A T O R Y  
B E A M  E N E R G Y  

G E V  
. 0 1 0 0  
. C l 9 8  

M I L L I - B A R N S  
3 1 4 . 0  +- 1 3 . 0  

1 1 1  T A K E h  FROM A  R E V l F U  A R T I C L E .  

N E U T R C N  P R O T O N  T O T A L  C R C S S  S E C T I O N .  Ill I T A B L E  4 1  

L A B O R A T O R Y  
B E A ?  E N E R G Y  

GFV UILLI-BARLS 

1 1 1  T A K E h  F R O V  A R E Y l t h  A R T I C L E .  



,TRACT T H I S  REPORT I S  BASED Oh ABOUT 1 C . 5 0 0  PP C O L L l S l C N  EVENTS P W O U C E D  I h  THE B I - C H  SACLAY HYDROGEN BURBLF CHAPBER 
A T  CERN. CROSS-SECTICN VALUES FCU T F E  D I F F E P E N T  I D E N T I F I E 0  F I N A L  STATES A N n  RESUNbNCES ARE GIVEN.  THE I S O B A P I  N * l 1 2 3 8 1  
N * 1 1 4 2 0 1 +  N * 1 1 5 1 8 1 s  N * l l t 8 B 1 3  N * l l 9 2 O l ,  AND N * ( 2 3 6 0 l  UERE I D E N T l F l E D  ANC T H E I R  PROCUCTION CROSS-SECTIOh VbLUES k E R F  
FOUNU V I A  A  B E S T - F I T  A N A L Y S I S  OF D I F F E R E N T  I N V A R I A N T - M A S S  HISTOGQAb lS .  ABOUT 7C PEP CENT OF THE ISORARS ARE CONNECTED 
H I T H  THE QUASI -TNO-BOCY REACTLCKS PP-N*h  AND PP-NtN* .  T b E  R E A C T I O N  PP-NEUTRON N * 1 1 2 3 8 1 + +  W I T H  4 CROSS SECTION OF 3 . 2 5  
*- 0 . 1 6  MB r i A i  A N A L V Z t D  I N  TERMS OF b  P E R I P H E R A L  ABSORPTION MODEL. WHICH WAS FOUND TO BF I N  GOOD AGREEMENT K I T H  THE 
DATA. VARIOUS CECAY VCDES OF THE N * 1 1 5 1 8 1  AND N * l l 6 B B l  ISOBARS UERC CBSERVED b h C  T H E I R  B R A h C H l N G  R b T l C S  OETERYINED.  
THF BRANCHING R A T I O  CF N  P I +  TC P  P I +  P I -  WAS FOUNC TO BE 0 .77  +- 0.45 FOR N * 1 1 5 1 8 1  AN0 0 . 6 7  +-  C.40 FOR N * 1 1 6 8 8 1 .  
THE BRANCHING R A T I C  CF N * 1 1 2 3 8 1 * +  P i -  T C  P  P I +  P I -  OF N * I l 6 8 8 1  UPS E S T I M A T E D  T C  BE 0.14 +- 0.14. P I O N  P R n D U C T I o N  
TURNED OUT TO BE M A I N L Y  DUE TO DECAY OF ISOBARS.  PROOUCTlON OF MESON RESONANCES TURkEO OUT TO RE L E S S  IVPORTANT:  T H E  
R E A C T I O N  PP-PP OMEGA -PP P I +  P I -  P I 0  HAS I O E N T l F l E O   WIT^ A  CROSS-SbCTION VALUE OF 0 . 1 1  +- 0.02 MB. F I N A L L Y ,  THE 
PRODUCTION OF NEUTRAL STRAhGE P A R T I C L E S  W I T H  A  CROSS S E C T I O N  OF 0 . 4 5  +- 0 .04  UB I S  D ISCUSSEL.  STRONG FORMATIOk  OF 
V * 1 1 3 8 5 1  I S  CBSERVEO. 

CLOSELY L E L A T E O  REFERENCES 
C O N T I N U A T I O N  OF P R E V I C U S  EXPERIWENT I N  PHYS.  R E V .  L E T T E R S  13s 3551  1 1 9 6 4 1 ,  PHVS.  REV. L E T T E R S  1 5 .  2 0 7  1 1 9 6 5 1 ,  NUCVO 
C I P E N T O  3 9 .  3 8 4  1 1 5 6 5 1 ,  hUCVO C I U E N T O  4 0 A 1  8 3 9  1 1 9 6 5 1 s  AND PHVS. REV- 1 4 4 s  1 1 2 2  1 1 9 6 6 1 .  

A O O I T I O N A L  C I T A T I O h S  
PHVS. REV. 1 2 3 1  2 1 6 0  1 1 9 6 1 1 .  PHVS. REV. 1 2 5 ,  2 0 8 2  1 1 9 6 2 1 ,  PHYS. REV. 1 3 3 .  8 1 0 1 7  1 1 9 6 4 1 s  P H I S .  REV. 1 3 8 1  9 h 7 C  1 1 9 6 5 1 .  
PHYS. L E T T E R S  1 6 ,  7 5  1 1 9 6 5 1 1  PHVS. L E T T E R S  7 1  2 2 2  1 1 9 6 3 1 .  REV. MOO. PHYS. 3 7 .  6 3 3  1 1 9 6 5 1 ,  NUOVC C I M F N T O  3 8 ,  6 C  1 1 9 6 5 1  , 
PHVS. L E T T E R S  8, 2 8 5  1 1 9 6 4 1 ,  PHVS. LETTERS 13, 1 8 5  1 1 9 6 4 1 .  OXFORO CONFERENCE 9 3  1 1 9 6 5 1 ~  NUOVO C l U F N T O  2 4 ,  1 1 1  1 1 9 6 2 1 .  
NUOVO CIMENTO 3 4 1  1 6 4 4  1 1 5 6 4 1 ,  NUOVO C l M E N T O  3 3 .  3 0 9  1 1 9 6 4 1 ~  PHVS. L E T T E R S  8 1  1 3 4  1 1 9 6 4 1 .  NUOVO CIMENTO 3 5 ,  1 0 5 2  ( 1 9 6 5 1 .  
PHVS. REV. L E T T E R S  1 6 ,  8 5 5  1 1 9 6 6 1 .  DUBNA CONFERENCE 4 8 0  1 1 9 6 4 1 0  PHVS. L E T T E R S  5 7  2 7 9  1 1 9 6 3 1 .  OXFORD CONFERENCE 1 3 1  
1 1 9 6 5 1 ,  PHVS. R t b .  L E T T E R S  1 4 ,  6 0 4  1 1 9 6 5 1 .  ANC PHVS. L E T T E R S  11, 1 6 4  1 1 9 6 4 1 .  

ARTICLE R E A D  e r  O C E T T E  BENOPI t h  1 / 6 5 ,  AND VERIFIED B Y  LEROY PRICE. 

BEAM I S  PROTON O h  PROTON AT 5.52 G E V I C .  

T H I S  E X P E R I M E N T  USES THE SACLAY 8 1  CY I H I  BUBBLE CHAMBER. A  TOTAL OF 3 0 0 0 0  P I C T U R E S  ARE REPORTED ON. 

K E Y  WORCS - CRCSS S E C T I O N  ANGULAR O l S T R l B U T l O N  MASS SPECTRUP O A L l T l  PLCT C I F F E R E N T I A L  CROSS SECTION 
F I T S  O E N S l T Y M A T R l X  O E L T A l l 2 3 8 )  N * 1 1 5 2 0 1 0 1 3  1 N * 1 1 6 8 8 1 '  N * 1 1 4 7 0 l P l l  O E L T A l 1 9 2 0 1  
O E L T A I 2 4 2 0 1  R H 0 1 l t 5 1  E T A I 5 4 B I  OMEGA17831  BRANCHING P A T I C  STRANGE P A R T I C L E S  

COMPOUNO KEY WORCS - F I T S  C l F F E R E h T I A L  CROSS S E C T I O N  ' N * I l 6 8 8 1 '  BRANCHING R A T I O  

I F R O Y  PAGE 1 2 8 4  AND T A B L E  1 1  

LABOhATORV B i A M  MOMENTUM = 5.52 +- . 0 1  GEYIC.  

R E A C T I O N  
PROTON PROTON - - .  

TOTAL 
E L A S T I C  
PRCTON NEUTRON P I +  
PROTOh PROTON P I 0  
PROTON PROTON P I +  P I -  
PROTON NEUTRON P I *  P I +  P I .  
PROTON PROTON P I +  P l -  P I 0  
PRZTCN PROTON PI+ p i +  pi :  PI- 
NEUTRON PROTON PI+ P I *  PI+ P I -  P I -  
PROTON PROTON P I +  P I +  P I -  F I -  P I 0  

M I L L I - B A R N S  NO. EVENTS 

LABCHATORY EEAV MOPENTU* = 5.52 +- . 0 1  GEVIC.  

REACT I O N  
PROTON PROTON - 

O E L T A I 1 2 3 8 1 + +  NEUTRON 
O E L T A l 1 2 3 8 1 + +  . PRCTOh P I +  1 1 1  

O E L T A 1 1 2 3 8 l t  PROTOh 
NEUTROh P I *  Ill 

PROTCN P I 0  I I 1  

P R O l O h  P I +  Ill 

PROTOh P I +  1 1 1  

N.1 1 4 1 0 1 +  * NEUTROh P I +  1 1 1  
h * I l 4 7 0 1 +  PROTOh 

N * l l 4 7 0 1 +  . PROTnN P I C  1 1 1  - . - - . . . 
N * I 1 5 2 0 1 ;  PROTOh 

N * 1 1 5 2 0 1 +  - NEUTRON P I +  1 1 1  
N * I  l 5 2 O l +  PROTON 

N * l 1 5 2 0 1 +  * PROTON P I 0  I 1 1  
' N * I l b B B l + '  PROTON 

' N + l l b 8 8 l + '  * NEUTRON P I +  Ill 
. N * I l 6 8 8 1 + '  PRCTCN 

' N * l l 6 R 8 1 + '  r PROTOh P I 0  Ill 

1 1 1  F l T T E O  O l S T R l B U T l O N  W I T H  F I X E D  MASS A N 0  WIDTH AND TOOK E V E N T S  ONLY ABOVE I F I T T E O I  BACKGROUND. 



I T b B L E  4 1  

L b 8 C Q b T O R Y  eEbM MOMENTUP = 5.52 +- .O1 GEVIC.  

R E A C T I O N  
PROTOh PRCTCh - 

N * 1 1 5 2 0 l +  PROTCN 
N * l 1 5 2 0 1 +  - PROTGN P I *  P I -  I 1 1  

' N l I l b B B l t '  PRCTCN 
' N * l l b 8 8 1 + '  - PROTOh F I +  P I -  I 1 1  

O E L T A l 1 9 2 0 1 +  PROTUK 
D E L T b l l 9 2 O I +  - PROTch  P I +  P I -  Ill 

o E L T b l l 2 3 8 l r +  PROTON P1-  
O E L T b l l Z 3 8 1 + +  . PHCTON P I +  1 1 1  

D E L T b l 1 2 3 8 1 + +  O E L T b l l 2 3 8 1 C  
O E L T A l 1 2 3 8 1 * +  PROTOh P I +  1 1 1  
D E L T A 1 1 2 3 8 1 0  - FROTCN P I -  I 1 1  

O E L T b 1 1 2 3 8 1 * *  N D 1 1 4 7 C I C  
D E L T b l l Z 3 B l t r  - PROTOh P I +  I l l  
N * 1 1 4 7 0 I O  - PROTON P I -  Ill 

C E L T b l l 2 3 8 1 + +  N * I l 5 Z O I C  
O E L T b I I Z 3 8 1 + +  r PRCTCh P I +  1 1 1  
N * l  I S Z O I O  - PROTCN P I -  I 1 1  

O E L T b l 1 2 3 8 I + *  ~ N * I 1 6 8 8 1 0 '  
O E L T A I 1 2 3 8 1 + +  - PROTOh P I +  I l l  

. . 
PROTON P I +  

. .  - . .  
N * 1 1 5 2 0 1 0  - PROTCN P I -  1 1 1  

a N + 1 1 6 B 8 1 0 '  PROTON P1. 
~ N * l l b B B l O '  - PRCTON P I -  1 1 1  

PROTON PROTOL R H 0 1 7 6 5 l C  

I 1 1  F I T T E D  O I S T R I B U T I O N  W I T H  F I X E D  MASS b N 0  WIDTH AN0 TOOK EVENTS ONLY ABOVE I F l T T E O l  BACKGROUND. 

[ T A B L E  5 1  

LABORATORY PEAM MOMENTUM = 5.52 +- . 0 1  GEVIC.  

R E b C T l O N  
PROTOh PRCTCN - 

D E L T A 1  1 2 3 8 l + +  h E b T R o h  P I +  P I -  
D E L T b I l Z 3 B l r t  - PROTOh P I +  I 1 1  

O E L T b l l 2 3 B I + +  N I l l 5 2 O l C  
D E L T b 1 1 2 3 8 l + +  - PROTOh P I +  I 1 1  
N * 1 1 5 2 0 1 0  - NEUTRON P I *  P I -  Ill 

O E L T A l l 2 3 8 1 t r  ~ N * l L 6 @ @ I O ~  - - -  - ~~ 

O ~ ; ~ b l l 2 3 B l + +  - PRO TO^ P I +  Ill 
' N * l l 6 8 B 1 0 '  - NEUTRCN P I *  P I -  I 1 1  

O E L T A I  l Z 3 8 l + +  D E L T A 1  1 2 3 8 1 -  P I +  
O E L T A I 1 2 3 8 1 + +  . PROTON P l r  I 1 1  
O E L T b l l Z 3 B l -  * NEUTROh PI- 1 1 1  

C E L T A l 1 2 3 8 l r  PROTON P I *  P I -  
D E L T A 1 1 2 3 8 1 *  . hEUTRON P I +  1 1 1  

N * l 1 5 2 C l C  PROTON P l r  
N * 1 1 5 2 0 1 0  - NEUTRON P 1 +  P I -  Ill 

' N * 1 1 6 8 8 1 0 '  PROTOh P1+  
' N * l l b B 8 I O 0  - NEUTRGh P I +  P l -  1 1 1  

~ + 1 1 5 2 0 1 +  NEUTRON P l r  
N t 1 1 5 2 0 1 +  - PRCTON $1' P l -  I 1 1  

.N* l  l b B B I + '  NEUTRON P I +  
' N * l l b B 8 I * '  - PRCTON P I +  P I -  Ill 

NEUTRON PROTON P I +  P I *  P I -  1 2 1  

1 1 1  F l T T E O  O l S T R l B U T l O N  W I T H  F I X E D  MOSS PNG W I D T H  b N 0  TOOK EVENTS ONLY ABOVE I F l T T E D l  BACKGROUND. 
1 2 1  CRUSS S E C T I O N  I S  FOR THE NCN-RESONANT PROOUCTION OF THESE P A R T I C L E S  ONLY. 

[ T A B L E  6 1  

L b 0 C R A T C R Y  EEAM MOMENTUM = 5.52 r- .O1 GEVIC.  

R E b C T l O N  
PROTCh PRCTCN - 

O E L T b l 1 2 3 8 l + +  PROTON P I -  P I G  
O E L T A I  l 2 3 8 l * r  P R o T O h  P I +  Ill 

O E L T n I  L Z 3 8 l + +  0 ~ ~ T b I l 2 3 B l ~  PI- ~ ~- 

O E L T A 1 1 2 3 8 l + +  - PROTOh P I +  1 1 1  
D E L T A l l 2 3 8 1 +  . PROTON P I 0  1 1 1  

D E L T A 1  l 2 3 8 ) + +  O E L T b l l 2 3 8 1 C  P I C  
D E L T A I 1 2 3 B l r r  . PRCTOh P I +  Ill 
O E L T A 1 1 2 3 8 1 0  - PROTCh P I -  1 1 1  

O E L T A 1 1 2 3 8 1 *  PROTON P I +  P I -  
D E L T b I 1 2 3 B l +  - PROTON P I 0  Ill 

O E L T A l 1 2 3 8 1 C  PROTON P I +  P I C  
D E L T A l l 2 3 B I G  - PROTCN P I -  I 1 1  

N t 1 1 5 2 0 l C  PROTOh P I +  -..- ~ - .  . 
N * 1 1 5 2 0 1 0  - PROTOh P l -  P I 0  1 1 1  

s N * 1 1 b 8 8 1 0 '  PRCTCh P I *  
' N * l l 6 B 8 1 0 '  - PROTOh F I -  P I C  Ill 

N * l 1 5 2 0 l +  PROTON P I G  
N t l 1 5 2 0 l +  - PROTON F I +  P I -  Ill 

' N t l  l b B B l + '  PROTON P I 0  
' N * I l b B B I + '  - PROTON P I +  P I -  Ill 

PROTON PROTON P I *  Q H C 1 7 6 5 l -  
R H 0 1 7 6 5 1 -  - P I -  P I 0  I 1 1  

PRCTCN PROTON P I -  R H C l 7 b 5 1 r  
R H 0 1 7 6 5 1 +  + P I *  P I 0  Ill 

PROTCN PROTON E T A 1 5 4 8 l  
E T b 1 5 4 8 1  - P I +  P I -  P I 0  Ill 

PROTON PROTON O M E G b I I B 3 I  
OMEGA17831  - P I *  P l -  P I 0  Ill 

PROTON PROTCN P I +  P I -  P I 0  1 2 1  

Ill F I T T E D  D I S T R I B U T I O N  W I T *  F I X E D  MASS b N C  WIDTH b N 0  TOOK EVENTS ONLY ABCVE I F l T T E O l  BPCKGROUNO. 
I 2 1  CROSS S E C T I O N  I S  FOR THE NCN-RESONANT PRODUCTION OF THESE P A R T I C L E S  ONLY. 



LABCRATCRY EEAP PCYENTUV = 5.52 +- - 0 1  G E V K .  

R E A C T I O N  
PROTCh PPOTON - 

LAUBOA PROTCN L +  
S IGMA0 PRUTON K +  
S I G Y b +  
LAUBCA 
LPLBOA 
LAU80A 
s l t r m  
S I G Y P t  
S IGMA*  
hEUTRO 
PROTCN 
LAWBCA 
L A H B G I  
5 1  GMAC 
S I C P A +  
LAMBOA 
LAMBEA 

PROTCh KO 
NEUTRON I+ P I +  
PROTf lh  < 0  P I +  . . .  
PROTON K +  P I G  
PROTON LO P l +  
NEUTRCY KO P I *  
PROTON KC P I C  

h PROTON KOBAR I+ 
PROTON LOBAR KO 
PROTnN Y +  P l t  P I -  

PROTON K t  P I +  P I -  
PROTON KO P I +  P I -  
PROTCN KO P I +  P I +  I 
NEUTRON K +  P I +  P I +  

MlCRC-BARNS NO. EVENTS 

35.8 +- 9.9 13.0 
16.0 7.5 4.5 
4.5 4.5 1.0 

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FCR PRDTOh PROTON. I F I G U R E  31 

L L B C R I T O Q Y  PEbF. HDMELTUM = 5.52 *- .O1 GEVIC.  

................................... . T H I S  DATA k 4 S  READ FROV I GRAPH . ................................... 
O-S16PA1D-7  

M B / l G E V / C l * * 2  1 1 1  NO. E V E N T S  

T I S  THE UnHENTUH TRANSFER BETWEEN THE I l N C O H l N G  PROTON1 AND THE C C U T G O l h G  PRDTONI .  

( 1 1  COUNTS WERE H U L T l P L l E O  BY .48 TO GET THESE. ERRORS ARE TAKEN AS P R C P C R T I O N P L  TO THE SOUARE-ROOT OF THE COUNTS. 



F I T  T O  E L A S T I C  O I F F E R E N T l a l  C R C I S  S E C T I O N  FOR P P O T O h  PRCTOh .  I T A B L E  2 1  

LABORATORY B E A F  V t F E h T U Y  = 5.52 +- . 0 1  G E V I C .  

D A T A  I S  F I T  OVEP -T FROV .O3 TO . 7 5  I G E V / C L * * 2 .  T  I S  T H E  H d H E N T U Y  T R A N S F E R  B E T h E E h  T H E  I I h C C W l h G  PROTON1  I N C  T H E  
I C U T G O I N G  P R O T O N I .  

F I T T E C  FOPMULA I S  C - S I G M A / @ - T  = E X P I A + B I T I I  

WHERE G - S I G H A I D - 7  I S  I N  V B I ( G E V / C I * * Z  AND -T  I S  I h  I G E V / C l t * Z .  

F I T T E D  V A L U E S  

F I T  T C  E L A S T I C  O l F F E R E N T l I L  CRCSS S E C T I O N  FOR PROTON PROTON. I T A B L E  2 1  

LABORATORY e E A V  MOMENTUM = 5 . 5 2  +- .O1  G E v I C .  

D A T A  I S  F I T  OVER -1 F R O V  .O3 TO - 7 5  I G E V / C I * * 2 .  T  I S  T H E  MOMEhTUY T R A N S F E R e E T h E E N  T h E  I l N C O H l N G  P R O T O N 1  AND T H F  
L O U T G O I N G  P R O T O N I .  

F I T T E O  FORMULA I S  C - S I G L A I O - 1  = E X P l I + 0 I T I + C I T * * 2 l I  

WHERE C - S I G M A I D - 1  I S  I N  N E / l G E V / C l * * Z  A N 0  - T  I S  I N  I G E V / C l * * Z .  

F I T T E D  V A L U E S  

A  = 4 .45  + -  . 0 5  
0  = 1 . 9 6  +- . 4 1  
C  = 1 .50  +- .75 

D I F F E R E N T I A L  CROSS S E C T I O *  FGR P R O T O h  PROTON * O E L T A l 1 2 3 8 1 + +  NEUTRON. l F l G U R E  9 1  
O E L T A ( l 2 3 8 l + *  - PROTOl i  P I +  I 1 1  

LABORATORY EEAP P O Y E h T U P  = 5 . 5 2  +- - 0 1  t E V / C .  

................................... . T H l S  D A T A  MAS R E A D  F R O Y  I GRAPH . ................................... 
C O S I T H E T A I  C - S I G Y I I O - O V E G A  

N e / S F  
P A X  M I N  

1 .00  . 9 9  7.0 

T H E 1 4  I S  THE  A N G L E  T H A T  THE D E L T A l l 2 3 8 1 + +  MAKES W I T H  T H E  BEAM I N  T H E  G R b h C  C.P. 

Ill CCUNTEO b L L  E V E N T S  I h  YASS BbNC.  

mA STUDY O F  NUCLEON 1SOBAR P k O O U C T l O N  I h  PROTCN-PROTON C O L L I S I O N S .  I N U O Y O  C I M E N T O  6 3 A v  5 2 9  1 1 9 6 9 1 1  - l.M.0LAlR.A.E.TAYLCR I A T O M I C  Eh .  RES. ESTAE..  H A R k E L L .  RERKS.,  E N G L A N D 1  
W ~ S . C H A P M A N ~ P . I . P . K A L M U S 5 J . L I T T ~ P . C C V I L L E R H . J . S H E R M A N  I Q U E E h  MARY COLLEGE,  LCNOON,  E N G L A N D 1  
A.ASTBURY, C.R.SCOTTIT.G.UPLKEP I R U T H E P F O R D  H I G H  EN. LAR.. CHILTON.OID .RERK.ENGLdNC1 

A B S T R A C T  T H E  M D Y E h T U H  SPECTRA O F  PROTONS S C A T T E R E D  I N E L A S T I C A L L Y  I N  PROTCh-PROTON C O L L I S I O N S  WEPE O H T 4 l h E O  l h  AN  
E X T E R N A L  BEAM AT  N L M L O D I  U S I N G  I N C I D E N T  P P O T O N  WEPENT4  CF 2 .05 ,  4 . 5 5 .  6 . 0 6  AND 7 .88  G E V I C ,  AND V A R I O U S  S C A T T E R I N G  
A N G L E S  I N  THE RANGE 2 2  TO 1 4 4  HRAO. THE  I S O B A R S  OF MASS 1 2 3 6 ,  1 5 1 8 ,  ANC l 6 8 H  MFV ACE C L E A R L Y  SEEh .  T H E R E  I S  E V l C E K C E  
A L S O  I N  T H E  SPECTRA AT  S V A L L  ANGLES F C P  T H E  P P O O U C T I U N  OF T H E  l + l O  MEV I S O B A R  AT  A  MASS O F  I 1 4 1 0  +- 1 5 1  MEV A N 0  W I D T H  
1 1 2 5  +- 2 0 1  MEV. I T  1 8  SHOhN T H A T  T H E  C B S E R V E D  P E A K  CANNOT RE E X P L b l N E O  BY  T H E  DECK E F F E C T .  T H E  O l F F F R E N T l A L  
C R O S S - S E C T I O N S  FOR T k E  P R O C U C T l C N  O F  T H E S E  l S O B A R S  ARE P R E S E N T E D  I N  T E P M S  D F  THE USUAL  V A l l A B L E S  S  A N T  1, AND APE 
COMPARED W I T H  A B S O R P T I O N  A h 0  REGGF-POLE MCOEL  P R E C l C T I O W S .  F I T S  TO T H E  D A T A  W I T H  V b P l O U S  E M P I R I C A L  F U h C T I O N S  OF T H E S F  
V A R I A B L E S  ARE A L S O  I N V E S T I C A T E O .  T H E  B E k A V I O U R  O F  THE T O T A L  C R O S S - S E C T I C h  FOR THE 1 2 3 6  HFV  I S O R P E  I S  FOUNC TO E X H I B I T  
ENERGY DEPENDENCE C O h S l S T E h T  W I T H  O N E - P l O h  EXCHANGE,  WPEREAS T H E  1 4 I C  MEW A N 0  1 6 8 8  H E V  I S O R A P  TOTAL  C R O S S - S E C T I C h S  
I R E  FOUND T O  8 E  E N E R G Y - I N C E P E N D E N T .  ALSO T H E  T O T A L  C R O S S - S E C T I C N  FOP T H C  1 5 1 8  VEV I S O B I R  I S  FOUND TO E X H I B I T  
ENERGY-DEPENCENCE I N  T H I S  ENFEGY PANGE.  

C L O S E L Y  R E L A T E C  R E F E P E N C E S  
T H I S  A R T I C L E  S U P E R S E O E S  P k Y S .  PEV .  L E T T E R S  1 7 ,  7 8 9  1 1 9 t t l .  

I T I O N A L  C I T A T I O N S  
PHYS.  REV. L E T T E R S  1 6 ,  8 5 5 ,  PHYS. R E V .  l 7 C .  1 2 2 3  1 1 9 6 0 1 ,  PHYS. REV. 1 0 3 ,  1 4 8 9  1 1 9 5 6 1 .  PHYS. REV .  L E T T E R S  7 ,  1 9 6  1 1 9 6 1 ) s  
PHYS.  REV. 1 2 3 s  2 1 6 0  1 1 9 b l l r  PPYS.  REV .  L E T T E R S  1, 2 8 8  1 1 9 6 1 1 .  PHYS. REV .  1 2 8 .  1 8 2 3  1 1 9 6 2 1 ~  PHYS. REV .  L E T T E R S  7 ,  
4 5 0  1 1 9 6 1 1 ,  PHYS. L E T T E R S  8, 1 3 4  I L S b 4 1 ,  h U O V G  C l M E N T C  3 5 ,  1 0 5 2  1 1 9 6 5 1 ,  P b Y S .  L E T T E R S  1 8 ,  1 6 7  1 1 9 6 5 1 .  PHYS.  REV. 
L E T T E R S  1 4 ,  3 9 7  1 1 9 6 7 1 1  PCYS. L E T T E R S  1 7 .  8 8 4  I L 9 6 6 1 ,  NUDVO C I M E N T C  4 0 0 ,  8 3 9  ( 1 9 6 5 1 ,  hUCVC C I H E N T O  5 5 .  6 6  1 1 9 6 8 1 ~  
NUC. PHYS. 0 5 9  1 6 5  1 1 9 6 8 1 ,  UCRL 1 0 2 3 .  PHYS.  REV. L E T T E R S  2 1 ,  1 3 6 8  1 1 9 6 8 1 ,  PHYS. REV .  150 ,  1 2 9 2  1 1 9 6 6 1 ,  PPYS. REV. 
L E T T E R S  7 1  1 9 9  1 1 9 6 7 1 .  PROGL.  THECRFT .  PHYS. I K Y O T O I  3 3  6 5 7  1 1 5 6 5 1 s  PHYS. REV. L E T T E R S  1 3 .  1 6 9  1 1 9 6 4 1 ,  PWYS. REV .  
L E T T E R S  1 9 ,  9 2 5  ( 1 9 6 7 1 s  P H I S .  REV. L E T T E R S  1 3 ,  5 5 5  1 1 9 6 4 ) .  PHYS.  REV. L F T T E R S  1 4 ,  1 0 4 3  1 1 9 6 5 1 ,  PHYL .  L E T T E R S  2 3 .  3 8 6  
1 1 9 6 b I 1  B N L  1 2 0 0 8 .  PHYS. L E T T F R S  8 1  1 3 7  l 1 9 t 4 1 ,  PHYS. REV. L E T l t R S  2 0 ,  1 6 4  1 1 9 6 8 1 ,  PHYS. REV. L E T T E R S  121 3 4 C  ( 1 9 6 4 1 .  
PHYS. REV. 1 3 8 ,  8 1 9 0  1 1 9 6 5 1 ,  PPVS.  PEW. L E T T F R S  1 4 ,  8 8 1  1 1 9 6 5 1 .  PHYS.  L E T T E R S  1 8 .  3 4 2  1 1 9 6 5 1 ,  PHYS. L E T T E P S  1 2 ,  76 
1 1 9 6 4 1 ,  PHYS. L E T T E R S  11, 3 3 9  1 1 9 6 4 1 ,  H E I D E L H E R G  CCNFEPENCE 7 9  ( 1 9 6 0 1 ,  REV. MOC. PHYS.  3 7 ,  6 3 3  1 1 9 6 5 1 ,  NUOVO C f V F N T O  
4 5 6 ,  1 0 4 0  1 1 9 6 6 1 ,  NUOVO C I P E N T O  3 4 .  7 3 5  1 1 9 6 4 1 .  PHYS. REV. 1 2 9 .  9 7 4  ( 1 9 6 3 1 s  hUCVC C I M E N T O  3 4 9  2 4 4  1 1 9 6 4 1 ,  NUOVC 
C I M E N T C  3 8 ,  1 4 3 3  l 1 9 6 5 l s  PbYS .  L E T T E R S  13. 1 9 0  ( 1 9 6 4 1 .  A N 0  PHYS. L E T T E R S  2 5 8 ,  1 5 6  1 1 5 6 7 1 .  

A R T I C L E  REAC BY O O E T T E  BENARY I h  l O / t S .  ANC V E R I F l E L  B Y  L E P O Y  P R I C E .  

B E A V  I S  PROTON O h  PROTCN F R C P  2 . 0 5  TO 7 .88  G E V I C .  

T H l S  E X P E R I F E N T  U S E S  C C L N T E R S .  

K E Y  WORDS - O E L T A 1 1 2 3 8 )  N * l 1 4 7 0 l P l l  N * 1 1 5 2 O I D 1 3  ' N * 1 1 6 8 8 1 '  CRCSS S E C T I O N  
0 1 F F E K E N T I A L  CRCSS S E C T I O b  F I T S  

CCHPOUNO K E Y  HORCS - F I T S  C I F F E R E N T I A L  CPOSS S E C T I O N  



CROSS S E C T l C h  FCP PROTCh FRCTCh . PROTDN D E L T A l 1 2 3 8 1 r .  I T A B L E  2 1  

CROSS S E C T I O N  FOR 

LABORATORY 
eEAC YCMENTUM 

G E V I C  
4.55 
b.Ob 
7 .88  

CPOSS S E C T I O N  FOR 

LABORATORY 
EEAY YCMENTUY 

G E V l C  
4 .55  
6 .06  
7.88 

M I L L I - B A R N S  
3.80 +- .CO 
1.50 .2C 
.bO .1O 
. 4 1  .Ob 

PROTGN PRCTCN - PRCTDN N t ( 1 4 7 0 ) t .  I T A B L E  2 1  

PROTCN PRCTON - PROTON N t l l 5 2 O l t .  I T A B L E  2 1  

CROSS S E C T I O N  FOR PROTCN PROTON - PROTCN 'N* (  l b 8 8 1 + ' .  [ T A B L E  2 1  

LABORbTORY 
BEAR MOMENTUM 

G E V l C  M I L L I - B A L L S  
4.55 - 7 0  +- . l C  
6 . 0 6  .50  . 1 0  
7.88 .46 ,C5 

F I T  T C  O l F F E R E N T l b L  CRCSS S E C T l C h  FOR PROTOh PROTON - PROTON O E L T 4 1 l 2 3 8 1 1 .  I T A B L E  3 1  

L A B O R I T D R Y  eEbY MOPENTUM = 2.65 GEVIC.  

OATA I S  F I T  OVER -1 FROV . C 3 1  TO .1bC l G E V I C I * * Z .  T  I S  THE YOYENTU* TRANSFER PETYEEh TPE I INCOMING PROTON1 AND THE 
I C U T G D I N G  P R O T O h l .  

F I T T E D  FORPULA I S  C - S I G M A I D - 1  = P * E X P I B * T I  

WHERE C-S IGMb/O-T  I S  I N  U 8 l l G E V I C l * * 2  AND -T I S  LN L G E V l C l * * 2 .  

F I T T E D  VALUES 

F I T  TO C I F F E R E N T I A L  CRCSS S E C T I C N  FOR PROTON PROTON - PROTON O E L T b l 1 2 3 8 1 + .  I T A B L E  3 1  

LABORATORY BEAV MOPENTUR = 4.55 GEVIC.  

DATA I S  F I T  OVER -1 FROP . 0 3 1  TC . 2 7 0  l G E V I C I * * Z .  T I S  T H E  MOMENTUM TRANSFER BETWEEN THE I I N C O M I N G  PROTON1 I N 0  THE 
I C U T G O I N G  PROTONI. 

F I T T E D  FORMULA I S  O-S IGMAID-T  = I ' E X P I B I T I  

NHERE D-S IGMAID-T  I S  I h  M B I I G E V I C I * * 2  ANC - T  I S  I N  I G E V I C l * * Z .  

F I T T E D  VALUES 

F I T  TO O I F F E R E N T I A L  CRCSS S E C T I C N  FOP PROTON PROTON - PROTON O E L T A 1 1 2 3 8 1 + .  [ T A B L E  3 1  

LA8ORATORY e E b Y  YOPENTUH = b.Cb GEV/C. 

OATA I S  F I T  OVER -7 FROM . 0 5 b  TC . 2 6 0  I G E V l C I * * L .  T  I S  THE MOMENTUM TRANSFER BETYEEN THE I l N C O Y l N G  PROTON1 AND THE 
I C U T G O I N G  P R C T C L I .  

F I T T E D  FORMULA I S  O - S I G L A I C - T  = A * E X P I B * T I  

WHERE D-S IGMAID-T  I S  I N  M 8 I I G E V / C l + * 2  A N 0  -1 I S  I N  I G E Y I C l * * Z .  

F I T T E D  VALUES 

F I T  T O  D I F F E R E N T I A L  CRCSS S E C T I O h  FOP PROTON PROTON r PROTON O E L T A I l 2 3 8 I + .  I T A B L E  3 1  

LABORATORY BEAY POVENTUY = 7.88 GEVIC.  

O A T 4  I S  F I T  OVEE -1 FROF .O4b  T C  .3*0 I G E V / C l * t Z .  T I S  T H E  MOMENTUM TRhNSFER B E T Y E F N  THE I l N C O U l N G  PROTON1 AND T H E  
1  OUTGOING PROTONI .  

F I T T E D  FORPULA I S  O - S I G M A I D - 1  = A * E X P I B * T l  

WHERE 0 - S l G M I / C - T  I S  I h  M B I I G E V I C I * * Z  AND -1 I S  I N  I G E V l C l * * Z .  

F I T T E D  VALUES 

A  = 2.1 +- .3 
8  i 5.9 +- .6 



F I T  T O  O l F F E R E h T I A L  CROSS S E C T I C N  FOR PROTON PROTOY . PROTON N * 1 1 4 7 0 1 + .  [ T A B L E  3 1  

LAeORbTORV eEAM MOPENTUH = 4.55 GEV/C. 

DATA I S  F I T  OVER -1 FROM . 0 4 4  TC . 2 2 0  l G E V I C I * 8 2 .  T  I S  THE MOPENTUP TRANSFER EETWEEN T h E  I INCOMING PROTON1 ANC THE 
I CUTGOING PROTON]. 

F I T T E D  FORVULA I S  C-S1GVAIO-T  = A * E X P t B * T l  

WHERE C - S I C M A I D - T  I S  I N  M B I I G E V I C l * * 2  AN0 - 7  I S  I N  l G E V l C l t t 2 .  

F I T T E D  VALUES 

A  = 5.5 +- . a  
B = 14.C +- 1.3 

F I T  T O  D I F F E R E N T I A L  CRCSS S E C T I C N  FOR PROTON PROTOh - PROTON N * 1 1 4 7 0 1 + .  [ T A B L E  3 1  

LABORATCRY eEAV MOYENlUM : 6.Cb GEVIC.  

DATA I S  F I T  OVER -1 FROM 0 0 6 1  TC - 1 6 0  I G E V l C l * * 2 .  T  I S  THE MOqENTUM TRCNSFER BETWEEh THE I I N C D M I N G  PROTON1 ANC T H E  
1  CUTGOING PROTONI. 

F I T T E O  FORMULA I S  D-S IGMA/O-7  = A * E X P I B * T I  

WHERE D - S I G H A I D - T  I S  I N  H B I I G E V / C l * * Z  AND -1 I S  I N  I G E V / C I * * 2 .  

F I T T E C  VALUES 

F I T  TO D l F F E R E N l l A L  CRCSS S E C T I O N  FOR PROTON PROTON - PROTON N * I 1 4 7 0 1 + .  [ T A B L E  3 1  

LABORATORY BEbM MOVENTU* = 1 .e8  GEVIC.  

DATA I S  F I T  OVER - 7  FROM . O r 0  TC . I 4 5  l G E V I C l * * Z .  T  I S  T I l E  MOMENTUM TRANSFER BETWEEN THE  INCOMING PROTON1 AND THE 
I G U T G O I N G  P R O T O h l .  

F I T T E D  FORMULA I S  C - S I G H A I E - T  = A * E X P I B t T l  

WHERE 0 - S I G M A I D - T  I S  I N  M B I l G E V I C l t t 2  AND -1 I S  I h  I G E V I C I * * 2 .  

F I T T E D  VALUES 

F I T  TO G I F F E R E N T I A L  CRCSS S E C T I C h  FCE PROTON PROTON a PPOTON N * l l 5 2 0 1 + .  I T A B L E  3 1  

LABORATORY eEbP VCPENTUY = 4.55 G E V I C .  

DATA I S  F I T  OVER -1 FRO*  . 0 5 7  TC . 2 7 0  l G E V I C I * * 2 .  1 I S  THE MOMENTUP TRANSFER BETWEEN THE [ I N C O M I N G  PROTON1 ANC THE 
I C U T G D I N G  P R C T D h l .  

F I T T E D  FORMULA 1 5  D-S IGMA/D-T  = A * E X P I B I T I  

WHERE D-S IGMA/@-T  I S  I N  M B I I G E V I C l * * Z  AND -1 1 5  I N  I G E V l C l * * 2 .  

F I T T E D  VALUES 

F I T  TO O l F F E R E N T I A L  CRCSS S E C T I C N  FOR PROTON PROTON . PROTON N t l l S Z O l t .  I T P B L E  3 1  

LABORbTORY eEAM PCPENTUP = 6.C6 GEVIC.  

DATA I S  F I T  OVER -1 FROM .O65 TC . 2 9 0  I G E V / C I * * Z .  T  I S  THE MOMENTUM TRANSFER BETWEEN THE I l N C O M l N G  PROTON1 ANC THE 
I O U T G O I N G  PROTONI .  

F I T T E D  FORMULA I S  C - S I G H A I D - T  = A * E X P L B * T I  

WHERE 0-SlG?IA/O-1 I S  I N  M B / l G E V / C I * * 2  AhD -1 I S  I h  I G E V I C I * * Z .  

F I T T E D  VALUES 

A  = 1.8 c .+ 
B = 7.1 +- 1.1 

F I T  TO D I F F E R E N T I A L  CRCSS S E C T I C N  FOR PROTON PROTON - PROTON N * I 1 5 2 O I + .  I T A B L E  3 1  

LABORATORY eEAP HOVEhTUV = 7 .88  G E V I C .  

DATA I S  F I T  OVER -1 FROM .C92  l o  - 4 0 4  I G E V f C I * * 2 .  T  I S  THE HOMENTUU TPANSFER BETWEEN THE I INCOMLNG P R O T C N l  ANC THE 
1  CUTGOING P R C T O L I .  

F I T T E D  FORMULA I S  O-S IGMAID-7  = A * E X P I B * T I  

F I T T E C  VALUES 

A  = . 9 + - . I  
B  = 5.2 +- .5 

F I T  T O  D I F F E R E N T I A L  CROSS S E C T I C N  FOR PROTON PROTON - PROTOh ' N * l l b B B l + ' .  I T A ~ L E  3 1  

LABORATORY BEdV HOPENTUY = 4.55 GEV/C.  

DATA I S  F I T  OVER -1 FRDV . C 9 1  TC . 2 7 0  l G E V I C l * * 2 .  T  I S  THC MOMENTUM TRANSFER BETWEFh THE I l N C D M l N G  PROTON1 I h l C  THE 
1  CUTGOING PROTON) .  

F I T T E D  FORMULA I S  C - S I G V A I D - T  = b * E X P I B * T l  

WYERE 0 - S I G M b l D - 1  I S  I h  M B / l G E V l C 1 * * 2  AN@ -1 I S  I N  I G E V l C l * * Z .  

F I T T E D  VALUES 



F I T  1 0  O I F F E R E N T I A L  CRCSS S E C T I C h  FOR P R C T C h  PROTON - PROTON ' N * I l b 8 8 1 + ' .  I T A B L E  3 1  

L b e C R b T C R Y  EEAP WOVEhTUY = b.Cb G E V I C .  

DATA I S  F I T  OVER - T  FRUY . C 8 1  TO - 3 0 0  ( G E V / C l * * Z .  T  I S  THE MOMENTUP TRbhSFER BETYEEN THE I l N C n Y l N G  P R O T O N I  4NC T H E  
I C U T G O I N G  P R C l O h l .  

F I T T E D  FORMULA I S  0 - S I G M A I D - 1  = A * E X P I B * T I  

WHERE O - S I G P A I C - 1  I S  I k  W e / l G E V l C l * * Z  &NO -T I S  I N  I G E V / C l * * Z .  

F l T T t O  VALUES 

A = 1.8 +- .5 
8  = 5.6 +- 1.3 

F I T  T O  C I F F E R E N T I A L  CHCSS S E C T l C h  FCR PROTOh PROTON - PPOTON ' N * I l b 8 8 1 + ' .  I T A B L E  3 1  

LABORATORY eEAM MOPENTUM = 7.88 GEVIC.  

DATA I S  F I T  OVEC -T FRO? .058  TC .500  I G E V I C l ' * 2 .  1 I S  THE MOUENTUP TRANSFER BETWEEh THE I I N C O M I N G  PROTON1 ANC THE 
I OUTGOING PROTON I. 

F I T T E O  FCRMULP I S  C - S I G M A I O - 1  = I I € X P I R * T l  

WHERE 0 - S I G M A I D - T  I S  I N  M B I I G E V I C 1 * * 2  ANC -1 I S  I N  I G E V / C l t * Z .  

F I T T E C  VALUES 

O l F F E R E N T l b L  CROSS S E C T I C N  FCR PROTON PROTON - O E L T A I 1 2 3 8 I +  PROTON. I F I G U R F  B A I  

LAeORATORY BEAM YOMENTUM = Z.e5  GEVIC.  

1 P R l V l T E  C O M M U N l C b T I C N  FRCY A.ASTBURY (DECEMBER 1 9 6 9 1  I 

c - S I G H b l C - T  
M 8 l l G E V l C l * * 2  I 1 1  

PER CENT 
13.10 +- 3 
1 2 . 8 0  1 

T  I S  THE POMEhTUY TRAhSFER BETWEEN T F E  [ I N C C H I N G  PROTON1 &NO T H E  I O U T G D I W G  PROTONI .  

1 1 1  PLUS P C S S I B L E  S Y S T E F A T I C  ERROR OF + 1 0  PER CENT. 

D I F F E R E N T I A L  CROSS S E C T I O N  FOR PROTCh PRCTON - O E L T A I  1 2 3 8 ) t  PROTON. I F I G U R E  881 

LABORATORY eEAM HOMENTUV = 4 . 5 5  GEVIC.  

I P R I V A T E  C O M l U N I C b T I C k  FRCP A.PSTBURY [DECEMBER 1 9 6 9 1  THERE LRE TUO VALUES BELOW AT -71 .053  .ALSO THE VALUE A1  
-1=.140 I S  G l V E h  I N  T k E  O R l G l N e L  T A B L E  AS -T= .040  1  

0 - S I G V A I O - 1  
M B / I G E V I C l * * Z  Ill 

PER CENT 

T  I S  TUE MOMENTUM TRANSFER BETLEEN THE I l N C O M l N G  PROTCN1 AND THE I O U T G O I N C  PROTONI. 

111 PLUS P O S S I B L E  S ' T S T E ~ A l l C  ERROR CF +- 1 0  PER CENT. 



D I F F E R E N T I A L  C R O S S  S E C T I C L  FCR P R C T C L  F R C T O h  - O E L T b 1 1 2 3 8 1 +  PROTON. (FIGURE ~ C I  

I P R I V b T E  C O M M U N I C P T I C N  FRCM A.bSTOURY I O E C E P B E R  1 9 6 9 1  1 

0 - S l t P A l O - T  
P B I I G E V / C I * * Z  I 1 1  

PER C E h T  

T  I S  THE  MOMENTUM TRANSFER BETWEEN T H E  I l h C C M l N G  P R O T O N 1  I N C  TME I O U T G O l h G  P R O T O N I .  

1 1 1  P L U S  P O S S I B L E  S Y S T E P A T I C  ERROR OF +- 1 0  P E Q  CENT.  

O I F F E R E N T I A L  CROSS S E C T I C L  FCR P R O T O h  PRCTON - D E L T b l l 2 3 e l r  PROTOh. I F l G U R E  8 0 1  

L A B O R A T O R Y  e E A Y  Y O P E h T U I  = 1 .eB  G E V I C .  

I P R I V I T E  C O M M U N l C A T l O N  FRCM A .bSTBURY (DECEMBER 1 9 6 9 1  1  

-T  0 - S I C Y A I C - T  
l G E V / C l * * 2  V B / ( G E V I C l * * Z  I 1 1  

PER C E N T  
. C 4 6  1 . 7 5 0  +-  3  
. 0 8 9  . 1 2 C  3  
. 0 9 3  1 .000  3  
- 1 1 4  . 5 8 0  3  
. 1 1 7  . 6 3 0  3 
. 1 4 6  . 4 1 0  3  
1 8 1  . 35C  3 
- 2 1 7  . I 7 0  3  
. 2 5 C  . 1 7 C  3  
- 2 6 0  1 9 0  3 
. 2 9 5  . I 6 0  3  
. 3 4 0  . O t C  3  
. 3 9 0  . I 2 0  3  

T  I S  T H E  MOMENTUP T R A h S F E R  BETWEEN T k E  I I N C C M I N G  P R O T O N ]  AND THE L O U T G O I N G  P P O T C I I .  

1 1 1  P L U S  P O S S I B L E  S Y S T E P A T I C  ERROR OF +- 1 0  PER CENT.  

D I F F E R E N T I A L  C R O S S  S E C T I C L  F C R  PROTGN PROTON - N * I 1 4 7 0 1 +  PROTOh .  [ F I G U R E  9 b 1  

L A B O R A T O R Y  8 E b Y  MOPENTUV = 4 .55  G E V I C .  

I P R I V A T E  C O V Y U N I C b T l t l v  FRC*  A . A S T B U R I  I O E C E M B E R  1 9 6 9 1  I 

-7  D - S 1 6 M I l D - T  
I G E V / C I * * 2  P B / l G E V / C I * ~ 2  Ill 

PER C E N T  
. 0 4 4  2.72 +- 3 
C 4 5  3 .05  3  

T  I S  T H E  MOHENTUM TRANSFER B E l h E E K  THE I I N C C Y L N G  P R O T G h l  ANC T H E  I C U T G O l h C  P R C T C N I .  

1 1 1  P L U S  P O S S I B L E  S Y S T E V A T I C  ERRCR CF  +- 10 PER CENT. 

D I F F E R E N T I A L  CROSS S E C T I O h  FCR P K O T C h  PRCTON * N * I l 4 7 0 1 +  PROTON. I F I G U P E  9 8 1  

L A B O R A T O R Y  B E A P  P C V E h T U N  = 6.Cb G E V I C .  

I P R I V A T E  C O M M U N I C P T I C N  FRCM A . I S T B U R Y  I O E C E M B E R  1 9 6 9 1  1  

T  I S  T H E  MOMENTUM T R A N S F E R  B F T h E E N  THE I l N C O M l N G  P R O T O N 1  AND T H E  I C U T G O I N G  P P L T C N I .  

[ 1 1  P L U S  P O S S I B L E  S Y S T E P A T I C  ERRCR OF +- 1 0  PER CENT.  



O l F F E P E N T l b L  CRCSS S E C T I C L  FOR PRCTCL PROTOh r N 8 1 1 4 7 C l t  PRnTOh.  

LABORbTORV PEAY MOXEhTUV = 7.88 G E V I C .  

I P R l V b T E  C O Y M U N I C b T l C N  FRCM A-ASTBURY IOECEMBER 1 9 6 9 1  1  

-1 0 - S 1 6 P A / D - T  
I G E V I C  I * * 2  Y B / l G E V / C l l * 2  1 1 1  

PER CEhT 
. 0 4 8  2.20 +-  3 
.C90  .65 3 
.C94  . 7 9  3 

I F I G U R E  5 C .  

T  I S  THE HOMENTUY TRANSFER BETWEEh T b E  I l N C O M l N G  PROTON1 ANC THE I O U T G O l h G  PRCTCNI .  

Ill P L U S  P O S S I B L E  S Y S T E Y A T I C  ERROR OF +- 1 0  PEP CENT. 

D I F F E P E N T I A L  CROSS S E C T l C h  FOR PROTCh PRCTON + N * l l 5 2 O l +  PROlOh.  I F I G U R E  l O A I  

LABORbTCRY BEAP POYEhTUM = 4 .55  GEVlC .  

I P R l V b T E  COYMUNlCPTION FRCM A.bSTBURV IUECEYBER 1 9 6 9 1  THERE ARE THO VALUES AT -T=.191 I N  THE BELOW T b R L F  I 

0 - S l C M A I O - T  
M B I I C E V / C I * * 2  I 1 1  

PER CEhT 
1 .30  +- 3 
1 .27  3 

.25C - 6 4  3 

.27C . t 2  3 

T  1 5  THE MOMENTUM TKbhSFER BETWEEh THE I l h C C Y l h G  PROTONI  I N C  THE I C U T G O I N G  DROTONI. 

I ll PLUS P O S S I B L E  S V S T E l b T l C  EPRCQ OF +- 1 0  PER CENT. 

O I F F E R E N T I P L  CROSS S E C T I C h  FCR PROTON PROTON - N * l l 5 Z C l +  PROTON. 

LbeORATORV BEbV MOPENTUH = t . C t  GEVIC.  

I P R I V A T E  C O ? M L N I C A T I C N  FRCY A.bST8UPV (DECEMBER 1 9 6 9 1  I 

D - S I C P I I D - T  
M B / l G E V / C l * * 2  I 1 1  

PER CENT 
1.15 +- 3  

. 9 9  3 

1 1 5  THE MOWENTUH TRbhSFER BETWEEh T k E  I I N C C H I N G  PROTON1 ANC THE [ O U T G O I N G  PROTONI .  

[ll PLUS P C S S l B L E  S V S T E Y A T I C  ERROR OF +- 1 0  PER CENT. 

- - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

D I F F E R E N T I A L  CROSS S E C T I C N  FOR PROTON PRDTOh - N * l l 5 2 O I +  PROTOh. [ F I G U R E  1 0 C 1  

LbBORbTORV EEAM MOVENTUP = 7.88 GEVIC.  

I P R I V A T E  C O L W U N I C b T l C N  FRC* b.bSTBURV (DECEMBER 1 9 6 9 1  1  

C - S I C Y A I O - 1  
b ' B I I G E V / C l * * Z  [ 1 1  

P E R C E N T  
1 .120  +- 3 

.57C 3 
- 4 8 0  3 
. 4 4 0  3 
.45C 3  
. A 0 0  3 
.32C 3 
. 2 e o  3  
. 2 4 0  3 
.27C 3 
. I 9 0  3 

T  I S  THE MOMENTUfi TRANSFER B E T k E E N  THE [ I N C O M I N G  P R O T C N l  AND T H E  I O U T G O I N G  PROTONI .  

1 1 1  PLUS P O S S I B L E  S V S T E Y A T I C  ERRCP CF +-  1 0  PER CENT. 



D I F F E R E N T I A L  CRCSS S E C T l C h  FCP PPCTOh PROTDN ' N l l l 6 8 e l + '  PROTOL. 

LAFORATORY e E b H  MtlVEhTUH i 4 .55  GEVIC.  

I P R I V A T E  COVVUNlCbT lCP l  FPC"  A.DSTBURY lDECEM8ER 1 9 6 9 1  I 

O - S I C H A l C - T  
P B / l G E V / C l * * 2  Ill 

PER CENT 
1 . 4 5  +- 3  
1 . 8 5  3 

T  I S  TNE COHENTUH TRANSFEP BEThEEhi T I iE  I I N C C M I N G  PROTCNI  AND THE IO lJTGOlh 'G  PROTONI. 

Ill PLUS P U S S I B L E  S Y S T E V A T I C  ERRCR CF +- 1 0  PER CENT. 

O I F F E R E N T 1 4 L  CRCSS S E C T l C h  FCR PRCTCh PRCTON - ' N * l l b 8 8 1 + q  PROTON. I F I G U R E  1 1 0 1  

LbBORbTCRY PEAW YOVEhTUt4 z 6.C6 C E V I C .  

I P R I V A T E  COMMUNICATIOI i  FRCP A.ASTBURY IOECEMBER 1 9 6 9 )  I 

O - S l t V A l D - T  
~BIIGEVICI* .~ [II 

PEE CENT 
1 . 4 5  +- 3  

.96  3 

. 5 8  3 

1 I S  T H E  MOMENTUM TRANSFER BEThEEN THE I I N C C M I N G  PROTCNI  bNC THE I O U T G O I N G  PROTONI .  

Ill PLUS P O S S I B L E  S Y S T E V A T I C  ERROR OF +- 1 0  PER CENT. 

D I F F E R E N T I A L  CRCSS S E C T I C N  FCP PROTON PROTON . . N * ( I C 8 e l + '  PROTOh. [ F I G U R E  l l C l  

L I E O R A T O R Y  B E b P  NOYENTUM = 7.Ef G L V I C .  

I P P I V P T E  C ~ M f l b N I C A T I C N  FRCY A.bSTBURY IOECEPBEP 1 9 6 9 1  1  

-1 0 - S l G I A / C - T  
I G E V / C l * * 2  Y B / I G F V I C l i * 2  1 1 1  

PER CENT 
. a 5 5  1 .020  +- 3  

1 I S  THE MOMENTUW TRANSFEF FETUEEN THE CINCOMING PROTON1 AN0 T h E  I O U T G O I N G  PROTONI .  

[ I 1  PLUS P O S S I B L E  S Y S T E P A T I C  ERRCR OF +- LO PER CENT. 

NEUTRON-PROTON E L A S T I C  S C A T T E P l h G  FROV 8 TC 3 0  GEVIC. [PHYZ.  REV. L E T T E R S  2 4 .  2 2  1 1 9 7 0 1 1  - B . G . G I B B A R O ~ L . L . J O h E S ~ V . J J L O N G C c J . R l i C C F A L L C h  I U N I V .  OF M I C H I G A N .  b N h  ARBOR, MICH., U S A 1  
J.COX. P,.L .PERLlh.T.TONER I S T d N F C R O  L I N E A R  bCCEL. CNTR., STANFORO.CALIF..  U S A 1  
C.N.UREISLER I P A L M C P  P+YS. LAB.,  P P l h C E T O N  UNIY., PRINCETON.  N . J I  

ABSTYPCT T H t  D I F F E R E N T I A L  CRCSS S E C T I C h  FOR NEUTRON-PROTON E L A S T I C  S C A T T E R I N G  U b S  MEASURED I N  THE D I F F R A C T I O N  P E G I P N  
W I T H  I N C I D E N T  NEUTROL M O M E L T I  B E T h E E N  8  AN0 3 0  GFVIC.  THE E X P E R I N E N 1  WAS A  SPARK CHANBEI-COUNTER EXPERIMENT,  
CONOUCTEO AT THE A.G.S. RESULTS b R E  PRESENTEE ANC COMPARED T O  CURRENTLY A V A I L A B L E  LOhER ENERGY N P  DATA b N C  COPPbRABLE 
ENERCY PP CATA. 

CLOSELY R E L A T E E  REFERELCES 
C O N T I N U A T I O N  OF P R E V I O U S  E X P E R I Y E h T  I N  PHYS. REV. LETTERS l b ,  1 2 1 1  1 1 9 6 b l .  

A O O I T I O N A L  C l T A T l C h S  
UCRL 1 6 2 7 5  1 1 9 6 6 1 ,  PHYS. REV. LETTERS 20, 4 6 8  1 1 9 6 8 1 .  NUCLEAR I N S T R U M E N T S  AN0 METHODS 39 ,  3 3 5  1 1 9 6 6 1 s  PHYS. R E V -  
L E T T E R S  15 .  4 5  1 1 9 6 5 1 .  P H V I .  L E T T E R S  2 9 8 ,  321 1196911, AN0 NUOVO C I M E N T O  3 8 .  6 0  1 1 9 6 5 1 .  

A R T I C L E  READ BY OLETTE B E h b P Y  I h  1 2 l b 9 1  ANC V E R I F I E D  BY LEROY PRICE.  

S E A V  I S  NEUTRON Oh PROTOL FRCW 5.4 TC 29.4 GEVIC. 

T H I S  EXPERIMENT USES SPARK C H b P e E R S  AND COLNTERS. 

GENERAL CCPYENTS Oh T h I S  B R T I C L E  
1 THE DATA PRESkNTEO bRE N C R H A L l Z E O  TC THE O P T I C A L  THEOREV P O l h T ,  N E G L E C T I N G  T H E  C O N T R I R U T I O N  FROM THE REAL P A P T  OF 

THE FORWARC S C A T T E R I N G  PMPLITUOE.  AN0 T A K I N G  A  C O N S T I N T  VALUE OF 3 8  PB FOR THE N P  TOTAL CROSS SECTIOW BETWEEN 5  
AND 2 8  GEVIC.  

K E Y  HOROS * D I F F E R E N T I A L  CROSS S E C T I C N  F I T S  MODELS 

COYPOUNO KEY WORDS - F I T S  C I F F E R E N T I A L  CRCSS S E C T I O N  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



E L b S T l C  D I F F E R E N T I A L  CRCSS S E C T I C N  F C *  N t U T R C N  PROTOL. I T A B L E  1 1  

T  I S  THE MOMEhTUM T H ~ N S F E R  EETnEEN T k E  I I h C C M I N G  NEUTRCNI  AND THE I O U T G D I  i NEUTRON] .  

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FOR NEUTRON PROTON. 

LABORdTDRY BEAF WCICNTUP = 11 .4  +- 2.0 GEVIC.  

T  I S  THE MONENTUR TRANSFER BETWEEN THE [ I N C O M I N G  N E U T R O h I  AND THE I O U T G C I N G  N E U T R O N I .  

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C h  FCP NEUTRCN FRCTON. I T d B L E  1 1  

LABORATORY BEAY Y C I E h T U Y  = 15.4 r- 2.0 GEVIC.  

-1 D - S l E M A / D - T  
I G E V / C ) * * Z  M B / l G E V / C I * * 2  

. I 7 5  2C.700 +- .67C 

7 I S  THE MOMENTUV T R I N S F E P  BETWEEtl  THE [ I N C O M I N G  NEUTRON1 AND THE I O U T C C l h G  NEUTRONI .  

ELM b S T I C  D I F F E R E N T I A L  

LABORATORY B E I P  

CRCSS S E C T I C h  F O R  N E U l R C N  PROTON. 

MCVENTUV = 19.4 +-  2.0 GEV/C. 

0 - S l C P d / C - T  
P B / l G E V / C l * * 2  

1 1 . 8 0 0  +- .790 
5 .940  - 6 3 0  
6 . 6 2 C  . 5 1 0  
4.8BC .44C 
3.58C - 3 5 0  
2 . 3 8 0  - 3 2 0  
1 . 1 4 0  - 2 2 0  

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C N  FCR NEUTRCL PROTON. I T A 8 L E  1 1  

L I B O R A T O R Y  BEeY FCPELTUY = 23.4 t- 2.0 GEVIC.  

T  I S  THE YO#ENTUY T R A k S F L F  BETWEEN THE I I N C O M I N G  N E U T R D N I  ANG THE I C U T G C I N G  N E U T R O N ] .  



E L A S T I C  O I F F E R E N T I A L  CRCSS S E C T I C h  FCO NEUTRCh P f iOTOh.  I T A H L E  I 1  

LABORCTLIRY eEAM YOWEhTUY = 27.4 +- 2.0 G E V I C .  

- T  U - S I C M A I D - T  
I G E V I C  I * * 2  P R / I G E V I C I t * 2  

. 3 2 5  4 . 8 4 0 0  +- - 6 8 0 0  

T  I S  T H E  MOMENTUM TRANSFER BETWEEN T P E  I I N C O Y I N G  N E U T R O h l  AND THF I O U T G C I N G  NEUTRONI .  

F I T  T C  E L A S T I C  O I F F E R E N T I L L  CRCSS S E C T I O N  FOR NEUTRON PROTON. [ F I G U R E  2 1  

LABORATORY EEbP VOYENTUY = 7.1 +- 2.0 G F V I C .  

DATA I S  F I T  OVER -1 FROW .C TC . 5  I G E V I C l * * 2 .  T  I S  THE MOHENTUM TRPNSFFR BETWEEN THE [ I N C O M I N G  N E U T R n N I  AVO THC 
I C U T G O I N G  NEUTRONI. 

F I T T t C  FORHULL I s  C - S l G M b I C - T  = E X P I - I * A R S I T I  I 

WHERE O-S IGMAIU-T  I S  I N  F B I l G E V I C l * * 2  AND -1 I S  I N  I G E V I C I * * 2 .  

F I T T E C  VALUES 

b  = 7.01 *- . 2 F  

F I T  T C  E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FOP NEUTRON PROTON. [ F I G U R E  2 1  

LABORbTORY CEPY MOMENTUP = 11 .4  +- 2.C GEVIC.  

D A T A  I S  F I T  OVER - 7  FRO? . C  T C  . S  I G E V / C l * * 2 .  T  I S  THE NOPENTUH T I A N S F F R  BETWEEN THE I I N C O M I N G  NEUTRON1 AND THF 
I C U T G C I U G  NEUTRONI .  

F I T T E C  FORVULA I S  C - S I C P D I C - T  = E X P I - b * A R S I T I  I 

WHERE D-S ICMAIU-T  I S  I N  M B / l G E V I C l * * 2  AND -1 I S  I N  I G E V l C I I I 2 .  

F I T T E D  VALUE 

A  = 7 . 1 2  *- - 2 2  

F I T  T C  E L A S T I C  O I F F E P E N T I A L  CRCSS S E C T l O h  FOR NEUTRON PROTON. [ F I G U R E  2 1  

LABORATORY BEAU MOlEhTUM = 1 5 . 4  +- 2.C GEVIC.  

DATA I S  F I T  OVEE -1 FROM .C TC .5 I G E V I C l * * Z .  T  I S  THE MOMENTU' TRANSFER PETHEEN THE I INCOMING NEUTRON1 AND THE 
I CUTGCING NEUTRONI .  

F I T T E C  FORMULA I S  O - S I G H L I D - T  = E X P I - P * L B S r T I I  

WHERE C - S I G H b l O - 1  I S  I N  M B l l G E V l C l t l 2  AND - T  I S  I N  I G E V I C l t e 2 .  

F I T T E C  VALUE 

A  = 7.29 + -  .23  

F I T  TC E L A S T I C  C I F F E R E N T I A L  CRCSS S E C T I C h  FOR NEUTRON PROTON. [ F I G U R E  2 1  

L A B O R A T O R I  BEAY MOYELTU* = 19.4 +- 2.0 GEVIC.  

DATA 1 5  F I T  OVER -1 FRO? .C T C  .5 I G E V I C l * * l .  T  I S  T H E  HOHENTUP TRANSFEP BETWEEh THE [ I N C O M I N G  NEUTRON1 AND THE 
I C U T G O I N G  NEUTRCNI .  

F I T T E O  FORMULA I S  C - S I G N A I D - T  = E X P I - b r A B S I T I 1  

WHERE t - S I G M A I D - 1  I S  1 h  M 8 l l G E V / C l * * 2  AND - T  I S  I h  I G E V / C l * * 2 .  

F I T T E C  VALUE 

A  = 7 .31  *- . 2 3  

F I T  T O  E L A S T I C  O I F F E R E N T I C L  C R C S I  SECTION FOR NEUTROL PRCTCh. [ F I G U R E  2 1  

LABORATORY BEAY UOFELTUP = 2 3 . 4  +- 2.C G E V I C .  

DATA I S  F I T  OVER -1 FROP .0 TC .5 l G E V I C l * * Z .  T  I S  THE MOMENTUM TRANSFER BETWEEN THE I l N C O M l N G  N E U T R O L I  AND THE 
I C U T G O I N G  N E U T R O L I .  

F I T T E O  FORHULd I S  C - S I G M L I O - T  - E X P I - A * A B S I T I  I 

HHERE 0 - S I G H A I D - 1  I S  I N  N B / l G E V / C l * * 2  AND -1 I S  L h  l G E V / C I * * 2 .  

F I T T E D  VALUE 

b  = 8 . 5 7  +- .33 

F I T  T C  E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FOR NEUTRON PROTON. I F I G U R E  2 1  

LABORLTORY BEAV HOMENTUV = 27.4 +- 2.0 GEVIC.  

D A T A  I S  F I T  OVER -1 FRO? .C TC .5  I G E V I C l r t Z .  T  I S  THE POMENTUH TRANSFEP BETWEEh THE I l N C O M I N G  NEUTRON1 AND THE 
I O U T G O l N G  N E U T R O k I .  

F I T T E D  FORMULA I S  C - S I G H L I D - T  c E X P I - A * A B S I T I I  

WHERE D - S I G H P I C - I  I S  I h  M B I I G E V I C l * * 2  AN@ -1 I S  I N  I G E V I C I * * Z .  

F I T T E C  VALUE 

C  = 8 .58  +- . 3 8  



~ M E A s u R E P E h T  OF P P  A N 0  PC T O T A L  CROSS S E C T I O N S  A T  3 .00  G E V I C .  I B N L  1 4 1 2 5  1 1 ~ 6 9 1 1  

R . J . A B R A M S . R . L . C O O L . G . G 1 A C O M E L L I , T . F . K Y C I A 0 . A . L E O N T I C K . K . L 1 G . N . N I C H A L  I R R C C K H P V E L  NAT .  LA8.v U P T O N t  L.1.. N. Y o ,  U S A 1  

A B S T R A C T  I N  A  N E H  M E A S U P E P E h T  CF  P R C T C h  T C T A L  CRCSS S E C T I O N S  A T  3 . 0 0  G E V I C ,  T P E  PO T O T A L  CROSS S E C T I O L  I S  F O b N O  TG FE 
LOWER T H A N  A  P R E V I O U S  MEASUREMENT BY  1.17 +- . 0 9  MB. T H I S  I M P L I F S  L C O R R E S P O N D I N G  NEW V b L U E  FOR THE T O T A L  CROSS 
S E C T I O N  FOR 1 - 0  W H I C H  I S  2 . 1 0  +- 0 . 2 7  M a  LOWER T H A N  T H E  P R E V I O U S  VALUE.  P O S S I B L E  SOURCES OF S Y S T E M A T I C  ERROR ARE 
O I S C U S S E O .  

P H I S .  PEV. L E T T E R S  2 0 1  4 6 8  ( 1 5 6 E I .  

A R T I C L E  R E A C  PY O C E T T E  BENARY I h  1 2 / 6 9 .  AND V E R I F I E D  BY  L E R O Y  P R I C E .  

B E A P  NO. 1  I S  PROTON C h  PROTCN AT  3  G E V I C .  
NO. 2 I S  P R O T O h  C h  CEUTERCN A T  3 G E V I C .  

T H I S  E X P E R I M E N T  U S E S  COUNTERS.  

K E Y  YOROS + CROSS S E C T I C N  

P R O T O N  PROTCN T O T A L  CROSS S E C T I C N .  I P P G E  2 1  

LABORATORY 
BEAM YCMEhTUN 

G E V l C  H I L L I - 8 A R h . S  I 1 , 2 l  
3 .  * 4 . 3 3  +- .ot 

Ill ERRORS ARE S T A S T I C A L  CNLY .  
[ 2 1  P L U S  P O S S I B L E  S Y S T E N A T I C  ERROR O F  +- . I  P E R  CENT.  

P R O T O l l  DEUTERON T C T A L  CRCSS S E C T I C h .  [ P A G E  7 1  

L A B C R A T C R Y  
B E I N  NCMENTUH 

G E V l C  M I L L I - B A R N S  L 1 . 2 1  
3. 8 1 . 7 8  +- .O1 

Ill ERRORS ARE S T A S T I C P L  CNLY .  
I 2 1  P L U S  P O S S I B L E  S Y S T E C P T I C  ERROL OF t- - 8  PER C E N T .  

I = 0  NUCLEON NUCLEON T O T P L  CRDSS S E C T I O N .  I P A G E  7 1  

I T H I S  V A L U E  H A S  B E E N  C A L C U L A T E D  B Y  R E S C A L I N G  T H E  P -P  AND P -DEUTERON T O T A L  CROSS S E C T I O N S  FROM BUGG E l  A L I P H Y S . R E V . 1 4 6 .  
9 8 0 1 1 9 6 6 1 )  AND T A K I N G  A  V A L U E  OF . 0 3 l l  H B * I I - l l  FOR T H E  I N V E R S E  SQUARE S E P A R A T I D L  O F  T H E  NUCLEON Ih !  T H E  OEUTERON.1 

LABORATORY 
B E A P  YCMENTUM 

G E V l C  M l L L I - B A R h S  I 1  1  
3 .  3 8 . 5 7  +- .23 

P R O T O N  h E U T R O N  T O T A L  CRCSS S E C T I O N .  [ P A G E  1 1  
G L A U B E R  C O R P E C T I O L  A P P L I E D  

L A B C R A T C R Y  
B E A N  MOMENTUM 

G E V I C  

Ill ERRORS ARE S T A S T I C A L  CNLY. 



mlHE R E A C T I O N  PP - PP P I +  P I -  b T  7.9 PEV/C. I U N I V .  CF I L L I h C l S  C C O l l 9 5 1 2 5  1 1 9 6 8 1 1  

0 -F -GRETHER I U N I V .  OF I l L l N O I S .  URBAhb ,  I L L . ,  U S P I  

lRACT THE R E A C T I C N  PP . PP P l t  P I -  k A S  BEEY S T U D I E D  AT AN I N C I D E N T  HOMENTUV OF 7 . 9  R E V l C  U S I N G  THE ?ROOKHAVEN 8C 
I N C H  HYDROGEN BUBBLE CHAVBER. A P P R C X l V A T E L Y  3 6 0 9  EVENTS OF THE R E A C T I O N  MERE I D E P l T I F I E O :  THE CROSS S E C T I O N  hAS 
DETERMINE0 TO BE 2.54 +- . I ?  MR. THE R E A C T I O N  I S  FOUND TO BE DOMlhATEO 8Y P R C C U C T I O L  CF THE OUASI -THREE BODY F I N A L  
STATE N*++ P  P I - .  A  S I M F L E  GNE P I C N  EXCbANGE MODEL I S  CCMPPREO TO THE DATA AND I S  SHOhN TO G I V E  GENERALLY GCCC 
RESULTS FOR I N V A R I A N T  H A S 8  O l S T R l B U T I O N S  FOP THE E N T I R E  F I N A L  STATE,  I N 0  FOR MbSS bNO ANGULAP O l S T R 1 B U T I O N S  FOP THE 
PUASI-THREE e o c Y  S T A T E .  DISCREPANCIES B E T W E E N  THE C A T A  ANC THE MOOEL A R E  FOUNC TO BE PRIMARILY A S S C C I U T E C  w l r t  
ENHANCEMENTS I N  THE N*++ P I -  OR P  P I *  P i -  HbSS C I S T R I B U T I O N S  6 1  A8OUT 1 4 2 5  MEV A N 0  I 7 0 0  MEV. E X b M l N A T I O N  nF THE 1 4 2 5  
MEV ENHANCEMENT I N C l C b T E S  AN APPARENT INTERFERENCE PROCESS RATHER THAN AN INCCHERENT SUM U F  ONE P l O h  EXCHANGE 
BACKGRCUNO ANC RESCNbNCE PPOCUCTICN; THE ENhbNCEMEYT COULD NOT BE I O t N T I F I E C  b! THE N * l l 4 7 0 1 ~  THE P I 1 1 1  UAVF 
RESONANCE OF P I -  P  PHASE S b I F T  A N A L Y S I S .  E X A P l h A T I O N  OF THE P I +  P I -  H I S S  C I S T R I B U T I O N  G I V E S  SOME I N D I C A T I P M  F9R 
PROOUCTION OF THE RHO MESON, BUT NO I N O I C A T l O N  OF ETHER P I  P I  RESONANCES. NO E V I D E N C E  I S  FOUND FOP RESONANCES Y I T b  
BARYON NUMBER = 2. 

1 3 9 ,  8 1 5 6 6  1 1 9 6 5 1 ,  PHYS. REV. L E T T E R S  1 4 ,  9 6 5  1 1 9 6 5 1 ~  PCYS. REV. 1 5 7 1  1 3 2 8  1 1 9 6 7 1 ,  PHYS. REV. 1 6 6 ,  1 7 3 1  1 1 9 6 8 1 ,  PHYS. 
REV. L E T T E R S  1 6 9  8 5 5  1 1 9 6 6 l .  P H I S .  REV. L E T T E R S  l7, 7 8 9  1 1 9 6 6 1 ,  PHYS. REV. L E T T F R S  19 .  3 9 7  1 1 9 6 7 1 1  PHYS. REV. L E T T E R S  
2 0 9  1 6 4  1 1 9 6 8 1 .  PFYS.  REV. 1 6 6 .  1 3 9 5  1 1 9 6 8 1 ,  PHYS. L E T T E R S  2 3 s  3 e 6  1 1 9 6 6 1 .  PHYS. REV. LETTERS 1 3 .  5 5 5  1 1 9 6 i l 9  PHYS. 
REV. L E T T E R S  1 4 1  1 0 4 3  1 1 9 6 5 1 .  PHYS. REV. LETTERS 2 0 .  1 3 3  l l 9 6 8 I ,  CERN b b - 1 8 ,  PPYS. REV. L E T T E R S  1 3 ,  8 1 5  1 1 9 6 4 1 .  PHYS. 
L E T T E R S  2 6 8 .  3 1 7  1 1 9 6 8 1 ,  BERKELEY CONFERENCE 1 0 3  1 1 9 b b l ,  H E I D E L B E R G  CCNFERENCE 1 1  1 1 9 6 8 1 s  UCRL 1 7 6 5 1  I I S b R I ~  PHYS. REV. 
1 6 3 1  1 5 5 9  1 1 9 6 7 1 ,  hUDVO C I V E N T O  1. 1 2 3 8  1 1 9 5 5 1 ,  PHYS. REV. 1 0 1 .  1 1 4 9  1 1 9 5 6 1 ,  PWVS. REV. 1 0 5 ,  7 2 4  1 1 9 5 7 1 .  PHYS. REV. 
1 3 7 s  8 1 1 1 5  1 1 9 6 5 1 ,  PHYS. REV. 1 3 4 8  8 1 0 6 2  1 1 9 6 4 1 ,  PHYS. REV. 1 3 0 .  7 6 2  1 1 9 6 3 1 s  PhYS. REV. 1 3 2 s  1 2 5 2  1 1 9 6 3 J r  PHYS. 
L E T T E R S  1 0 ,  2 4 8  1 1 9 6 1 1 1  NUC. PHYS. 2 2 1  2 2 6  1 1 9 6 1 1 ,  PHYS. REV. 1 2 9 ,  2 3 0 0  1 1 9 6 3 1 ,  PHYS. REV. 1 3 4 ,  8 1 0 7 9  1 1 9 6 4 1 1  NUOVO 
C I M E N T O  2 2 1  1 9 3  1 1 9 6 1 1 .  NUOVO C I M E N T C  1 9 ,  4 6 7  1 1 9 6 1 1 .  AND E N R l C O  F E R H l  I N S T I T U T E  E F I N S b b - 2 7  1 1 9 6 6 1 .  

A R T I C L E  REbC BY OCETTE 8EhPRY I h  L C I C 5 .  bNC V E R I F I E D  BY LERCY PRICE.  

BEAM I S  PROTON Oh PROTCN AT 7.9 GEVIC. 

T H I S  EXPERIMENT USES TFE B.N.L. 8 0  I h .  1 H l  B U 8 e L E  CPAM8ER. 

K E Y  WCRCS - CROSS S E C T I C N  MOSS SPECTRUM HOOELS AhGULAR O l S l R l 8 U T l C h  

CRESS S E C T I O N  FOR PROTOh PRCTOh a PROTCN PROTOh P I +  P I - .  I P A G E  2 9 1  

LABORATORY 
e E b M  MOMENTUM 

G E V I C  
7.875 +- . 0 4 4  

M I L L I - B A R N S  NO. EVENTS 
2.54 +- - 1 3  3 6 0 0  

( 62 ( E V I C E N C E  FOR DCMINANCE OF POPERON L I K E  EXCHANGE I N  PP . NN P I  AT 1 9  GEVIC.  I P H Y S .  LETTERS 3 0 0 .  3 6 9  1 1 9 6 9 1 1  

~ . B O ~ G I L D . K . H A N S E N ~ ~ . J O H ~ ~ S T A C C R . V C L L E R U O . S L , L . V E J E  I N l E L S  BCHP I N S T I T U T E ,  COPENCIGEL,  CENHARKI  
H.UCRKEA-AHO, K.V .LbUR1KA1NEN7P.K .LAURLI (ALNEh I H E L S I N G I N  Y L I O P I S T O ,  H E L S l h K I .  F l h L b N O l  
V . ~ P K K E N , S . B J A S T A D . F . O . ~ R E I V I K I ( T .  JACCBSEh.S .G.50WNSEh I O S L C  Uh1V.s OSLO, N O R h A Y I  
0 . D b N I E L S S O N ~ G . E K S P C N C 7 L . G R A N S T R O H ~ B . R 0 N N E  ISTOCKHOLNS UNIV . ,  STOCKHOLW. SWEOEh l  

ABSTRACT THE R E A C T I C N S  PP r NN P I  ARE STUOIEO AT 1 9  G E V I C  AND bNALYSEC I N  TERVS OF THE A M P L I T U D E 5  W I T H  THE L C h  MASS 
N P I  SYSTEM I N  I S O S P l h  STATES 1 1 2  AND 3 / 2  R E S P E C T I V E L Y .  THE I s 1 1 2  CROSS S E C T l O h  I S  COMPARED H I T H  THE CORRESPONDING ONE 
I N  P I  P  - P I  P I  N b T  8 GEV/C. 

C I T A T I O N S  
PHYS. REV. L E T T E R S  1 5 ,  4 9  1 1 9 6 5 1 1  CERN TH 1 0 0 1  l 1 9 b 9 1 r  PHYS. REV. 80 .  1 2 1 1  1 1 9 5 2 1 s  LUC. PHYS. 8 0 .  4 5  1 1 9 6 8 1 s  CFRN TC 
L O 2 2  1 1 9 6 4 1 .  PHYS. REV. L E T T E R S  1 9 ,  3 3 0  1 1 9 6 7 1 ~  PHYS. REV. LETTERS 1 9 ,  8 5 7  1 1 9 6 7 1 .  PHYS. L E T T E R S  1 4 ,  1 6 4  1 1 9 6 5 l +  
PHYS. REV. 1 2 5 .  2 C 8 2  l l 9 6 2 I .  PHYS. RFV. 1 2 3 .  2 1 6 0  1 1 9 6 1 ) .  PHYS. REV. 1 6 2 .  1 3 2 0  1 1 9 6 7 1 .  NUCVO CIMENTO 4 7 6 ,  4 7 0  1 1 9 6 7 1 .  

A R T I C L E  R E A L  BY OCETTE BENARY I N  l O l t 9 .  ANC V E q l F l E O  0 1  LEROY PRICE.  

BEAM 1 5  PRCTON CN PROTON b T  1 9  CEVIC.  

K E Y  HORCS - CROSS S E C T I O N  M P S I  SPECTRUr  MOOELS 

LbBCRATORY EEAV HOHENTUY = I S .  G E V I C .  

R E b C T l O N  
PROTCN PRCTCh - 

E L A S T I C  
PROTCN PROTON P I 0  
PRGTON NEUTROL P I +  
O E L T A l L Z 3 8 1 + +  NELTROh 

D E L T A I I 2 3 8 1 + +  - P R O l O h  P I *  1 1 1  

Ill L S E V  S I V P L E  MASS CUT. 



A B S T R A C T  A H IGH-PRESSLRF O I F F U S I C ~  C L C U O  C H A M B E R  H A S  C - E L  U S E D  r o  STUCY T P E  INTELACTICNS OF 9 i c  ~ E V  PRCTPNI F C O F  T H ~  
B IRMINGHAM SYNCHROTRON W I T +  D E U T E R I U I .  A N A L Y S I S  OF THE 5 6 9  C C I L L I S I C N S  CBSFRVED I N C I C A T E S  T H 4 T  AT T H I S  E N t F G Y  THE 
DEUTERON BEHAVES AS I F  I T  *ERE CCHPCSED OF ThC FREE NUCLEONS. THE P R O P f R T l E S  CIF PROTON-PROTDh ANC PROTCN-REUTROh 
S C A T T E R I N L  HAVE BEEN OETERVINEO ON T H I S  ASSUWPTlOh.  AN E S T I M A T E  I S  MAD! CF T H E  EXTENT OF THE "SHADOhlNG"  OF EACH 
NUCLEON I N  THE DEUTERON BY THE CTHFY. T b E  P A R T I A L  CROSS-SECTIONS FOP PP AND PN E L A S T I C  S C A T T E s l N G  HAVE AEFN DFTERMINEO,  
AS HAVE ALSO THE VALUES FOR THE F I V E  P C S S I e L E  S I N G L E  WESON PROCUCTlON PROCESSES. THEY bAVE THE FOLLOhTNG "BEST"  
VALUES 

1 1 1  I P P  . P P I  = 25.5 +- 1.7 He  
1 2 1  I P k  - P N I  = 16.2 +- 3.5 MB 
1 3 1  I P P  - PP P I 0 1  = 5.4 +- 1.c MB 
1 4 1  1 P P  - NP P I + ]  = 15 .6  +- 1.7 P O  

1 5 1  I P N  - P h  P I C )  = 1 4 . 3  +- 2 . 5  ~1 
1 6 1  I P N  - P F  P l - 1  = 2 .7  +- C.6 r B  
1 7 1  I P N  NN P l t l  = 4.1 +- l . 1  pH 

D n U B L F  MESON P R O O U C T I O ~ ~ A ~ C  R ~ A ~ ~ I O N S ~ ~ ~ V O ~ V I N G  SECONDARY OEUTELONS ARE hOT IYPCRTANT.  THE CROSS-SECTIONS 1 1 1 s  1 2 1 .  
1 3 1 1  1 4 1 9  AND 1 5 1  ARE C O N S I S T E N T  W I T H  VALUES EXTRAPOLATED FRbM DATA AT E N E R G I F S  B E L O n  6 6 0  MEV RY R U S S I A N  WOPKERS. 
KNOWLEDGE CF THE OTHER CROSS-SECTIONS 1 6 1  AhO I T 1  WAKES P O S S I B L E  b T E S T  CF T b E  V A L I O l T Y  OF THC CHARGE INDEPENCENCE OF 
NUCLEAR FORCES. T H E  PRESENT RESULTS ARE NOT I h  GOOD AGREEMENT W I T H  T H I S .  T H E  R E S U L T S  FGR I N E L A S T I C  SCATTERING 
I N D I C A T E  T H A I ,  ASSUMING CHARGE INCEPELUENCE,  THE F O R H A T I O h  OF E X C I T E C  NUCLEONS OF l S O T O P l C  S P l h  3 / 2  DOES NOT C O P I N A T E  
THE PROCESS OF P I O h  PRUDUCTION. T H I S  I S  4 1 8 0  TRUE FOP THE R U S S I A N  DATA. TWELVE CASES OF OOUBLF MESON PROnUCTlON WERE 
OBSERVED. THE ANGULAR O l S T R l B U T l O N  OF PROTON-NEUTRON E L A S T I C  S C A T T E R I N G  HAS THE F C P *  EXPECTED FPCV LCWEQ ENERGY DATA. 

C  I T b T I O N S  
NUOVO C l Y E N T O  9. 5 4 7  1 1 9 5 8 1 ,  PRCC. O F  THE POYAL S O C I E T Y  OF LONDON A 2 3 7 9  1 7 5  1 1 9 5 6 1 r  J. SC1. INSTRUM. 3 3  3 0 2  1 1 9 5 6 1 ,  
J. S C I .  INSTRUM. 3 4  1 7  1 1 9 5 7 1 .  PROC. CF THE RDYAL SOCIETY OF LONDON A 2 5 l v  2 1 0  1 1 9 5 9 1 1  PROC. OF THE ROYAL SOCIFTY OF 
LONDON A l l .  2 9 3  1 1 9 5 8 J ,  PPY5.  REV. 1 0 3 ,  2 1 1  1 1 9 5 6 1 .  PHYS. REV. 7 4 .  8 0 9  1 1 9 4 8 1 ,  PHYS. REV. 8 5 1  6 3 6  1 1 9 5 2 1 ,  PHYS. REV. 
9 8 1  1 3 6 9  1 1 9 5 5 1 1  PROC. CF THE ROYAL S O C I E T Y  OF LONDON A64 .  6 6 7  1 1 9 5 1 1 ,  PHYS. REV. 9 6 1  3 9 8  1 1 9 5 4 ) s  CERN CCNFERENCE 2 
1 1 5  1 1 9 5 6 1 .  PROGRtSS I N  T H E O R € T I C A L  P H Y S I C S .  JAPAh 5. 5 7 0  1 1 9 5 0 1 s  PHYS. REV. 9 2 ,  4 5 7  1 1 9 5 3 1 ,  PHYS. REV. 9 3 1  1 4 3 4  1 1 9 5 4 1 s  
P H I S .  REV. 7 5 ,  1 3 5 2  1 1 9 4 9 1 s  PPYS. REV. 9 5 ,  1 0 2 6  1 1 9 5 4 1 .  PHYS. REV. 1 0 3 .  1 4 7 9  1 1 9 5 6 1 ,  PHYS. REV. 1 0 0 1  2 4 2  1 1 9 5 5 1 .  PHYS.  
REV. 8 9 9  1 0 9 C  1 1 9 5 3 1 1  J I N F  P - I 5 7  l l 5 5 e l .  PHYS. REV. 1 0 4 ,  7 8 4  1 1 9 5 6 1 s  PHYS.  REV. 1 0 1 ,  3 9 1  1 1 9 5 6 1 .  PHYS. RFV. 9 4 1  1 7 9 5  
1 1 9 5 4 1 .  P H I S .  REV. 1 0 1 ,  1 0 7 5  1 1 9 5 6 1 ,  PROC. O F  THE RDYAL S O C I E T Y  OF LONOCh b 2 4 4 ,  4 9 1  1 1 9 5 8 1 1  DOKL. AKAO. NAUK. SSSR 9 9  
9 5 5  1 1 9 5 4 1 1  PHYS. REV. 1 0 3 .  1 4 7 2  1 1 5 5 6 1 ,  PPYS. REV. 9 4 ,  1 0 8 5  1 1 9 5 4 1 ,  PHYS. REV. 9 5 .  1 5 8 0  1 1 9 5 4 1 1  J E T P  3 2  7 5 0  1 1 9 5 7 1 ,  
PHYS. REV. 9 6 s  1 3 9  1 1 5 5 4 1 ,  PHYS. REV. 9 6 .  7 3 4  1 1 9 5 4 1 ,  PbYS. REV. 9 7 .  1 1 8 6  1 1 9 5 5 1 ,  P P I S .  REV. 97 .  7 8 3  1 1 9 5 5 1 .  PHYS. REV. 
1 0 5 9  1 0 5 8  1 1 9 5 7 1 ,  UCRL 2 5 4 0  ( 1 9 5 4 1 1  PROGRESS OF T H E D R E T I C L L  P H Y S I C S  1 9 ,  6 2 2  1 1 9 5 8 1 ,  LND PHYS. REV. 1 0 3 ,  1 3 3 0  1 1 9 5 5 1 .  

LABCRATORY BEAM FNERGY = . 9 7  CEV. 

R E A C T I O N  
PROTOh NEUTROk - 

E L A S T I C  
PROTCN NEUTRON P I 0  
LEUTRON NEUTRON P I *  
PROTOh PROTCh P I -  

M I L L I - B A R N S  

16 .2  +- 3.5 Ill 
14.3 3.5 

4.3 1.1 
2.7 - 6  

Ill THE WAY THE S C R E E N I k C  CO+7RECTlON HAS BEEN CALCULATED I S  SHOUK I h  PAGE 2 4 2  CF THE ARTICLE.  

moMEGA PRODUCTION I N  PP - PP P I +  P I -  P I 0  AT 6 . 6  GEV/C. I U C R L  1 9 3 3 0  1 1 9 6 9 1 1  

E .COLTDN. i .G iLLERT 1U.C. LAWREhCE RAE. LAE., BERKELEY. CAL IF . .  USA, AN0 U N I V .  OF C A L I F O R N I A ,  BERKELEY. CAL IF . .  I l S A l  

ABSTRACT UE PRESENT A STUDY OF TPF 3  P I  SYSTEP I N  PF  - PP P I +  P I -  P I 0  AT 6.b G E V I C .  BOTH E T A 1 5 4 9 1  ANC OMEGA17831  
P R D D U C T I O h  ARE OBSERVED. T H E  D A L I T L  PLOT I S  O I S P L A Y E D  FOR THE PP OMEGA E V E N T S ,  I N  A D D l T l D N  TO SEVERAL CTHER 
EXPERIMENTAL D I S T R I B U T I O N S .  THERE I S  NO E V I D E N C E  FOR P  OMEGA RESOhANCES. T H E  PP OMEGA EVENTS HAVE BEEN b S S l G N E C  
SEPARATELY TO TPE S I X  P O S S I B L E  V U L T I P E R I P H E R A L  D lAGRAMS ON THE B A S I S  OF C R I T E R I D  I N  THE FOUR-MOMENTUM TRANSFERS ANC 
C.Y. L O N G l T U O I N A i  MOMENTA, Q E S P E C T I V E L Y .  I N  A O D I T I O N  WE D I S C U S S  THE MEANS O F  A C h I E V I N G  AN E F F E C T I V E  DIAGRAM SEPARATION.  

CLCSELY RELATEC REFERENCES 
SEE ALSC UCLA 1 0 2 5  1 1 9 6 8 1 ,  ANC L C L A  1 0 3 6  1 1 9 6 9 1 .  

A O O I T l O h A L  C I T A T I C N S  
PHYS. REV. L E T T E R S  2 1 9  1 5 4 E  1 1 9 6 8 1 .  NUOVO CIMENTO 5 8 .  4 7 5  1 1 9 6 8 J r  PHYS. REV. 1 6 1 ,  1 3 8 7  1 1 9 6 7 1 .  PHYS. REV. 1 5 4 .  1 2 8 4  
1 1 9 6 7 1 .  NUOVO C I H F N T C  5 5 A r  6 6  1 1 9 6 8 1 ,  UCRL 1 7 7 0 7  1 1 9 6 8 1 ,  PHYS. REV. 1 7 4 ,  1 6 3 8  1 1 9 6 0 1 ,  PHYS. REV. L E T T E R S  2 3 .  4 2  1 1 9 6 9 1 s  
PHYS. REV. 1 7 1 ,  2 0 9 2  1 1 9 6 9 1 ,  A N 0  NUOVO C I Y E N T O  5 1 1 .  6 9 6  1 1 9 6 7 1 .  

A R T I C L E  REAC BY OOETTE EENAPY I h  1 2 / 6 9 ,  AND V E R I F I E C  BY LERCY PRICE.  

BEAM I S  PROTON ON PROTON AT 6.6 G t V / C .  

T H I S  EXPERIMENT USES T b E  L.R.L. 7 2  I h .  ( H I  BUBBLE CHAMBER. 

KEY UCRDS - CRCSS SECTION O P E G A 1 7 8 3 1  E T A 1 5 4 8 1  

LABORATURY eEAV FCYENTU? = 6.6 G E v I C .  

R E A C T I O N  
PROTOh PRCTOh . 

PRDTCh PROTCN G M E G A l 7 8 3 1  
O M E G A 1 7 8 3 1  - P I +  P I -  P I 0  1 1 1  

PROTCh PROTON E T A l 5 4 e l  
E T A 1 5 4 8 1  - P I +  P I -  P I G  I 1 1  

MICRO-BARNS NG. EVENTS 

180 .  +- 2 3 .  6 7 1  

29 .  9. 

I 1 1  F I T T E D  O l S T R l B U T l O N  W I T H  F I X E D  *ASS AN0 WIDTH ANC TOOL EVENTS ONLY ABOVE I F l T T E O l  BPCKGROUND. 



POLE E X T Q A P C L A T I O N  RESULTS FRCV PP - DELTA + +  N  AT 6.0 G E V I C .  IPHYS.  REV. L E T T E R S  2 3 s  3 4 2  I 1 9 6 9 1 1  

L . V . M A , G . A . S M l T H . H . J . S P R A F K A  l W I C + I G b h  S T A T E  UNIV..  EAST L A N S I N G ,  N lCH.8  U S A 1  
E.COLTON.P.E.SCHLEIN I U h l V .  OF C A L I F . ,  L C 8  AhGELES. CALIF.,  U S A 1  

ABSTRACT WE P R t S E h T  AN E X P E P I M E K T A L  STUOY OF THE LCW-MUqENTUM-TRANSFER D E L T A + *  h COPPONEhT OF 6 4 2 4  PP P  P I +  N  EVENTS 
AT 6.6 G E V I C .  THE P I *  P  E L A S T I C  CROSS SECTIONS I N  THE D E L T A + +  REGION ARE MEASURE0 BY MEANS OF SEVERAL O I F F E R F N T  
P O L c - E X T R A P C L A T l C h  PROCEDURES. HE F l N C  T H b T  THE CONVENTIONAL CHEh-LOU E X T R A P C L A T I O N  PROCEOURF Y I E L O S  RESULTS h O T  I N  
S A T I S F A C T O R Y  AGREEYEIT  W I T 6  T H E  KNOhN ON-SHELL CROSS SECTIONS.  WE SUGGEST A  N O O I F I E U  EXTRAPOLATION PROCEnUPE H H l C H  I N  
OUR CASE Y I E L O S  RESULTS I N  GOCO AGREEMENT k I T H  THE UN-SHELL  VALUES. 

C I T b T I C h S  
PHYS. PEV. L E T T E R S  5 .  5 1 1  1 1 9 6 0 1 ,  PHYS. REV. 1 1 3 .  I 6 4 0  1 1 9 5 9 1 .  NUC. PHYS. e3. 3 4 9  I l 5 C 7 1 ,  PHYS. REV. L E T T E R S  2 1 7  I 6 1 3  
1 1 9 6 8 1 ,  PHYS. RFV. L E T T E R S  1 9 .  9 2 5  1 1 9 6 7 1 ,  UCLA U C L A - 1 0 2 3  1 1 9 6 8 1 .  NUOVO C I M E N T C  4OA. 8 9 9  1 1 9 6 5 1 1  CFRN T H  8 3 8  ( 1 9 6 7 1 ,  
AND PHYS. L F T T E R S  6. 6 2  1 1 5 6 3 1 .  

b R T I C L E  REAC BY OCETTE BENPRY I h  9 / 6 5 .  AND V E R I F I E O  BY LEROY P R I C E .  

BEAC I S  PROTON O h  PROTON AT 6.t  GEVIC.  

T H I S  EXPERIMENT USES THE L.R.L. 7 2  I h .  I H I  BUBBLE ChAMBER. 

K E Y  WORDS - CROSS SECTION MASS SPECTRUM C I F F E R E N T I A L  CRCSS S E C T I O N  YOCELS O E L T A l l 2 3 B l + +  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CRCSS S E C T I O N  FOR PROTCh FQCTON PRCTCN P I +  NEUTRON. I P P G E  3 4 3 1  

LAeCPATCRY 
BEAM MOMENTUM 

G E V I C  M I L L I - B A R N S  

D I F F E R E N T I A L  CROSS S E C T l O h  FGR P P C T C I  FRCTON - NEUTRON O E L T A I 1 2 3 8 l * l .  [ F I G U R E  1 0 1  
D E L T A I 1 2 3 8 1 + +  . PROTON P I +  I l l  

LbBORATORY PEAM MOYENTUV = 6.6 G E V I C .  

I P R I V A T E  COMWUNICATICN FRCY E.COLTCh SEPT.1969  I 

M l N  MAX 
.COZ . 0 1 0  11 .00  +- 1.12 
- 0 1 0  . 0 2 0  15.CC 1.13 

T  I S  THE MOMENTUM TRANSFER BETWEEN THE [ I N C C P l h G  PROTON1 ANC T H E  I N E U T R O N I .  

Ill CCUNTEO A L L  EVEhTS I h  MASS BANE. 

F I T  T O  O l F F E R E k T l A L  CRCSS S E C T I C N  FOR PROTON PROTON * NEUTRON D E L T A l l 2 3 8 1 + + .  [PAGE 3 4 3 1  
D E L T A I 1 2 3 8 1 + +  - PROTON P I +  Ill 

LABORATORY BEAW P C P E I T U P  = 6.6 G E V I C .  

DATA I S  F I T  OVER T  FRCM . 0 3  TC .30  I G E V I C l * * Z .  T  I S  THE MOMENTUM TRANSFER BETWEEN THE I l N C O M l N G  PROTON1 AN0 T H E  
I N E U T R O h l .  

F I T T E D  FORMULA I S  D - S I G M A I D - T  = b * E X P I B X + C X * * 2 1  

WHERk O-S IGMAIO-T  I S  I N  M B I I G E V I C l * * 2  AND X=T-THIh .  

F I T T E C  V A L U E  

Ill COUNTEC ALL  EVENTS I h  MASS BAND. 



a P O L b R I Z b T l O N  PARAMETE" I N  E L A S T I C  PROTON-PROTON SCATTERING FRO. 0.75 TC 2.8. GEV. I P b Y S .  PEV. 1 6 1 .  1 3 7 4  1 1 9 6 7 1 1  

H.A.NEALgY.J.LONGC I U N I V .  OF M I C b I G A h ,  AhN ARBORv MlCH., U S A 1  

ABSTRACT THE P O L A F I Z A T I O h  PPRbMETER I h  E L A S T I C  PROTOh-PRCTCN SCATTERING h A S  BEEN MFASUREC AT 9 .75 ,  1.03. 1 .32 ,  1 . 6 3 ,  
2.241 AND 2 . 8 4  L E V  BY F P P L C Y l N G  A O n U 8 L E - S C A T T E R I N G  TECHNIQUE.  AN EXTERNAL PPCTOk REAM F R r M  THF BROOKHAVFN COSMOTPCh 
WAS FOCUSED ON A 3  1h.-LCNG L l E U l C  hYCRCGEN TARGET AN0 THE E L A S T l C  R E C O I L  AND SCATTERED PROTONS LERE DETECTED i h  
C O I N C l C E N C F  BY S C I N T I L L A T I C N  COLNTERS. THE P O L b R l Z A T l C h  OF THE R E C O I L  @ E A P  WAS CETERMINEO FROM THE AZIMUTHAL 
ASYHMETRY E X H l A l T E C  I k  I T S  S C L T T E R I N G  FROH A CARROE T A P G F T .  T H I S  ASYMMETPY WAS MEbCURED RY A  P A I R  OF S C l N T l L L A T l O h  
COUNTER TELESCOPES h H l C H  S Y H H E T Q I C A L L Y  V IEWED THE CARBOh TARGET. T r E  P N A L Y I l N G  POWER OF T H I S  SYSTEH WAS P R E V I D U S L Y  
OETERMINEO I N  AN INDEPENDENT C A L I B R A T l O N  EXPERIMENT EMPLOYING A  4 0  PER C E h T  P O L A P I Z E O  PROTON BEAH AT TPE CAQNEGIE 
I N S T I T U T E  OF TECHNOLCGY SYhCHROCYCLOTRON. F A L S E  ASYMMETRIES WERE C A N C E L L E E  T C  A  H I G H  ORDER BY P F R I O C I C 4 L L Y  R O T A T I N G  
THE ANALYZER I 8 0  DEG. ABCUT THE R E C P l L  BFAY L I N E .  SPARK CHAMBERS WERE U T I L I Z E C  TO O R T A l N  THE S P A T I A L  D I S T R I B U T I O N  OF 
THE BEAN AS I T  E N T E R t O  T k E  ANPLYZCR:  T H l S  I N F O R N P T l O h i  DLLOWEO 4 N  4CCURATE GETERHINAT101 \  CF  THE CGRRECTICNS NECESSARY 
TO COMPENSATE FOR ANY H I S A L I G N M E N T  OF THE b X I S  OF T H E  ANALYZER R E L A T I V E  TO THE I h C I O E N T - B E A F  CENTRPIC.  VALUES D F  THE 
P O L A R l Z A T I O N  PARAMETER I S  d F U N C T I O l i  OF T H E  CENTER-OF-MASS SCATTERING ANGLF ARE G I V E N  FOR EACH I N C I D E N T  B i e r  ENEPGY. 
THE P R E O I C T I C N S  OF T H E  REGCE TbECRY FOE P O L A R l l D T l O N  I N  E L A S T I C  PHOTON-PROTOh SCATTEPING AN0 RFCENTLY P U B L I S H F O  
PHASE-SHIFT  SOLUTIONS ARE CCMPARED H l T H  THE EXPERIMENTAL RESULTS. S U R P R I S I V G L Y  GODO AGRFEYENT WITH THE REGGE 
P R E O I C T I O N S  I S  FOUNC C E S P l T E  T k E  LOW E N E R G I E S  INVOLVED.  

CLOSELY RELATED REFERENCES 
C O N T I N U A T I O N  OF P R t V l O U S  t X P E R l P E N T  I N  PHYS. REV. L E T T E R S  1 6 ,  5 3 6  1 1 5 b b l .  

A C C I T l O N A L  C l T A T l C h S  
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A R T I C L E  R i b 0  BY OCETTE BEhARY I h  1 0 1 6 7 .  bNC V E R I F I E C  BY LERCY PRICE. 

BEAM I S  PROTON Oh PRCTCh FROM 1 .403  T C  3.655 G E V I C .  

T H l S  EXPERIMENT USES CCUNTERS AhC SPARK CHAMBERS. 

GENERAL CCRVENTS CN T H I S  b R T l C L F  
i F I R S T  S C A T T E R I N G  ON HYCRCGENI SECOND S C A T T E R I N G  ON CARBON. 

KEY WORDS r P O L A R I Z A T l O h  YOCELS 

E L A S T I C  P O L A R l Z A T l C h  FOR PROTON PROTON. [ T A B L E  1 1  

L A B C R A T O R I  BEAM ENERGY = .75  CEV +- Z I P E R  C E N T I .  

THETA 
CEGQEES 

43.85 

THETA I S  THE ANGLE THAT THE P R O l O N  M I K E S  b 1 7 H  THE B E b U  I N  THE GRbNC C.N. 
THE P O L b L I Z A T l O N  I S  CF T t E  PROTCN ALONC T H E  NORMAL TO THE PRODUCTION PLANE I N  THF GRANC C.N. 

Ill PLUS P O S S I B L E  S Y S T E Y A T I C  ERROR OF + 5 PER CENT. 

E L A S T I C  P O L P R I Z A T I C N  FCR PROTOL PRCTCh.  I T A B L E  1 1  

LABORATORY BEAM ENERGY = 1.03 GEV +-  2 I P E R  CENTI .  

THETA 
DEGREES 

39.88 
42.47 

THETA I S  THE ANGLE THAT THE PROTON F A K E S  W I T H  THE BEAM I N  THE GRAND C.M. 
THE P O L A R I Z A T I O N  I S  CF THE PRCTCN ALONG THE NORMAL TC THE PRODUCTION PLANE I h  THF GRANC L.M. 

Ill PLUS P O S S I B L E  S Y S T E P A T I C  LQROR OF r- 5 PEE CENT. 

E L A S T I C  P O L b R l Z A T L C N  FOR PROTCh PROTON. I T A B L E  I 1  

LABORATORY BEA*  ENERGY = 1 . 3 2  GEV *- 2 l P E R  C E N T I .  

THETA 
CEGREES 

3 2 . 3 0  
34.77 
39.06 
46 .63  

P C L A P I Z A T I C N  1 1 1  

. 3 6 1  r- .C36  

THETA I S  THE ANGLE TbAT THE PPOTON YAKES W I T H  THE REAM I N  THE GRAND C.M. 
THE P O L A R I Z A T I O h  I S  CF THE PRCTCh A L G h i  THE NORMAL T C  T + E  PRODUCTION PLANE I h  THE GRANC C.M. 

I 1 1  PLUS P O S S I B L E  S Y S T E P A T I C  EFRCfi  OF r- 5 PER CENT.  



E L A S T I C  P O L P P I Z D T l C N  FCP F R O T C L  PRCTCN.  I T A R L E  1 1  

LDEORDTORY BEAM E N E 9 C Y  = 1 . 6 3  CEV +- 2 l P E G  C E N T I .  

T H E T A  
DEGREES 

7 8 . 8 7  

T H E T A  I S  T H E  A N G L E  T H A T  THE PROTON WAKES H l T H  THE REAP I N  THE GRDNC C.M. 
T H E  P O L A R l Z A T l C h  I S  C F  T H E  P l C T C h  ALONC T H E  NORYAL  TO T H E  P R O D U C T I O N  P L A N C  I N  THE GRAND C.M. 

Ill P L U S  P C S S I B L E  S Y S T E Y A T I C  ERROR O F  +- 5  PEP  CENT. 

E L A S T I C  P O L P P I Z A T l C N  FCR P R O T C h  PROTCN. I T A B L E  1 1  

L A 8 O R A T O R Y  BEAM ENERGY = 2.24 GEV +- 2 I P E P  C E N T I .  

T H E T A  
CEGREES 

2 5 . 3 2  
2 7 . 0 9  
30.+2 

T H E T A  I S  T H E  A N G L E  T H A T  THE P R O 7 C h  P A K E S  W I T h  THE B E A Y  I N  THE GRPNC C.M. 
T H E  P O L A R I Z A T l O h  I S  C F  T H E  P R C T C h  A L O N G  T H E  NORYAL  TO T H E  P R O O U C T l C N  P L A N E  I N  THE GRDNC C.P. 

Ill P L U S  P O S S I B L E  S Y S T E P D T I C  ERROP OF +- 5 PER CENT.  

E L A S T I C  P O L A R I Z A T I O N  FOR PROTON PROTON. I T A B L E  1 1  

LABORATORY BEAM E N E R G Y  = 2 .84  GEV *- 2 l P E R  CENT) .  

T H E T A  
CEGREES 

2 2 . 1 0  

T H E T A  I S  T H E  A N G L E  T k A T  T H E  PROTCN M A K E S  i I T H  THE BEDM I N  T H E  GRAND C.M. 
T H E  P O L A R l Z A T l O h  I S  O F  T e E  P R C T C h  A L O h G  T H E  NORMAL TO T b E  P R O C U C T l O N  P L A N E  I N  THE GRAND C.M. 

Ill P L U S  P O S S I B L E  S Y S T E Y D T I C  ERROP C F  +- 5  PER CENT. 

~ A B s o L u T E  D I F F E R E N T I A L  C R O S S - S E C T I O N  F a n  E L b S l l C  P R O T O h - P R O l O h  S C A T T E R I L G  BT 0 .97  GEV. I N U O V O  C l H E N T 0  2 8 ,  9.3 1 1 9 6 3 1 1  

U . K . M C F A R L A N E ~ R . J ~ H O V E R ~ A . W W O o O E L L , E . J . S A C H A R l O I S G . H . E A T O h  I B I P M I N G H D M  U Y I V . .  B I P M I N G H A M .  E N G L A N D 1  

A B S T R A C T  T H E  A B S O L U T E  O l F F E P E N T l A L  C R O S S - S E C T I O h  FOR E L A S T I C  P F  S C A T T E R I N G  H A S  B E E N  YEASUREC FOR AN ENERGY O F  0 . 9 1  GEV 
AT  5  OEG, 2 0  OEG., 2 5  DEG.. 3 0  OEG., ANC 3 5  OE6. I N  T H E  L A B O R D T O R Y  S Y S T E M  I L S I .  THE  O b T A  F I T  T H E  CURVE -- 
S I G M A I T H E T A I  = 1 1 4 . 2 7  +- 0 . 3 7 1  P - Z E R O I C O S  T H E T A 1  + 1 1 0 . 1 3  +- 1 . 4 4 )  P - T W O I C C S  T H E T A ]  + 15 .50  +- 1 .361  P - F O U R I C D S  T H E T A 1  
+ 11 .50  c- 0 .64 )  P - S I X I C O S  T I ' E T A I I X  1 1 . 0 0 0  r- 0 . 0 1 6 1  M B I S R .  WHERE S I G M A I T H E T A I  I S  T H E  U N P C L A R I Z E O  O I F F E P E M I A L  
C R O S S - S E C T I O N  AND T H E T A  THE S C A T T E R I N G  ANGLE I h  THE  CENTER-OF-MASS S Y S T E M  1C.M.SI. T H 1 S  G I V E S  A  T O T A L  E L A S T I C  
C R O S S - S E C T I O N  O F  1 2 6 . 8  +- 2.31 YB A N 0  A  FCRWARO S C A T T E R I N G  C R O S S - S E C T I O N  OF 1 2 1 . 4  +- 0 .51  Y B I S R ,  W H I C H  I S  
C O N S I D E R A B L Y  I N  E X C E S S  OF THC C P T l C A L  THEOREM V I h l M U M  O F  1 1 6 . 3  +- 0 . 2 1  H B I S R .  

C l T A T l C h i S  
PHYS. REV .  9 7 ,  1 1 8 6  1 1 9 5 5 1 ,  P P I L 0 S O P H I C A L  M A G A Z I N E  2  2 0 4  1 1 9 5 7 1 ,  PROC. O F  T H C  P O Y A L  S O C I E T Y  OF LONDCN A 2 5 1 1  2 1 8  1 1 9 5 9 1 .  
PROC. O F  T H t  P H Y S I C A L  S O C I E T Y  O F  L O N D O N  7 4  6 2 5  1 1 9 5 9 1 ,  hUOVO C l M E N T O  1 8 9  8 1 8  1 1 9 6 0 1 ,  NUOVO C I M E N T O  2 3 1  6 9 0  1 1 9 6 2 1 .  
N U C L E A R  I N S T R U M E N T S  4 ,  3 0  1 1 9 5 9 1 ,  N U C L E A R  I N S T P U M E N T S  7 ,  1 6 7  1 1 5 6 0 1 ,  PHYS. REV. 8 1 .  8 4 9  1 1 9 5 1 1 .  PRCC. O F  T H E  P O Y A L  
S O C I E T Y  OF LONDON 7 1 ,  7 7 C  1 1 9 5 8 1 ,  PHYS.  REV. L E T T E R S  3, 5 b 8  1 1 9 5 9 1 ,  NUC.  P h Y S .  9 ,  6 0 0  1 1 9 5 9 1 1  PHYS. REV. 1 0 3 9  2 1 1  
1 1 9 5 6 1 ,  PVYS. REV .  1 1 8 .  5 7 5  1 1 9 6 0 1 .  J E T P  1 2  8 0 2  1 1 9 6 1 ) .  NUUVU C l M E N T C  2C9 1 0 4 9  1 1 9 6 l l v  A N D  PHYS. L E T T E R S  1, 4 1  1 1 9 6 1 1  . 

A R T I C L E  R E A D  BY O D E T T E  BENARY I L  5 / 6 7 ,  AND V E R I F I E C  BY  L E R C Y  P R I C E .  

B E A M  I S  P R O T O h  Ch P R C T C h  AT 1.60 C E V I C .  

T H I S  E X P E R I M E N T  U S E S  C O L N T E R S .  

K E Y  NOROS - CROSS S E C T I C L  C l F F E R E h T l A L  CPOSS S E C T l O h  F I T S  

COMFOUNO K E Y  WOROS - F I T S  D I F F E R E N T I A L  CPOSS S E C T I O N  

E L A S T I C  D I F F E R E N T I A L  C R C S S  S E C T I C h  FCR P R O T O h  PRCTON.  

L A B C R P T O R Y  B E A P  E N E P C Y  = .97 CEV. 

T H E T A  
D E G R E E S  

C - S I G M b 1 0 - O V E G A  
r w s r  

PEP  C E N T  

[ T A B L E  1 1  

T H E T A  I S  THE  A N C L E  T h A T  THE P R C T C h  Y A K E S  H I T 6  THE B E d M  I N  T b E  GPPNC C.V. 



PHCTON PRCTON E L A S T I C  CROSS S E C T I O h .  I P A G E  9 5 0 1  

LABORATORY 
BEAM ENERGY 

GEV 
. 9 7  

H I L L  I -AARNS 
26.8 +- 2.3 

F I T  TO E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C N  FOR PROTON PROTON. (PAGE 9 4 3 1  

LABORATORY BEAM ENERCY = .97  CEV. 
F I T T E D  FORMULA I S  O-SIGVAIO-DMEG; = A~[B*POlCOSITHETA~~+C*P2lCOSllHETAlItO*P41COSlTHETAl+E*P6lCDSlTETAII 

WHERE C-SIGMblO-CMEGA I S  I h  MBISR.  T P E T A  I S  TPE ANGLE THAT THE PROTOh MAKES H l T h  THE R E b q  I N  THF GPPhC C.P. 

F I T T E D  VALUES 

E L A S T I C  S C A T T E R I N G  AND S I N G L E  MESOh PRODUCTICN I N  PROTCh-PRCTON C O L L I S I C N S  AT 2.85 BEY. IPHYS.  PEV. 1 2 3 ,  2 1 6 0  1 1 9 6 1 1 1  

~ ~ . ~ . s ~ ~ ~ n , n . c o u ~ ~ ~ ~ , ~ . c . ~ c u ~ ~ ~ , ~ . ~ p ~ ~ ~ ~ ~ ~ , ~ . s ~ ~ o w ~ ~ s s , H . ~ ~ ~ ~  UPTON. L.I., N. v.. u s d l  [ Y A L E  uNrv . ,  NFw h b v E h ,  coNM., USA, AND B R o o K H A v c N  NAT. LAB., 

3bCT THE 8ROOKHAVEN N A T I O N A L  LABCRATGRY T Y E N T Y - I N C H  L l O U l O  PYORCGEN B U B e L E  CHAMRER WAS EXPOSED TO A  MnNOENEPGETIC 
BEAM OF 2.B5-BEY PROTONS, E L A S T I C A L L Y  SCATTERED FROM A CARBON TARGET I N  THE I h T E R N A L  BEAM OF THE COSMGTCON. ALL  
TUE-PRONG EVENTS. E X C L U D I N G  STRANGE P A R T I C L E  EVEYTS, HAVE B E E N  S T U O I E O  BY THE YALE HIGH-ENERGY GROUP. THE R E W A I N I N G  
I N T E R A C T I O N S  HAVE BEEN S T U C I E D  BY THE BROOKHAVEN BUBBLE CHAMRER GROUP. E L A S T I C  SCATTERING U b S  FOUND TO BE YOSTLY PURE 
O l F F R A C T l O N  S C A T T E R I N G  A T  CENTER-OF-MASS ANGLES UP TO A8OUT T H I R T Y - F I V E  DEGREES. SOME PHASE S H I F T  bNO/OR TAPERING OF 
THE PROTON EOGE WAS PEOUIRED TO F I T  T H E  DATA P T  LARGER ANGLES. NO P O L A P I Z A T l O N  EFFECTS I N  THE PROTON-CARBON 
SCATTERING HERE OBSEHVEO U S I N G  HYDROGEN AS AN ANALYZER CF P O L A R I Z E 0  PROTChS. NUCLEONIC ISOBAP F O R H A T I O N  I N  THE T  = 3 / 2 .  
J = 3 / 2  STATE YAS FOUND TO ACCOUNT FOP b  LARGE PART OF S I N G L E  P I O N  PRnOUCTION.  H I G H - O R B I T A L  ANGULAD-LCMENTIJY STATES 
WERc FOUNO TO AE GREATLY FAVOPEC I N  S I N G L E  P I O N  PROOUCTION. THE ISOBAP MCCEL O F  L l N O E N B A U Y  AND STERNHEIMEP GAVE GOOD 
AGREEMENT WITH THE OBSERVED NUCLEON AND P I O N  ENERGY SPECTRA. NO P O L A R l l A T I O N  OR AL IGNPENT EFFECTS WERE OBSERVE0 FOR 
THE l S O B b R  ASSUMEC I h  T H l S  YOCEL. 

A R T I C L E  REAC BY OOETTE BENARY I h  3 / 6 7 ,  AND V E R l F l F O  BY LEROY P R I C E -  

B E l Y  I S  PROTON Oh PROTON AT 3 . 6 1  GEV/C. 

T H I S  EXPERIMENT USES THE R.N.L. 2 0  I h .  I H l  BURBLF CHAMBER. A  T O T A L  OF 9 0 0 0  P I C T U R E S  ARE REPORTED ON. 

K E Y  UORCS - CROSS S E C T I O N  O I F F E R E h T I A L  CROSS S E C T I O h  ANGULAR O I S T R I E U T l O h  MASS SPECTPUH 

I F R O Y  PAGE 2 l t 3  AND T A B L E  1 1  

LABCRATORY EEAY MOYENTUV = 3.67 G E V I C  +- 31PER C E N T ] .  

R E A C T I O N  N I L L I - B A R N S  
'ROTOh PRCTON 

E L A S T I C  
PROTON NEUTRON P l t  
PROTON PROTON P I 0  
DEUTERON P I *  

1 1 1  CCRRECTEC FOR S P A L L  AhGLE S C b N N I h G  LOSSES U S l h G  AN O P T I C A L  POCEL CURVE.. 

I S G B A R  PROOUCTIOh I N  PP r PP F l t  P I -  AT 6 . t  GEVIC.  I P H Y S .  REV. LETTERS 1 7 .  8 8 4  1 1 9 6 6 1 1  

E A E L L E R T , G . A . S M I T H , S . W O J C I C K I  1U.C. LAhPENCE RAC. LA.., BERKELEY,  CAL IF . ,  U S A 1  
E.COLTON.P.E.SCHLtlN,k.K.TICHC I U N I V .  OF CALIF . ,  LOS ANGELES. CAL IF . .  U S A )  

ABSTRACT AT 6.6 G E V I C .  THE R E A C T I O N  P F  - P P I +  P  P I -  PROCEEDS OOMlNANTLY THRDUGb THE N*++ P  P I -  CHANNEL. WHEN 
PERIPHERAL N*++,S ARE SELECTED,  THE P  P I -  ANGULAR O l S T R l B U T l O N  REPRODUCES THE ANGULAR D I S T R I B U T I O N S  OF FREE P l -  P  
SCATTERING I N  THE C.Y. ENERGY RAhGE FROY THFESHOLC TO 2.0 GEV. TWE D I F F R A C T I O N  SCATTERING AT THE UPPER END OF T H l S  
ENERGY BAND CAN PCCOUNT FOR THE 1.4-GEV N* DEDUCED I h  RECOIL-PROTON SPECTRUM S T U D I E S .  

CLOSELY RELATED REFERENCES 
PART OF T H l S  A R T I C L E  SUPERIEDEO BY UCLA I 0 2 5  1 1 9 6 8 1 .  

A O O l T I O N A L  C I T A T I O N S  
PHYS. REV. 1 2 8 ,  1 8 2 3  1 1 9 6 2 1 ,  NUOVO C l V E N T O  3 5 .  1 0 5 2  1 1 9 6 5 1 ,  PHYS. L E T T E R S  1 8 .  1 6 7  1 1 9 6 5 1 ,  PWVS. REV. L E T T E R S  16 ,  8 5 5  
1 1 9 6 6 1 .  PHYS. REV. L E T T E R S  1 2 .  3 4 0  1 1 9 h 4 L .  PHYS. L E T T E R S  LB, 3 4 2  1 1 9 6 5 1 1  PHYS. LETTERS 14 .  1 5 9  1 1 9 6 5 1 .  PWYS. REV. 1 3 8  
8 1 9 0  1 1 9 6 5 1 ,  PHYS. REV. LETTERS 1 5 ,  4 6 8  1 1 9 6 5 1 ,  PHYS. REV. LETTERS 1 3 ,  1 6 5  1 1 9 6 4 1 .  PHYS. L E T T E R S  1 5 ,  2 8 1  1 1 9 6 5 1 ,  
PHYS. REV. L E T T E R S  1 5 ,  7 3 1  1 1 9 0 5 1 .  PHYS. REV. L E T T E R S  1 6 ,  4 8 1  1 1 9 6 6 1 .  AND hUCVC CIMENTC 1 0 .  8 3 9  1 1 9 6 5 1 .  

A R T I C L E  R E P 0  BY OOETTE BENAPY I h  4 / 6 7 .  AND V E P I F I E C  BY LERCY P R I C E .  

B E b P  I S  PROTON Oh PRCTCh b T  6.L GEVIC.  

T H I S  EXPERIMENT USES T b E  L.R.L. 7 2  I h .  I H I  BUBBLE CHALBER. 

K E Y  WORDS - CROSS S E C T I C N  D L L l T Z  PLCT MASS SPECTRUM O E L T A l l 2 3 8 1 + +  ANGULAR O I S T R I R U T I O N  
N * 1 1 4 7 0 l P L l  

- - - - - - - - - - - - - . - - - - - - - - - - - . - - - - . . - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
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CRCSS SECTlOh FOR PRCTCh PRCTCk - PRCTON PRCTOh P I +  P I - .  IPAGE B e l l  

I T H I S  DATA SHCULC NCT eE USEC - MORE RECENT VALUES MAY BE FnUNO I k  COLTON, LCLA 1 0 2 5  1 1 9 6 8 1 1  

LABORATCRY 
BEAM YCPENTUV 

GEV/C H L L L I - B A R h S  NO. EVFLTS 
2.6 +- .3 2 0 9 7  

D I F F E R E N T I A L  CROSS SECTIONS FCR PP - C P I +  FRCV 1  TO 3  PEV. I P t Y S .  REV. 161.  1 2 ? 2  1 1 9 6 8 I 1  

U.L.PERL LSTANFORC UNIV., STAhFCRO, CPLIF.. L S b l  

PBSlRPCT THE O l F F E R E N T l A l  bhC T C l A L  CRCSS SECTIONS FOR TPE REACTICN PP - C P I +  HbVE BEEN MEASURE0 I h  A  CCUNTEF 
EXPERIMENT FOR INCIDENT PRCTON K I N E T I C  ENERGIES OF 1.0. 1.3. 1.5, 1.7, 2.0, 2.5, bNO 2.8 REV. VALUES OF THF 
D I F F E R E N T I A L  CROSS S E C T I C h  ARF ClVEN FOR UbRYCENTRlC DEUTEROk ANGLES THETA FOR 0 L CCS THETA ) -0.97 I N  SYALL 
I N T E R V b L S  OF COS THETI. F R t r  1.3 TC 2.0 BEY. bS COS THETA VARIES FROP - 0 . 5  TO -1.0, ThE D l F F E F E N T l A L  CROSS SECTlnN 
RISES, P A S S E S  THROUGH A PRCNCUNCEC PAXIMU*. AND THEN D E C R E A S E S  RPPIDLY. THIS n b x l r u r  P R O P ~ G A T E S  F R W  cos  THETA = -0.8 
AT 1.3 BEV TC COS THETA = -0.94 AT 2.0 EEV. AN0 EVOLVES I N T O  A SHARP PEAK I T  CCS THETA = -1.0 FOR ENERGIES ARCVE 2.0 
BEV. THE TOTAL CROSS SECTICN CECREASES R A P I D L Y  Ah0 POhOTONICALLY U l T H  EhERCY FPOM 4 5 0  MICROBARNS AT 1.0 RFV TU 3 0  
PICROBARNS AT 2.0 8EV. 

PBSlRPCT THE O l F F E R E N T l A l  bhC T C l A L  CRCSS SECTIONS FOR TPE REACTICN PP - C P I +  HbVE BEEN MEASURE0 I h  A  CCUNTEF 
EXPERIMENT FOR INCIDENT PRCTON K I N E T I C  ENERGIES OF 1.0. 1.3. 1.5, 1.7, 2.0, 2.5, bNO 2.8 REV. VALUES OF THF 
D I F F E R E N T I A L  CROSS S E C T I C h  ARF ClVEN FOP UbRYCENTRIC OEUTEROk ANGLES THETA FOR 0 r CCS THETA r -0.97 I N  SYALL - -  - - -  - - ~  ~ ~- - ~ - -  - 

I N T E R V b L S  OF COS THETI. F R t r  1.3 TC 2.0 BEY. bS COS THETA VARIES FROP - 0 . 5  TO -1.0, ThE D l F F E F E N T l A L  CROSS SECTION 
R I S E S *  PASSES THROUGH A PRCNCUNCEC PAXIMU*.  AND THEN DECREASES RPPIDLY.  T H I S  MAXlPUW PROPbGAlES FRPII COS THETA = -0.8 
AT 1.3 BEV TC COS THETA = -0.94 AT 2.0 EEV. AN0 EVOLVES I N T O  A SHARP PEAK I T  CCS THETA = -1.0 FOR ENERGIES ARCVE 2.0 
BEV. THE TOTAL CROSS SECTICN CECREASES R A P I D L Y  Ah0 POhOTONICALLY U l T H  EhEPCY FPOY 4 5 0  MICROBARNS AT 1.0 RFV TU 3 0  

CLOSELY RELATED REFEREhCES 
C O h T l N U A T l O N  OF PREVICUS EXPERIYFhT I N  PHYS. PEV. LETTERS 1 3 1  5 5  119641.  

A C C I T I O N A L  C l T b T I O k S  
P H I S .  REV. 1 3 2 .  1 2 7 3  1 1 9 6 3 1 s  PHIS.  REV. 134s  8 4 5 4  1 1 9 t 4 1 .  PHYS. REV. LFTTERS 1 1 ,  5 0 6  1 1 9 6 3 1 ,  NUOVO CIMENTO 3 5 1  2 1 b  
1 1 9 6 5 1 ,  PHYS. REV. LETTERS 1 1 ,  4 7 4  1 1 9 6 3 1 .  PHYS. LETTERS 7. 2 2 2  1 1 9 6 3 1 .  PhYS. LETTERS 11, 2 5 3  1 1 9 6 4 1 ,  PHYS. R t V .  
LETTERS 11. 1 6 1  1 1 9 6 4 1 ,  BULL. AP. PHVS. SOC. 7, 3 4 9  1 1 9 6 2 1 ,  PHYS. REV. 123,  2 1 6 0  ( 1 9 6 1 1 ,  PPYS. REV. 1 3 6 .  0 7 7 9  l L 9 b 3 l v  
PHYS. REV. 1 4 2 ,  9 1 8  1 1 9 6 6 1 ,  P tVS.  REV. LETTERS 11, 1 0 0  1 1 9 6 6 1 r  PHYS. REV. 1 6 5 ,  1 4 6 2  119681.  PHYS. REV. 1 3 3 ,  0 1 5 0 7  
1 1 9 6 4 1 ,  P H I S .  REV. 111, 1 3 8 6  1 1 9 5 8 1 .  PHYS. REV. LETTERS 6 ,  4 8 4  1 1 9 6 1 1 .  PhVS. RFV. 128s  2392 1 1 9 6 2 1 ,  PLYS. REV. 1 0 3 ,  
2 1 1  1 1 9 5 6 1 ,  JETP 7  5 2 8  1 1 9 5 0 1 ,  OOKL. PKAO. NAUK. SSSR 1 0 0  6 7 3  1 1 9 5 5 1 ,  DCKL. bXb0. NAUK. SSSR 1 0 0  b 7 7  1 1 9 5 5 1 ,  BULL. 
AM. PHYS. SOC. 1 0 ,  1 9  1 1 4 6 5 1 ,  P W S .  REV. 1 4 3 .  1 3 4 0  1 1 9 6 6 1 ,  AND PHYS. REV. LETTERS 18,  1 2 1 8  1 1 9 6 7 ) .  

ARTICLE REAC RY OCETTE BENARY I h  1 / 6 5 ,  AN0 V E R I F I E O  BY LEROY PRICE.  

BEAN I S  PRCTON Oh PROTCN FCC" 1.696 TO 3.618 GEVIC. l 8 E A V  K I N E T I C  ENERGY = 1.0 TC 2.8 CEVI  

T H I 5  EXFERIPENT USES CCLNTERS. 

K E Y  u o e m  . C R O S S  SECTICN OIFFERENTIAL C R O S S  SECT IOL  M C O E L S  

CRESS SECTION FOR PROTCN PRCTON . CEUTERON P I + .  I T A B L E  2 1  

LbBORATORY 
BEAV ENERGY 

GEV 
1.0 
1.3 

HICRC-BARNS Ill 
*52.  +- 21. 
2 1 7 .  11 .  
123. 7. 

84. 5. 
5 3 .  3. 

I 1 1  PLUS POSSIBLE SVSTEVATIC ERRCC OF +- 1 0  PER CE*T. 

C I F F E R E N T I A L  CROSS SECTION FCR PROTOh PROTON - OEUTERCh P I * .  [TABLE 2 1  

LABORATORY BEAM ENERCY = 1. GEV. 

THETA 1 5  THE ANGLE THAT THE DEUTERON MAKES WITH THE BEAM I N  THE GRAND C.W. 

Ill PLUS P O S S I B L E  SYSTEPATIC ERROR OF +- 1 0  PER CENT. 

C I F F E R E N T I P L  CROSS SECTION FOR PROTOk PROTON - OEUTERON P I + .  I T b B L E  2 1  

LABORATORY BE4P ENERGY = 1.3 CEV. 

THETA I S  THE ANGLE THAT THE OEUTERON MAKES WITH THE B f A "  I N  THE GRbNC C.W. 

I 1 1  PLUS P O S S I B L E  SYSTEPATIC ERRCR OF +- 1 0  PER CENT. 



O l F F E R E N T l A L  CRCSS S E C T l C h  FCR PROTCh 

LABCRATORY BEAM ENERGY = 1.5 GEV. 

DEUTERON P I + .  ( T A B L E  2 1  

THETA I S  THE ANGLE THAT THE OEUTEROh H I K E S  k I T H  THE BEPY I N  THE GRANC C.Y. 

I 1 1  PLUS P O S S I B L E  S Y S T E V A T I C  ERLCR OF +-  1 0  PER CENT. 

O l F F E R E N T l b L  CRCSS S E C T l O h  FCR PROTOh PROTON + DEUTERON P I * .  I T A B L E  2 1  

LABORATORY BEAY EhERGY = 1.7 CEV. 

C O S I T H E T A I  C-S IGMbIC-OHEGA 
U e I s R  [ I 1  

- .965  l C . 6  +- . 5  
- .950 12.5 . 5  

THETA I S  THE ANGLE THAT THE DELTERON MAKES W I T H  THE BEAV I N  THE GRbNC C.Y. 

Ill PLUS P O S S I B L F  S V 5 T E Y A T I C  ERROR CF *- 1 0  PER CENT. 

D I F F E R E N T I A L  CROSS S E C T I O L  FCR PRCTCh PRCTCN - DEUTERON P I * .  [ T A B L E  2 1  

LABORATORY BEAV ENERGY = 2. GEV. 

THETA I S  THE ANGLE THAT THE OEUTERON MAKES W I T P  THE BEAM I N  T H E  GRAND C.W. 

1 1 1  PLUS P O S S I B L E  S Y S T E Y A I I C  ERROR OF r- 1 0  PER CENT. 

O I F F E P E N T I A L  CROSS S E C T I O N  FOR PROTON PROTON - DEUTERON P I + .  I T A B L E  2 1  

LABORATORV BEAM ENERGY = 2.5 GEV. 

C O S I T H E T A I  C-S IGHAIC-CYEGA 
U B I S R  I 1 1  

- .970  12.3 +- 1.2 
- .950 10.6 .e 
-.925 b.4 1 . C  

THETA I S  THE ANGLE THAT THE DEUTERON MAKES W I T H  THE BEAY I N  THE GRANC C.M. 

I 1 1  PLUS P O S S I B L E  SYSTEPATIC ERLCR CF +- 1 0  PER CENT. 



D I F F E R E N T I A L  CRCSS S E C T I O N  FOR P R O T C h  P R C T C N  - DEUTERON P I * .  I T A B L E  2 1  

L b B O P A l O R Y  8 E A V  ENERCY = 2 .8  CFV. 

T H E T A  I S  THC A N G L E  T H A T  T H E  DEUTERON P I K E S  W I T H  T N E  B E A P  I N  T H E  GRANO C.Y. 

L l l  P L U S  P O S S l S L E  S Y S T E V A T I C  ERROR O F  *- 1 0  PER CENT.  

CF  STRANGE P A R T I C L E S  I N  P P  C C L L l S l C N S  P T  2 .85  BEV. I P H Y S .  REV .  1 2 3 s  1 4 6 5  l l 9 b l l l  

R . 1 . L C U T T I T . T . W . M 0 P R 1 S 5 0 . C . R A h Y , R . R . R b U , A . . T H 0 P N 0 K E h . J 1 L L S  I B R O C K H A V E h  N A T .  LAE., U P T O h ,  L . I . 7  N. Y . r  U S A 1  
R.M.LEA I C l T Y  C O L L E G E  O F  N E N  I O R K ,  N E h  Y C R K ,  N. Y.9 U S A 1  

A B S T R A C T  FROM b S A M P L E  O F  9 8  HYPERON P R O C U C T I O N  E V E N T S  OBSERVED I N  4  L I P L I D  HYOPOGEN R U B B L E  CHAMBER T H C  P A R T I A L  CROSS 
S E C T I O N S  FOR V A R I O U S  F I N A L  S T A T F S  ARE F C U h C  T C  BE -- S I G M A *  K +  N - 0 . 0 4 7 ,  S I G M A +  K O  P  - 0 . 0 3 0 ,  S IGMA-C  K +  P  - 0 .013 .  
LAMROA-3  K t  P - 0 .051 .  S l G N b -  K +  P P I +  - 0 . 0 0 3 ,  S I G M A +  K  N  P I  - 0 . 0 0 4 ,  I L A M 8 O b - 0 . S I G W A - O I  K t  P P I 0  - 0 . 0 1 1 ~  
I L A M B O A - 0 , S I G M A - 0 1  KO P  F l r  - 0 . 0 1 4 ,  I L b M B O A - O . S I G M 4 - 0 1  K +  N P I +  - 0 . 0 0 2 .  A L L  I N  M I L L I B A R N S .  FOP THE F I R S T  FOUR 
PROCESSES T H E  V A L U E S  ARE I h  GENEQAL  AGREEMENT W I T H  THOSE C A L C U L A T E C  BY  F E R R A R I  U S I N G  A ONE-P ION-EXCHANGE MOOEL. O N L Y  
CNE E X A M P L E  O F  K  P A I R  P R O D U C T I O N  U P S  CBSERVED,  I N C l C A T l N G  A CROSS S E C T l O h  L E S S  T H A N  0 . 0 1  M8. 

C l T A T l O h S  
PHYS. REV. 1 0 8 ,  1 0 4 8  1 1 9 5 7 1 .  P H I S .  R E V .  1 0 8 ,  1 3 2 2  1 1 9 5 7 1 ,  PHYS. REV. 1 1 2 .  6 1 4  1 1 9 5 8 1 .  P W S .  PEV .  1 1 2 .  6 1 4  1 1 5 5 8 1 .  PHYS. 
REV. 1 0 9 ,  5 4 6  1 1 9 5 8 1 s  NUOVC C l H E N T O  1 5 .  6 5 2  1 1 9 6 0 l ~  PHYS.  REV .  1 2 0 .  9 8 8  1 1 9 6 0 1 .  B U L L .  AM. P H I S .  SOC. 5 1  5 0 8  1 1 9 6 0 1 ~  
PHYS. REV. 1 0 8 .  1 0 4 6  1 1 9 5 7 1 s  J E T P  4  b b l  1 1 9 5 7 1 ,  PHYS. REV. 1 1 9 .  4 3 2  1 1 9 6 0 1 .  U C R L  9 0 9 8 .  PHYS. REV .  L E T T E R S  5 .  5 2 C  1 1 9 b 0 1 ,  
UCRL  9 0 9 7 ,  A h C  R C C b E S T E R  CCNFERENCE V -b  1 1 9 5 7 1 .  

A R T I C L E  REAC BY O G E T T E  BENARY I h  3 / 6 7 ,  A N 0  V E R l F l E C  RY  L E R C Y  P R I C E .  

BEAM 1 5  PROTON O h  PROTON AT  3 .67  G E V l C .  

T H I S  E X P E R I M E N T  U S E S  T F E  2.N.L. 2 0  I h .  I H I  B U B B L E  CHAYBER. A T O T A L  O F  9OOCO P I C T U R E S  ARE REPCRTEO CN. 

K E Y  HOROS - CROSS S E C T I O N  A h G U L A R  O I S T R I B b T I O N  P A S S  SPECTRUM S l G W b  LAWBOA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L A B C R A T O R Y  PEA*  MOMENTUV = 3 . t 7  G E Y l C  +- l l P E P  C E N T I .  

R E A C T I O N  
P R O T O h  PRCTON * 

S I G M A +  K *  NEUTRON 
S I G M A +  KO PROTCN 
S I G H 4 0  K t  P R C T C N  
LAMBOA K t  PROTCN 
S I G M A -  K +  PRCTON P I +  
S I G M A +  KAON NUCLEON P I O N  

V I L L I - B A R N S  h C .  E V E N T S  

S F A L L - A N G L E  E L A S T I C  S C P T T E R I N G  CF  PROTONS AND P I O N S ,  7 - 2 0  B E V I C .  I P H Y S .  REV. L E T T E R S  1 1 ,  4 2 5  1 1 9 6 3 1 1  

K J O L E Y S . J . L I N O E N 2 . P . L O S C Z A 1 , J J . R U S S E L L L . C L . I U A N  I B R O C K h A V E N  h.1. LA,, UPTON,  ,.I., h. Y., U S A 1  

C L O S E L Y  R E L A T E D  R E F E R E A C E S  
S E E  A L S O  PHYS. REV .  L E T T E R S  1 0 ,  3 7 6  1 1 9 6 3 1 .  

PHIS; R E V .  L E T ~ E R S  1 0 ,  5 4 3  1 1 9 6 3 1 .  P H I S .  REV. L E T T E R S  7.  1 8 5  1 1 9 6 1 1 .  PWYS. REV. L E T T E R S  7,  3 6 2  1 1 9 6 1 1 .  PHYS. REV .  
L E T T E R S  8.  1 7 3  1 1 9 6 2 1 .  PHYS. REV .  L E T T E R S  10 .  4 1 3  1 1 9 6 3 1 ,  PHYS.  REV. L E T T E R S  91 1 0 8  1 1 9 b 2 l ~  ZURh .  EKSP. TEOR. F I Z .  4 1  I 
1 1 4 8  l l 9 b l l .  J E T P  I+ 1 2 G 3  1 1 1 6 2 l ~  PHYS. REV. 1 0 7 .  8 5 9  1 1 9 5 1 1 .  P H Y 5 .  L E T T E R S  1. 2 2 6  1 1 9 6 2 1 .  ZU". EKSP.  1 F O R .  F I Z .  3 8 .  
4 2 6  1 1 9 6 0 1 ,  JETP  1 1  3 1 3  1 1 9 6 0 1 .  PHYS. REV. 1 3 0 ,  I 1 8 2  1 1 9 6 3 1 ,  A N 0  PHYS.  REV. 1 1 8 .  5 7 9  I 1 9 6 0 1  

A R T I C L E  REAC BY O O E T T E  EENARY I h  5 / 6 3 ,  A N 0  V E R I F L E C  8 1  L E R O Y  P R I C E .  

BEAM I S  PROTON O h  PROTCN F R C V  6.8 T C  19.6 G E V I C .  

T H I S  E X P E R l P E N T  U S E S  C O L N T E R I .  

G E N E R A L  COMYENTS C h  T H I S  b P T I C L E  
1 SAME E X P E R I M E N T  G I V E S  T O T A L  AND D I F F E R E N T I A L  CROSS S E C T I O N S  FOR P I - P  PNO P I + P  E L A S T I C  S C A T T E R I N G .  

K E Y  YORDS . CROSS S E C T I C N  C I F F E R E N T I A L  CRCSS S E C T I O N  

P R O T O h  PROTON E L A S T I C  C R O S S  S E C l l O h .  I T A B L E  1 1  

L 4 8 0 R A T C R I  
P E b V  MOMENTUW 

G E V I C  
0.8 
2.8 

1 1 1  P L U S  P O S S I B L E  S Y S T E V A T I C  ERROR OF +- b  PER L E N T .  



-1 0 - S I E M A / D - T  
l G E V / C l * * 2  P E / l G E V / C I * * 2  Ill 

PER CENT 

1 I S  THE MCMENTUP TRANSFER BEThEEN TME I I N C C W I N G  PPOTONI  ANC THE I O U T G O I N C  P R C T O N I .  

1 1 1  PLUS P O S S I 8 L E  S Y S T E P A T I C  ERROR OF +- 6 PER CENT. 
I 2 1  EXTRAPOLATEC POINT.  

E L I S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FCR PRCTOh PRCTON. [ T A B L E  1 1  

LbEORATORY BEAP P C Y E h T U ?  = 8.6 GEVIC.  

-1 C - S I E R A I D - 7  

1 I S  THE MOMENTUP TRAhSFER BETWEEL TPE I I N C O M I N G  PROTON1 AND THE I O U T G O l N G  PROTCNI .  

I 1 1  PLUS P C S S I e L E  S Y S T E P L T I C  ERPOR OF +- 6 PER CENT. 
I 2 1  EXTRAPOLATED POINT.  

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FCR PROTOh PRflTON. I T A B L E  1 1  

~ b 8 0 R b T o R Y  8 E b l  POPELTUP = 10.8 GEVIC.  

-1 0-S ICHA/D-T  
I G E V / C l * * 2  M B / l G E V I C l * * 2  Ill 

PER CENT 
. 0 0 0 1 2 1  102 .80  1- 3 .10  
. 0 5 8  e 59.4~ 1.70 

T  I S  THE MOPENTUP T R A h S F E P  8 E T h E E N  THE I I N C O M I N G  PROTON1 AND THE I O U l G O l N G  PROTONI .  

1 1 1  PLUS P O S S I B L E  S V S T E W A l I C  ERROR OF *- t PER CENT. 
I 2 1  EXTRAPOLATED POINT.  



E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C N  PCP P R U T O h  PRCTON.  I T A B L E  1 1  

L I B O R A T O R Y  EELM NCPENTU*  = 1 2 . 8  G E V / C .  

-1 0 - 5 1  CHA/O-T  
l G E V / C l * * 2  V 8 / l G E V / C l * * Z  I 1 1  

P E R  C E N T  
. 0 0 0 1 2 1  1 C 4 . 0 0  +- 4 .10  
. C 4 5  8  6 6 . 2 0  4 - 6 0  
. 0 7 3  8  46 .1C  1.1C 

T  I S  T H E  POHENTUM T R A N S F E R  BETMEEN T H E  I I N C C M I N G  P R O T O N 1  ANC THE I C U T G O I N G  P R C T O N I .  

1 1 1  P L U S  P O S S I B L E  S V S T E V A T I C  ERRGX O F  +- 6 PEP CENT. 
1 2 1  E X T R A P C L A T E C  P C l h T .  

E L A S T I C  D I F F E R E N T I A 1  CRCSS S E C T I C h  FCR P R O T O h  PRCTON. I T P B L E  1 1  

L A P O R A T O R Y  BEAM MOPENTUY = l 4 . e  GEV/C,. 

l G E V / C l * * Z  
PER C E N T  

. 0 0 0 I 2 1  

. C 6 6  8  

T  I S  T H E  MOHENTUM T R A N S F E R  B E T L E E h  T H E  I I h C O l l N G  P R O T C h l  ANC T H E  I O U T G O l N G  P R O T O N I .  

Ill P L U S  P O S S I B L E  S Y S T E C A T I C  ERROF O F  +- 6  PER CENT.  
( 2 1  E X T R A P O L A T E D  P O I N T .  

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C L  FCR P R C T C h  PROTOh. I T A B L E  1 1  

L A B O R I T O R Y  B E A V  P C V E L T U V  = 1 6 . 7  G E V I C .  

-1 D - S l C H b / O - T  
I G E V / C l * * 2  M B / I G E V / C 1 * * 2  1 1 1  

PER C E N T  
.OOOL2  I 92.2CO +- 5 . 5 0 0  
. 0 4 2  8 56.CCO 4 . 3 0 0  
. C 8 4  8  4 2 . 4 0 0  2 . 9 0 0  
- 1 6 1  8  2 4 . 4 2 0  . 5 8 0  
- 2 0 4  8 1 3 . 2 4 0  . t B O  

1 I S  T H E  NOHENTUN T R I N S F E R  B E T H E E N  TWE [ I N C C M I N G  P R O T O N 1  ANC THE I O U T G O l h G  P R O T U N l .  

Ill P L U S  P O S S I B L E  S Y S T E P A T I C  ERROR OF +- 6  PER CENT.  
C 2 1  E X T R A P O L A T E D  P C l h T .  

E L A S T I C  O I F F E R E N T I b L  CRCSS S E C T I C N  FCR P R O T O h  PRCTOL .  I T A B L E  1 1  

L A B O R A T O R V  BEAM MOMENTUM = 1 9 . t  G E V I C .  

-T  D - S l C H A / D - T  
I G E V / C l * + 2  M B / I G E V / C l * * 2  1 1 1  

PER C E N T  
. 0 0 0 1 2 1  9 6 . 5 0 0  +- 1.OOC 
. 1 1 5  8 2 5 . 4 C O  1 . 2 0 0  
. I 9 2  8  1 4 . 0 1 0  - 4 1 0  

T  I S  T H E  UOMENTUY T R A N S F E R  R E T I E E N  T H E  I I N C O M I N G  P R O T O N 1  ANC T H E  I C U T G C I N G  P R O T O N I .  

Ill P L U S  P O S S I B L E  S Y S T E P A T I C  ERROR O F  +- 6 PER C E N T .  
I 2  1  E X T R A P O L A T E 0  P C I L T .  



~ s T R D N G E - p A R T l c L E  P R O O U C T l O h  I N  1 0  C E b l C  P R C T C N - P R O T O h  P E A C T I C N S .  I N U C V O  C I V E N T C  5 1 D .  3 0 5  1 1 9 b 7 1 1  

S . O . H O L L G R E N I S . N I L S S C ~ ~ T . O L H E C E ~ ~ . Y ~ ~ C ~ G ~ ~  I S T C C K H C L V S  U L I V . .  S T C C K H O L N .  S H E C E N I  

A R S T R A C T  S T K D N G E - P ~ P T I C L E  P a o n u c T m  ~ k  1 0  G E V ~ C  PROTON-PROTON COLL IS ICNC H A S  e ~ ~ h  STUDIED. TH: FCLLOWING C F C S S  
S E C T I n N S  H t R E  O B T b I N E L  -- I S I G V A t  K O 1  = 1 2 3 9  +-  4 0 1  M I C R U B D R N S :  I S I G M A -  K O 1  = 1 4 4  +- 1 2 1  M I C R Q H A R N S :  I L I U R n b  
O I S I G V A - 0  K O 1  = 1 3 3 4  +- 4 4 1  P I C R C 8 D R N S  DNO ( K O  K O 1  = 1 2 0 4  +- 4 2 1  M I C R C B A R N S .  I N  T H E  F I N A L  S T A T E S  Y  N  K P I  D N n  Y N K  
P I  P I  T H C R t  I S  E V I O E N C E  F O F  P I C C U C l l f l N  O F  T H E  F O L L O W I k G  R E S O l l A N C E '  -- n i l  T b l l 7 1 A l .  I27 r -  91 P F Q  T F N T .  

I P E R C E N T A G E S  

C l T D T l O h S  
N U C .  P P Y S .  6 0 ,  2 0 9  1 1 9 6 4 1 s  C E R h  C C N F E P E N C E  2 4 7  ( 1 9 6 2 I ,  C E R N  0 5 0 2 .  N U O V U  C I M E N T C  4 0 ,  A 8 4 4  1 1 5 6 5 1  1 C E a h  TC 6 6 . 1 2 ,  B U L L .  
Dbl. P H Y S .  Si lC.  1 1 ,  3 6 0  1 1 9 6 6 1 ,  B L L L .  DM. P H Y S .  SOC. 11, 3 6 0  1 1 9 6 6 l ,  D N O  N U O V O  C I U E N T O  2 9 s  B  1 1 9 6 3 1 .  

A R T I C L E  R E D O  B Y  O C E T T E  B E L A k Y  I h  11/61.  D N C  V E R I F I E C  I Y  L E R O Y  P R I C E .  

B E A Y  I S  P R C T O N  O h  P R O T C N  A T  1 0  C E V I C .  

T H I S  E X P E R I M E N T  U S E S  T H E  S D C L C Y  8 1  C Y  ( H I  E U B B L E  CHDMRER. A  T O T A L  C F  8 3 0 0 C  P I C T U R E S  A P E  R E P O R T E D  Oh. 

K E Y  WORDS * C R C S S  S E C T I C N  C h G U L D R  O l S T R l B U T I O E i  Y b S S  S P F C T R U M  O E L T A l 1 2 3 8 )  ' h * l l 6 8 8 l '  Y * 1 1 3 8 5 1  
V t l l h h O I  S T R A N G E  F A Q T I C L E S  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L A B C R D T O R Y  P E D V  V C r E N T U r  = 1 0 .  C E V / C .  

R E D C T I O N  
P R O T C h  P R C T C N  - 

S I G M A +  
S I G M A +  
S I G M A +  
S I G M A +  
S I G M A +  
S I G M A -  
S I  GMA- 
s l c r e -  
L A U B O A  
L D M B C A  
L D M B C I  
L A U B D A  
L A M B O A  
L A M B O A  
P R O T O N  
P R O T O N  
P R O T O N  
P R O T O N  
P R C T C N  
P R O T O N  
S I G M A +  
P R O T C N  

P R O T O N  K C  
P R C T O N  KO P I 0  
N E U T R U N  K O  P I +  
P R O T O N  K O  P I *  P I -  
N E U T R O N  K O  P I +  P I +  P I -  
P R O T O N  K O  P I *  P I +  
P R O T O N  KO P I +  P I +  P I 0  
N E U T R O N  K O  P I +  F I +  P I +  
P R O T O h  K O  P I +  
P R O T O N  K O  P I *  P I C  
N E U T R O N  K O  P I *  P I +  
P R O T O h  K O  P I *  P I +  P I -  
P R O T U N  K O  P I +  P I +  P I -  P I 0  
N E U T R O N  K C  P I +  P I *  P I +  P I -  
P R O T O N  K O B D R  KO 
P R O T O N  K O  K O B D R  P I C  
P I +  K O B A R  K O  h E U T P O N  
P R O T U N  K O B A R  K O  P I +  P I -  
P R O T O N  K O E A R  K O  P I +  P I -  P I C  
N E U T R D ~  KOBDR K O  PI* FI+ PI- 
P R O T O N  K O  P I +  P I -  P I C  

F R O Y  T A B L E  1  A N D  P A G E  3 0 5 3  

M I C R C - B D R N S  NC. E V E N T S  

A  O E I C R I P T I O N  C F  F I N A L  S T D T E S  W I T H  T H R E E .  F O U R ,  ANC F I V E  P A R T I C L E S  I N  P P  I N T E R D C T I O N S  A T  28.5 G E V / C .  I B N L  1 3 6 1 1  1 1 9 6 9 1 1  

~ . E . E L L l s ~ ~ . ~ . M O R R I S 5 R . S . P D N V l ~ I ~ A ~ ~ . T H O R N C 1 K E  I B R O O K H A V E N  N A T .  LAB.,  U P T O N S  L. I . ,  h. Y.9 U S A 1  

C L C S E L Y  R E L A T E C  R E F E R E N C E S  
S E E  A L S O  B N L  1 2 6 7 3  I l S b B l r  L N O  P t V S .  REV. L E T T E R S  2 1 3  6 9 7  1 1 9 6 8 1 .  
T H I S  A R T I C L E  S b P E R I E C E S  P D R T  O F  B h L  1 1 9 8 0  1 1 9 6 1 1 .  

A C C I T l O h D L  C l T A T I C h S  
P H Y S .  REV. L E T T E R S  1 6 ,  8 5 5  1 1 9 6 t l .  P H Y S .  L E T T E R S  18, 1 6 7  1 1 9 6 5 1 .  P H Y S .  REV. L E T T E R S  1 7 ,  1 0 9  1 1 9 6 6 1 r  P H Y S .  R E V .  1 2 0 ,  
1 8 5 7  1 1 9 6 0 1 ,  P H Y S .  REV. 1 5 4 .  1 2 8 4  1 1 9 6 7 1 .  N U O V O  C I H E N T O  5 5 A .  6 6  1 1 9 6 5 1 .  P H Y S .  REV. 1 7 3 .  1 7 3  1 1 9 6 8 1 ,  N U C .  P H Y S .  8 5 ,  
1 6 5  1 1 9 6 8 1 ,  C E S Y  O E S Y  6 8 / 1 1  1 1 5 6 8 1 ,  A h 0  P t Y S .  REV. L E T T E R S  1 5 .  4 5  1 1 9 6 5 1 .  

4 R T I C L E  R E A C  BY O O E T T E  B E N D R I  I h  9 / 6 5 ,  D N O  V E R l F l E C  B Y  L E R O Y  P R I C E .  

B E D Y  1 5  P R O T O N  O N  P R O T O N  AT 2 8 . 5  C E V I C .  

T H I S  E X P E R I M E N T  U S E S  T t i  B.N.L. 8 0  I h .  I H I  B U B B L E  CHAMBER. A  T O T A L  O F  8 3 0 0 C  P I C T U R E S  ARE 

GENERAL CCHPENTS ON T n l s  PRTICLE 
1 E X C E P T  F O R  T H E  O N E  R E A C T I O N  G I V E N  B E L O W  T H E  28.5 G E V / C  R E S U L T S  G I V E N  I h  F I G U R E  1  ARE 

B N L  1 1 9 8 0  1 1 9 6 7 1 .  

K E Y  WCRCS - C R O S S  S E C T I O N  M A S S  S P E C T R U M  A N G U L A R  O l S T R l B U T T O h  O I F F E R E h T l b L  C R C S S  

C R C S S  S E C T I O N  F O R  P R G T C N  F F C T O N  - C E L T D I 1 2 3 B l + +  N E U T R O h .  I P D G E  5 1  
D E L T A 1  l Z 3 8 I + +  - P R O T O N  P I +  Ill 

[ T H I S  D A T A  R E P L A C E S  V A L L E S  G l V E h  E D R L I E F  I h  C C N N O L L Y  E l  DL., B N L  1 1 9 8 0  1 1 9 b 7 ) I  

I 1 1  U S E C  S I M P L E  M D S S  C U T .  



PP I N T t R A C T l O N S  AT 2  BEV. I. S I h G L E - F I C N  PROOUCTlOh.  I P h Y S .  REV. 1 2 5 ,  2 0 8 2  1 1 9 6 2 1 1  

wh .J .F ICKINGER [ Y A L E  U N l V . ,  N E h  t A V E h ,  CChh., USA, AN, EROOKtAVEk  NOT. LAB., U P T O N 9  L.1.. N. Y., U S A 1  
E.P ICKUP.D .K .RORINSON,EEO.SALANT IBRCOKHAVEN NAT. LAB.. UPTON. L.L., N. Y.1 U S b l  

<ACT 3 6 0 0  TWO-PRONGED EVENTS. C B T A I N E O  I N  PP I N T E R A C T I O N S  AT 2  BEY I N  THE BNL 2 0 - I N .  HYOROGEN BUBBLE CHAMBER. HAVE 
BEEN ANALYZED. CROSS S E C T I C N S  HAVE BEEN MEASURED FOR E L A S T I C  SCATTERING.  FOR THE TWO MODES OF S I N G L E - P I O N  PROOUCTlONs 
PP - P N  P I + ,  PP - P  P  P I O ,  AhC FOP STRANGE-PARTICLE PRODUCTION. THE BRANCHING R A T I O  FOR THE ThO ONE-PIC*  P R O D U C T I C l  
R E A C T I O N S  I S  S I G M A ( P  N  P I + )  / S I G M A I P  P  P I 0 1  = 4 . 1 7  +- 0.25. MOMENTUM D I S T R I B U T I O N S  AND 0 VALUES I N D I C A T E  T H A T  
S I N G L E - P I O N  PRODUCTION PROCEEOS ALMCST E N T I R E L Y  THPOUGH T H E  1 3 / 2 . 3 / 2 1  RESONANT STATE. THE OATA HAVE B E E h  CONSlDEREC 
IN T E R M S  OF THE E X T E ~ O E D  I S O B ~  YODEL AND A L S O  A ONE-PION EXCHANGE M o n t L  FOR PROOUCTION. THE RRANCHING R P T I O  AND 
MOMENTUM D L S T R I B U T I O N S  CAN BE E X P L A I N F C  BY I N C L U D I N G  A  SMALL EFFECT FROM THE I = 1 1 2  RESONANT STATE I N  A O D I T l O h  TO 
THE DOMINANT 1  = 3 1 2  RESCNANCE. T t E  C.M. ANGULAR D l S T R l B U T l o N  OF THE NUCLEOhS I h  S I N G L F - P I O N  PRi lOUCTlON SPOWS VERY 
MARKED BACKWALO-FORWARD P E I K I N G  I N O I C b T l N G  A  ONE-PION EXCHINGE MECHANISM. ABSOLUTE D I F F E R E N T I A L  CROSS SECTIONS AS A  
F U N C T I O N  OF LABORATORY K I N E T I C  ENERGY HAVE BEEN CALCULATED FRCY S E L L E R I ' S  EQUATION FOR THE P  N  P I +  REACTION. THERE I S  
GOOD AGREEMENT W I T +  T k E  CATA FOR LOW FOUR-NOYENTUM TRANSFERS IQ-SOUAPED < O . ~ ~ I B E V I C I - S O U A R E C I I  BUT FCP L I G b E P  
MOMENTUM TRANSFERS TPE T H E O R E T I C A L  CRCSS S E C T I O N S  ARE LARGER THAN THE E X P E R I M E N T A L  CROSS SECTIONS.  

C I T A T l C h S  
PHYS. REV. 9 7 .  1 1 8 6  1 1 9 5 5 1 ,  PbYS. REV. 1 0 0 ,  1 8 0 2  1 1 9 5 5 1 ,  PHYS. REV. 1 0 3 .  2 1 1  ( 1 9 5 6 1 .  PHYS. RFV. 1 0 7 ,  8 5 9  1 1 9 5 7 1 ,  
PHYS. REV. L E T T E R S  3. 5 6 8  ( 1 9 5 9 1 .  PHYS. REV. 1 0 3 .  1 4 8 4  1 1 9 5 6 1 ,  PRCC. I l F  THE ROYAL SOCIETY OF LONDON A 2 5 1 7  2 1 8  1 1 9 5 9 1 .  
PHYS. PEV. 1 2 3 .  1 4 6 5  ( 1 9 6 1 1 s  P+YS. REV. 1 2 3 1  2 1 6 0  1 1 9 6 1 1 .  PHYS. REV. 1 2 5 ,  2 0 9 1  1 1 9 6 2 1 .  PHYS- REV. 1 2 3 .  3 3 3  1 1 9 6 1 1 ,  
PHYS. REV. L E T T E R S  6 ,  6 4  1 1 9 6 0 1 .  UCRL 9 0 9 7  l 1 9 6 0 1 +  PRCC. OF T H E  ROYAL S C C l E T Y  CF LONDON P 2 5 1 ,  2 1 8  1 1 9 5 9 1 .  PHYS. REV. 
7 5 .  1 3 5 2  1 1 9 4 9 1 .  PhYS. REV. 9 4 ,  1 0 8 5  1 1 9 5 4 1 .  CERh CONFERENCE 1 9 5  1 1 9 5 6 1 ,  AND PYYS. REV. LETTERS 7 .  1 9 6  l 1 9 6 1 I .  

A R T I C L E  P E A 0  BY OOETTE BENAPY I h  6 / 6 7 ,  AND V E R I F I E C  BY LEPCY P R I C E .  

BEAY I S  PROTOh C h  PRCTCh I T  2.807 GEVIC.  

T H I S  EXPERIMENT USES T+E B.N.L. 2 0  I N .  I H I  BUBRLE CHAMBER. A  TOTAL OF 45OOC P I C T U R E S  ARE REPORTED Oh. 

K E Y  HOROS - CRCSS S E C T I C N  C l F F E R E h T l A L  CROSS S E C T I O N  MASS SPECTRUM ANGULAR O I S T R I B U T I O N  O E L T A l l 2 3 0 1  

LARCRATORY 8EAY MOMENTUM = 2 .807  + -  . 0 0 5  G E V I C .  

R E A C T I O N  
PROTON PRCTCh - 

E L A S T I C  
PROTON PROTON P I 0  
PRCTON NEUTRON P I +  
LAH0DA K +  PROTON 
CEUTERON P I +  + DEUTERON P l +  P I 0  

Y I L L I - B A R N S  NO. EVENTS 

Ill CORRECTED FOR S V A L L  AhGLE S C A N N l h G  LOSSES. 

MESON PRODUCTlON I N  FRCTON-PROTOP, C O L L I S I O N S  AT 2.85 BFV. I P H Y S .  REV-  1 2 6 ,  7 4 7  1 1 9 6 2 1 1  

E - L ~ H A R T ~ R . L . L O U T T I T ~ D . L U E R S ~ T T ~ ~ P C R R I S ~ W . J . N ~ L L I S S . S Y A M A M O T @  I B R O O K H A V E h  NAT. LAe.9 UPTON*  L . I . 9  N. Y., U S A 1  

ABSTRACT MEASUREMEhTS HAVE eEEh PACE C h  7 5 3  FOUR-PRONG EVENTS O B T A I N E C  B Y  EXPOSING THE BROOKHAVEN N A T l O h A L  LABCPATCRY 
2 0 - I N .  L l O U I D  HYDROGEN BUBBLE CHAMBER TO 2.85-BEV PROTONS. THE P A R T I A L  CRCSS SECTIONS CBSERVEO FOR M U L T I P L E  MESON 
PRODUCTION REACTIONS ARE -- P P + - I P P  - P P  P I +  P I - l r  2.67 +- 0.13: PN++-9 1.15 +- 0.09: PP+-0. 0 . 7 4  +- 0.07: O++-, 0 . 0 6  
+- 0.02: FOUR OR MORE MESOh P P C C u C T I C h ,  0.04 +- 0.02, A L L  I N  Ms. P R o D I J C T l c h  OF THO MESONS I P P E A R S  TO CCCUR M A I N L Y  I N  
PERIPHERAL C O L L I S I O N S  W I T H  R E L A T I V E L Y  L I T T L E  MOMENTUM TRANSFER. I N  CASES OF THREE-MESON PRODUCTION. HOWEVER, THE 
PROTONS ARE T Y P I C A L L Y  OEFLECTEC AT LARGE ANGLES ANC APE MORE STRONGLY DEGRADED I N  ENERGY. THE 3 / 2 1  3 1 2  PION-NUCLEON 
RESONANCE DOMINATES THE I N T E R A C T I O N :  THERE I S  SDME I N C I C A T l O N  THAT ONE OR BOTH OF THE T  = 1 / 2 9  P ION-NUCLEON 
RESONANCES ALSO PLAY A  PbRT.  T+E RECENTLY OISCOVEREO RESONbNCE I N  A  T  = 0 .  TWREE-PION STATE APPEARS TO BE PRESENT I N  
THE P P I - 0  REACTION.  RESULTS ARE CCMFAREC H l T h  THE P R E C I C T I O N S  OF T h E  I S O B A R I C  NUCLEON MODEL OF STERNHEINER ANC 
L l N D E N B A U M ,  AN0 W I T H  THE S T A T I S T I C A L  MODEL OF CERULUS AND HAGEDORN. THE CPOSS S E C T I O N  FOR THE R E A C T I O N  P I 0  P  - P I +  
P I -  P  I S  O E R I V E D  U S I N G  AN EXPPESSLOL FRCM T H E  OVE-P ION EXCHANGE MODEL OF OPELL. 

CLOSELY RELATED REFERENCES 
SEE ALSO PHYS. REV. 1 2 3 .  1 4 6 5  1 1 9 6 1 1 s  AND PHYS.  REV. 1 2 3 ,  Z l 6 C  1 1 9 6 1 1 .  

A C C L T I O N A L  C I T A T I O N S  
PHYS. REV. 1 0 3 .  2 1 1  1 1 9 5 6 1 .  PHYS. REV. 1 0 7 ,  8 5 9  l 1 9 5 7 1 .  P H I S .  REV. L E T T E P S  3 ,  5 6 8  1 1 9 5 9 1 ,  UCRL 9 4 9 7 ,  P t Y S .  RFV. 
L E T T E R S  5 ,  3 3 3  1 1 9 6 0 1 ,  P t Y S .  REV. 1 0 3 .  1 4 7 9  1 1 9 5 6 1 ,  PHYS. REV. 1 0 3 ,  1 4 8 4  1 1 9 5 6 1 .  PHYS. REV. 1 0 3 ,  1 4 4 3  l 1 9 9 9 1 r  P H I S .  
REV. 1 1 8 ,  5 7 9  1 1 9 6 0 1 ,  R U L L .  AM. PHYS. SOC. 6 ,  3 0 2  1 1 9 6 1 1 .  PHYS. REV. 1 2 5 .  2 0 9 1  1 1 9 6 2 1 .  PLYS. REV. 1 2 5 ,  2 0 8 2  1 1 9 6 2 1 ,  
PHYS. REV. 1 2 3 .  3 3 3  ( 1 9 6 1 1 1  PHYS. REV. L E T T E R S  5 ,  2 4  1 1 5 6 0 1 .  ROCHESTER CONFERENCE 2 0 5  ( 1 9 6 0 1 .  PHYS. REV. 9 4 s  I 0 8 5  
1 1 9 5 4 1 .  PHYS. REV. 9 5 ,  l 5 B C  ( 1 9 5 4 1 .  PHYS. REV. 1 0 5 ,  1 8 7 4  ( 1 9 5 7 1 .  C E R h  5 9 0 8 / T C . 1 3  1 1 9 5 9 1 ,  PROGRESS I N  T H E n R F T l C A L  
PHYSICS.  JAPAN 5 .  5 7 0  1 1 9 5 0 1 s  PVYS. REV. 9 2 1  4 5 2  1 1 9 5 3 1 ,  PHYS. REV. 9 3 ,  1 4 3 4  1 1 9 5 4 1 .  PHIS .  REV. LETTERS 5 1  3 4 2  1 1 9 6 0 1  
PHYS. REV. 1 1 3 s  1 6 4 0  1 1 9 5 9 1 .  R E V I E h  C F  S C I E N T I F I C  INSTRUMENTS 3 2 .  1 1 1 6  1 1 9 6 1 I r  UCRL 9 0 9 7 1  BERKELEY CONFERENCE 1 1 7  
1 1 9 6 0 1 .  PHYS. REV. 1 0 1 .  7 9 6  1 1 9 5 6 1 ,  PHYS. REV. L F T T E R S  b y  6 2 8  1 1 9 6 1 1 .  PLVS.  REV. L E T T E P S  7, 1 9 2  1 1 9 6 1 1 ~  PHYS. REV. 
L E T T E R S  6 .  6 2 4  1 1 9 6 1 1 r  P t Y S .  REV. L E T T E R S  7 ,  1 7 8  1 1 9 6 1 1 ~  ANO PHYS. REV. L E T T E R S  7 ,  3 2 7  1 1 9 6 1 1 .  

A R T I C L E  REAC BY OCETTE BENARY I h  6 / 6 7 ,  AND V E R I F I E C  BY LEROY PRICE.  

BEAM I S  PROTON ON PRCTON AT 3.67 GEVIC.  

T H I S  E X P E R I P E N T  USES T t E  B.N.L. 2 0  I h .  ( H I  B U B B L E  CHAMBER. C TOTAL OF 8 6 6 5  P I C T O R E S  ARE REPORTED Ch. 

K E Y  WORDS - CROSS S E C T I O N  M b S r  SFECTRbY ANGULAR D l S T R l B U T l C h  C E L T 4 1 1 2 3 8 1  MOOELS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

[FROM PAGE 7 5 0  ANC T 4 B L E  I 1  

LABCRATORY EEAV MOMENTUY = 3.67 GEV/C +- 1 .6 lPER CENT) .  

R E A C T I O N  
PROTOh PROTON - 

TOTAl  

PROTCN NEUTRON P l r  P I +  P I -  
PROTON PRUTOk P I *  P I -  P I 0  
CEbTERON P I +  P I +  P l -  

M I L L I - B A R N S  hC. EVENTS 

1 1 1  ERROPS ARE S T A S T I C A L  ChLY.  



PPOTON-PROTON I N T E R A C T I C N S  AT 1.5 BEV. LPHYS. REV. 1 0 3 ,  1 4 7 5  1 1 9 5 6 1 1  

W.B.~OULER,R.P.SH~TT,A.~.THORNClKE,W.L.~HITTEMORE t E R C W H A V E N  .AT. LAG., U P T D h ,  L.I., N. Y . ,  U S A 1  

AESTRACT 1 5 2  I N T E R A C T I O N S  OF 1.5-BEY PROTONS HAVE BEEN OBSERVE0 I N  A  HYORCGEN-F ILLED O I F F U S l O h  CLOUD CHAMBER. T H E  DATA 
I N D I C A T E  AN t L A S T l C  CPOSS S E C T I O N  OF 2 0  M I L L I B A R N S .  WITH ABOUT 2 2  M l L L l G A R N S  CROSS S E C T I O N  FOR S I N G L E  P I O N  PROOUCTION 
AND 5  M I L L I B A R N S  FOR DOUBLE P l O h  PPCDUCTICN.  MOST S I N G L E  P I O N  PRODUCTION CASES ARF P P  - P N P I * .  NO O E F l N l T E  CASES OF - D P I +  OR - P P  P I 0  WERE CBSERVEO. THE M E D I A N  E L A S T I C  SCATTERING ANGLE I S  2 4  CEG. I N  THE C.M. SYSTEM. I N E L A S T I C  
EVENTS HAVE P I O N S  E M I T T E D  I S O T R O P I C A L L Y  W I T H  LOW MOMENTA, NUCLEONS E W I T T E O  NEAR 0  OEG. AND 1 8 0  OEG. W I T H  H I G H  
MUPtNTA. THE AVERAGE R E L A T I V E  ENERGY 10 VALUE)  FOP THE P. P I +  P A I R  I S  1 5 4  YEV. 

PHYS. REV. I C 3 ,  1 4 7 2  1 1 9 5 6 1 ,  P H I S .  REV. 1 0 3 ,  1 4 8 4  1 1 9 5 6 1 ,  PkYS.  REV. 1 0 3 ,  1 4 8 9  1 1 9 5 6 1 .  R E V I E H  OF S C I E N T I F I C  
INSTRUMENTS 2 5 1  9 9 6  1 1 9 5 5 1 .  PkVS.  REV. 9 7 ,  7 9 7  1 1 9 5 5 1 .  PHYS. REV. 9 5 ,  6 6 3  1 1 9 5 4 1 .  PHYS. REV. 1 0 3 ,  2 1 2  1 1 9 5 6 1 .  PHYS. 
REV. 9 2 ,  4 5 2  1 1 9 5 3 ) .  PHYS. REV. 43. 1 4 3 4  1 1 9 5 4 1 1  P k Y S -  REV. 9 4 1  1 0 0 5  1 1 9 5 4 1 ,  AN0 PHVS. REV. 9 5 ,  1 5 8 0  1 1 9 5 4 1 .  

ART ICLE  R E A D  e r  O G E T T E  BENAPY IN 3 / 6 1 .  ANC VERIFIED B Y  L E R O Y  PRICE. 

REAP I S  PROTCN ON PROTON AT 2.25 G E V I C .  

THIS EXPERIMENT U S E S  A CLOUD C H A M B E R .  A r c r a L  OF  1 5 6 0 0  PICTURES A ~ C  R E P O R T E O  oh .  

K E Y  HORCS - CROSS S E C T I C N  C l F F E R E N T l b L  CSOSS S E C T I C h  ANGULIR C l S T R l B U T l O h  

[FROM PACE I 4 8 0  AND PAGE 1 4 0 1 1  

LABCRATORY EEA* MCYENTUV = 2.25 *- . 3 0  GEVIC.  

R E A C T I O N  
PROTOh PRCTON . 

TOTAL 

E L A S T I C  
T O T A L  I N E L A S T I C  

M I L L I - B A R h S  NT. EVENTS 

I l l  VALUE I S  A P P R C X l b A T E  CLLY.  

E X P E R I M E N T A L  I N V E S T I G A T I U N S  CF THE NUCLEON-NUCLEON I N T E R A C T I O N  AT 6 C C - 6 5 0  ME,. [REV. WOO. FHYS. 3 9 .  5 0 9  1 1 9 6 7 ~ 1  

Y.Y.KAZbRINOV C J C I N T  I N S T .  FCR LUCL. RESEARC?. OUBNA. USSR1 

ABSTRACT THE UPPER BOUNDARY OF T b E  U h A Y B l G U D U S  PHASE-SHIFT  I N A L Y S I S  AS I S  KNOWk, I S  AT 3 1 0  MEV. ABOVE THE u E S n N  
PRODUCTION TkRESHOLO T H I S  U N A Y B I G U I T Y  I S  ABSENT. I N  THE RANGc FROM 6 0 0 - 6 5 0  MEV WHERE THE P H Y S I C I S T S  OF OUR LARORATORY 
HAVE WORKED D U R l h G  RECENT VEAPS T H E  S C A T T E R I N G  AMPLITUDE HAS BEEN D E T E R M I N E 0  AVBIGUOUSLY A h 0  NOT VERY R E L I A B L Y .  I N  
T H I S  CONNECTION A L L  THE EXPERLMEhTS FCR STUOYING NUCLEON-NUCLEON S C A T T E P I N C  B E I N G  C A R R I E D  OUT AT OUR L IEORATORY HAVE 
T k O  PURPDSES -- F I R S T ,  THE 4ORE ACCURATE O E T E R M I N b T l O h  AN0 lMPROVEWCNT CF THE PHASE-SHIFT  A N A L Y S I S  ANC SECOND. T H E  
O I S C R I M l N A T 1 O N  OF THE O B T A I N E L  P P P S E - S H I F T  S E T S  FOR T H E  D E T E R M I N A T I O N  OF THE MOST PROBABLE SET OF THEW. VY REPORT I S  
A  SHORT SURVEY OF SOYE OF EXPERIMENTS PERFOPMEO U l T H  THE ABOVE PURPOSE AT CUeNA I h  RECENT YEARS. 

C i T A T l O N S  
PHYS. REV. 1 0 5 ,  2 8 E  1 1 9 5 7 1 .  N U O I O  C l M E N T O  4 3 A s  7 0 9  1 1 9 6 6 1 ,  S O V I E T  JNP 2  6 3 6  1 1 9 6 6 1 .  UCRL 1 1 4 4 0  1 1 9 6 4 1 ,  ANNALS OF 
P H Y S I C S  7. 6 5  ( 1 9 5 9 ) .  NUOVC C I M E N T O  8 ,  2 6 5  1 1 9 5 8 1 ,  AND J E T P  1 5  5 4 2  1 1 9 6 4 1 .  

A R T I C L E  READ BY OOETTE eENARY I h  1 / 6 5 .  AND V E R I F l E C  BY LERCY PRICE.  

B E A F  NO. I I S  PPCTOh ON W O R O G E h  COCPCUNO AT 1 . 2 6 3  GEVIC. I B E A M  K I N E T I C  ENERGY = . 6 3 5  GEVI  I B E A V  I S  P C L A P I l E D  4 2  PEP 
CENT INORMAL TG THE BEAV O I R E C T I O N I .  
NO. 2 I S  PRCTON ON OEUTERIUY CCMPOUNC AT 1 .225  GEVlC .  I B E A M  K I N E T I C  ENERGY = .6O5 GEVI  I R E A H  I S  P O L A R I Z E D  3 4  PER 
CENT INORMAL 1 0  THE BEAW C I R E C T I C N J .  

T H I S  € X P S R I V E N T  USES CCLNTERS. 

K E Y  WORDS - P O L A R l Z A T I O h  

E L A S T I C  P O L D R I Z A T I C N  FCR PROTCh PRCTON. I T A B L E  1 1  

LABORATURV BEAM ENERGY = - 6 3 5  GEV. 

THETA 
DEGREES 

21.6C +- 1.25 

THETA I S  THE ANGLE T P A T  THE PROTON MAKES h L T H  THE BEAM I N  THE GRANC C.M. 
THE P O L A R I Z A T I O N  I S  OF THE PRCTOh ALONG THE NORMAL TO THE PROCUCTION P L A N E  I N  THE GRbNC C.H. 



E L A S T I C  P O L A R I Z A T I C N  FCR FROTCN NEUTROh.  I T A B L E  2 1  

LABORATORY BEAP ENERCY = . t o 5  CEV. 

THETA 
DEGREES 

7 0 .  
9 0 .  

1 2 5 .  

P C L A R I Z A T  I O N  

THETA I S  THE ANGLE THAT THE TARGET YAKES WITH THE EEAV I N  THE GRANO C.M. 
THE P O L A R I Z A T I O N  I S  OF THE NEUTRON ALCNG THE NORZAL TO THE PRODUCTION P L b N E  I N  THE GRANC C.M. 

E X P E R I M E N T 4 L  RESULTS ON PROTOk-PROTOh I N T E R A C T I O N S  &T 10 G E V K  M l T H  S I X  CHARGEC P A R T I C L E S  I N  1.E F1N.L STATE.  < N U O W  
C I M E N T O  5 7 A t  2 0  1 1 9 6 8 1 1  

S.C.HOLMGREh~S.NILSSOh~TTCLHECE~NkYAWCAGNI ISTOCKHOLMS UNIV..  STOCKHCLM, S h E O E h l  

ABSTRACT H I G H - M U L T I P L I C I T Y  PROTCh-PROTON REACTIONS A T  1 0  GEV/C HAVE BEEN STUDIEC.  I N  THE A N P L Y S I S  OF 1 9 3 7  EVENTS T H E  
FCLLOWING RESULTS WERE O B T d l N E C  -- R E A C T I O N  1 1 1  PP - PP P I +  P I +  P I -  P I - ,  S I G U A  = 10 .46  r- 0 .041  ME. 1 2 1  PP - PP P l t  
P I +  P I -  P I -  P I G .  SIGMA - lC.69 *- 0 . 0 5 1  YR. 1 3 1  PP-  PN P I +  P I +  P I +  P I -  P I - .  SIGMA = 10.54 r- 0 .041  MB. 1 4 1  PP - > 1 
NEUTRAL P A R T I C L E .  S IGMA = 10.76 +- 0 . 0 5 1  ME. THE F R A C T I O N  OF D E L T A + *  - P P l t  I S  0.64 r- 0.16 I L  CHANNEL Ill. 0.60 
+- 0 .12  I N  I 2 1  AND 0 .48  +- 0.09 I N  131 .  THEPE I S  E V I C E N C E  FOR P R O O U C T l n N  OF D E L T A + + I l 9 2 O I  - P  P I +  I N  R E A C T I O N  1 3 1  AND 
D E L T A + ( l 9 2 O I  . P P I 0  I N  R E A C T I O h  ( 2 1 .  NO S I G N I F I C A N T  E V I D E N C E  FOR OTHER BARYON RESONANCES. MESON RESONANCES OP DOUBLE 
l S O B 4 R  PRCDUCTION h A S  FCLhC.  

C I T  DT I O N S  
PHYS- REV. 1 2 5 1  2 0 9 1  1 1 9 6 2 1 ,  P H I S .  REV. 1 2 6 ,  7 4 7  1 1 9 6 2 1 1  PHYS. L E T T E R S  2 1 .  3 5 1  1 1 9 6 6 1 .  LHYS. REV. 1 3 8 ,  8 9 1 3  1 1 9 6 5 1 s  
PHYS. L E T T E R S  1 9 ,  3 1 1  1 1 9 6 5 1 .  PHYS. LETTERS 1 4 ,  1 6 4  1 1 9 6 5 1 ,  CERN TH.708 ,  REV. MOD. PCYS. 3 9 1  1 1 1 9 6 7 1 .  PHYS. REV. 
L E T T E R S  1 8 ,  8 9  1 1 9 6 7 1 .  CERh TC 6 7 - 1 ,  AND PHYS. REV. 1 2 0 ,  3 0 0  1 1 9 6 0 1 .  

A R T I C L E  REAO BY OOETTE BENARY I h  1 / 6 9 .  AND V E R I F I E C  BY LERCV P R I C E ,  

BEAM I S  PROTO* CN PROTCN AT 1 0  GEVlC .  

T H I S  EXPERIMENT USES THE SACLAY 8 1  CP ( H I  BUeRLE CHAMBER. A  TOTAL OF 8 2 0 0 0  P I C T U R E S  ARE REPORTED ON. 

K E Y  h0RDS - CROSS S E C T I C N  l N G U L b R  D I S T R I B U T I O N  MASS SPECTRUM D E L T A l l 2 3 8 1  O E L T A t l 9 2 O I  
STRANGE P A R T I C L E S  

[ T A B L E  2 1  

REACT I O N  
PROTON PRCTON - 

PROTON PROTON F I *  P I -  P I +  P I -  
PROTCN PROTON F l +  P I -  P I 0  P I +  P I -  
PROTON NEUTRON P I +  P I +  P i -  P I +  P I -  

M I L L I - B A R N S  hC. EVENTS 

P P  I N T E R A C T I O N S  AT 2  BEV. 1 1 .  M U L T I P L E - O I O K  PROOUCTION. IPHYS.  REV. 1 2 5 .  2 0 9 1  1 1 9 6 2 1 1  

E . P I C K U P ~ O . K . R O B I N S O N ~ E . U . S A L A N T  IBRCOKHAVEN N4T. LAR., UPTONt  L.I., N. Y.r U S D l  

STRACT ANALYSES HAVE BEEN MADE FOP 8 7 1  FOUQ-PRONG EVENTS AN0 4 6 3  TWO-PRONG EVENTS CORRESPONDING TO P U L T I P L E  P I O N  
PRODUCTION,  RESULTING FRCM PP I N T E R A C T I O N S  AT 2 REV I N  THE BNL 2 0 - I N .  HYCROGEN BUBBLE CHAMBER. CROSS SECTIONS HAVE 
BEEN O B T A I N E D  FOR ALL  TPE CBSEPVABLE COUBLE 4 h O  T R I P L E  P I O N  PROOUCTION PROCESSES: THE BRAhCHING R A T I O S  PREOICTEC B Y  
THE EXTENDED ISOBAR UOOEL ARE SHCHN TO e E  I N  F A I R  AGREEMENT H I T h  THE 0 4 1 1 ,  BUT THERE ARE S I G N I F I C A N T  DIFFERENCES.  THF 
C.M. MOYENTUM O I S T R I B U T I O N S  ARE A L S C  I N  F A I R  AGREEMENT h l T H  THE P R E D I C T I C N S  CF THE MODEL, ALTHOUGH THERE ARE 
A M B I G U I T I E S  I N  T H E  I h T E R P R E T A T I O N .  T k E  PIOIU-NUCLEON 0 VALUES G I V E  CLEAR E V I D E N C E  FOR THE IMPORTANCE OF THE l 3 / 2 , 3 / 2 1  
RESONANT STATE I N  M U L T I P L E  P l O h  FROObCTION,  BUT C O N S I D E R A T I O N  OF T H l S  S T A T E  ALONE DOES NOT PROVIDE AN E X P L A N A T I O N  OF 
THE FEATUPES OF DOUBLE P l O h  PRODUCTlOh.  SOME C C N T R l B U T l C N  FROM ANCTHER STDTE.  P O S S I B L Y  THE 1  = l l 2  NUCLEON ISDBAP.  I S  
N tCESSARY.  I n  DOUBLE P R O t U C T l O h ,  T H E  C.P. ANGULAR O l S T R I B U T l O N S  OF THE NUCLEONS SHOW BACKNARD-FORUARO P E A K I N G  
SUGGESTIVE OF A  ONE-PION EXCHANGE PROCESS. THE ANGULAR D I S T R I B U T I O N S  OF T P E  hUCLEONS FROM T R I P L E  PRODUCTION ARE 
ALYCST I S O T R C P I C .  

C L O S E L Y  RELATED REFERENCES 
C O N T I N U A T I O N  OF PREVIOUS E X P E R I F E h T  I N  PHYS. REV. 1 2 5 .  2 0 8 2  I L 5 6 2 I .  

A O C I T I O N A L  C I T A T l G N S  
PHIS .  REV. 1 0 3 ,  1 4 8 4  1 1 9 5 6 1 ,  UCRL 9 0 9 7 ,  PHYS. REV. 123. 3 3 3  1 1 9 6 1 1 ,  PHYS. REV. LETTERS 5 ,  3 4 2  1 1 9 6 0 1 ~  PHYS. REV. 
L E T T E R S  5 .  3 7 7  1 1 9 6 0 1 ,  PHYS. REV. L E T T E R S  7 ,  1 9 2  1 1 9 6 1 1 .  PHYS. REV. L E T T E R S  7 1  1 7 8  1 1 9 6 1 1 ,  NUOVO C l M E N T O  1 6 ,  3 8 8  I 1 9 6 0  
ANC PHYS. REV. L E T T E R S  7 ,  4 2 1  1 1 9 6 1 ) .  

A R T I C L E  REAO BY OCETTE BEhARY I h  6 / 6 7 .  ANC V E R I F I E C  BY LEROY P R I C E .  

B E A P  I S  PRCTON Ch PRCTDN bT i .PO7 GEVIC.  

T H l S  EXPERIMENT USES THE 8.h.L. 2 0  I h .  I H I  B L B B L E  CHAMBER. 

K E Y  WORDS - CROSS S E C T I C N  bhGULdQ O I S T R l i % U T l n N  MASS SPECTRUM D E L T A 1 1 2 3 8 1  

l T A B L E  1 1  

LABORATORY 8E4V UCUENTUP = 2 . e O l  + -  . 0 0 5  GEV/c .  

R E A C T I O N  
PROTOk PRCTON - 

PRCTCN PROTCN P I +  P I -  
PROTON PROTON P I C  P I 0  + PRCTON PROTOh P I 0  

P I 0  P I G  
PROTON NEUTRON P I +  P I 0  + PRCTCN NEUTRON 0 1 1  

P I C  P I 0  
NEUTRON NEUTRON P I +  P I +  + hEUTRON NEUTRON 

P I +  D l +  P l "  . . .. 
PROTCN PROTON P I +  P I -  P I 0  
PROTON NEUTPON P I +  P I +  P I -  
PROTON NEUTRON P I +  P I +  P I -  P I 0  
PROTON PROTON P I +  P I -  P I C  P I C  

M l L L I - B A R N S  NO. EVENTS 

2 .5100  +- . I 4 0 0  6 8 1  

. 9 2 0 0  . I 0 0 0  7 6  

4 . 0 7 0 0  - 2 1 0 0  3 3 6  

DEUTERON P I *  P I +  P I -  + OEUTERON P I +  P l t  P 1 -  



ANALYSIS OF + GEV/C. PROTO. PPCTCN INTEkACTlONS.  11. ThREE P I C N  PRODUCTICN l k  I P P I  IkTERbCTIONS.  [S IENNA CCNFFRFhmCF 1  
3 4 8  1 1 9 6 3 1 1  

J . K 1 0 D ~ S . P A T T I ~ A . S I C H I R C L l C ~ G . V E G N I  I U N I V .  0 1  V lLANOs VILANC.  I T A L Y 1  

CLOSELY RELATEC REFERENCES 
SEE ALSO PHYS. LETTERS 1 6 .  7 5  1 1 9 6 5 1 .  
DATA SUPERSFCtD BY hLCVC CIMENTC 5 8 b ,  1 7 5  1 1 9 6 8 1 .  

AOCLTIONAL C l T b l l C h S  
PHYS. REV. 1 2 5 1  2 0 9 1  ( 1 9 6 2 1 ,  PPYS. REV. LETTERS 9, 1 3 3  1 1 9 6 2 1 ,  AND PHYS. REV. 1 2 b v  7 4 7  1 1 9 6 2 1  

PRTICLE REbC BY OCETTE PEhAFY I h  4 / 6 7 ,  AND V E R l F l E O  BY LEROY PRICE.  

BEAV I S  PRCTCN Oh PROTOh 4 '  4  [ E V I L .  

T H I S  EXPERIMENT USES THE SALLLY 8 1  CY I H I  eUe8LE CHAMBER. 

KEY HORCS CROSS SECTION MASS SPECTRUI  D E L T A l l 2 3 8 1  OHEGA17831 

LPBCRATCYY EEAY PCYENTUI  = 4. GEVIC. 

I T H I S  OATA SHUULO NOT 8E USEC - MCRE RECENT VPLUES MAY RE FCUNO I N  B C D I N l  ET AL., NUOVO CIHENTO 5 8 4 1  1 7 5  1 1 9 6 8 1 1  

REACTION 
PROTCh PRCTCN - 

PROTON PRUTON P I +  P l -  
PROTGN NEUTRON P I +  P I -  P I *  
PROTON PROTON P I *  P I -  P I O  

V I L L I - 8 A R h S  1 1 1  hC. EVFNTS 

2.89 +- . I 5  2 5 9  
1.33 .08 1 2 0  

.83 .05 7 4  

L 1 1  ERRORS ARE STASTICAL C N L I .  

CROSS SECTION FOR PROTON PRCTCh a PRCTCN PROTON CHEGA17831.  (PAGE 3 6 8 1  

I AUTHORS OUOTE AN ERROR OF +-.06 ON LOhER L I M I T  I 

LABORATORY 
eEbM HOPEhTUH 

GEVIC H l L L I - B A R N S  NO. EVENTS 

PP - PP P I +  P I -  INTERACTIChS AT 8.1 G E V / C  INUC. PeYS. 857 1 6 5  I 1 9 6 8 1 1  

G . K A Y A S , J . L E G U Y A C k L . n . S E N E v T ~ P P Y I D U  CUNIV. OE PARIS.  FAG. OES SCI.. ORSAY, F R A h C E l  
J . A L I T T L . N . T . D I E V . G . S M A D J A ,  J -61KESTET,0 .MdNESSE,TTb.4Nb ICNTR.  D'ETUOES NUC. SACLAY. GIF-SUR-YVETTE, FRANCE1 

ABSTRACT AT 8  GEVIC. TbE CROSS SECTION FOR THE REACTlGN PP PP P I +  P I -  I S  12 .46  +- 0.11 MB. WE OESCRleE THE 
PRCDUCTION OF HELL KhCWh RESONAhCES -- D E L T A r r l l 2 3 6 1 ,  DELTA 0 1 1 2 3 6 1 ,  N * 1 1 5 2 5 1 ,  N t l l b 8 8 1 .  THE PPESENCE OF THE 
P I 1 1 1 4 7 0 1  RESONANCE I S  A l S C  OISCUSSEO. 

C l l 4 T I O N S  
PHYS. LETTERS 1 8 ,  I 6 7  1 1 9 6 5 1 s  PHYS. REV. LETTERS 1 1 ,  7 8 9  1 1 9 6 6 1 ,  PHYS. REV. LETTERS 1 6 ,  8 5 5  1 1 9 6 6 1 ,  NUOVO CIMENTO 4 8 1  , 
9 0 9  1 1 9 6 7 1 .  PHYS. REV. LETTERS 1 7 ,  8 8 6  1 1 9 6 6 1 .  PHIS.  REV. LETTERS 13, 1 6 9  1 1 9 6 4 1 ,  NUOVO CIMENTC 50A. 1 0 0 0  1 1 9 6 7 1 ,  
REV. HOD. PHYS. 3 9 1  1 1 1 9 6 7 1 .  A h 0  DUehA CCNFERENCE 1 1 2 7  1 1 9 6 4 1 .  

A R T I C L E  READ BY OCETTE BENbRY I h  1 / 6 9 ,  A h 0  V E R I F I E D  8Y LEROY PRICE. 

8EAY I S  PROTON Oh PROTCN AT 8 - 1 1  GEVIC. 

T H I S  EXPERIMENT USES THE CERN 2 Y  I H l  BUBBLE CHAMBER. A  TOTAL OF 6 0 0 0 0  PICTURES ARE REPORTED ON. 

KEY WCRDS - CROSS SECTION MPSS SPECTRUM MODELS D I F F E R E N T I A L  CRCSS SECTION F l T S  DENSITY MATRIX 
O E L T A 1 1 2 3 8 1  N * [ 1 5 2 0 1 0 1 3  ' N I 1 1 6 8 8 1 '  N t l l 4 7 0 1 P l l  

COMPOUNC KEY UORCS - F l T S  C I F F E R E N T I A L  CROSS SECTION 

[FROM PAGE 1 7 2  ANC PAGE 1 7 1 1  

LPBORPTORY eE4W MCPENTLY = 8.11 +- .08 GEVIC. 

REACTION 
PROTOh PROTON - 

PROTCN PROTON P I +  P I -  
PROTCN PROTON RHO17651 

R H O 0 6 5 1  - P l +  P I -  Ill 

I 1 1  F I T T E D  C l S T R l E U T l O N  WITH F l X E C  MASS AND WIDTH AN0 TOOK EVENTS ONLY ABOVE I F I T T E O I  BACKGRCUND. 

[ T A B L E  1 1  

LABCRATCRY FEA* YCMENTUP = 8.11 +- .08 GEv/C. 

PROTOh 
REACTION 

- . - -~  - - .  
L T A l l 2 3 8 1 C  - PROTCL P I .  

FA1 l Z I 8 I * +  N * l l 5 2 0 l C  
L T A I 1 2 3 B L + +  - PRCTOh P  
l l 5 2 0 l 0  - PROTON P I -  I: 

CELTPI  L Z 3 8 l + +  'N*I 1 6 B 8 1 C 0  
O E L T A l l 2 3 8 1 + +  - PRCTOL P I +  I 2 1  
' N * l l b B B I O '  - PROTOh P I -  I 2 1  

PRCTCN ' N * l l 6 8 8 1 + '  
' N * l l b 8 8 > + '  - O E t T A l 1 2 3 8 1  P I O N  

I 1 1  PLUS P O S S l 8 L E  SYSTFPATIC ERRO. 
I 2 1  F I T T E G  C l S T R I B U T l O h  WITH F l X E C  M l S S  bNC Y l O T H  AND TOOK EVENTS ONLY ABOVE I F I T T E O I  BACKGROUND. 



TWO AN0 THREE P I O h  PRCOUCTION 1 h  PP C C L L I S I O N S  AT 6.92 GEVIC.  I W E I Z M A N h  I N S T  REPORT 1 1 9 6 9 1 1  

G ~ Y E K L T I E L l r S . T O A F F ~ A . S C A P I R L ~ E ~ E E R O R b T i L . L Y C N S 5 Y Y E I S E W B E R G . C b M E L  I Y E I Z M A N N  I N S T .  OF 5 C l . v  RFHnVOTH. I S R A E L I  
A ~ F R I D H ~ N ~ G . M A U R E R ~ J . O U O E T T E . S T R U H ~ C . V @ L T O L ~ ~ ~ P . C U E R  [CENTRE DES RES. NUCLEAIRCS.  STPASBCUPGI FRANCE1 
J.GRUNHAUS I U N I V E R S I T Y  CF T t L - A V I V .  T E L - P V I V .  I S R A E L I  

ABSTRACT CROSS SECTIONS ARE G l V E h  FOR THE V A I N  PROCESSES C O N T R I B U T I N G  TO THE F I N A L  STATES PP P I +  P I - ,  PP  P l r  P I -  P I C  
AND P  N  P I +  P I +  P I - .  I N  A L L  R E A C T I O N S  N * 1 1 2 3 8 1  I S  OHSERVED TO BE STRONGLY PRODUCED. FOR THESE THPEE R E P C T l n N S  T t E  
BARYONS ARE STRONGLY F O R ~ A P O I B A C K U A R O  PEAKED I N  THE CENTER OF MASS. THE R E A C T I O N  PP . N * I 1 2 3 B l + +  P P I -  HAS RPEN 
E X A Y I N E D  I N  SOME D E T A I L .  A h 0  COMPARED H I T *  THF P R E D I C T I O N S  OF VARlOUS P E R I P H F K A L  YODELS. AS 1 5  ALREACY WELL LhCWN. 
THE F E R R A R I - S E L L E R 1  MODEL I S  I h A D E P U b T E ,  BUT WHEN SOME OF THE EFFECTS OF ABSORPTION ARE INCLUDED. THE AGPEEVEIT  H I T H  
THE DATA I S  CONSIOERABLY IYPROVEC.  THE A L T E R N A T I V E  OF R E P L A C I N G  THE PROPAGATOR CORPESPONOING TC ELEMENTARY P I O N  
EXCHANGE BY THAT FOR B  R E G C t  EXCtANGE ALSO G I V E S  GOOD AGREEMENT h l l h  EXPERIMENT.  F I N A L L Y  WE HAVF TESTEC b  OOUeLE 
REGGE EXCHANGE MOOEL. AND FOUND THAT I T S  P R E D I C T I O N  FOR ONE OF T H t  TPEIMAN-YANC ANGLES I S  UNSATISFACTORY.  A  
D I S C U S S I O N  I S  ALSO G l V E h  OF A  C L A S S l F l C A T l O N  I N  WHICH EVENTS I R E  C I V l O E O  l h T r  CATEGORIFS DEPENDING ON WHICH P A R T I C L E S  
ARE E W I T T E O  I N  T H E  SAVE H E I M S P k E R t .  T k E  THO GROUPINGS P I P  P I +  P I - )  AND I F  P I + )  I P  P I - )  EACH ACCOUNTS FCR 
APPROXIHATELY H A L F  OF T H E  PP P I *  P I -  F l N A l  STATF.  THE F I N A L  STATES PP OUFGA. PP ETA AND POSSIBLY PP RHO0 ARE 

CLOSELY R E L A T E 0  REFERENCES 
SEE ALSO NUUVO C I H E N T C  5 3 ,  4 5 5  1 1 9 6 0 1 ~  AN0 PhYS.  REV. 1 7 3 ,  1 3 2 2  1 1 9 6 8 1 .  

A D D I T I O N A L  C I T A T I O N S  
PHYS. REV. 1 6 1 ,  1 3 8 7  1 1 9 6 1 1 ~  PHYS. REV. 1 5 4 9  1 2 8 4  1 1 9 6 7 1 ,  NUOVO CIMENTO 55 .  6 6  1 1 9 6 0 1 .  PHYS. PEV. LETTERS 2 0 .  9 6 4  
1 1 9 6 8 1 1  PHYS. REV. 1 7 4 .  1 6 3 8  I 1 9 b B ) s  NUC. PHYS. 8 1 0 ,  2 2 1  I 1 9 6 9 1 .  PHYS. L E T T E R S  2 7 8 ,  3 7 6  1 1 5 6 8 1 ,  NUOVO CIWENTO 2G9 4 5 3  
1 1 9 6 2 1 .  ANNALS OF P H Y S I C S  41 .  4 5 6  1 1 9 6 7 1 .  NUC. PHYS. 8 8 .  6 8 6  1 1 9 6 8 1 .  PHYS. REV. 1 6 0 .  1 7 7 3  1 1 9 6 0 1 ,  PHYS. REV. L E T T E R S  
2 1 ,  7 0 1  1 1 9 6 8 1 .  CERN T H - 0 5 0  1 1 9 6 7 1 ,  AN0 NUOVC CIMENTO 518 .  4 0 4  1 1 9 6 7 1 .  

A R T I C L E  READ BY OCETTE BEhAKY I h  1 0 1 6 9 ,  AN0 V E R l F l E C  B Y  LERCY PRICE. 

BEAM I S  PROTON Oh PROTCN AT 6.9 GEVIC.  

T H I S  EXPERIMENT USES T b E  8.N.L. BC I N .  I H I  BUBBLE CHAMBER. 

KEY WORDS - CROSS S E C T I O N  I h G U L A R  D I S T R I B U T I O N  MASS SPECTRUM MOOELS D E L T A I 1 2 3 B l  N * 1 1 5 2 0 1 D 1 3  
' N t l l b 8 B I '  R H O l 7 6 S I  OMEGA17831  E T A 1 5 4 8 1  

LABORATORY eEAM MOMENTUY = t.7 GEVIC.  

R E P C T I O N  
PROTON PROTON . 

PROTON PROTON P I *  P I -  
PROTON NEUTRON P I +  P I +  P1-  
PROTCh PROTON P I +  P L -  P I 0  
D E L T A 1  l Z 3 8 \ + +  PROTON P I -  

O E L T A 1 1 2 3 8 1 + +  . PROTOh P I +  1 1 1  
O E L T b l 1 2 3 8 1 + +  O E L T A l 1 2 3 8 1 0  

O E L T A l l 2 3 B l + +  - PRGToh P I +  I 1 1  
D E L T A 1 1 2 3 8 1 0  . PROTCN P I -  Ill 

D E L T A l 1 2 3 8 1 * +  N * 1 1 5 2 O I C  
O E L T A l 1 2 3 B l + +  - P R O l O h  P I +  1 1 1  
N 8 1 1 5 2 O I O  - PROTCN P I -  1 1 1  

O E L T A l I 2 3 8 ~ + +  ' N * l i 6 8 8 1 0 '  
O E L T A l L 2 3 8 l r +  . PROTOh P I +  Ill 
' N t 1 l b B 8 I O '  - PROTGh F I -  Ill 

D E L T A l 1 2 3 8 1 + +  NEUTRON P I +  P I -  
D E L T A l 1 2 3 B L + +  . PROTON P I +  Ill 

O E L T A l l Z 3 8 1 -  PROTOh P I *  P I +  
O E L T A l 1 2 3 8 1 -  + NEUTROh P I -  1 1 1  

D E L T A 1 1 2 3 8 L + +  PRCTCN P l -  P I C  
O E L T A l l 2 3 B l * *  - PROTOh P I +  1 1 1  

PROTCN PROTON E T A 1 5 4 8 1  
E T A 1 5 4 8 1  - P l t  P I -  P I 0  1 1 1  

PROTON PROTON O H E G A l l B 3 1  
O H E G A l 7 8 3 1  - P I *  P I -  P I 0  Ill 

M I L L I - B A R N S  

Ill F I T T E D  O l S T R l B U T l O N  U l T H  F I X E D  MASS ANC W I D T H  AND TOOK EVENTS ONLY ABOVE I F I T T E D I  BACKGROUND. 

1 84 I E L A S T I C  S C A T T E R I N G  OF LAM8CA tYPERONS W l T H  AVERAGE MOMENTUM 2.7 B E V I C  BY PRCTCLS. I S O V I E T  JNP 3  5 1 1  1 1 9 6 6 1 1  . 
V . F . V I S H N E V S K I I ~ T . Y U A N - C H A ~ , V . I . M ~ R O L L A . V . N ~ K I T I N Y U . & . T R O V , C . S H A O - C H U N  C.CEN-YUI~ .A .S~~KHBAZYANNY.WU-KUANG [ J O I N T  

I N S T .  FOR NUCL. RESEARCH. DUBNb. U S S R 1  

ABSTRACT WE HAVE E X P E R I M E h T b L L Y  CETERMINEO THE TOTAL CROSS S E C T I C N  FOR E L b S T I C  SCATTERING OF LAMBOA HYPEPONS W l T H  
AVERAGE MOMENTUM = 2.7 r- 1.2 B E V l C  8 1  PROTONS, U H l C n  TURNS OUT T o  BE 1 s  +- 4 Ps. T H I S  VALUE I s  CCrPAREO W I T H  TPE 
T H E O R E T I C A L  AND E X P E R I M E h T P L  DATA K h C H h  PREVIOUSLY.  

PHYS. REV. L E T T E R S  2 1  I 7 4  1 1 5 5 9 1 1  PHYS. REV. L E T T E R S  7. 3 4 8  1 1 9 6 1 1 .  JETP 4 2  9 1 9  1 1 9 6 2 1 ,  JETP 1 5  6 7 6  1 1 9 6 2 1 ~  PHYS. 
REV. 1 2 9 .  1 3 7 2  1 1 9 6 3 1 ,  PHYS. REV. L E T T E R S  1 2 ,  6 2 5  1 1 9 6 + 1 ,  PHYS. REV. LETTERS 1 3 .  2 8 2  1 1 9 6 4 1 .  PHYS. REV. LETTERS 13 .  
4 8 4  1 1 9 6 4 I .  PHYSI LETTERS 12 .  3 5 0  1 1 9 b 4 1 .  P R l B O R l  I TECH TECH. EXP. 1 4 1  1 1 9 5 9 1 .  J l N R  R - 1 9 5 9  1 1 9 6 5 1 .  J l N R  P - 2 2 1 5  ( 1 9 6 5 1 ,  
J l N R  R - 1 3 5 2  1 1 9 6 3 1 ,  J l N R  ~ : 1 4 6 8  1 1 9 6 3 1 .  AND NUOVC C ~ M E N T O  3 6 ,  1 8 9  1 1 9 6 5 1 .  

A R T I C L E  READ eY OCETTE EENBRY I h  1 / 6 5 ,  AN0 V E R I F I E D  BY LEROY P R I C E .  

BEAY I S  NEUTRON ON HEAVY L l Q U l C  FROY 2 .18 t  TO 1 0 . 9 0 0  G E V l C .  l B E 4 Y  K I N E T I C  E h f R G Y  = 2  TO 1 0  G E V l  

T H I S  EXPERIMENT USES b  HEAVY L l Q U I O  BUBBLE CHAMBER. b  TOTAL OF l L 6 0 0 0  P I C T U R E S  APE REPORTED ON. 

K E Y  MORES LAMeOA CRCSS S E C T I O N  ANGULAR D l S T R l B U T l O h  

COMPOUNO K E Y  U O I O S  - LAVBOA CRCSS S E C T I O N  

LAYBDA PROTCN E L A S T I C  CROSS S E C T I O h .  I P A G E  5 1 4 1  

LABORATORY 
B E I P  YCVEhTUH 

G E V l C  H I L L I - 8 A R h S  NO. EVENTS 
2.7 +- 1.2 15. +- 4. 1 2  



E L A S T I C  O l F F E F E N T I A L  CRCSS S E C T I O N  FCR L b t t E O b  PROTON. I F l G U R F  3 1  

LABORbTORY EEAW *OYENTUU = 2.7 G E V f C  I M E A N  VALUE] .  

................................... . T H I S  DATA k A S  READ FROW b GRAPH . 

THETA I S  THE ANGLE TWAT THE LAMBDA YAKES h l T H  THE eEAM I N  T k E  GRANC C.H. 

FORWARD TO BACKWARO R A T I C  FOP L L H e O A  PROTCN E L A S T I C  SCATTERING.  Ill 

LABCRATORY 
BEAM WOHENTUM 

GEVfC 
2.7 +- 1.2 

1 1 1  CALCULATED BY US FRCW OATA I N  T H I S  ARTICLE.  

POLAR TC E O U A T O R l A L  R A T I O  FOR LAMBDA PROTCh E L I S T I C  SCATTERING.  I 1 1  

LABORATORY 
BEAM MOMENTUM 

G E V l  C  
2.7 +- 1.2 

I 1  I CALCULATED BY US FRCM DATA I N  T H I S  ARTICLE.  

NEUTRGN-PROTON CHARGE-EXCMANGE S C A T T E R I N G  I N  THE B E V t C  REGION.  IPHYS.  REV. LETTERS 1 5 ,  3 8  1 1 9 6 5 1 1  

J .L .FRIEDES,H.PALEVSKY,R.L .STEARNS,R.J .SUTTE IBROOKHAVEN NAT. LAB., UPTON, L.l.9 N. Y.. U S A 1  

CLOSELY R E L b T E C  REFEREhCES 
T H l S  A R T I C L E  SUPERSEDES P r V S .  REV. L E T T E R S  9 ,  5 0 9  1 1 9 6 2 1 .  

A D O I T l O h A L  C 1 T b T I O N S  
PHYS. L E T T E R S  4. 1 5  1 1 9 6 3 1 .  PbYS. REV. LETTERS 1 1 .  8 8  1 1 9 6 3 1 .  PHYS. REV. LETTERS 11. 4 4 4  1 1 9 6 3 1 .  PHYS. REV. 1 3 4 .  8 6 3 3  
1 1 9 b 4 l v  PHYS. REV. 1 3 6 .  8 1 7 8 3  1 1 9 6 4 1 ,  PHYS. LETTERS 1 2 1  6 2  1 1 9 6 4 1 .  P H I S .  REV. 1 3 7 ,  0 1 5 3 0  ( 1 9 6 5 1 ,  NUOVO CIMENTO I B ,  
1 0 3 9  1 1 9 6 0 1 ,  REV. MOO. PHYS. 3 6 .  6 4 9  1 1 9 6 4 1 .  PHYS. REV. L E T T E R S  1 1 s  2 1 7  ( 1 9 6 3 1 .  PHYS. REV. L E T T E R S  1 0 .  3 5 7  1 1 9 6 3 1 .  
PHYS. REV. 1 2 7 ,  1 8 3 6  ( 1 5 6 2 1 .  PHYS. L E T T E R S  1 2 ,  1 1 2  1 1 9 6 4 1 .  AND PHVS. REV. 1 3 1 .  8 1 0 8  1 1 9 6 5 1 .  

A R T I C L E  READ BY ODETTE BEhAPV I h  1 1 6 F .  AN0 V E R I F I E C  BY LEROY PRICE.  

BEAV I S  NEUTRON C h  PROTOh AT 3  GEVIC.  

T H l S  E X P E R I Y E N T  USES CCUNTERS. 

KEY WCRDS - CROSS S E C T I C N  D I F F E R E N T I A L  CROSS S E C T I O N  MODELS 

NEUTRON PROTON E L A S T I C  CROSS S E C T l O h .  I P A G E  4 1 1  

DATA I S  I N T E G R A T E C  OVER C O S l T H E T A l  FRCM -I. TO 0.. THETA I S  T H E  ANGLE THAT THE NEUTRON MAKES WITH THE BEAY I N  THE 
GRANC C.M. 

LABORATORY 
eEAH MOMENTUM 

G E V I C  
3. 



E L A S T I C  D I F F F R E N T I A L  CRCSS S E C T I O N  FCR NEUTRGN PROTON. [ F I G U R E  2 1  

LABORATORY eEAM MOVENTUH = 3. G E V I C .  

I OUJTED VALUES ARE NEW DATA P L L S  DATA FRCY PRL 9 ~ 5 0 9 1 1 9 6 2 1  1  

................................... . T H I S  OATA HAS REAO FRCW A GRAPH . ................................... 
T b E T A  

OEGREES 
.oo 

THETA I S  THE A h G L E  TWAT THE PROTON MAKES h l T F  THE BEAM I N  THE LAB.  

S I N G L E - I S O B A R  PROOUCTIOh 1. PRCTCN-PRCTOh I N T E R A C T I O N S  4 7  28 .5  GEV/C. I P k Y S .  REV. LETTERS 2 1 9  6 9 7  1 1 5 6 8 , l  

Y ~ E ~ E L L I S ~ O ~ J ~ P 1 L L E R ~ T . h k M O R R I S 5 R . S . P A N V I N 1 A . U . T H O R N C I K E  IBROOKHAVEN NAT. LAB. ,  UPTON. L.I .9 N. Y., U S A 1  

PPSTRACT ThO AN0 FCUR PRChC F I N A L  STOTES I N  b  28 .5 -GEVIC PP RUBBLE-CHAMBER EXPERIMENT HERE E X b P I N E C  FOR S I N G L E - I S D B A P  
PRCUUCTIOK I N  V A R I O U S  DECAY CHANNELS. RESULTS ARE COMPARED U l T H  MISS ING-MASS-SPECTROMETER DATA. THE 1 4 0 0  ENHbNCEPEhT 
WAS FOUND TO BE AN N P I  SYSTEP h I T H  T h E  R A T I O  N P I + I P  P I 0  ABOUT 2 1  WHICH E S T A B L I S H E S  THE I S O S P I N  ASSlGNMFNT 1  = L I Z .  
THE F I N A L  STATE D E L T A l t 1 1 2 3 8 )  N  WAS HEASUREO A N 0  COMPARED U l T H  LOH-ENERGY O A T 6  TO SHOH THAT THE CROSS S E C T I O N  
DECRFPSES b C C O R O I h G  TO P l L b B l * r - 1 1 . 9 1  +- 0.081. C O N S I S T E N T  U l T H  S I N G L E - P I O N  EXCHANGE. 

CLOSELY R E L A T E D  REFERENCES 
D A l b  SLPERSEDED BY B h L  1 3 6 7 1  1 1 9 6 9 1 .  

A C C l T l O N A L  C I T P T I O N S  
PHYS. REV. L E T T E R S  1 6 s  8 5 5  1 1 9 5 t l ,  PHYS. L E T T E R S  1 8 ,  1 6 7  1 1 9 6 5 1 ~  PHYS. REV. LETTERS 1 7 ,  7 8 9  1 1 9 6 6 1 ,  PHYS. REV. 
L E T T E R S  1 9 ,  3 9 7  1 1 5 6 7 1 ,  PHYS. REV. L E T T E R S  2 0 ,  9 6 &  I I P b B i ,  PHYS. REV. L E T T E R S  2 0 1  1 0 7 8  1 1 9 6 8 1 .  PHYS. REV. 1 6 5 ,  I 6 9 9  
1 1 9 6 8 1 s  4 N 0  REV. HOD. PHYS. 3 8 ,  4 7 6  ( 1 9 6 6 1 .  

A R T I C L E  READ BY OOETTE B E N A P I  l h  L 1 6 5 .  AN0 V E R I F I E C  BY LEROY P R I C E .  

BEAM I S  PROTON Oh PRCTCN PT 20.5 GEVIC.  

T H I S  EXPERIMENT USES TPE B.N.L. 8 0  I h .  t H 1  BUBBLE CHAMBER. A  TOTAL OF 8 3 0 0 C  P I C T U R E S  ARE REPORTEC ON. 

GENERAL CCMMENTS ON T H I '  A R T I C L E  
1 NO OATA PUNCHED FOR T H I S  A R T I C L E .  SPME CATA REPORTED AT LUNO CONFERENCE -- B h L  1 3 6 7 1  1 1 9 6 9 1 .  

K E Y  HORDS - CROSS S E C T I C N  PASS SPECTRUV MOOELS N * l l 4 l O l P 1 1  

. * * * * L l * t . * t * * t * * * *  

' NO DATA PUNCHEC FOR T t 1 S  A R T I C L E  * 
* * * * * * * * * * * * l * * * * * *  

NEUTRON-PROTON AN0 NEUTROh-OELTERCN T D T h L  CRCSS S E C T I O h S  AT 4.0 AN0 5.7 GEVIC.  I P H Y S  L E T T E R S  3 1 0 ,  2 4 6  1 1 9 7 ~ 1 1  

E.F.PARKER.L.W.JO~EI IHICHIGAN S T A T E  U ~ I V . ,  E A S T  LANSING. n r c n . ,  U S A ]  

ABSTRACT THE NP A h 0  NO T C T A L  CRCSS S E C T I O N S  HAVE BEEN MEASURED D I R E C T L Y  h l T H  A  h E U 7 P t N  BEAP U l T H  PDMENTA OF 4 . 0  +- 0.6 
AN0 5.7 +- 0.6 GEVIC.  THE CATA ARE CCWPARED W I T H  THE P R E V I O U S  NUCLEON-NUCLEON AN0 NUCLECN-CEUTFRON RESULTS. AND THE 
DEUTERON SCREENING TERM WAS ALSO EVALUATED.  THE MEASURED TOTAL CROSS S E C T I O N S  ARE 43.1 *- 0.6 AND 80 .3  r- 1.9 M e  AT 
4.0 G E V I C  AN0 42.5 +- 1.3 P e  AT 5.7 GEVIC.  

C l T b T l O N S  
PHYS. REV. LETTERS 2 0 1  4 6 8  1 1 9 6 8 1 1  SLAC 6 t  1 1 9 6 6 1 ~  J. A?. CHEM. SCC. 7 4  8 2 4  1 1 4 5 2 1 9  JETP 2 3 4 9  1 1 9 5 6 1 1  PPCC. CF THE 
P H Y S I C A L  S IJCIETY OF LONOCN 7 1  2 9 3  1 1 9 5 8 1 .  I N T ' L .  CCNGRESS Oh NUCLEAR PHYSICS.PbRIS .FRANCE 2  1 6 2  1 1 9 6 4 1 s  PHYS. REV. 9 4  , 
1 7 4  1 1 9 5 4 1 .  PROC. OF T H t  P H Y S I C A L  S O C I E T Y  OF LONDON A 7 0  7 4 5  I 1 9 5 7 1 r  PHYS. LETTERS 7 .  8 0  1 1 9 6 3 1 ,  PHYS. L E T T E R S  2 7 8 ,  
5 9 9  1 1 5 6 8 ) ~  PHYS. REV. 1 3 8 ,  9 1 3  1 1 9 6 5 1 9  PHYS. REV. L E T T E R S  1 9 1  8 5 1  1 1 9 6 7 1 .  PHYS. REV. 146 .  9 8 0  1 1 9 6 6 1 .  AN0 PHYS. REV. 
1 0 0 .  2 4 2  l L 9 5 5 ) .  

A R T I C L E  REAO BY OCETTE BENARY I h  1 1 7 C .  AND V E R I F I E O  B Y  LEROY P R I C E .  

BEAP NC. 1  I S  NEUTRON CN PROTOh FRGP 4 .0  TO 5.7 GEVIC.  
NO. 2  1 5  N I L l R O h  C h  EEUTERCN FRCY 4.0 TC 5.7 G E V I C .  

T H I S  EXPERl tJENT USES COUNTERS. 

K E Y  HCROS - CROSS S E C T I O N  VCDELS 

NEUTRCN PROTON TOTAL CRCSS S E C T I O N .  I T A B L E  1 1  

LABORATORY 
BEAP POMENTUY 

G E V l C  V I L L I - B A R N S  
43 .1  +- .b 
42 .5  .6 



N E U T R O N  C E U T E R O N  T O T A L  C R C S S  S F C T l O h .  I T A B L E  1 1  

L A B C R A T O R Y  
PEAW P C M E h l U P  

G E V I C  V I L L I - E A R L S  

N E U T R O N  N E U T R O N  T O T A L  C R C S S  S E C l l O h .  

I E V A L U A T E D  U S I N G  T H E  G A L L B R A l T t  E T . A L . I P H Y S . R E Y . 1 3 8 ~ 9 1 ? 1 1 9 6 2 1 1  E X P E W M E N T b L  V A L U E  FOR T H E  G L A U B E R  S C R F E N I N G  T E R M  I 1 . E . .  
0421-.003 H R * * - 1 1  T H E S E  V A L U E S  A R E  T I K E N  FRCW P A R K F R  El AL. M I C P I G A N  0 3 0 2 P - 3 - 1 1 1 9 6 9 1  ) 

G L b U B E R  C C R R E C T I C N  A P P L I E D  

L A B O R A T C R Y  
F E A W  Y C H E h T U P  

G E V l C  Y I L L I - B I R h S  
4.  4 3 . 5  +- 2 . 4  
6 .  4 1 . 2  1 . 7  

N E U T R O h - P R O T O h  E L b S T l C  S C A T T E R I h C  I N  T H E  F C R W A R D  D I R E C T I O N  E F T W E E N  4  A N D  1 6  G E b .  I P H Y S .  L E T T E R S  29.. 3 2 1  1 1 9 b 9 1 1  

J ~ E ~ G L E R ~ K ~ H O R ~ ~ J ~ K O ~ ~ G ~ F F ~ C ~ ~ I C ~ P ~ S C ~ L U C E C K E R ~ . ~ C ~ O P P E R P . S E V E R S  H . U L L Q 1 C h  I T E C H N I S C H E  U N I V .  K A R L S R U H E ,  K A R L S R U H E ,  
G E R W A N Y I  

K . R U h G E  [ E U R O P E A N  ORG. F O W U C .  RES., G E N E V A ,  S H I T Z E R L A h D I  

A B S T R A C T  T H E  C l F F E R E l i T l A L  C Q C S S - S E C T I O N  FOR T H E  E L A S T I C  NEUTRON-PROTON-SCATTERING H A S  B E F h  M E A S U R E 0  FOR N E U T P O H  
E N E R G I E S  BETWEElv 4  A N 0  1 6  C E V  A h C  A R S l T )  F R O M  0 . 3  T O  1.3 I G E V I C I - S O U b R E C .  T H E  P E S U L T S  C A N  R F  F I T T E C  AI E X P I P  r 
8 T I . U H E R E  B I h C R E A S E S  S L I G t T L Y  h l T H  E N E R G Y  l N D I C A T I N G  S H R I N K A G E .  T H E  V A L U E S  C F  8  FOR N-P S C A T T E P I N G  ARE I N  GOOD 
A G R E E M E N T  U I T P  T H E  C C R R E S P C N O l h C  O A T d  FCR P-P S C A T T E R I N C  

C l T b T l O N S  
P H Y S .  R E V .  L E T T E R S  1 6 ,  I 2 1 7  1 1 9 6 6 1 ,  S L A C  S L b C - 6 6  1 1 9 6 6 1 ,  P H Y S .  R E V .  L E T T E R S  2 1 1  6 4 5  I 1 9 b b l .  P H Y S .  L E T T E R S  2 7 8 ,  5 9 9  
1 1 9 6 8 1 ,  P H Y S .  L E T T E R S  2 8 8 ,  6 4  I I S b 8 1 ~  C C N P T E S  R E N D U S .  A C b D .  S C I .  2 6 5 1  1 3 5 0  1 1 9 6 7 1 .  U C R L  1 7 2 7 5  I 1 9 6 6 1 .  NU@VO C I V E N T C  3 8 ,  
6 0  ( 1 9 6 5 1 ,  A N 0  P t Y S .  R E V .  L E T T E R S  1 5 ,  4 5  ( 1 9 6 5 1 .  

P R T I C L E  P E A 0  BY O C E T T E  B E N A R Y  I h  9 / 6 5 .  A N 0  V E R I F I E C  B Y  L E R C Y  P P I C F .  

B E A M  I S  N E U T R O N  O h  P R O T O N  F R C Y  4 . 8 5 C  T C  L e . 9 1 4  G E V l C .  I e E A N  K I N E T I C  E N E P G Y  = 4  T C  1 6  G E V l  

T H I S  E X P E R I M E N T  U S E S  S P A R K  C P A Y F E R S .  

K E Y  U O R O S  - D I F F E R E N T I A L  C R C S S  S E C T I C N  F I T S  

C C r P C U h O  K E Y  WORCS - F I T S  O I F F E R E N T I A L  C P 0 S S  S E C T I O N  

E L A S T I C  O I F F E R E N T I A L  C R C S S  S E C T I C L  F C R  N E U T R C h  P R O T O N .  I F l G U R E  2 1  

O A T P  I S  A V E R A G E D  O V E R  L b P C R A T G R Y  B E A M  E N E R G Y  F R O M  8. T O  LO. G E V .  

I T H E  C R O S S  S E C T l O h  A T  T = C  I S  N C R M A L I Z E C  T C  T H E  O P T I C A L  T r E O R E r  P O I N T  I 

................................... . T H I S  D A T A  U P S  R E A D  F R C ?  b G R b P h  . ................................... 

1 I S  T H E  MOMENTUP T R A N S F E R  B F T H E E h  T * E  I I N C O H I N G  N E U T R O N 1  A N D  T H E  I D U T G C I N G  N E U T P O N I .  

F I T  T D  E L A S T I C  D I F F E R E N T I A L  C R C S S  S E C T I C h  F O R  N E U T R G h  P R O T O N .  I T A 8 L E  1 1  

O A T A  I S  F I T  OVER L A B C R A T C R Y  8 E b M  E N E R C Y  F R U Y  4. T O  6 .  GFV. 
F I T T E D  F O R V U L L  I S  C - S I G M A l C - T  = E X P I A + O T I  

WHFQE C - S I C M A I D - T  I S  I N  M F ! l l G E V I C l * * 2  A N D  T  I S  I N  I G E V I C l * * Z .  1 I S  T H E  Y C P E N T U P  T R A L S F E K  B E T h E E N  T b E  
L l N C O M l h i  N E U T R O h l  A N D  T h E  l O U T G O l N G  N E U T R C N I .  

F I T T E D  V A L U E S  

R = 6.22 +-  . 3 1  

F I T  T C  E L A S T I C  D I F F E R E N T I A L  C R C I S  S E C T I O N  F O E  N E U T R C h  P R C T C h .  [ T A B L E  1 1  

D A T A  I S  F I T  OVER L P B L R A T C R Y  B E A P  E N E R G Y  F R O *  6 .  T C  8. CEV. 
F L T T E C  F O R M U L A  I S  C - S I G M A I D - T  = E X P I  A + R T I  

W H k R t  D - S I G M A I D - T  I S  I h  P R I l G E V l C l * t Z  A N C  T  I S  I N  I C E V I C l * l Z .  T  I S  T H E  MDWEhlTUM T R A N S F E R  O E T N E E N  T H E  
I I N C C Y I N G  N E U T R O h l  b N D  T e E  I C U T G O I N G  N E U T R C N I .  

F I T T E D  V A L U E  

8  = 6 . 4 3  +-  . 4 8  



F I T  T C  E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C N  FOR INEUTROW PROTON. [ T A B L E  1 1  

D A T A  I S  F I T  CVER L b B C R A T C R Y  @ E b *  E l iERCY FRCV 8.  TC 1 0 .  L E V .  
F I T T E D  FORMULA I S  C - S I G P , A I D - T  = E X P l A t R l l  

WHEFE D - S I G M A I D - T  I S  I h  M @ / l G E V I C l * * 2  AND T  I S  I N  I G E V I C I * * 2 .  1 1 5  T H E  MOVFNTUM TRAtdSFER B E T h F E 6  T H E  
I I N C O W I N G  N E U T R O h l  AND T H E  I C U T G C I W G  h E U T R C N I .  

F I T T E D  V A L U E  

B  = 7 . 1 4  +- . 3@ 

F I T  TO E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FOR N E U T R O h  PPOTON. I T A B L E  1 1  

D A T A  I S  F I T  OVER L A B C R A T C R Y  8 E A P  ENERGY FRCV 1 0 .  TO 12 .  GEV. 
F I T T E D  F O R H U L A  I S  C - S I G M A I O - T  = E X P I A + B T I  

H H E R t  D - S I G M A I D - T  I S  I h  P 8 I I G E V / C l * * 2  AND 1 I S  I N  I G E V / C l * * 2 .  T  I S  T b E  MGMENTUH TRANSFER REThEEP!  T H E  
I I N C C P l h G  N E U T R O N 1  AND T H E  L O U T G O I N G  N E U T R C N I .  

F I T T E D  V A L U E  

B  = 1 . 0 4  +- . 4 b  

F I T  TO E L A S T I C  D l F F E R E N T l A L  CRCSS S E C T I O N  FOR N E U T R O N  PROTON. I T A B L E  1 1  

CATA I S  F I T  OVER L A B C R A T C R Y  @ E A V  ENERCY FROW 1 2 .  T C  14.  GEV. 
F I T T E D  F O R W L A  I S  C - S I G M A I C - T  = E X P I  A t 8 1  I 

WHERE C - S l G M A I D - T  I S  I N  M B l I G E V / C l * * 2  AND 1 I S  I N  I G E V I C l * * 2 .  T  I S  T H E  MOMENTUP TRANSFER BETWEEN T k F  
L I N C C V I h G  h E U T R O h l  ANC T h E  I C U T G C I N G  N E U T R C N I .  

F I T T E D  V A L U E  

8  = 7.64 +- . b l  

F I T  T O  E L A S T I C  D I F F E R E N T I A L  C R C I S  S E C T l C h  F O P  N E U T R O N  PRCTON. I T A B L E  1 1  

D A T A  I S  F I T  CVER L A B C R A T C R Y  EEDP ENERCY FROP 14 .  T C  1 6 .  GEV. 
F I T T E D  FORMULA I S  D - S I G M A I O - T  = E X P I A t R T I  

WHERE D - S I G M A I O - T  I S  I N  H 8 I I G E V I C I * * Z  AND T  I S  I N  I G E V / C l * * 2 .  T  I S  T H E  MOMENTUM TRANSFER BETWEEN T H E  
L L N C O M I N G  N E U T R O N 1  AN@ T H E  I C U T G C l N G  N E U T R C N I .  

F I T T E D  V A L U E  

B  = 8.06 +- . 8 8  

NEUTRON-PROTON E L A S T I C  S C A T T E R I h G  F R W  2  TG 7  G E V I C .  I S L A C  P U B - 6 2 2  1 1 9 6 9 1  I 

M.L.PERL,J.COX L S T A N F O R C  L I N E A R  ACCEL .  CNTR., STANFORD,CAL IF . .  U S A ,  AND S T A N F C R O  UNIV . ,  STANFORD,  C A L I F . .  U S A 1  
M.J.LONG0 LUNLV .  O F  M I C V I G P N .  I N N  ARBOR. MICH..  U S A 1  
M.N.KREISLER I P P l h C E T O N  U h 1 V . r  F R l h C E T O N s  h. J.. U S A 1  

A B S T R A C T  D I R E C T  MEASUREMENTS W E R t  *ACE O F  NEUTRDN-PROTON E L A S T I C  S C A T T E R I N G  O l F F E R E N T l A L  CROSS S E C T I F N S  AT H l G P  
E N E R G I E S .  A  NEUTRON BEAM W I T H  b  C O N T I N U O U S  MOMENTUP SPECTRUM BETWEEN 1.2 AND 6 . 7  G E V I C  WAS S C A T T E R E D  O F F  A  L I O U I D  
HYDROGEN T A R G e T .  AND S P A R K  C H A N @ E R S  WERE USEC TO D E T E R M I N E  THE N E U T R O N  S C A T T E R I N G  A h G L E  PhO, I N  A  PROTOh  
SPECTROMETER.  TO  MEASUFE TI-E POWENTUY AND S C A T T E P I N G  ANGLE OF T H E  R E C O I L  PROTON.  D I F F E R E N T I A L  CROSS S E C T I O N S  A P E  
P R E S E N T E D  OVER T H E  l N C l D E N 1  N E U T R O N  MOMENT l lM  RANGE I N  I N T E R V A L S  CF T H E  ORDER O F  1 1 2  G E V I C  H I D E .  T H E  CROSS S F C T I O N S  
H A V E  A h  E X P O h E N T I A L  PEAK I h  T H E  FCRWDRD C l R E C T I O N  AND T H E N  F L A T T E N  AND BECOME I S O T R O P I C  b B l U T  THE 9 0  DEG. C.Y. 
S C A T T E R I N G  ANGLE. AT LARGER A N G L E S  T H E  CROSS S E C T I O N S  A G A I N  R I S E  TOWARDS T H E  E X P E C T E D  CHARGE 'XCHANGE P E A K  H H I C H  H A S  
NOT H I T H I N  T H E  RANGE OF T H l S  E X P E P I M E N T .  THERE I S  L I T T L E  E V I O E N C F  O F  ANY C T H E R  STRUCTURE I N  THF  CROSS S E C T I O N .  V A L U E S  
ARE P R E S E N T E D  FOR THE S L C P E  O F  T H E  O I F F R A C T I O N  P E A K ,  ANC COMPARISONS ARE MADE BETWEEN THESE SLOPES,  AND THF 9 C  DEG. 
C.M. CROSS S E C T I O N S ,  FOR PP A N D  NP E L A S T I C  S C A T T E R I N G .  THE R E S U L T S  P R E S E N T E D  H E R E  O I F F E P  FRn"  THOSE P R E V I O U S L Y  
R E P O P T E D  DUE TO AN ERROR I h  A  P C N T F  C A R L 0  C A L C U L A T l C N  AND I N  T H E  A V A I L A 8 l L L T Y  O F  I M P R O V E D  DATA ON T H E  R E b L  P A P T  OF 
THE NP ELASTIC SCATTEL ING AYPLITUOE.  A T  5  G E V  A o r a E c r  c o r P a n r s o N  O F  PP ~ N C  NP D A T A  A L L O W S  T H E  I - o DIFFERENTIAL 
CROSS S E C T I O N  TO BE EXTRACTED.  THE  N P  D A T A  H A V E  B E E N  F I T T E D  I N  POWERS O F  C C S l N E  T H E T A  IC.M.1 FOR / C O S I N E  T H E T A l C . P . 1 1  
< 0.8 FOR E A C H  ENERGY R A h G E .  

C L O S E L Y  R E L D T E D  R E F E R E N C E S  
C O N T I N U A T I O N  OF P R E V I C U S  E X P E R I V E L T  I h  PHYS. REV. L E T T E R S  1 6 ,  I 2 1 1  I I S h b l ,  A N D  PHYS.  REV. L E T T E R S  2 1 ,  6 4 1  1 1 9 6 8 1 .  

' T I O N A L  C l T b T I O N S  
SLAC 6 6  1 1 9 6 b I .  P H I S .  R E V .  L E T T E R S  2 1 1  6 4 5  I L 9 6 8 1 v  J F T P  7  3 7  1 1 9 6 8 1 ,  J E T P  10 1 1 2 5  1 1 9 6 0 1 s  NUOVn  C l M E N T C  2 1 1  5 8 1  1 1 9 6 1 1 ,  
NUOVO C I H E N T D  1 8 3  1 0 3 5  1 1 9 6 0 1 .  L C R L  9 2 9 2  1 1 9 6 2 I 1  P H Y S .  REV. L E T T E R S  9 ,  5 0 9  I 1 9 6 2 1 1  P b Y S .  REV. L E T T E R S  1 5 ,  3 8  1 1 9 6 5 1 ,  
NUOVO C l M E N T O  4 1 4 1  I f 1  I I S t b l .  CERN HAOPON C O N F E R E h C E  5 2 3  1 1 9 6 8 1 ,  PHYS.  L E T T E R S  2 9 8 1  3 2 1  1 1 9 6 9 1 ,  PHYS.  RFV. 1 2 0 .  225C 
1 1 9 6 0 1 ,  PHYS. REV. 1 0 5 ,  3 0 2  1 1 9 5 7 1 .  PWYS. REV. 1 6 5 .  1 6 1 5  1 1 9 6 8 1 ,  VUOVD C I M E N T O  L E T T E R S  1  3 6 9  1 1 9 6 9 1 1  PHYS. REV. 8 9 .  
1 1 5 5  1 1 9 5 3 1 ,  NUOVO C I M t N T 0  2 7 .  8 5 6  1 1 5 6 3 1 2  NUOVD C l M E N T G  1 5 ,  4 3 4  1 1 9 6 0 1 .  S O V I E T  P H Y S I C S l  J E T P  L E T T E R S  4 9  2 9 0  ( 1 9 6 6 1 .  
NUOVO C l M E N T O  4 9 A v  2 7 3  I l 9 t 7 l .  PHYS. REV. 1 4 7 ,  1 1 3 0  1 1 9 6 6 1 ,  NUC. PHYS. 8 1 ,  3 0 9  1 1 9 6 7 1 ,  PHYS. R F V .  1 3 7 .  8 7 0 8  1 1 9 6 5 1 ,  
PHYS. REV. L E T T E R S  1 1 .  2 1 7  1 1 9 6 3 1 .  P H Y S .  REV. L E T T E R S  1 2 s  1 1 2  1 1 9 6 4 1 s  N A S A  S P - 3 0 1 3  L 1 9 6 4 1 .  L R L  I N T E R D E P A P T H E N T A L  
REPORT U C l D - 1 2 5 1  I 1 9 6 C I v  I h T ' L .  CCNGRESS ON N U C L E L R  P H Y S I C S S P A R ~ S I F R A N C E  2  I 6 2  1 1 9 6 4 1 .  NUC. PHYS. 1,  9 3  1 1 9 6 5 1 .  PHYS.  
REV .  1 4 6 s  9 8 0  1 1 5 6 6 1 ,  PHVS.  L E T T E R S  1 9 .  3 4 1  1 1 9 6 5 1 .  PHYS. REV .  1 0 0 ,  2 4 2  1 1 9 5 5 1 1  PHYS. REV .  1 3 5 1  8 3 5 8  1 1 9 6 4 1 r  J l N P  
E - 2 4 1 3  1 1 9 6 5 1 ,  S O V I E T  P H Y S I C S ,  J E T P  L E T T E R S  3.  B  1 1 9 6 6 1 ~  PHYS.  REV .  L E T T E R S  8 .  2 8 6  ( 1 9 6 3 1 8  PHYS. REV. L E T T F R S  2 C s  2 0 3  
( 1 9 6 6 1 .  PHYS. REV .  L E T T E R 5  11, 2 e 7  1 1 9 6 3 1 .  PHYS. R E V .  L E T T E R S  1 5 ,  8 3 8  1 1 9 6 5 1 ,  PHYS. QFV .  L E T T E R S  5 ,  1 3 2  1 1 9 6 3 1 s  PHYS. 
REV. L E T T E R S  11, 4 2 5  1 1 9 6 3 1 s  NUCVO C l M E N T U  3 8 .  6 0  1 1 9 6 5 1 s  NUOVO C I M E N T O  590.. 1 I L 9 6 9 1 r  NUDVO C I M E N T O  2 0 .  1 0 4 9  1 1 9 6 1 1 ,  
PHYS.  R t V .  1 4 8 .  1 2 9 7  I 1 5 6 t l .  PHYS.  REV. 1 6 1 9  1 3 7 4  1 1 9 6 7 l s  PHYS. REV. 1 6 4 ,  1 6 7 2  1 1 9 6 7 1 ,  NUOVC C l M E N T C  4 9 A s  2 6 1  1 1 9 6 7 1 ,  
UCRL  1 8 3 6 5  1 1 9 6 8 I 1  PHYS. R F V .  1 5 9 ,  1 1 3 8  1 1 9 6 7 1 s  PHYS.  REV. L E T T E K S  1 9 ,  1 1 4 9  1 1 9 6 7 1 ,  AND S O V I E T  J N P  8  1 9 6  1 1 9 6 9 1 .  

A R T I C L E  R E A D  B Y  O D E T T E  BENARY I h  1 0 1 b S ~  AN@ V E P l F l E C  BY L E R C Y  P R I C E .  

B E A P  I S  N E L T R D N  O h  P R O T C h  F P C l  2  T C  7  G E V I C .  

T H l S  E X P E R I Y E N T  U S E S  SPARK C H W B E R S .  

G E N E R A L  CCMMENTS C h  T H I S  A R T I C L E  
1 N O R M A L I Z E D  TO T O T A L  C R O S S  S E C T I O N S  BY  U S I N G  THE O P T I C A L  THECREW P L U S  T H E  A S S U P P T I C N  THAT  T H F  R E l l P  R A T I O  FOP h  " 

E L A S T I C  S C A T T E R I N C  = -0 .45 .  
2  AUTHCRS DO NOT C L E A R L Y  S T A T E  k H b T  S Y S T E M A T I C  ERRORS WIGHT B E  I h  D - S i G Y b I 0 - T  . h E  ASSUf iE  FRO? T H F l R  D I S C U S S I O N  THAT  

T H E Y  A R E  A e c u T  5 PEP C E L T .  

K E Y  WORDS - D I F F E R E N T I A L  CROSS I E C T l C h  F l T S  P C C E L S  

CCPFOUNO K E Y  WCRCS r F l T S  C I F F E R E N T I I L  CROSS S E C T I O N  



E L A S T I C  O I F F E R E N T l A L  C R C S S  S E C T I C h  F C F  N E U T R C h  P R C T C N .  I T I B L E  1 1  

D A T A  I S  4 V E R A G E O  ' O V E R  L A E C E b T C R Y  R E b P  M C M E N T U V  F R O V  1.7C TO 2 . 2 5  G E V I C .  

-1 C - S I C M A I C - T  
I G E V I C I * * 2  P B I I G E V I C I * * Z  ( 1 1  hC. E V E h T S  
M l h i  M A X  

T  I S  T H E  M C M E N T U P  T R A N S F E F  B E T W E L h  T h E  [ I N C O M I N G  N E U T R O N 1  4 N 0  T H E  I O U T G C I N G  N E U T R C N I .  

Ill P L U S  P O S S I R L E  S Y S T E W A T I C  E R R O R  O F  +- 5  P E R  C E h T .  

E L A S T I C  D I F F E R E N T I A L  C R C S S  S E C T I C h  F C R  N E U T P C N  P R O T O h .  I T A B L F  1 1  

0 1 7 4  1 5  A V E Y I G E O  O V E R  L I 8 C R I T C R Y  B E b P  P C V E h i T U P  F R C M  2 . 2 5  T O  2 . 7 9  G E V l C .  

-1 C - S I G V I / C - T  
I G E V l C  1 * * 2  M E l l G E V l C 1 * * 2  ( 1 1  NC. E V E N T S  
I I h  M b X  
. l o  -20 4 9 . 9 3 3  +- 5 . 2 9 5  1 8 9  
.ZO . 3 0  1 9 . 4 4 7  2 . 0 7 3  1 3 7  
- 3  0  . 4 0  1 3 . 5 8 2  1 . 6 8 1  1 0 4  

T  I S  T H E  M n M E N T U M  T R A N S F E R  B E T W E E N  T H E  I I N C O M I N G  N E U T R O N 1  A N 0  T H E  I O U T G O I N G  N E U T R O N ] .  

L 1 1  P L U S  P C S S l 8 L E  S Y S T E P b T I C  E R R C P  O F  +- 5 P E R  C E N T .  

E L A S T I C  D I F F E R E N T I A L  C R C S S  S E C T I C N  FOR N E U T R C h  P R O T O N .  [ T A B L E  1 1  

D A T A  I S  A V E R A G E D  C V E P  L I e C R d T O R Y  B E /  

-1 D - S I G Y A I O - T  
I G E V l C  L**Z W l I G E V I C I * * Z  t 
P I N  M A X  

i l  M C M E N T U ?  F R C M  2 . 7 9  TO 3 . 3 1  G E V I C .  

1 1  NO. E V E N T S  

T  I S  T H E  N O M E N T U P  T R A N S F E R  B E T W E E N  T P E  ! I N C O M I N G  N E U T R O N 1  A N D  T H E  I O U T G O I N G  N E U T R O N I .  

I 1 1  P L U S  P O S S I B L E  S Y S T E P I T I C  ERROR OF + 5 P E R  C E N T .  

E L A S T I C  D I F F E R E N T I P L  C R C S S  S E C T I O N  F O R  N E U T R O N  P R O T O N .  [ T A B L E  I1 

O I T A  I S  A V E R A G E D  O V E R  L A B O R 4 T O R Y  B E b V  M C M E N T U P  F R C P  3 . 3 1  T O  3.83 G E V / C .  

-1 O - S I C * 4 / o - T  
I G E V I C I * * Z  Y B l I G E V / C l * t Z  I ll NO. E V E N T S  
r ~ h  M A X  

T  I S  T H E  M O M E N T U P  T R A h S F E P  B E T W E E h  T b E  I I N C O M I N G  N E U T R O N 1  I N 0  T H E  I O U T G C I N G  h E U T R O N I .  

Ill P L U S  P O S S I B L E  S Y S T E P A T I C  E R R O R  O F  +- 5 P E R  C E N T .  



E L b S T I C  D I F F E R E N T I A L  CRCSS SECTICN FOR NEUTRCh PROTOV. I T A B L E  1 1  

DATA I S  AVERAGED CVER LAeCRATORY BEAP MCMENTUV FRCM 3.83 1 

- T D-SIG*A/O-T 
l G E V l C I f * 2  
M.., " a "  

PBI IGEV/CI . *Z  Ill NC. EVENTS 

T I S  THE MOMENTUM TRANSFER BETWEEh THE I I N C O q I N G  NEUTRCNI AND THE I O U T C O l h C  NEUTRON]. 

1 1 1  PLUS P C S S I B L E  SYSTEPATIC ERRGR OF +- 5  PER CENT. 

E L I S T I C  D I F F E R E N T I A L  CRCSS SECTICW FOR NEUTRCh PROTON. I T I B L E  1 1  

DATA I S  AVERAGED CVER LAetRATORY PEA*  MCMENTUM FROM 4.34 TO 4.85 GEVIC. 

-1 0-SICMAID-T 
I G E V I C l * * Z  M B I I G E V / C I * * Z  I 1 1  NO. EVENTS 
P I N  MAX 
. l o  .ZO 34 .847 *- 2 .177 3 5 7  
.2 0  - 3 0  11 .930 .770  3 1 9  
.30 .40  6.294 .A90 2 0 5  
.40 .50  3.037 . 3 5 4  8  4  
.5C .LO l . 4 E 4  . 2 1 7  6  2  
.LO .70  . 9 7 3  . I 2 1  7 3  
.70  .80  . 5 7 3  .OBO 5 6  
.80 .90  . 4 1 4  .DbB 3 9  
.90 1.00 .248  .055  2 1  

1.00 1.20 .21C .C31 6 0  
1.20 1.40 . 1 1 7  .016  5  7  
1 - 4 0  1 - 6 0  .078  .013  3 7  
1.6C 1 .80  .C55 . 0 1 2  2 2  
1.80 2.00 .025  .Cob 2 1  
2.00 2.5C - 0 2 1  .C03 4  7 
2.50 3.00 - 0 1 4  .C03 2 3  
3.00 3.50 . 0 1 1  . 0 0 3  1 7  
3 .50  4.00 .CC9 .a02 1 5  
4.00 4.50 . O l Z  .002  3 1  
4.50 5.00 .012  .002  3 5  
5.00 5.50 .a05  .a02  6  
5.50 6 - 2 5  .020  .CDb 2 1  

T  1 5  THE MOMENTUP TRAhSFER BETWEEN T h E  I I N C O M I N G  NEUTRON1 AND THE IOUTGCING NEUTPONI. 

I ll PLUS POSSIBLE SYSTENATIC ERROR OF +- 5  PER CENT. 

E L b S T l C  O l F F E R E N T l b L  CRCSS SECTION FOR NEUTRCN PROTON. I T A B L E  1 1  

DATA I S  AVERAGED OVER LABORATO67Y BEA* HCMENTUM FRCP 4.85 TO 5.36 GEVIC.  

-1 
l G E V / C I * * 2  
WIN MAX 
1 1  .20 
.ZO .30  
.30  . 4 0  
.40  .50  

O-S1GMA/O-T 
M B / l G E V l C l * l 2  [ 1 1  NO. EVENTS 

T I S  THE UOMENTUV TRbNSFER BETWEEN THE I I N C O W I N G  NEUTRON1 

1 1 1  PLUS POSSIBLE SYSTEWATIC ERROR OF *- 5 PEP CEhT. 

AND THE LCUTGOING hEUTRONI. 



E L A S T l C  D I F F E R E h T l A L  CRCSS SECTICN FOE NEUTPCh PRCTCN. [TABLE I 1  

ObTn I S  AVEPAGEO OVER LbLCRbTCaY BEL*  PCMFNTU" FRCv 5.36 TO 5.87 C E V I C .  

-1 C-SICPAIC-T 
f t E V / C l * * 2  M B / l G E V I C l * * Z  1 1 1  NO. EVFhTS 
P I h  MAX 

T  I S  THE MOMENTUW TRANSFEP 8ETHEkN THE I I N C O M I N G  NEUTRON1 AN0 THE I C U T G C l h G  NEUTRONI. 

I ll PLUS POSSlBLE S Y S T E P A I I C  ERROL OF +- 5  PER CEhT. 

E L P S T l C  O l F F E R E N T I b L  CRCSI  S E C T l O h  FCR NEUTRCh PRCTCN. l T A 8 L E  1 1  

DATA 1S AVERAGED CVER LLECFLTCRY EEBP MCMENTUM FRCM 5.87 TO 6.37 GEV/C. 

-1 D - S l S M A l C - T  
I G € V l C l * * 2  P B l l G E V I C l * * 2  Ill hC. EVENTS 
P I N  MAX 
.13  .2O 3C.350 +- 2 .318 2 5 8  
.20 .30 15.151 .570  4 7 1  
.30  . 4 0  6.116 .421  3 1 8  
.4C .50 3.240 .283 1 5 8  
.50  - 6 0  2.265 .267  7 5  
.60 . 7 0  1.196 .110  1 1 4  
. 7 0  .80 . 6 3 1  .078  7 2  
. 8 0  - 9 0  - 3 6 1  - 0 5 0  5  5  
.SO 1.00 - 1 6 8  .034 2 5  

1 - 0 0  1.20 . 1 1 1  .C22 2  7  
1.20 1.40 - 0 6 3  . O l b  1 7  
1.4C 1.60 .C3C .C07 2 2  
1.60 1 - 8 0  - 0 2 2  . c c 5  ~ e  
1.80 2.00 .O21 .OO6 1 3  
2.00 2 - 5 0  - 0 1 2  . o n  I e 
2.50 3.00 . 0 0 6  .001  2  2  
3.00 3.50 .CC5 - 0 0 1  I 6 

T  15 T H i  MOMENTUN TRbNSFER BETHEEh THE I I h C C M l N G  NEUTRCNI PNC THE IOUTGOING hEUTRON1. 

1 1 1  PLUS P O S S l 8 L E  SYSTEWPTIC ERROL OF +- 5 PER CENT. 

E L b S T I C  D I F F E R E N T I L L  CRCSS SECTION FCR NEUTRCN PROTON. I T A B L E  1 1  

c a r e  IS P V E R A G E C  O V E R  LIIOPATGRY R E P ?  M C M E N T U M  FROM 6.37 T O  7.10 GEVIC. 

-1 0-SIGMA/O-T 
l G E V / C ) * * 2  M B I I G E V I C 1 * * 2  Ill- NO. EVENTS 
M l N  M L X  

T  I S  THE YOMENTU* TRANSFER BETWEEN THE I l N C O M l N G  NEUTRON1 AND THE IOUTGOING NEUTLONI. 

Ill PLUS P O S S l 0 L E  SYSTEVATIC ERROL OF + 5  PER CENT. 



F I T  TO E L 4 S T I C  O l F F E R E l i T l b L  C R C I S  S E C T I O N  FOR N t U T P C h  PRCTCN. I T A B L E  2 1  

DATA I S  F I T  CVER L b B 0 9 A T C R I  B E b b  PCPELTUY FRCM 1.7 TO 2.3 t F V / C .  

DATA I S  F I T  OVER -1 FROY . l  TC .5 l G E V / C l * * 2 .  T  I S  THE MOMENTUP TRANSFER BETWEEN TWE [ I N C O M I N G  N E U T R O h l  AND THC 
I CUTGOING NEUTRONI .  

F I T T E D  F O P P U L I  I S  C - S I G M A I P - T  = A r E X P I - P * T I  

WHERE 0 - S I G Y A I D - T  1 8  I N  M B / I G E V I C I * * 2  AND -1 I S  I h  I G E V I C I * * Z .  

F I T T E C  VALUF 

B  = -5.66 +- .54 

F I T  TO E L A S T I C  O I F F E R E N T I b L  CRCSS S E C T I C h  FOR NEUTRON PRllTON. I T A B L E  2 1  

DATA I S  F I T  OVER L b B C R A T C R I  E E A l  HCMENTUM FPCY 2.3 TC 2.8 GEVIC.  

DATA I S  F I T  OVER -T FRON .I TC -5 I G E V / C I * * 2 .  T I S  THE MOMENTUM TRANSFER BETWEEh THE I l N C t M l N G  N E U T R O h l  bNO TWE 
I C U T G O l N G  NEUTRONI .  

F I T T E D  FORPULb I S  C - S I G M I I O - T  = 4 * E X P I - B * T I  

WHEPE D - S I G M A I D - T  I S  I N  M B l l G E V / C I ' * 2  AN0 -1 I S  I h  l G E V I C l * * 2 .  

F I T T E D  VALUE 

8  = -6.22 +- .48 

F I T  TO E L A S T I C  C l F F E R E N T l A L  CRCSS S E C T l O h  FOP NEUTPON PROTON. [ T A B L E  2 1  

DATA I S  F I T  OVEN L A B C R A T O R I  BEAY NOMENTLM FRCM 2.8 TC 3.3 GEVIC.  

DATA I S  F I T  OVER - T  FROP .1 TC .5 I G E k I C I * * 2 .  T  I S  THE MOLENTUV TRANSFER BETWEEN THE I I N C O M I N G  NEUTRON1 AN0 THE 
LCUTGOING NEUTRON]. 

F I T T E D  FORPULA I S  C - S I G P A I O - T  = A * E X P I - B * T I  

WbEQE D - S I G M A I O - T  I S  I N  H E l I G E V / C l * * Z  AND -1 I S  I N  I G E V / C l * * Z .  

F I T T E D  VALUE 

B  = -6.86 + -  .48 

F I T  TC E L A S T I C  O I F F E R E N T I A L  CRCSS S E C T I O N  FOR NEUTRCN PROTON. I T A B L E  2 1  

CATA I S  F I T  OVER LbBCRATORY BEAF MOMENTUM FROP 3.3 TC 3.8 GEVIC.  

DATA I S  F I T  OVER -1 FRO? .I T C  . 5  I G E V I C 1 * * 2 .  T  I S  THE HDHENTUP TR4NSFER EETUEEh THE I I N C O M I N G  NEUTRON1 AND T H E  
1  CUTGOING NEUTRONI .  

F I T T E D  FORMULA I S  C - S I G P A I D - T  = & * E X P I - B * T l  

WHERE C-SIGMA/O-T I S  I N  M B / I G E V I C I * 1 . 2  AND -T I S  I N  I G E V l C l * * Z .  

F I T T E D  VALUE 

B  = -7.14 + -  .46 

F I T  TO E L A S T I C  D l F F E R E N T l b L  CRCSS S E C T I O N  FOR NEUTRON PROTON. [ T A B L E  2 1  

DATA I S  F I T  OVER LbBCRATCRY BEPP UOPEhTUM FROM 3.8 TO 4.3 GEVIC.  

DATA I S  F I T  OVER -1 FROY .I TC - 5  l G E V / C l * t 2 .  T  I S  THE MOMENTUV TRANSFER EETYEEh THE I I N C C M I N G  NEUTRON1 AN0 THE 
I C U T G C l h G  N E U T R C L I .  

F I T T E D  FORMULA I S  O - S I G P A I D - T  = &*EXPI -0 '11  

HHERE C - S I C U b I O - T  I S  I N  H B / I G E V I C L + * 2  AN0 -T  I S  I N  I G E V l C l * * Z .  

F I T T E D  VALUE 

8  = -7.33 +- .43 

F I T  TO E L A S T I C  O I F F E R E N T I A L  CRCSS S E C T I O h  FOR NEUTRCN PROTON. I T A B L E  2 1  

DATA I S  F I T  OVER LbBCRATODV BEAV MOMENTUM FROM 4.3 TO 4.8 GEVIC.  

DATA I S  F I T  OVER -1 FROM .I T C  . 5  l G E V f C l * * Z .  T  I S  THE MOMENTUI  TRANSFER BETWEEh THE [ I N C O M I N G  NEUTRON1 AND THE 
I C U T G G I h G  N E U T R C h l .  

F I T T E D  FORMULb I S  D-S IGMAID-T  = b * E X P I - B * T 1  

WHERE D - S I G M A I O - T  1 5  I N  M B / l G E V I C l * * 2  AND -1 I S  I N  ( G E V / C I * * Z .  

F l T T E C  VALUE 

B  1 -8.25 +- - 3 8  

F I T  TC E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C h  FOE NEUTRON PROTON. [ T A B L E  2 1  

D A T A  I S  F I T  OVER LbBCRATCRY BEAP MOMENTUM FROM 4.8 TO 5.4 GEVIC.  

DATA 1 5  F I T  OVER -1 FROM .1 TC .5 I G E V / C I * * Z .  T  I S  THE MOCENTUI  TRANSFER BETWEEN THE I I N C O U I N G  N E U T R O N I  AN0 THE 
I C U T G U l h G  N E b l R O h I .  

F I T T E D  FORMULA I S  C-S IGMAIO-T  = A t E X P I - 8 t T I  

WHERE D - S I G P A I O - T  I S  I h  N e / l G E V / C I * * Z  AN0 -1 I S  I N  I G E V I C I * * Z .  

F I T T E O  VALUE 

8  = -7.65 r- .?t  



F I T  T O  E L A S T I C  O I F F E R E N T I A L  C R C S S  S E C T i C h  F O R  N E U T R C h  PROTON. I T A B L E  2 1  

D 4 T A  1 5  F I T  O V E R  L b B C R A T C R Y  R F b X  M C M E N T U M  F R O Y  5.4 TO 5.9 G E V I C .  

O A T A  I S  F I T  O V E R  -1 F R f l ?  . I  T C  .5 I G E V I C l * * Z .  T  I S  T H E  M O M E N T U P  T R A N S F E R  B E T H E E h  T H F  I l h C r H l N C  h E U T R O N I  AND T r F  
I C U T G O I N G  N E U T R C h I .  

F I T T E D  F O R M U L A  I S  C - S I G M A I D - T  = & * E X P I  - B * T  I 

Y H E R E  0 - S I G M b l C - T  I S  I N  P ~ l l G E V / C l * * Z  AND - T  I S  I k  l G E V l C l * * 2 .  

F l T T E C  V A L U E  

0  = - 1 . 1 1  +- .?? 

F I T  T O  E L A S T I C  D l F F E R E h T l b L  C R C I S  S E C T L C h  F O P  N E U T R O h  P R C T O h .  [ T A B L E  2 1  

D A T A  I S  F I T  O V E R  L P B C R b T O R Y  B E A k  Y t P E h T U M  F R C M  5.9 T C  b.4 G E V l C .  

D A T A  I S  F I T  O V E R  -1 F R C Y  . I  T C  . 5  I G E V / C ) * * 2 .  T  I S  T H E  M O M E N T U P  T R A N S F E R  B F T W E E h  T H E  I I h C O M l N G  N E U T R D h l  A N D  THE 
I C U T G O I N G  N E U T R C N I .  

F I T T E D  F O R M U L A  I S  C - S I G M A / @ - T  = A l E X P I - B I T 1  

< H E R E  D - I I G M A I C - 1  I S  I h  Y B I I G E V l C l * * Z  b N C  -T 1 5  I h  I G E V I C l * * Z .  

F I T T E C  V A L U E  

8  = - 1 . 9 4  +- . ? 7  

F I T  T O  E L A S T I C  D I F F E R E N T I A L  C R C Z S  S E C T I O N  F O G  N E U T R O h  P R C T C N .  I T A B L F  2 1  

D A T A  I S  F I T  O V E F  L A B C R A T O R Y  e E b P  Y C Y E h T U H  F R C V  6.4 T C  7.2 G E V I C .  

D A T A  I S  F I T  O V E R  - T  F R O ?  . I  T C  .5 l G E V I C l * I 2 .  T  I S  T H E  M O V E N T U P  T R A N S F E R  B E T W E E N  T H E  I I N C O M I N G  N E U T R O h l  AND T H E  
I C U T G O I N G  N E U T R C N I .  

F I T T E D  F O R M U L A  I S  C - S I G M A I O - T  = A * E X P I - B t T I  

WHERE C - S I G V A I O - T  I S  I h  V B / ( G E V I C l * * 2  A N D  - T  I S  I h  l G E V I C l * * 2 .  

F I T T E C  V A L U E  

0  = - 7 . 3 1  +- .44 

F I T  T O  E L A S T I C  D l F F t R E N T I b L  C R C I S  S E C T I O h  F O R  N E U T R C h  PROTON. I T A B L E  2 1  

O A T A  I S  F I T  C V E R  L A B C R A T O R Y  B E A P  ? C Y E L T U M  F R O M  1.7 T C  2.3 G E V I C .  

D A T A  I S  F I T  O V E R  - T  FRCW .I T C  .4 I G E V I C l * * 2 .  T  I S  T H E  M O M E N T U P  T R A N S F E R  B E T W E E N  T H E  [ I N C O M I N G  N E U T R O h l  A h 0  T H E  
[ C U T G O I N G  N E L T R O h I .  

F I T T E D  F O R M U L A  I S  0 - S I G M A I D - T  = A * E X P I - B t T I  

WHERE 0 - S I G M b l D - T  1 5  I N  N B l l G E V / C l * * 2  A N D  - T  I S  I N  I G E V l C ) * * Z .  

F I T T E C  V A L U E  

B  = -5.5 *- .e 

F I T  T O  E L A S T I C  O l F F E P E N T I b L  C R C I S  S E C T I O N  F O P  N E U T R O h  P P C T O N .  [ T A B L E  2 1  

D A T A  1 5  F I T  C V E R  L B B C R A T O R Y  E E A k  H C ? E h T U V  F R O V  2.3 T O  2.8 G E V I C .  

D A T A  1 5  F I T  O V F P  - T  FRO' . I  T C  r 4  I G E V l C l * * 2 .  T  I S  T H E  M O M E N T U V  T R A N S F E R  B E T h E E h  T H E  I I h C O M l N G  N E U T R O h l  A N D  T b E  
L C U T G D I N G  N E U T R G h l .  

F I T T E C  F O R M U L A  I S  O - S I G M A I D - T  = & * E X P I - B t T I  

WHERE O - S I G M A I D - T  1 5  I N  Y B I I G E V I C ) * * 2  b N O  -1 1 5  I N  I G E Y I C I * * 2 .  

F I T T E C  V A L U E  

B = -6.67 +- . 8 1  

F I T  T C  E L A S T I C  D I F F E R E N T I A L  C R C I S  S E C T I O N  F O R  N E U T R O h  P R C T O N .  I T A B L E  2 1  

D A T A  1 5  F I T  O V E R  L A B C P A T O R Y  B E A P  W C H E h T U M  F R C M  2.8 T O  3.3 C E V I C .  

D A T A  I S  F I T  O V E R  -1 F R O Y  . I  T C  - 4  I G E V l C l * * 2 .  T  I S  T H E  M O M E N T U M  T R A N S F E R  B E T W E E h  T H E  I I N C O M I N G  N E U T R O h l  A N D  T H E  
[ C U T G O I N G  N E U T R C h l .  

F I T T E O  F O R M U L P  I S  C - S I G M b I D - T  = & * E X P I - B * T I  

WHERE 0 - S I G M A I D - 1  I S  I h  V B I I G E V I C l * * Z  b N C  - T  I S  I h  I G E V I C ) * * 2 .  

F I T T E C  V A L U E  

B  = - 8 . 4 8  +- .74 

F I T  T O  E L 4 S T I C  D I F F E R E N T I A L  C R C I I  S E C T I O N  FOR N E U T R O h  P R C T C h .  I T A B L E  2 1  

D A T A  I S  F I T  O V E R  L A B C R A T O R Y  B E b P  P C Y E h T U W  F G C Y  3.3 T O  3.8 C E V I C .  

O A T A  I S  F I T  O V E R  -1 F R O P  . I  T C  .4 I G E V I C ) * * Z .  T  I S  T H E  M O M E N T U Y  T R A N S F E R  B E T W E E N  T H E  [ I N C O M I N G  N E U T R D h l  A N D  T H E  
[ C U T G O I N G  N E U T R C h l .  

F I T T E D  F O R H U L L  I S  O - S I G M A I O - T  = & * E X P I - R * T I  

U H E R E  0 - S I G H A I D - T  I S  I N  M B l l t E V I C l * * Z  A N D  - T  I S  I N  I G E V / C ) * * Z .  

F I T T E D  V A L U E  

0  = - 0 . 2 3  +- .64 



F I T  TC E L A S T I C  D I F F E R E N T I b L  CPCSS S E C T l O h  FOR NEUTROh PROTON. I T A B L F  2 1  

DATA 1 5  F I T  CVEP LABCRATORY BEAP MCMtNTLM FRCM 3.8 TC 4.3 GEVIC.  

DATA I S  F I T  OVER -1 FROP .I TC .I l G E V I C l * * 2 .  T  I S  THE NOMENTUY TRANSFER BETWEEN THE I I N C O M l N G  NEUTRON1 AND THC 
I C U T G O l N G  NEUTRONI .  

F I T T E D  FORMULA I S  C - S I G H P I C - T  = A * F X P I - B I T 1  

WHERE D-SLGHAID-1  I S  I k  M B I I G E V I C I * * Z  bNO - T  I S  I h  I G E V l C l * * Z .  

F I T T E C  VALUE 

B  = -7.58 .- .57 

F I T  T C  E L A S T I C  C I F F E R E N T L I L  CRCLS S E C T l D h  FOR NEUTROh PROTON. I T A B L F  2 1  

DATA I S  F I T  CVER L b B C R A T O R l  BEAV MOMENTLM FPOW 4.3 TC 4.8 GEVIC.  

OATA 1 5  F I T  OVER -1 FRCP .I TC .4 I G E V I C l * * 2 .  T  I S  THE MOPENTUM TRANSFER @€TWEEN THE I I N C O M I N G  N E U T R O h l  AND THE 
I O U T G O I N G  NEUTRON). 

F I T T E D  FORPULA I S  C - S I G M L I C - 1  = b * E X P I - B * T I  

WPERE O-S IGMAID-T  I S  I N  M B I l G E V I C l * * 2  AND -1 I S  I N  l G E V I C l L I 2 .  

F I T T E D  VALUE 

B  = -8.73 +- . 4 5  

F I T  T C  E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FOR NEUTRON PROTON. I T A B L E  2 1  

DATA I S  F I T  OVER LPBCRATCRY B E b P  MOMENTUM FROM 4.8 TO 5.4 GEVIC.  

D A T A  I S  F I T  OVER -T FROM . 1  TO .4 I G E V / C I * t Z .  T  I S  THE UOMENTUW TRANSFER BETWEEN THE I l N C C M l N G  NEUTRON) ANn THF 
I CUTGCING NEUTRONI .  

F I T T E O  FORMULA I S  C-S IGMAIO-T  = b * E X P l - B * T I  

W E R E  0 - S I C M A I D - 1  I S  I N  M B I I G E V I C l * * 2  AND - T  I S  I N  I G E V / C l * * 2 .  

F l T T E O  VALUE 

B  = -7.63 +-  . 4 8  

F I T  TC E L 4 S T I C  O I F F E R E N T l b L  CRCSS S E C T I O N  FOR NEUTRON PROTON. I T A B L E  2 1  

ObTA I S  F I T  OVER LABCRATORY BEbV MOCENTUM FRCM 5.4 TO 5.9 GEVIC.  

OATA 1 5  F I T  OVER -1 FROP .I TC .4 I G E V I C l * * Z .  T  I S  THE MOMENTUW TRANSFER B E T k E E N  THE I l N C O P l N G  NEUTRON1 PND TPE 
I C U T G O I N G  NEUTRON). 

F I T T E D  FORPULA I S  C-S IGMAID-T  = A * E X P I - B t T I  

WHERE O-S IGMAID-T  I S  I N  M B l l G E V I C l * * 2  AND -1 I S  I h  I G E V I C l * * Z .  

F I T T E D  VALUE 

8 = -7.62 +- .48  

F I T  T C  E L A S T I C  O I F F E R E N T I b L  CRCSS S E C T I O N  FOR NEUTRON PROTON. I T A B L E  2 1  

DATA 1 8  F I T  OVER LABCRATORY B E b P  MCVENTLH FROM 5.9 TC 6.4 GEVIC.  

OATA I S  F I T  OVEP -1 FROV .I TC .4 I G E V I C l * * 2 .  T  1 5  THE YOMENTUP TRANSFER RCTWEEk T H E  I I N C O M I N G  NEUTRON1 AND THE 
I O U T G O l h G  NEUTROhI .  

F I T T i D  FORPULP I S  O-S IGMAIO-T  = b+EXPI-0.11 

WHEPE O-S IGMAID-1  I S  I N  H B l l G E V I C 1 * * 2  AND - T  I S  I N  I G E V I C I t t Z .  

F I T T E D  VALUE 

0  = - 8 . 5 7  *- .54 

F I T  T C  E L A S T I C  O I F F E P E N T I A L  CRCSS S E C T I O L  FOP NEUTRON PROTON. [ T A B L E  2 1  

DATA I S  F I T  CVER LdBCRATCRY BE4"  NOMENTUM FRCM 6.4 TC 7.2 GEVIC. 

DATA I S  F I T  OVER - T  FROV .1 TO .< I G E V / C I * * 2 .  T  I S  THE YOHENTUP TRbNSFER BETWEEN THE I I N C O M I N G  N E U T R O h l  AND THE 
I CUTGCING N E U T R G h l .  

F I T T E D  FORMULA I S  0 - S I G Y A I D - T  = A * E X P I - e t T l  

WPERE 0 - S I C M 4 l D - T  I S  I N  H B l l G E V l C l * * Z  AND -1 I S  I h  I G E V I C I * * Z .  

F I T T E C  VALUE 

B = -7.12 +- .68  



08SERVATION OF THE P P 1  P I  DECAY MCCE OF ThE N * 1 / 2 1 1 4 0 0 1  RESONANCE I N  PP INTERACTIOhS A' 22 GEV/C. IPFYS.  FEU. 
LETTERS 21.  1 3 6 c  1 1 9 6 8 1 1  

ABSTRACT APPROXIMATELY 1L.CCO FOLQ-PROhGEO INTERACTIONS CF 2 2 - G E v I C  PROTOhS l h  b  HYCRCGEh 8 U R e L t  CHAMBER bAVE BEEN 
MEASURED. I N  4  SAYPLE OF 1 2 3 4  PP P I +  P i -  EVENTS T H t  F I L A L  STATE 1 4  OOMlNATEO BY O E L T A + + l l 2 3 b I  PRPOUCTICh. 
APPRi lX IM4TELY 1 2 0  OF THESE EVEhTS ARE ATTRIBUTEC TP T k E  P P I +  P I -  CECAY OF A RESONANT STbTE W I T H  MASS 1 4 4 3  +- 1 5  V F V  
ANC H l O T h  1 0 0  + 2 5  MEV I O E N T l F l E O  U l T h  THE N t l / 2 1 1 4 0 0 1  RESONANCE. THERE I S  ALSC STRONG EVICENCE FOP P P I  P 1  
ENHANCEMENT Y l T H  b  CEhTRAL MASS VALUE CF 1 6 9 3  MEV. 
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LETTERS 1 9 ,  3 9 7 ~ 1 ; 9 6 7 1 ,  PHYS. REV. LETTERS 1 3 , 5 5 5 ~ 1 1 9 6 4 1 , ~ ~ ~ ~ ~ .  REV. LETTERS 14s  1 0 4 3  1 1 9 6 5 1 ,  PHYS. LETTER: 23. 3 8 6  
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UCLA UCLA-1023,  PHYS. REV. LETTERS 20. 9 6 4  1 1 9 6 8 1 ,  NUOVO ClMENTO 5 0 6 ,  1 0 0 0  1 1 9 6 7 1 ,  UNIV.  OF I L L I N O I S  COOl195-78  1 1 9 6 7 1 ,  
PHYS. REV. LETTERS 1 3 ,  1 6 9  ( 1 9 6 4 1 s  PHYS. REV. LETTERS 19.  5 4 6  1 1 5 6 7 1 ,  NUOVC CIYENTO 241 4 5 3  ( 1 9 6 2 1 .  NUOVr ClMENTO 404s  
8 9 9  1 1 9 6 5 1 ,  PHYS. REV. LETTERS 1 9 ,  9 2 5  1 1 9 6 7 1 .  SLAC 4 3  1 1 9 6 5 1 ,  ANC PHYS. REV. 1393 8 1 0 2 3  ( 1 9 6 5 ) .  

b R T l C L E  REPC BY OCETTE BEhARY I h  1 l b S .  AND V E R I F I E C  BY LEROY PRICE.  

BEAM I S  PRCTON Oh PRCTCN AT 21.8 GEVIC.  

THIS EXPERIMENT U S E S  T ~ E  B.N.L. 80  ~ h .  IHI n u e e L t  C H A M E E ~ .  b  T O T A L  OF  7 0 0 0 ~  PICTURES A P E  REPORTED ON. 

KEY UGROS - CROSS SECTICN HbSS SPECTRUP D l F F E R E N T l A L  CROSS SECTlOh F I T S  h * 1 1 ~ 7 O l P l l  O E L T A l l 2 3 R l  
8ARVOh RESONbNCE L I T k  Y = 1 AT 1 7 0 0  HEY 

COYFOUNO KEY WORDS . F I T S  C l F F E R E N T l A L  CROSS SECTION 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CRCSS SECTION FOR PROTCN PRCTON - PRCTCN PROTON P I +  P I - .  ' [PAGE 1 3 6 8 1  

LABORATORY 
BEA? MOMENTUM 

GEVIC MILLI -BARNS NO. EVEhTS 
1.36 +- .1b 1 2 3 4  

CROSS SECTION FOR PROTCN PRCTCN - PRGTCN N*114701+.  [PAGE 1 3 6 9 1  
N * 1 1 4 7 0 1 +  - PROTON P I +  P i -  1 1 1  

LPBORATORY 
BEAY YDMENTUM 

G E V l C  WlCRC-BARLS 
21.8 155.  *- 3C. 

ill F I T T E D  FOR MASS PNOIGR h l C T H  I PASS = 1.443 GEV: W I O T h  = - 1 0 0  GEV I, AND THEN TOOK ONLY EVENTS ABCVE I F I T T E O I  
BACKGROUND. 

F I T  TO O l F F E R E N T l b L  CRCSS SECTICN FOR PROTCh PROTON * N * l 1 4 7 0 1 +  PROTOh. (PAGE 1 3 7 0 1  

L4BCRATORY EEAW LOLELTUY = 21.8 GEVIC. 

T  I G E V / C l * * 2  < .250. T  l S  THE MCMENTUV TRANSFEP RETHEEN THE 1 lNCOMlNG PROTON1 AND THE I N * 1 1 4 7 0 1 + 1 .  
F l T T E O  FORMULA 1 5  C-S lGPAlD-T = A * E X P I 8 I T I  1  

WHERE C-SIGYAID-T IS  I h  Y B I I G E V / C ) * t 2  AN0 T  I S  I N  I G E V / C I * * Z .  

F I T T E C  VALUE 

8  = 18.0 +- 2.3 

NEUTWON-PROTON ANC NEUTRnN-OEUTEROh TOTAL CROSS SECTIONS FRO? 1 4  TC 2 7  GEVIC. I P b Y S .  REV. LETTFRS 20. 4 6 8  1 1 9 b B l l  a M.N.KRElSLER I P R l h C E T O h  Uh1V.s P R l h C E l C h ,  h. J., USA1 
L . ~ . J O N E S . M . J . L O N G G I J . R . O ~ F A L L D ~  I U N l V .  OF MICHIGAN.  bNW AR8@9,  MICH., U S b l  

ABSTRACT THE F I R S T  CIRECT MEASUREYENTS OF NEUTRON-PROTON AN0 NEUTRON-OEUTERO* TCTAL CROSS SECTIONS I N  THE MOMENTUH 
RANGE 1 4  TO 2 7  GEVIC APE PRESENTED. THE NP TOTAL CROSS SECTION APPARENTLY BECCNES LESS THAN THE PD TOTAL CROSS 
SECTION I N  T H l S  H C V F h l U *  REGlCh. CUR RESULTS SHOk NO EVIOENCE FOR A R A P I D  VANISHING OF THE GLAUBFR 5CRFFNINC ~ - -  - -  . . 
CORRECTlOh AS PREClCTEC 8Y A8EPS ET AL. ON THE B A S I S  OF REGGE THEORY. 

C l T b T I C h S  
PHYS. REV. 1 3 8 1  8 9 1 3  1 1 9 6 5 1 ,  PHYS. LETTERS 19. 3 4 1  1 1 9 6 5 1 ,  PHYS. LETTERS 14. 1 6 4  1 1 9 6 5 1 .  PHYS. REV. lCO,  2 4 2  1 1 9 5 5 1 ,  
PHYS. REV. LETTERS 1 9 ,  8 1 7  1 1 9 6 7 1 .  BcRKELEY CONFERENCE 2 5 3  1 1 9 6 1 1 .  PHYS. LETTFRS 2 1 ,  3 3 9  1 1 9 6 6 1 ,  NUOVC ClHENTC 4 2 A r  
3 6 5  1 1 9 6 6 1 .  PHYS. WEV. l 4 b .  98C 1 1 9 6 6 1 .  I N T ' L .  CONGRESS O h  NUCLEAR PHYSICS,PARIS.FPANCE 1 6 2  1 1 9 6 4 1 .  A h 0  J E T 0  18 1 2 3 9  
1 1 9 6 3 1 .  

A R T I C L E  READ 8 1  OCETTE BENAQY I h  1 / 6 5 ,  AND V E R I F I E C  BY LEROY PRICE.  

BEAF NO. 1 I S  NEUTROh CN PROTCh FRC? 14.6 TC 27.0 GEVIC. 
NO. 2 I S  NEUTRON ON CtUTEPOh FROM 14.6 TC 27.0 CEVIC. 

T H l S  EXPERIPENT USES COLNTERS. 

KEY HOROS - CROSS SECTICN 

NEUTRCN PROTON TOTAL CRCSS SECTIOh.  I T A B L E  1 1  

LABORATORY 
BEA? YCIENTUH 

GEVIC 1 1 1  H I L L I - B A R h S  
14.6 37.1 +- 1.2 
17 .8  37.5 1.2 
21.6 37.1 . E  
27.0 38.9 .6 

Ill MEAh VALUES. 



NEUTRON OEUTEROh TOTAL CRCSS SECTICh.  I T A B L E  1 1  

LABCRATCRY 

Ill PEAh VALUES. 

TOTAL CRUSS SECTION FOR I h T E R A C l I C h  EETUEEh PROTONS AND 8.3 BEY NEUTRONS. I J E T P  15 2 7 2  1 1 9 6 2 1 1  

L . O Z H O Y ~ I ~ V . L P A ~ T U Y E Y  Y N ~ N . K + ~ C H ~ T U R Y A N N  1.V.CHUVLLC L d O I N T  INST. FOP NUCL. RESEARCH, DUBMAT USSR1 

ABSTRbCT TWE TOTAL NEUTROh-PROTOh I N T E R 4 C T I C h  CROSS SECTION k b S  MEASURE0 FCR C PEAh EFFECTIVE NEUTRON ENERGY 8.2 -1.3 
+ l . 2  BEY I l h  THE L.S.1 UhDER GOGC GEOMETRY I T H E T A I 2  = 0.228 DEG.1. T H t  TOTAL CRCSS SECTION UAS FOUND TC EQUAL 41.2 +-  
2.6 NB. 

C I T A T I O N S  
PHYS. REV. 9 8 .  1 3 6 5  1 1 9 5 f 1 ,  PbY!. REV. 1 0 3 ,  2 1 2  1 1 9 5 6 1 ,  NUC. PHYS. 9. 6 0 0  1 1 9 5 9 1 .  PRCC. OF THE ROY4L SOCIFTY OF 
LOhDCN 4 2 5 1 .  2 3 3  1 1 9 5 9 1 ~  B L L L .  AN. PHYS. SOC. 4. 2 5 3  1 1 9 5 5 1 r  AN0 PHYS. REV. LETTERS 5. 5 7 6  119601.  

A R T I C L E  REAC BY OOETTE BENAPY I h  1 / 6 5 .  A h 0  V E R l F l E C  8Y LERCY PRICE.  

BEAY I S  NELTRON CN HYOeOGEh CCPPOUNC bT Y.192 GEVIC. IBEAN K I N E T I C  ENERGY = 8.3 GEVl  

T H I S  EXPERIMEhT USES CCLNTERS. 

K E Y  WOROS - CROSS SECTICN 

NEUTRGh PROTON TOTAL CRCSS SECTION. IPAGE 2 7 2 1  

LABORATORY 
8 i A r  ENERGY 

GEV 
8.3 t 1.2 

- 1.3 

STUDY OF P P  INTERbCTlONS AT 28.5 8 E V l C  I N  TWO- AN0 FOUR-PRONG F I N A L  STATES. IRNL 1 1 9 8 0  1 1 9 6 7 1 1  

m p . L . ~ c N N c L L y , h . ~ ~ ~ ~ ~ s , ~ . v . ~ . ~ o L G H , O . J . n 1 L L E R ~ T . k . M O R R I s ~ C . o L A N N E S 5  UPTON, L.I.. N. Y., USA1 R . 5 - P A h V l h l ~ b . M . T H O R N C l K E  18ROCKH4VEN .AT. LAB., 

C l T b T I O N S  
BNL 1 1 6 8 1 .  PHYS. REV. 1 2 0 9  1 8 5 7  1 1 9 6 0 1 ,  PUYS. REV. LETTERS 19,  5 6 6  1 1 9 6 7 1 ,  USAEC REPORT UC-34 1 1 9 6 7 1 ,  PHYS. REV. 
LETTERS 1 6 ,  8 5 5  1 1 9 6 6 1 ,  PHYS. LETTERS 18,  1 6 7  1 1 9 6 5 1 ,  PHYS. REV. LETTERS 1 7 s  7 8 9  1 1 9 6 6 1 ,  PHYS. REV. 1 5 4 ,  1 2 8 4  1 1 9 6 7 1 ,  
PRINCETON-PENN ACCELERATCR PPAD 6OOF 1 1 9 6 6 1 ,  AND PHYS. REV. 1 3 7 s  1 5 6 6  1 1 9 6 4 1 .  

A R T I C L E  READ BY OCETTE 8ENbPY I h  9 / 6 5 ,  AN0 V E R I F l E C  BY LERCY PRICE. 

BEAP I S  PROTOh Oh PROTCN bT 28.5 GEYIC. 

T H I S  EXPERIMENT USES T k E  8.N.L. 8 0  I h .  ( H I  BUBBLE CH4UBER. 4  TOTAL OF 8 3 0 0 0  PICTURES bRE REPORTEC ON. 

K E Y  WOROS - CROSS SECTICh C I F F E R E h T l A L  CROSS S E C T I O h  F I T S  MASS SPECTRUM ANGULAR O I S T R I 8 U T I O h  

CCPFOUNO KEY YORCS * F I T S  C l F F E R E N T l A L  CROSS S E C T l O h  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I F R O P  TABLE l b  AN[ TABLE 1 8 1  

LABCRbTCRY 8EAP MCMENTUC = 28.5 GEVIC. 

REACTION 
PROTOh PRCTON - 

PWCTCN N 1 1 1 4 7 0 1 1  

PROTON 4 * 1 1 4 7 0 1 +  

N * l l 4 7 C I +  - NLCLEOh PION Ill 
PROTON NEUTRON P I +  
NELTRON C E L T A I 1 2 3 B I + +  

O E L T A I l 2 3 8 1 + +  PROTOh P I +  1 1 1  
C E L T b l l 2 3 8 l + +  C E L T b l l 2 3 8 I O  

O E L T A I 1 2 3 8 l + +  - PRGTOh P I +  f l l  
D E L T A l l 2 3 8 1 0  NEUTROh P I 0  1 1 1  

DELTA1 1 2 3 8 1 0  PROTON P I +  

O E L T A l l 2 3 8 1 0  . hEUTROh P I 0  1 1 1  
PROTCN PROTON P I +  P I -  
O E L T A 1 1 2 3 8 1 + +  PROTON P I -  

O E L T A l l 2 3 8 l + +  - PRCTCh P I +  Ill 
O E L T A 1 1 2 3 8 1 0  PROTON P I +  

D E L T A l 1 2 3 8 1 C  - PROTON PL-  Ill 
' N * l l b 8 B I '  PROTON P I +  

' N t I l b 8 8 1 '  - PROTON P I -  Ill 
O E L T A l 1 2 3 B l + +  O E L T A I 1 2 3 8 1 0  

O E L T A I 1 2 3 8 ) + +  - PROTON P I *  I 1 1  
D E L T A 1 1 2 3 8 ) O  - P R O l C h  P1-  1 1 1  

PROTCh PROTON OMEGA17831 
PROTON NEUTRON P I +  P I +  P I -  
O E L T A I  1 2 3 8 1 + +  LEUTROh P I +  P I -  ~ - -  

D E L T A ~  1 2 3 0 i i +  . PRO TO^ PI+ 
C E L T b l l Z 3 8 1 + +  D E L T b l l 2 3 8 l -  P I +  

D E L T A I 1 2 3 8 l + +  . PROTCh P I *  
DELTA1 1 2 3 8 1 -  - NEUTROL P I -  

D E L T A l 1 2 3 8 1 -  PROTON P I *  P I +  
D E L T A I I 2 3 8 1 -  . NEUTROh P I -  

PROTON ' N t 1 1 6 8 8 1 t '  

Ill USED SIMPLE MASS CUT. 
1 2 1  T H I S  DATA SHOULC N G 1  8E USE0 - MORE RECENT VALUES MAY BE FOUND I N  E L L I S  ET AL.. 8NL 1 3 6 7 1  1 1 9 6 9 1 .  



E L A S T I C  C I F F E R E N T I A L  CRCSS S E C T I O N  FCR PROTOh PROTON. I F l G U R E  1 1  

LABORATORY BEAY MOMENTUM = 28.5 G E V I C .  

1  h O R M b L l Z E 0  TO CObNTER E X P E R I Y E N T S  I 

................................... 
T H I S  DATA h A S  R E b D  F R C L  b  GRAFI- . ................................... 
-1 

l G E V l C l * * Z  
U l N  MAX 

.O .2 

.2 . 't 

.4 . 6 

NC. E V E h l S  

T  I S  THE UOMENTUH TRANSFER B E T k E E N  THE I I N C O H I N G  PROTON1 PND THE I C U T G C l h G  PROTONI. 

F I T  TO E L P S T I C  D I F F E R E N T I L L  CRCSS S E C T I O N  FOR PROTON PROTON. [ F I G U R E  1 1  

LABORATORY BEAM UOVENTUL = 28.5 GEVIC.  
F I T T E D  FORYULA I S  C-S IGMPID-T  = E X P I A - 8 I T * C * T * * 2 I  

UHERE 0 - S 1 G U A I O - T  I S  I h  P B I l G E V I C l * * Z  ANC T  I S  I N  I G E V I C l * * 2 .  T  I S  T H E  MOUENTUP TRANSFER BETkEEN TPE 
I I N C C M I N G  PROTON1 I N C  T H E  I O U T G O I N G  PROTONI. 

F I T T E D  VALUE 

ABSTRACT N-P E L A S T I C  D I F F E R E N T I A L  CRCSS SECTIONS I N  T h i  CHLRGE-EXCHPNGE R E B I n h i  HAVE RFEN H F b C l l R F n  F l lP  l N r T P F N T  NFi iTRnk 

. . . .  - - - - . - . 
ANGLES BETUEEN ZERC OEG. A h 0  6 2  D  

. . . . . . . . . . . .  
NT GF A  I I 1 2  I N .  P L A T I N l l M  MCUENTA BETWEEN 6 0 0  Y E V I C  AND 2 0 0 0  MEVIC.  b SECONDARY NEUTRON BEAY FROM THF BCrRAROME 

TARGET BY THE 3  GEV I N T E G N b L  PRCTCh BEAV I T  T H E  PRINCETCN-  P E N N S Y L V A N I A  ACCELERATOR WAS SCATTERED FROM A 
L IQUID-HYDROGEN TARGET. T k E  I N C I D E N T  NEUTRON ENERGY WAS OETERHINED R Y  A PEASUREMENT OF F L I G H T  T I M F  OVER b 1 0 8  FT. 
F L I G H T  PATH. THE !4CMEhTUY A h 0  S C A T T E R I N L  PNGLF OF T H E  R E C O I L  PROTON HERL MEASURED RY b  h lRE-SPIRK-CHAYBER M A G N E T I C  
SPECTROUFTER k 1 l H  Y A 6 N F l n C l R I C T I Y E  READOUT. P P P R C X I U A T E L Y  4 5 0 , 0 0 0  E L b S T l C  EVEhTS WERE DETECTED FOR PROTOW LABORATCRY 

EG.. O l F F E R E N T l A L  CROSS SECTIONS ARF PRESENTFO AT F l F T F F N  F N F R C I F C .  AN A R C P l l l T F  
N O R U A L I Z A T I O N  OF THE CROSS S E C T I C N S  hAS A C H X E V E C  BY M E ~ S U R I N G ~ T H E  INZ IOE~~~NE;~TON FLUX-ill;.; D i i E c ~ o P  h i i i i -  
E F F I C I E N C Y  WAS D E T E R U I N E C  EXPERIMENTALLY.  

SUP.3 3 2  l 1 9 5 6 1 .  PROGR. THECHET. PHYS. l K Y O T 0 1  1 6  4 5 5  ( 1 9 5 6 1 ,  PHYS. REV. 1 1 2 ,  1 3 8 0  l 1 9 5 8 1 .  REV. MOD. PHYS. 3 9 .  6 1 1  
1 1 9 6 7 1 .  PHYS. REV. 1 3 8 .  8 1 4 5  ( 1 9 6 5 1 .  PWYS. REV. 1 4 2 ,  1 0 0 0  1 1 9 6 6 1 .  PHYS. REV. 7 5 ,  1 3 5 2  1 1 9 4 9 1 .  PHYS. LETTERS 4 .  1 9  
1 1 5 6 3 1 .  PHYS. REV. L E T T E R S  11. 4 4 4  1 1 9 6 3 1 ,  P H I S .  L E T T E P S  1 2 ,  6 2  I l P 6 4 1 ,  PCYS. REV. 1 3 6 ,  0 1 7 0 3  1 1 9 6 4 1 ,  PHYS. REV. 1 3 7 ,  
8 1 5 3 0  1 1 9 6 5 1 ,  PHYS. REV. L E T T E R S  1 1 .  4 4 2  1 1 9 6 3 1 1  PHYS. REV. 1 3 4 .  0 6 3 3  ( 1 9 b 4 I .  PHYS. REV. L E T T F Q S  11. 88 ( 1 9 6 3 ) .  PPYS.  
REV. LETTERS 11. 1 1 3  1 1 9 6 6 1 ,  PbYS. REV. 1 5 5 1  1 7 7 3  1 1 9 6 7 1 .  NUC. PHYS. R 2 ,  3 9 4  ( 1 9 6 7 1 .  PHYS. REV. 1 6 3 ,  1 6 0 3  1 1 9 6 7 1 ,  
UCRL 1 0 6 7 7 .  PHYS. REV. 1 3 4 .  B 6 3 C  l 1 9 6 4 1 ~  ANNALS OF P H Y S I C S  7 .  4 0 4  1 1 9 5 9 1 .  J E T P  1 7  7 2 C  1 1 9 6 3 1 .  PHYC. R F Y  766. 1 5 4 9  

A R T I C L E  REbC BY OCETTE BENAGY I h  101.59, ANC V E R I F I E D  BY LEROY PRICE.  

BEAY I S  NEUTRON ON PROTOh FRCU 6  T C  2  G E V I C .  

T H l S  EXPERIMENT U I E S  SPbRK CHPYBERS. 

GENERPL CCMUENTS C h  T H l S  A R T I C L E  
1 T H I S  I S  SHEPARD'S T H E S I S .  I T  C O N T A I N S  b N I C E  O I S C U S S I O N  OF THE H l S T O R Y  AND THEOPY OF NP CHAPGE EXCHANGE S C A T T E R I N G .  

K E Y  UORCS - O l F F E R E N T l b L  CROSS S E C T I C N  CHARGE EXCHANGE F I T S  

COMPOUND K E Y  WORDS - F I T S  CHARGE EXCHANCE D l F F E R E N T l A L  CROSS S E C T I O N  



E L A S T I C  O l F F E R E N T l A L  CRCSS SECTION FOR NEUTRON PROTON. [ T A B L E  5 1  

DATA I S  AVERAGED OVER LA8tRATCRY REP* HCMENTUW FRCY - 6 0 0  TO . 6 2 5  GEVIC. 

U  I S  THE VCMENTU? TRANSFER BETWEEN T b E  I l N C O H l N G  NEUTRON1 AN0 THE IPROTONI .  

Ill PLUS POSSIBLE SYSTEVLTIC ERROR OF +- 8 PER CENT. 

E L b S T I C  D I F F E R E N T I A L  CRCSS SECTION FOR NEUTRCN PROTON. t T A 8 L E  6 1  

OATA I S  AVEPbGED OVER LABORATCRY BEAV MCHENTU* FRCM .625 T t  . b 5 0  GEVIC. 

U I S  THE MOMENTUM TRLhSFEP BETWEEN T k E  I I N C D M l N G  NEUTRON1 AND THE I P R O T O L I .  

1 1 1  PLUS POSSIBLE SYSTEVATIC ERROR OF +- 5.5 PER CENT. 

E L I S T I C  D I F F E R E N T I A L  CRCSS S E C T I C N  FCR NEUTRCN PROTON. (TABLE 7 1  

OLTA 1 5  AVERAGED OVER LbeCRATCRY eEbW HOHENTUP FROP .65C TO . 6 7 5  GEVIC. 

U  I S  THE YOHENTUH TRANSFER BETUEEh TPE I I N C C M I N G  NEUTRChl  AN0 THE I P R O T C h l .  

I 1 1  PLUS POSSIBLE SYSTE*ATIC ERPCR CF +-  3.b PER CENT. 

E L A S T I C  D I F F E R E N T I A L  CRCSS SECTICN FOP NEUTRCk PROTON. 

DATA I S  AVERAGED CVER LAECPATORY BEAV WCMENTUW FROM . 
-U 0-SIBMA/O-U 

I G E V I C  l * * 2  Y B / I G E V I C l * * Z  1 1 1  
. 0 0 0 1  354.3c  +- 21.20 
- 0 0 0 4  318.40  11.40 
.OC09 3C0.90 8.90 
.OD18 275.CO 9 .50  
- 0 C Z 9  276.90  10.40 
. a 0 6 3  236.4C 5.80 
. 0 0 7 0  218.00 6.80 

U  I S  THE MOMENTUV TRANSFEP BETWEFh THE I I h C C H l N G  NEUTRON1 AN0 THE IPROTONI .  

[ 1 1  PLUS PUSSIBLE SYSTEVATIC EFROR DF +- 3.2 PER CENT. 



E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C Y  FCR NEUTRCN PROTON. I T A B L E  5 1  

OATA I S  b V F R b G E 0  CVER LABGRATORY 8 E b Y  MOMENTUM FROM - 7 0 0  TO - 7 2 5  GEVIC.  

( G E V I C  I * * 2  
. 0 0 0 1  
.om*  
. 0 0 1 0  
.OClY  

U  I S  THE NOMENTUl  TRANSFER BETHEEN TWE [ I N C O M I N G  NEUTRON1 AN0 THE I P R O T O L I .  

1 1 1  PLUS P O S S I B L E  SYSTEWATIC ERROR OF +- 3 . 1  PEG CENT. 

E L A S T I C  O I F F E R E I I T I A L  CRCSS S E C T I O N  FOG NEUTRChi PROTON. 

OATA I S  AVERAGED CVEP LbeCPATCRY B E b *  LCHENTUY FRCV 

I T A B L E  1 0 1  

T n  . 7 6 0  GEVIC.  

U  I S  THE VOMENTUM TRANSFER BETWEEN THE I I N C O H I N G  NEUTRON1 AND THE I P R O T O N I -  

1 1 1  P L U S  P O S S I B L E  S Y S T E l A T I C  ERROR OF +- 3  P E L  CENT. 

E L A S T I C  D IFFERENTI0 .L  CUCSS S E C T I O R  FCG NEUTRCN PROTON. [ T L B L E  1 1 1  

DATA 1 5  AVERAGED OVEP LAEORATGRY BEAP MOMENTUY FRGM - 8 1  TC - 8 5  GEVIC.  

U 1 5  T H E  MOMENTUM TRANSFER BETWEEh THE I l N C O M l N G  NEUTRON1 AN0 THE LPROTONI .  

I 1 1  PLUS P O S S I B L E  S Y S T E P A T I C  ERROR OF +- 2.4 PER CENT. 



E L b S T I C  I ) I F F C R E N T I A L  CRCSS S E C T I G N  F G R  NEUTRCN PROTON. I T A B L E  1 2 1  

OATA I S  AVERAGED OVEf L d e O E b T O R Y  e F A P  MOMENTUM FROM - 8 5  TC .90  GEVIC.  

U I S  THE POMENTUP T R b h S F E R  B E l k E E N  T H E  I I N C O H I N G  NEUTRON1 AND THE I P R O T C h l .  

Ill PLUS P O S S I B L E  S Y S T E P A T I C  ERROR OF +- 2.1 PER CENT. 

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FOR NEUTRON PRCTON. I T 4 8 L E  1 3 1  

DATA I S  AVERAGED OVER LABCRATORY REAP MOMENTUP FRCP . 9 0  T C  . 9 5  GEVIC.  

U I S  THE MOMENTUM TRAhSFER B E T h E E h  THE I l N C O H l N G  NEUTRON1 AN0 THE I P R O T O N I .  

1 1 1  PLUS P O S S I 8 L E  S Y S T E M A T I C  ERROR OF +- 2 PER CENT. 

E L A S T I C  O I F F E R E N T I A L  CRCSS S E C T I O N  FOP NEUTRCN PROTON. I T A B L E  1 4 1  

OATA I S  AVERAGED OVER LA8ORATORY REAP MCMENTUY FRC*  . 9 5  TO 1.00 GEVIC.  

0 - S I E W A I O - U  
M B I l G E V I C l * * 2  Ill 

1 9 5 . 6 0  r- 1 0 . 0 0  
1 8 2 - t t  6 .00  

U  I S  THE MOMENTUM TRANSFER B E T h E E N  THE I I N C O M I N G  N E U T R O h l  AhC THE I P P O T O h I .  

Ill PLUS P O S S I B L E  S Y S T E Y A T I C  ERRCR OF t- 2 PER CEhT. 



E L b S T l C  O I F F E R E h T l P L  CRCSS S E C T I C N  FCP NEUTRCh PROTON. I T A B L E  1 5 1  

DATA I S  bVERAGEC CVER LABCRbTORI  EEbH MCMENTUM FRCM 1.C TO 1.1 GEVIC. 

U I S  THE MOMENTUM TRANSFER BETWEEN THE I l N C O M l N G  NEUTRON1 AND THE I P R O T O h l .  

Ill PLUS POSSIBLE SYSTEVATIC EFROP OF +- 2.4 PER CENT. 

E L A S T I C  D I F F E R E N T I A L  CRCSS SECTION FCR NEUTRCN PROTON. [TABLE 1 6 1  

DATA I S  AVERAGED OVER LAeCRdTCRY BEAP HCMENTUV FRCV 1.1 TC 1.2 GEVIC. 

- U  0 - S I C V A I C - U  
l G E V / C l * * Z  t ' B / l G E V / C l * * 2  L l l  

- 0 0 0 2  136.70  *- 6.20 
. 0 0 1 0  115.10  3.60 
- 0 0 2 5  110.40 3.tO 
.OD49 95.50 3.00 
. o o a l  a c . 7 ~  3 . 0 ~  
- 0 1 2 1  6 4 - 5 0  2.86 
- 0 1 9 2  55.SC 1.80 
- 0 3 1 9  43.5C 1.00 
. 0 4 7 2  4 l . i C  1.5C 
.0651 3 3 . 2 1  .55  
- 0 8 5 3  28.45 1.23 

U I S  Tk'E HOMENTUH TRANSFER BETnEEN THE I I N C O M I N G  MEUTRCNI AND THE I P R O T C h l .  

L I 1  PLUS POSSIBLE S V S T E R A l I C  ERROR OF +- 3.1 PER CENT. 



E L A S T I C  D I F F E R E N T l A L  CRCSS S E C T I C N  FCR NEUTRCh PRCTCN. I T A B L E  1 7 1  

IS LYERAGEU C V E P  LIE~FITDUV eter MCMENTUV FUCM 1.2 Tn 1.4 GEVK. 

U  I S  THE MOMENTUM TRANSFER B E T h E F N  THE [ I N C O M I N G  NEUTRON1 AN0 THE I P R C T C L I .  

1 1 1  P L U S  P O S S I B L E  S Y S T E P b l I C  ERROR OF +- 4.3 PER CELT.  

E L A S T I C  D l F F E R E N T l b l  CRCSS S E C T l C N  FOR NFUTRGN PROTOh. I T A B L E  1 8 1  

D b T A  I S  AVERAGED CVER LbeCRATGRY BEAY PCMENTUM FRCM 1.4 TO 1.6 G E Y I C -  

U  I S  TPE MOMENTUM TRANSFER BETUEEN T H E  I l N C C M l N G  NEUTRON1 AND THE I P R O T O N I .  

( 1 1  PLUS P O S S I B L E  S Y S T E Y A T I C  ERRCU OF +- 5.8 PER CENT. 



E L A S T I C  O I F F E R E N T I P L  CRCSS S F C T I C h  FCP NEUTRCN PRCTON. [ T A B L E  1 9 1  

DATA I S  AVERAGED CVEG LbeOEdTORY BEAP MCMENTUW FROU 1.6 TO 2.C GEVIC. 

U  I S  THE MOHENTUV TRANSFER BETWEEN T H E  [ I N C O M I N G  NEUTRON1 AND THE I P I O T O h l .  

Ill PLUS P O S S I B L E  SYSTEMATIC ERROP OF + 7.7 PER C E N T -  

F I T  T O  E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O h  FCK NEUTRCh PROTON. [ T A B L E  2 0 1  

LABORbTORY BEAM ENERGY = . I 0 2  GEV I M E b N  VALUEI .  

I THE F I T  I S  PERFCRMEC CEMbNOlNG I A L P H b t G b U M b I  N O R M A L I Z E D  TO U N I T Y  I 
F I T T E D  FORHULb I S  C-S IGWbIO-U = b L P n A * [ E X P l B E T b * U l l + G A n n A * I E X P l O E L T A * U l 1  

UHEPE C-S1GHAfO-U I S  I N  l " E l ( G E V l C l t i 2  &NO U I S  I N  ( G E V / C I * * Z .  L I S  THE HOYENTUP TRLNSFER BETWEEN TPE 
[ I N C U P I N G  N E U T R C L I  AND THE I P R O T O N I .  

F l T T E O  VALUES 

F I T  TO E L A S T I C  D I F F E R E N T I A L  C R C I S  S E C T I O N  FOR NEUTRGh PRCTON. [ T A B L E  2 0 1  

LABORATORY BEAP ENERGY = . I 9 5  L E V  I H E I N  VALUEI .  

I T H E  F I T  I S  PERFORMED CEMbNCING lALPHA+GAHMA)  N n R M A L l Z E O  TO U N I T Y  I 
F I T T E D  FORMULA I S  O - S I G M A l O - U  = ALPHA*[ E K P ( B E T A 8 U I  l I G b M H A ~ I E X P l D E L T b * U I I  

HHERE C-S IGMb lO-U I S  I h  U B / l G E V / C 1 * * 2  AND U  I S  I N  l G E V / C I * * 2 .  L I S  THE HOHEhTUM TRANSFER BETWEEN THE 
I I N C C M I N G  N E U T R C h l  A N 0  TPE I P R O T O N I .  

F I T T E O  VALUES 

ALPHA = .44 +- .C2 
eETA = 2 3 8 .  r- 52.  
GAMMA = . 5 t  +- .C2 
DELTA = 5 . 2  +- . E  

F I T  T O  E L A S T I C  O I F F E R E N T l b L  CRCSS S E C T I O N  FOP NEUTRCM PQOTOh. I T A B L E  2 0 1  

LABORATORY BEAM ENERGY = .2L  GEV I M E b N  VALUEI .  

I THE F I T  I S  PERFCRMEO CEMANCINC IALPhA+GAMHA!  N O R Y A L I Z E C  TO U N I T Y  I 
F l T T t O  FORMULA I S  G - S I G Y b I D - U  = b L P H A * ~ E X P I R E T b * U l l + G b H ~ b * l E X P I O E L T A * U l I  

WHERE 0 - S I G M b I O - u  I S  I N  ~ B / l G E V / C l * * 2  AN0 U  I S  I N  I G E V I C l r r Z .  L I S  THE MOMENTUv TRALSFFR BETWEEN T b E  
I l N C O U l H G  H E U T R D h l  b N 0  T h E  I P R O T O N I .  

F l T T E O  VALUES 

ALPHA = .42 +- .C2 
B E T L  = 2 0 3 .  + -  3 4 .  
GAWMC = .5E +- .C2 
O E L T b  = 9.4 +- . 5  

FIT T C  ELASTIC OIFFEUENTIAL CRCIS S F C T I O ~  F O R  N E U T R O ~  PROTON. I T A B L E  2 0 1  

L A B O R I T O R Y  REAM ENERCY = - 2 2 4  GEV I V E A h  V A L b E l .  

I THE F I T  I S  PERFCRMEO CEWINCINC I b L P b n r G A M M A l  N O R M A L I Z E D  TO U N I T Y  I 
F I T T E D  FURMULA I S  O - S I G H A I D - U  = A L P H A * ~ E X P I B E T b * U l I + G b M M A * l E X P l C E L T I l U l 1  

WHERE 0 - S I G M A I U - U  I S  I N  M e / I G E V I C l * * 2  bND U  1 5  I N  I G E V / C l * * 2 .  U  I S  T H E  HOVEhTUM TRANSFER B F T h E E h  T b E  
L I N C O P L h G  N E U l R O h l  b h C  THE IPROTONI .  

F I T T E O  V I L U E S  

ALPHA = .44 +-  . C i  
B E T L  = 177. +-  2 1 .  
GAMMA = . 5 t  +- .C2 
O E L T L  = 8.9 r- .4 



F I T  TO E L A S T I C  C I F F E R E N T I b L  CRCSS S E C T l O h  FOP NEUTROh PRCTOL. I T A B L E  2 0 1  

LABORATOPY BEAM ENERCY = . 2 3 9  GEV l W E A h  V A L U E I .  

I THE F I T  I S  PERFORMEC CEYbNCLNC l b L P r a + G A M M A I  NORWALIZED TO U N I T Y  1  
F I T T E D  FORYULA I S  C - S I G M A I D - U  = A L P u A * l E X P I B E T A * U l I r G b M M A * l E X P I O E L T b * U ~ I  

HHERE D - S I G P A I D - L  I S  I N  M P l l G E V l C l * l Z  ANC U  I S  I N  I G E V I C l + t Z .  U  I S  THE MOMENTUM TPPNSFFR B E T h E E h  TPE 
I I N C O H I N G  N E U l R O N l  AND THE I P R G T O h l .  

F I T T E D  VALUES 

ALPHA = .48  +- .C2 
RETA = 1 3 5 .  +- 2C. 
GAMMA = .52  +- .C2 
O E L T b  = 7.5 r -  .4 

F I T  T C  E L A S T I C  O l F F E R E N T L A L  CRCSS S E C T I O N  FOR N E U l R O h  PROTON. I T A B L E  2 0 1  

LABORATORY BEAY ENERCY = - 2 5 7  GEV I P E A N  VALUE) .  

I THE F I T  I S  PERFORHEC CEMANOlkC l b L P H A t G b M M A l  N O R M A L I Z E D  TO U N I T Y  I 
F I T T E D  FORMULA I S  C - S I G M A I D - U  = A L P H A t I E X P l B E T b * U l l + G A M M A * I E X P I O E L T b * U I I  

WHERE O - S I G V A I D - U  I S  I h  M B I l G E V I C I * * 2  AN0 U  I S  I N  I G E V I C l * * 2 .  U  1.5 THE MOMENTUM TRANSFER B E T h E E h  THE 
I INCOMING N E U T R C b l  AND THE I P R O T O N I .  

F I T T E C  VALUES 

PLPHb = . 5 1 0  *- .O15 
BETA = 2 2 2 .  +-  2 5 .  
GAMMA = .45C +- . D l 5  

F I T  TG E L A S T I C  O l F F E R E N T L b L  CRCSS S E C T I O N  FOR NEUTROh PROTON. I T P B L E  2 0 1  

LABORATORY BEAV ENERGY = . 3 1 3  GEV I P E A N  V A L U E I .  

I THE F I T  1 5  PERFCRVEO CEMbNClNG I b L P + A + G A M M A l  N O R V A L I Z E O  TO U N I T Y  I 
F I T T E D  FORMULA I S  0 - S I G M A I D - U  = b L P H b * C E X P I B E T P * U I l + G A M M A t ~ E X P l O E L T P * U l l  

WHERE O - S 1 G M b l O - ~  I S  I N  M E I I G E V I C I * * 2  AND U  I S  I N  I G E V I C l * * 2 .  U  I S  THE MOMENTUV TRANSFER B E T k E E N  THF 
I I N C O M I N G  NEUTRON1 AND THE I P R O T O N I .  

F I T T E D  VbLUES 

ALPHA = .54C +-  .015  
BETA = 2 0 4 .  +- 2 5 .  
GAMMA = . 4 t C  + -  . 0 1 5  
O E L T b  = 7.2 +- .2 

F I T  T C  E L A S T I C  D l F F E R E N T l P L  CRCSS S E C T I O N  FOR NEUTRON PROTON. [ T A B L E  2 0 1  

L I B O R A T O W  BEAM ENERCY = . 3 4 3  GEV I V E A N  V A L U E I .  

I THE F I T  I S  PERFORMED CEMbNOINC l b L P V A t G A M M A I  N O R P P L I Z E D  TO U N I T Y  I 
F I T T E D  FORVULA 1 5  D - S I G P A I D - U  = A L P H P * I E X P I B E T A * U l I + G b M M A * I E X P I D E L T A * U I I  

WHERE 0 -S IGMAIO-U I S  I N  M B I I G E V I C I * * Z  AND U  I S  I N  I G E V / C I * * Z .  L I S  THE MOMENTUN TRAhSFER BETWEEN T P E  
I l N C O M l N G  N E U T R O h l  AN0 THE I P R O T O N I .  

F I T T E D  VALUES 

ALPHA = .58C +- - 0 1 3  
BETA = 1 7 5 .  +-  15. 
GAMMA = . 4 2 C  +- . 0 1 3  
DELTA = 6.8 +- .2 

F I T  TO E L A S T I C  O l F F E P E N T l A L  CROSS S E C T I O N  FOP NEUTRON PROTON. I T A B L E  2 0 1  

LABORATORY BEAM ENEqGY = . 3 7 8  GEV I M E A N  VALUEI .  

I THE F I T  I S  PERFORMED CEMbNCING I b L P H b t G A M M A l  N D R M A L I L E D  TO U N I T Y  I 
F I T T E D  FORMULA I S  C - S I G H A I O - U  = A L P H A t I E X P l B E T A * U l J + G ~ M ~ A * l E X P l O E L T b * U I I  

WHERE C-S IGMAID-U I S  I N  * R / I G E V I C l * * 2  AN0 U  I S  I N  I G E V I C l * * 2 .  b I S  THE MOMENTUI TRANSFER BEThEEN THE 
I I N C O P I N G  N E U T R O h l  AND THE I P R D T O N I .  

F I T T E D  V b L U E S  

ALPHA = .5BC +-  . 0 1 5  
BETA = 1 6 0 .  +- 1 5 .  
GAMMA = .42C +- - 0 1 5  
DELTA = 6.4 +- .3 

F I T  T O  E L P S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FOR NEUTRON PROTON. [ T A B L E  2 0 1  

LABORATORY BEAM ENERGY = . 4 1 4  GEV I V E b N  VALUE) .  

I THE F I T  I S  PERFORWED CEMbNDlNG I A L P P A + G P M M A I  NORWALIZED TO U N I T Y  I 
F I T T E D  FORMULA I S  O-S IGMAID-U = b L P H b * I E X P I B E T A * U l I + G A M M b * I E X P I D E L T b * U I 1  

WHERE D - S I G M A I O - U  1 5  I N  M B I I G E V / C I * * 2  AN0 U  I S  I N  I G E V I C I * * 2 .  U  I S  THE MOMENTUM TRANSFER BEThEEN THE 
I I N C O M I N G  N E U l R D N l  AND THE I P R O T O N I .  

F I T T E D  VALUES 

ALPHA = . 5 7 0  +- - 0 1 6  
BETA = 1 5 7 .  +- 1 6 .  
GAMMA = .43C +- - 0 1 6  
D E L T A  = 7.2 +- .3 



F I T  T C  E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FOP NEUTROh PROTON. [ T A B L E  2 0 1  

LABORATORY BEAP ENERCY = . 4 6 6  GEV I P E A N  VALUE) .  

1  THE F I T  I S  PERFGRMED C E V b h O l N C  I b L P b A t G A M M A l  N O R P A L I Z E D  TO U N I T Y  I 
F I T T C O  FORMULA 1 5  O-S IGMAID-U = bLPHAtlEXPIBETA*Ull+GAMPAIlEXPlCELTA*Ul1 

WHEPE C - S I G M A I D - U  I S  I N  M P / l G E V l C l $ * 2  ANC U I S  I N  I G E V I C l t * Z .  U  I S  THE MOMENTUW TRPNSFEC B E T h E F h  THE 
I I N C O H I h G  NEUTRON1 AND THE I P R O T O N I .  

F I T T E C  VALUES 

ALPHA = . 5 4 0  + -  . 0 1 4  
BETA = 1 4 6 .  +-  14. 
GbMRA = .46C +-  . 0 1 4  
D E L T A  = 1.3 t- .3 

F I T  T C  E L A S T I C  D l F F E R E N T l b L  C R C I S  S E C T l O h  FOR NEUTROh PROTOh. [ T A B L E  2 0 1  

LAeORbTORY BEAM ENERCY = . 5 4 2  GEV I P E b h  V A L U E I .  

I THE F I T  I S  PERFCRMED CEMANCINC I A L P H b + G A M M A l  N O R P A L I Z E D  TO U N I T Y  L 
F I T T E D  FORMULA 1 5  C-S IGMAID-U = A L P M 4 * I E X P I B E T A * U ~ l + G A M M A * I ~ X P I O E L T A * U ) 1  

WHERE O - S I G M L I D - U  I S  I N  M P / l G E V l C l * * 2  ANC U  I S  I N  I G E v l C l r t 2 ,  U I S  THE MOMENTUM TRANSFER B E T k E E N  THE 
I I N C O V I N G  N E U T R O h l  AND THE I P R O T O N I .  

F I T T E E  VALUES 

ALPHb = . 5 7 0  t- . 0 1 t  
BETA = 1 2 2 .  +- 11. 
GAMMA .43C +- . C l 6  
DELTA = 7.8 +- .4 

F I T  T C  E L A S T I C  D l F F E R E N T l b L  CRCSS S E C T I O N  FOP NEUTROh PROTON. I T A B L E  2 0 1  

LAROR4TORY REAP ENERGY = .64C GEV I r E b N  V A L U E I .  

I T H E  F I T  I S  PERFCRHED CEMANOINC l A L P k A + G A M P A l  N O R M A L I Z E D  TO U N I T Y  I 
F I T T E D  F O R M U L I  I S  D - S I G M A I D - U  = bLPHA+IEXPIBETA*UIItGAPHA*lEXPlDELTb*UIl 

WHERE O-S IGMAID-U I S  I N  H B I I G E V I C I * + Z  AND U  I S  I N  I G E V / C l * * 2 .  U  I S  THE MOMENTUM TRANSFER REThEEN THE 
I I N C O Y I N G  N E U l R O N l  AND THE I P R O T O N I .  

F I T T E D  VALUES 

ALPHA r .49 +- .0Z 
B E T A  = 162. +- l e .  
GAuMb = . 5 1  +- .CZ 
D E L T A  9 . 5  +- .? 

F I T  TO E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  F O B  NEUTRON PROTON. [ T A B L E  2 0 1  

LABORATORY BEAM ENERCY = . a 1 7  GEV I r E b N  V A L U E I .  

I THE F I T  I S  PERFORMEC CEHANCING I A L P H A + G A M M A I  N O R M A L I Z E D  TO U N I T Y  I 
F I T T E D  FORMULb I S  C - S I G H L I D - U  = ALPHA*lEXPIBETA*UII+GbMMA*IEXPlDELTA*UIl 

WHERE 0 -S IGMAID-U I S  I N  M B I I G E V I C I * * Z  AND U  I S  I N  I G E V I C ) * t 2 .  b I S  THE MOMENTUM TRANSFER BETHEEN T h E  
I I N C O M I N G  N E U T R O L I  PNC TPE I P R O T O N I .  

F I T T E C  VALUES 

ALPHA = .58  +- .C3 
BETA = 6 5 .  +- 7. 
GAMMA = . 4 i  +- .C3 
D E L T A  = 6.5 +- .7 

F I T  TO E L A S T I C  D l F F E R E N T l b L  CRCSS S E C T I O N  FOP NEUTRON PROTON. 

LABORATORY BEAM ENERGY = l .CZP GEV IWEAN V A L U E I .  

1  THE F I T  I S  PERFORMED CEMANOINC I b L P H A + G b M M A l  N O R M A L I Z E D  TO U N I T Y  I 
F I T T E D  FORMULA I S  D - S I G M A I D - U  = A L P H A * L E X P l B E T A + U I  I t G A M Y A I I  E X P l D E L T A * U I  I 

WHERE C- -S IGMAID-U I S  I N  M R I l G E V / C l * t Z  A N 0  U  I S  I N  I G E V I C l r t Z .  L I S  THE MOMENTUM TRANSFER BETWEEN T H E  
1 1 N C O P l h G  N E U T R O h l  AND T H E  I PROTONI .  

F I T T E D  V b L U E S  

ALPHA = - 6 0  +- .05 
BETA = 56 .  +- 11. 
GAMMA = .4C +- .C5 
O E L T b  6.2 +- 1.2 



/ E L A S T I C  N P  CHARGE-EXCPbhGE S C A T T E R I N G  AT 8  CEVIC.  lNUOVO C I P E N T O  4 1 4 ,  1 6 7  1 1 9 6 6 1 1  - G.PANNING,L.G.PbRHAV L b T O H l C  Eh .  RES. ESTbE..  HARWELL. BERKS., ENGLAND1 
J ~ D ~ J A F ~ R ~ H . ~ . V A N O E R R A A Y Y C . ~ . R E ~ O I N C C C ~ G R Y A ~  131RMINGHAM UNIV..  B I R Y I N G H A N .  E N G L A N C I  
8.C.JCNES.J.HALOS 1H.H.WILLS P H I S .  LAB. /  b. OF B R I S T O L .  B R I S T O L .  EhG.1 
N - H . L I P V b N  IRUTHFPFOKC F I C b  Eh. L A B - .  C H I L T O N ~ O I O . 8 E R K . E N G L A N O I  

ABSTRACT THE D I F F E R E N T I A L  CRCSS S E C T I C h  FOR E L A S T I C  CHARCE-EXCHANGE S C A T T E R I N G  OF NEUTRCNS ON PPOTOhS HAS REEh 
MEASURED AT 8 G E V l C  OVER FORHbRC LABORATORY S C A T T E R I N G  ANGLES 10-901MRAD I S Q U A R E  OF FCUR-MOMENTUM TRANSFEP 0 < -T < 
0 . 5 1 G E V I C I - S O U A K E D I .  THE METHOD U T l L l Z E C  ACOUSTIC SPARK CHAMBERS AND ABOUT 1 9 0 0  E L A S T I C - S C A T T E R I N G  E V E h l S  WERE 
ANPLIZEO.  A  VALUE Of 1 0 - S L C M b l C - O H E G A l L A B l 1  = I 2 C  +- 6 ) P B I S R I C - S I G L A I C - T  = 10.93 r-  0 . 2 8 I M 8 I I G E V / C - S Q U P R E O l  U 4 S  
C B T A l N E D  FOR THE FCRWARO C l F F E R E h T l A L  CROSS-SECTION AN0 AN E S T I M A T E 0  1 0 . 0 6  r- 0 .03 )  MB FOR THE E L A S T I C  CHPPGE 
EXCHANGE CROSS SECTIOOI. EOTH CRCSS S E C T l O h S  SHGW THE tECREASEC VALUES EXPECTED FROP POHERANCHUK'S SECCNO THEOREM Y H E h  
COMPARED h l T H  RESULTS A T  LChER ENELGIES.  FURTHER CCMPAPlSOh SHOWS THAT TLE NAPROh FORWbRO PEAK I N  THE O I S T R I B U T I O h  O F  
0 - S I G M A I D - T  P R t V I O U S L Y  OBSERVED FOR -1 < 0.05, I S  S T I L L  PRESENT AT 8  G E V l C v  VAQYING I N  SHAPE OhLY SLOhLY,  I F  AT A L L .  
W I T H  ENERGY. FOR -T > 0 . 1  HOWEVER, ENERGY DEPENDENCE I S  APPbRENT. THE R E S U L T S  ALSO SUGGEST THAT THE I N T E R b C T l O N  I S  
S P I N - O E P E N D t N T  ANCIOR T F A T  THE REAL PARTS OF THE SCATTERING A M P L I T U D E S  I h  T H E  I S O S P I h  STATES 0  AN0 1  ARE CIFFERENT.  
COMPARISONS h l T H  1 h E  T H E O R E T I C A L  P R E C I C T I C N S  SHOW GOOC AGREEMENT WITH THE VALUE OF FCRWARO CROSS S E C T l O h  G I V E N  BY THE 
REGGE POLE APPROACH OF AHMADZAOEh. T H E  MODEL OF R l h G L b N D  AND P H I L L I P S  FOR S I N G L E - P I O N  EXCHANGE h I T H  ABSORPTlOh  AGREES 
WITH OUR RFSULTS FOR -T < 0.01 eUT A P R E D I C T E D  SECONDARI  PEAK AT -1 4 P P R O X l M A T E L Y  0 . 0 8  I S  NOT OBSERVED. 

C I T A T l O N S  
JETP 7  4 9 7  1 1 9 5 8 1 .  A N h A L S  CF P H Y S I C S  3 2 .  1 9 3  1 1 9 6 5 1 .  PHYS. REV. 134 .  8 6 3 3  1 1 9 6 4 1 r  P H I S .  L F T T E R S  1 2 .  6 2  1 1 9 b 4 1 1  C E R h  
CONFERFNCE 5 7 4  1 1 5 6 2 1 ,  PPYS. REV. L E T T E R S  9 .  5 0 9  1 1 9 6 2 1 .  PHYS. LFTTERS 4. 1 5  1 1 9 6 3 1 .  PHYS. RFY. I F T T F R <  1 1 .  R P  I 1 S C 1 1  . 
8 1 1 8 3  1 1 9 6 4 1 .  PHYS. REV. 1 3 7 .  1 5 3 0  1 1 9 6 5 1 ,  NUC. PHYS. 3 0 ,  4 7 5  1 1 9 6 2 ) .  NUCLEAR INSTRUMENTS 4ND PETHPCS 2 9 ,  1 1 5  1 1 9 6 4 1 ,  
EANDC CUNF. ON NUC. CATA PEOUCTION....KIRLSRUHE 4 2 6  1 1 9 6 4 1 .  USAEC REPOPT 1 0 0 - 1 6 8 8 0 1  CERh 6 2 - 2 2  1 1 9 6 2 1 .  UCRL 2 4 2 6  1 1 9 5 1 1 ,  
PHYS. REV. 1 2 1 ,  9 5 0  1 1 9 6 2 l ,  P H I S .  RFV.  1 2 8 .  2 3 9 2  1 1 9 6 2 1 .  CAN. J. PHYS. 4 r  5 2 6  1 1 9 6 ? 1 .  CAh. 1. PHY<. 4 0  976 1 1 9 6 7 1 .  

~ - 

PHYS. REV. L E T T E R S  11, 4 2 5  1 1 9 6 3 1 ,  P H Y S . ~ R E V ;  L E T T E R S - 1 5 ,  3 8  1 1 9 6 5 1 ,  J E T P  1 ~ ~ 1 1 2 5 ~ i 1 9 6 0 1 ,  NUOVO ~ 1 ~ ~ ~ i 0 - 8 8 ,  009 i 1 9 6 0 1 .  
JETP 1 6  2 4  1 1 5 6 3 1 t  PCYS. REV. 1 0 0 .  2 4 2  1 1 9 5 5 1 r  AND PHIS .  REV. 1 3 4 .  0 6 3 6  1 1 9 6 4 1 .  

NEUTRON PROTON E L A S T I C  CRCSS SECTION.  I P A G E  1 6 7 1  

DATA I S  IFITEGRATED OVER C O S I T H E T A I  f R C M  -1. T C  0.. THETA I S  T H E  ANGLE T H A T  THE NEUTRON MAKES WITH THE 8 E A l l  I N  THE 
GRANC C.H. 

LABORATORY 
AEAV HCHENTUM 

G E V l C  M l L L I - B A R h S  
PER CENT 

8 .  +- .5 .C6 +-  . 0 3  

E L A S T I C  D I F F E R E N T l b L  CRCSS S E C T l O h  FCR NEUTRCN PROTOR. ( T A B L E  1 1  

LABORATORY 8EAP POMENTUP = 8 .  G E V l C  +- . 5 l P E P  CENT) .  

I L A S T  9  P O I N T S  HAVE AN A C C I T I O N A L  S Y S T E M A T I C  ERROR OF 1 5  PERCENT I 

THETA 
R A O I A N S  

. 0 0 1 0  
- 0 0 3 0  
. 0 0 5 C  
. 0 0 7 0  
. a 0 9 0  
. 0 1 1 0  
. 0 1 3 c  
. a 1 5 0  
. 0 1 7 0  

U  I S  THE POMENTUM TRANSFEC BETUEEN T H E  ( I N C O M I N G  N E U T R C h l  A N 0  T H E  I P R O T O N I .  
THETA I S  THE ANGLE T F A T  THE PROTON H l K E S  W I T H  THE BEAR I N  THE GRAND C.M. 

1 1 1  PLUS P O S S I B L E  SYSTEWATIC ERRCR OF +- 3 0  PER CENT. 



196 I PROTON-PROTON P E b C T l O N S  AT 1 5  G E V I C  k I T H  PROCUCTION OF TUC AN0 THREE P l C N S  I S U C Y I T T E G  TO THE V IENNA CONF.. 1 9 6 8  1 1 9 6 8 1 1  - H . B O G G I L D ~ J . E ~ ~ E S I K . H A ~ ~ S E N N H . J C ~ N S T A C C R . P C L L E R U L . V E J E  I N I E L S  BCbR I N S T I T U T E .  COPENHPGEN. "ENMARK1 
P .LAURIKAINENI  P . L I N O 8 L O M . J . T U C I I I N I E 1 1 I  I H E L S l N G l N  Y L I O P I S T O .  H E L S I N K I .  F I N L A N C l  
T.JACOBSEN.S .C .SCREhSEN,O.THIhGYOLC I C S L C  UNIV.,  OSLC, NORWAY1 
G . E K S P O N G ~ L . G R A N S T R O M n S . O . H O L V C R E h . Z . N I L S S C N T . O L H E D E U . S V E O N N . Y b M O b G N  ISTCCKHOLPS UNIV., STCCKHOLM. SWEDEN1 

4 R T l C L E  REAO BY OCETTE B E h b P Y  I h  l O l t 9 r  b N L  V E R l F l E C  BY LERCY P R I C E .  

BEAV I S  PROTON Oh PROTCh AT 1 9  CEVIC.  

T H I S  EXPERIMENT USES THE CEPh 2 1  I H I  BUBBLE CHAMBER. 

GENER4L CCMMENTS ON T U I S  b R T l C L E  
1 T H E  RESULTS ARE P R E L l M l h d R Y  

K E Y  WORDS - CROSS S E C T I O N  MbSS SPECTRUM MOOELS O b L l T Z  PLOT ANCULAR C l S T R l 8 U T l O N  

LPBORPTORY EEAP PCPENTUP = 1 9 .  GEVIC.  

R E A C T I O N  
PROTOh PROTON - 

PRCTCN PROTON P I +  P I -  
O E L T d l  1 2 3 8 l t t  PROTCh P I -  

O E L T A I  l L 3 8 l + +  - PROTON P!+ 1 1 1  
O E L T A l l 2 3 8 l + +  C E L T b l l 2 3 8 I O  

O E L T A I  l Z 3 8 l * *  . PROTOh P I +  1 1 1  
O E L T A l 1 2 3 8 1 0  - PROTON P I -  1 1 1  

D E L T A l 1 2 3 8 1 + +  h r 1 1 5 2 0 1 0  - - - ~ -  

D E L T A 1 1 2 3 8 1 + +  - PROTOK P I +  Ill 
N * 1 1 5 2 0 1 0  - PROTON P I -  Ill 

PROTON PROTON F 1  1 2 6 0 1  
F 1 1 2 6 0 1  - P I +  P I -  I I 1  

N * 1 1 4 7 0 1 +  * PROTON F 1 +  P I -  Ill 
' N I I  1 6 8 8 l r '  PROTON 

~ N 1 1 1 6 8 8 l t ~  - PRCTCh F l r  P I -  Ill ~- ~ 

N * l  1 5 2 0 1 ~ ~ ~ ~ 0 ~ 0 ~  P I *  
N * 1 1 5 2 0 1 0  - PROTON P I -  Ill 

NEUTRON PROTON P I +  F l r  P l -  
O E L T 4 1  1 2 3 8 1 + +  NEUTROh P I +  P1-  

D E L T A l l 2 3 8 1 + +  - PRCTCh P I +  Ill 
O E L T A I  I Z 3 8 I * +  D E L T A 1  1 2 3 8 1 -  P I +  

DELTA1 l Z 3 8 ) + +  - PROTON P l t  Ill 
O E L T A 1 1 2 3 8 l -  . NEUTRCh P I -  I 1  

C E L T b l l 2 3 8 L + +  N * 1 1 4 7 C l O  
OELTAI~ZMI++ - PRO TO^ PI+ r I  
N 1  

O E L T b l l 2 3 8 1 + *  ' N * I I 6 8 8 l O '  
D E L T A I 1 2 3 8 l r +  r PRCTCh P I +  I 1  
' N * l l 6 8 8 1 0 '  NEUTRON P I +  P I -  

O E L T A l 1 2 3 8 l + +  - P R O l O h  P I +  I 1  
O E L T A l 1 9 Z O l O  NEUTRON P I +  P I  

D E L T A l l 2 3 8 l t t  R H O 1 7 6 5 1 0  NEbTLON 
O E L T 4 1 1 2 3 8 l + r  PROTOh P I +  I 1  
R H O 1 7 6 5 1 0  - P I +  P I -  1 1 1  

D E L T A 1 1  
D E L T b l l 2 3 8 l + +  P R O l O h  P I +  I 1  
F 1 1 2 6 0 1  - P I +  P I -  I 1 1  . . .. 

O E L T b 1 1 2 3 8 1 +  PRCTON P I +  P I -  
O E L T A I 1 2 3 8 l t  . NEUTRON P I +  I 1  

D E L T A l 1 2 3 8 1 -  PROTON P I +  P I +  
O E L T A 1 1 2 3 8 l -  . NEUTROh P I -  I 1  

' N t l l 6 8 8 I O '  PROTON P I +  
.N . l l hRRlO '  - N F l i T l r N  F 1 +  P1-  .... . - -  - 

2 3 8 1 t  R H O 1 1 6 5 1 0  PROTOh 
O E L T A 1 1 2 3 8 1 r  . hEUTRCh P I +  1 1  
R H O 1 1 6 5 1 0  P I *  P I -  Ill 

PROTCN PROTON P I +  P I -  P I 0  
O E L T P 1 1 2 3 8 l ~ t  PROTCh P I -  P I 0  

D E L T A 1  l 2 3 8 1 + +  PROTON P I +  1 1  I 
D E L T A l 1 2 3 8 1 + +  O E L T b l l 2 3 8 l r  P I -  

O E L T A l 1 2 3 8 1 * +  * PROTOh P I +  Ill 
O E L T b l 1 2 3 8 l +  - PROTON P I 0  Ill 

E E L T I 1 1 2 3 8 1 0  R H C 1 7 6 5 1 r  PROTCh 
D E L T A 1 1 2 3 8 1 0  PROTCN P I -  I 1 1  
R H 0 1 7 6 5 l +  - P I *  P I 0  1 1 1  

O E L T b 1 1 2 3 8 1 +  PROTON P I +  P I -  
O E L T A l l 2 3 8 1 +  . PROTCN P I 0  Ill 

O E L T b l l Z 3 8 1 0  PROTGh P I 0  P I +  
O E L T A l 1 2 3 8 l O  - PROTCN P l -  ill 

PROTCN PROTON C M E G A 1 1 8 3 1  
O M E G A 1 7 8 3 1  - P I +  P I -  P I C  1 1 1  

D E L T A l 1 2 3 8 1 + +  R H O l 7 6 5 1 -  PROTCN 
O E L T A l l 2 3 8 1 + +  - PROTOh P I *  ill 
R H 0 1 7 6 5 1 -  - P I -  P I 0  ill 

C E L T A 1 1 2 3 8 1 r  R H O 1 7 6 5 1 0  PROTOh 
D E L T A I l 2 3 8 l +  - PROTCh P I 0  Ill 
R H O 1 7 6 5 1 0  - P I +  P l -  I l l  

M I L L I - B A R N S  KO. EVENTS 

2 1 0 7  

Ill U S E 0  S I P F L E  N b S S  CUT. 
1 2 1  0 4 5  . 1 5  P R I V A T E  C O H P U N I C A T I C L  FRCP G. EKSPOhG. OCTOBER. 1 9 6 9 .  
I 3 1  T H I S  OAT& I S  NOT TO BE USEC. SAME DATA REPORTED b T  LUNO CONFERENCE.. 



A N A L Y S I S  OF 28 .5  G E V I C  PP I h T E R A C T I C N S  PRGOUCING 6  CR YrJRE CHARGEE P A R T I C L E S .  I R h L  1 3 6 9 4  1 1 9 6 9 1  I 

P . L . C C N N O L L Y , ~ . R . K E N Y O ~ , R . H . I ( I ~ S E Y Y A . M M T H O R N ~ K E  I P R O C K k A V E N  NbT.  LPe.9 UPTON, L.I.8 N. Y.1 U S A 1  

C L C I E L Y  RELATEC REFEREhCES 
S t E  ALSO B t iL  1 3 6 7 1  1 1 9 6 9 1 .  b h D  B h L  l l S 8 C  1 1 9 6 7 1 .  

- ~ . . .  - -  - - 
L E T T E R S  2 6 0 ,  5 1 5  1 1 9 6 8 1  

A R T I C L E  RFAD BY ODETTE BENARV I h  7 / 6 5 ,  A h D  V E R I F I E C  eY LERCY P R I C E .  

BEPH I S  PROTON C h  PRCTCh AT 28.5 C E V I C .  

T H I S  EXPERIMENT USES T k E  8.h.L. BO I h .  I H I  BUBBLE CHAUBEk. b  TOTAL OF 1 5 0 0 0 0  P I C T U P E S  ARE REPORTFD ON. 

KEY UCHOS - CROSS S E C T I C N  YGOELS MASS SPECTRlJr AhGuLAR O l S T R l B U T l C N  O E L T b l l 2 3 8 1  R H 0 1 7 6 5 )  
' N * l l h 8 8 I '  N * l  l 5 2 O I D l 3  

[ T A B L E  1 1  

LABCRATCRY EEAY YCPENTUV = 28.5 GEVIC.  

R E A C T I G N  
PROTOh PRCTON r 

PROTON PROTON P I +  P l t  PL -  P I -  
6  PPCNGS 
E  PRCNGS 
1 0  PRONGS 
PROTON PRCTON P I +  P I +  F I +  F l -  P I -  P I -  
PROTCN PROTON P I +  P I +  P I +  P I *  F I -  P I -  P I -  P I -  
1 2  PRONGS 
PROTCh PROTON P I +  P I +  P I +  P I *  P I *  F I -  F l -  P I -  

P I -  P I -  

M I L L I - B A R N S  ( 1 1  

1 1 1  VALUES ARE b P P 9 C X I Y A T E  ONLY. 

I P A G E  7 1  

LAeORATORY e E A u  YOHENTUM = 28.5 GEVIC.  

R E A C T I O N  
PROTOh PPCTCN - 

N * l 1 5 2 C I O L 3  N * I L 5 2 0 l C 1 3  
' N * l 1 6 8 B l '  ' N l l l b B 8 I '  

YICRC-BARNS 

< 4 0 .  
< 1 1 0 .  

w P l + -  P  bNC PP E L A S T I C  S C A T T E R I N C  AT 6.5. 1 2 . 4  AND 18.4 GEV/C. [NUOVO C l P E h T C  3 6 .  6 0  1 1 9 6 5 1 1  

D ~ H b R T I N G ~ P . B L A C K A L L ~ B . E I S N E R ~ A ~ C . H E L * H O L Z U . C . l D D L E C O C F B P O U E L L  0-LbCHbRCV,P .ZANELLA [EUROPEAN ORG. FOR NUC. RES., 
GENEVA, S W I T Z E R L b N C l  

P ~ O A L P I A Z ~ Y . N . F O C A C C I ~ S . F O C A R C I ~ G . G l b C C ~ E L L 1 ~  L.*ONARI L U N I V .  E l  BOLOCNA, BOLOGNA, I T A L Y 1  
J . A e E b N E Y , R . A . 0 n b 4 A L C c P P V A S C N  I L I V E R P C O L  UNIV.,  L IVERPOOL,  E h G L A N O l  
L.W.JOIIES I U N I V .  CF M I C H I G A N .  b h h  A R e C f ,  MICH.. U S A 1  
D.C.CALCWELL I U N I V .  OF C A L I F C R N l b .  BERKELEY,  C A L I F . ,  U S A 1  

ABSTRACT APPROXIMATELY 6 C . 0 0 0  EVFNTS PAVE BEEN COLLECTED I N  A  SPARK CHAMBER EXPERIMENT AT THE CERN PROTOh SYNCHROTRON 
WHICH S T U O I L U  E L A S T I C  D I F F R A C T I O N  S C A T T E R I N G  O F  P l -  P  AND P-P AT I N C I D E N T  MOMENTA OF 8.5 bNO 12.4 GEVIC.MAGNETIC 
A N A L Y S I S  OF T H E  INCOMING b h D  C I F F R A C T I O N  SCATTERED P A R T I C L E .  TOGETHER W I T H  VEASUREMENT OF A L L  ANGLES, PERMITTEC EACH 
EVENT TO BE D E T E R M I N E D  AS E L A S T I C  SUBJECT TC THREE C O N S T R A I N T S ~  SO T H A T  THE I N E L A S T I C  BACKGROUND WAS REJECTED h I T H  
H I G H  E F F I C I E N C Y ,  E V E h  b T  THE LARGER MOMENTUM TRARSFERS. MUCH OF THE CbTA I-AVE BEEN PROCESSED BY THE CERN AUTOMATIC 
F L Y I N G  SPOT D I G I T I Z E R  I k P D I .  A  C E T b l L E D  O E S C P I P T I O N  OF THE EXPERIMENTAL TECHNIQUE AND OF THE METHOOS OF A N A L Y S I S  1 5  
G I V E h .  THE RESULTS,  TOGETHEP H I T H  O A T b  FROM LOHER ENERGIES.  CONFIRM THE REMARKABLE ENERGY-INDEPENDENCE OF THE SHAPE 
OF THE P ION-PROTON D I F F R A C T I O N  S C A T T E R I N G  PEAK UP TO I T /  F 1.5 I G E V I C I - S Q U A R E D .  UHERE T  1 5  THE SOUARE OF THE 
FOUR-WOMEhTUV T R A L S F E R V  CVEU A  RbNGE CF P I O N  ENERGIES FROM 2  TO 1 8  GEV. PROTON-PROTON SCATTERING DOES HCHEVEP APPEAR 
TO SHOh A  S H R I N K I N G  C I F F R A C T I O N  PEAK. I h  GENERbL, THE D b T L  AGREE W I T H  OTbER EXPERIMENTS U S I N G  B n T h  COUNTEP AND B U B B L E  
CHAMBER T E C H N I Q U E S ,  PUT SCYE C I F F E R E N C E S  DO APPEAR. D U R I N G  THE EXPERIMENT.  DATA WERE TAKFN WHICH SET A h  UPPEQ L I M I T  
OF 2 * 1 0 * * - 2  Y I C R O B b R N S / I G E V / C l - S O U 4 R E O  CN THE D I F F E R E N T I A L  E L A S T I C  CROSS-SECTION 0 - S I G M A I D - T  OVER A  RANGE OF I T 1  FRO* 
20.9 TO 23.4 I G E V I C I - S O U A R E C  AT 13.4 GEV/C I N C I D E N T  P l C h  MOMENTUM 

C I T A T I O N S  
PHYS. L E T T E R S  8. 2 8 8  1 1 9 6 4 1 s  CERN CONFERENCE 8 9 7  1 1 9 6 2 1 r  S I E N N A  CCNFEREhCE 2 1 2 2  1 1 9 6 3 1 ,  PHYS. LETTERS 5. 2 5 2  1 1 9 6 3 1 ,  
PHYS. L E T T E R S  7 ,  7 6  1 1 9 6 3 1 ~  REV. MOO. PHYS. 2 6 ,  6 5 5  1 1 9 6 4 1 ,  JETP 3  8 1 3  ( 1 9 5 6 1 ,  PHYS. REV. L E T T E R S  1 0 ,  3 5 7  1 1 9 6 3 1 ,  
REV. MOO. PHYS. 3 6 .  6 4 9  1 1 5 6 4 1 ,  PHYS. REV. LETTERS 1 0 ,  3 5 7  1 1 9 6 4 l r  PHYS. REV. L E T T E R S  1, 2 9  1 1 9 6 2 1 ,  NUOVO CIMFNTO 2 2 1  
5 6 9  1 1 9 6 2 1 .  NUOVO C I C E N T C  2 7 ,  2 0 8  1 1 9 6 3 1 .  NUOVO C I M E N T C  2 7 ,  8 5 6  1 1 9 6 3 1 .  PHYS. LETTERS 8 ,  2 8 7  1 1 9 6 4 1 .  PPYS. REV. 
L E T T E R S  9 .  1 0 8  1 1 9 6 2 1 .  PkYS.  REV. L E T T E R S  9 ,  1 1 1  1 1 9 6 2 1 .  PHYS. REV. LETTERS 1 0 ,  3 7 6  1 1 9 6 3 1 .  PHYS. REV. LETTERS 1 0 .  
5 4 3  1 1 9 6 3 1 ,  P H I S .  REV. LETTERS 11. 5 0 2  1 1 9 6 3 1 ~  PHYS. PEV. L E T T E R S  9 .  6 6 8  1 1 9 6 2 1 .  PHYS. REb. 1 3 2 1  1 2 5 2  1 1 9 6 3 1 ,  PHYS. 
REV. L E T T E R S  10 ,  4 1 3  1 1 9 t 3 1 .  NUCLEbP INSTRUYENTS AND METHODS 2 2 ,  1 6 5  1 1 9 6 3 1 ,  PHYS. REV. L E T T E R S  7 .  1 2 7  1 1 9 6 1 1 .  
ROCHESTER CONFERENCE 4 4 3  1 1 9 6 0 1 ,  PHYS.  REV. L E T T E R S  7 ,  3 5 2  l L 9 6 l l ,  PHYS. REV. LETTERS 8 ,  1 7 3  1 1 9 6 2 1 ,  PHY5. REV. 1 2 8 ,  
1 8 3 6  1 1 9 6 2 1 1  hUOVO C I M E N T O  1 8 ,  1 1 8 4  1 1 9 6 0 1 ,  CERN 6 3 - 3 4 ,  L R L  INTERDEPbRTMENT4L REPORT U C I U - 1 8 8 9 ,  CERN D D / 6 3 - 1 5 ,  PHYS. 
REV. L E T T E R S  7 ,  1 2 7  1 1 9 6 1 1 ,  ROCHESTER CCNFERENCE 4 4 3  I 1 9 6 0 1 .  PHYS. REV. L E T T E R S  7, 3 5 2  I 1 9 6 L l r  PHYS. REV. L E T T E R S  8 ,  
1 7 3  1 1 9 6 2 1 ~  PHYS. REV. L F T T E R S  1 1 ,  4 9 9  1 1 9 6 3 1 ,  PHYS. I E V .  L E T T E R S  I 2 1  1 3 2  1 1 9 6 4 1 ~  P H I S .  REV. 1 0 7 ,  8 5 9  1 1 9 5 7 1 ,  NUOVO 
C I P E N T O  1 8 ,  8 1 6  1 1 9 6 C I .  NUOVO CIWENTO 2 5 ,  5 1 5  1 1 9 6 3 1 ,  NUOVO C I M E N T O  3 7 ,  3 9 1  1 1 9 6 5 1 .  AND hUOVO CIMENTC 3 1 .  7 2 9  1 1 9 6 4 1 .  

A R T I C L E  REAO BY OCETTE BENAEY 1 h  3 / 6 5 .  AND V E R I F I E C  BY LERCY P R I C E .  

BEAM NO. 1 I S  P I -  O h  FROTCN FRCY 8.5 TC 18 .4  GEVIC. 
NO. 2  I S  PROTON Oh PROTCh FRCM 8.5 T C  18 .4  GEVIC.  
NO. 3 I S  P I *  O h  FROTCh FRC*  8.5 TO 12 .4  GEVIC. 



E L A S T I C  O I F F E R E N T I A L  CRCSS S F C T L O h  F C F  P R O T O h  PROTON. I T A B L E  4 1  

L A B C R b T O R Y  BEAY MOMENTUM 8 .5  G E V I C  +- 2 .51PEY C E N T ) .  

T  I S  T H E  MOMENTUP T R A N S F E R  B E T h E E N  T H E  [ I I C C M l N G  P R C T C N l  ANC T H E  I O U T G O I N C  P R C T C N I .  

Ill P L U S  P O S S I B L E  S Y S T E P A T I C  ECRCR O F  +- 1 PER CENT. 
1 2 1  P L U S  P O S S I B L E  S Y S T E V A T I C  ERRCP O F  +- 7  PEP  CENT.  

E L A S T I C  O I F F E R t N T l b L  CRCSS S E C T I C N  FCR P R C T C L  PRCTGN. I T A B L E  4 1  

L A R O K b T O R Y  B E A V  P O P E L T U P  = 12 .4  G E V I C  r- 2 .51PER C E N T I .  

1 I S  T H E  UOMENTUP T R A N S F E R  B E T h E E N  THE [ I N C O M I N G  P R O T O N 1  A r c  T H E  [ C U T C O I N G  P R O T O N I .  

1 1 1  P L U S  P O S S I B L E  S Y S T E Y A l l C  ERROP OF +- 1 PER C E L T .  
I 2 1  P L U S  P O S S I B L E  S V S T E Y A T l C  ERRCR O F  +- 7 PER CENT.  

E L A S T I C  D I F F E R E N T I A L  CROSS S E C T I O N  FCP P R O T O h  PRCTGN. [ T A B L E  4 1  

L A B G R b T O R Y  BEAM H O P E N T U Y  = 18.4 G F V l C  + -  2 . 5 I P E L  C E N T I .  

-7 D - S I C P A I L - T  
I G E V / C l * * Z  Ill M B I I G F V I C l * * 2  1 2 1  

. 1F  1 2 . 5 1 0  t- . B t O  

. 2 2  1 C . 2 t C  . t o o  

.26 7 . 3 5 0  - 4 1 0  

. 3 0  4 . 8 0 0  . 2 6 C  

. 34  3 . 5 7 0  .iiO 

. 3 8  2 . 3 6 0  . I 1 0  

T  I S  THE  MOMENTUM T R A N S F E P  B E T U E E N  T H E  [ I N C O W I N G  P R O T O h l  b N C  T H E  I C U T G O l h C  P R O T C N I .  

Ill P L U S  P O S S I B L E  S Y S T E k ' A l l C  ERRCF CF  I -  1 PER CENT.  
L 2 1  P L U S  P O S S I B L E  S Y S T E V A T I C  ERRGR O F  +- 7  PER CENT.  

P R O T O N  PROTON E L A S T I C  CROSS S E C l l O L .  I T A R L E  9 1  

I T H E  T O T b L  E L b S T I C  CROSS S E C T I O N  I S  O B T A l N E C  BY  E X T R b P O L A T l N G  T b E  MEASbREO C R C S S  S E C T l C h  TC A  P G I N T  6 PERCENT ASCYE 
THE O P T I C A L  P C I N T  A T  1'C I 

L A B O R A T O R Y  
E E b M  MOMENTUM 

G E V I C  
PER CENT 

8 - 5  t- 2.5 
12 .4  2 .5  
18.4 2.5 

1 1 1  P L U S  P O S S I B L E  S Y S T E V A T I C  ERROP 7 PER CENT.  





F I T  TO E L A S T I C  O l F F E R E N T l b L  CRCSS S E C T I O N  FOX PROTON PRCTON. I T A B L E  8 1  

LABORPTORY BEAY MOYEhTUY = 8.5 G E V I C  +- 2.51PER C E N T I .  

DATA I S  F I T  OVER -1 FROV .13 TC 1 . 0 5  I G E V I C l r t 2 .  T  I S  TbE YOMENTUM TRbNSFEP PETWEEN THE I I N C O M I N G  PROTON1 bNP THE 
I G U T G O I N G  PROTONI .  

F I T T E D  FORPULA I S  C - S I G W b I C - T  = E X P I A + B T + C T * * 2 1  

WHERE D - S I G M b l O - T  I S  I h  M B l l G E V I C l * * 2  AN0 -1 I S  I h  I G E V / C l * * 2 .  

F I T T E D  VALUES 

b  4 . 2 b t  +- .C42 
B  = 8.35 +-  . 2 5  
C = 1.14 +- . 3 1  

F I T  TO E L A S T I C  O I F F E R E N T I b L  CRCLS S E C T I O N  FOP PROTOh PRCTOh. I T P B L E  8 1  

LABORATORY RELY MOYENTUP = 12 .4  G E V I C  +-  2 .5 lPER C E h T l .  

DATA I S  F I T  OVER -1 F R C *  - 1 3  TO 2 . 0 0  l G E V I C I * * 2 .  T  I S  THE 8OMENTUM TRANSFER BETUEEN THE I I N C O M I N G  P R O T C h l  AN0 THE 
1  CUTGOING PROTONI .  

F I T T E D  FORMULA I S  C-S IGMbIC-T  = E X P I b + B T t C T * I 2 l  

WHERE G - S I G H A I D - 1  1 5  I N  H B / I G E V / C ! * * Z  AND -1 I S  I h  I G E V I C ) * * 2 .  

F I T T E D  VALUES 

F I T  TO E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FOR PROTOh PRCTCN. I T A B L E  8 1  

LABORATORY BEAM MORENTUP = 18.4 C E V l C  t- 2.5(PER CENTI .  

DATA I S  F I T  OVER -1 FROM a 1 9  TO 3.60 I G E V I C l * * 2 .  T  I S  THE HOMENTUV T R I N S F E P  PETHEEN THE I I N C C M I N G  PROTON1 A N 0  T r E  
[ C U T G O I N G  PROTONI .  

F I T T E C  FORMULA I S  C-S IGMAlO-T  = E X P l A + B T + C T * * 2 I  

WHERE O - S I G H A I D - T  I S  I N  M B / I G E V I C I * * Z  AN0 -1 I S  I N  I G E V / C l * * Z .  

F I T T E O  VALUES 

p l O h  EXCHANGE DOMINANCE I N  THE R E A C T I O N  PP * N DELTA++ 1 1 2 3 6 1  AT H I G H  E k E R G I E S .  I P F Y S -  REV-  L E T T E R S  2 4 ,  1.31 1 1 9 1 0 1 1  

Z . H . M A 7 G . b . S N I T H ~ R . J . S P R A F K A n G . T . H I L L l b H S C N  I H I C H I G A N  STATE UNIV.,  EAST L A N S I N G l  PICHI, U S A 1  

ABSTRACT THE CHARGE-EXCHANGE R E A C T I O N  PP - N D E L T A + *  1 1 2 3 6 1  HAS BEEN ANALYZED UP TO 24.2 G E V l C  TO T E S T  THF CCNCEPT OF 
DOMINANCE I N  THE T-CHANNEL BY H I G H - L Y I N G  REGGF TRAJECTORIES AT VERY C1GH ENERGIES. THE RESULTS P R O V I D E  CLEAR EVIOENCE 
FOR NO MORE THAN P I U N  EXCHANGE UP TO THE H I G H E S T  MCMENTUM STUOIEC.  

C I T A T I O N S  
PHYS. L E T T E R S  1 8 ,  1 7 6  ( 1 5 6 5 1 .  PHYS. REV. L E T T E R S  1 6 .  8 5 5  1 1 9 6 6 1 .  PHYS. REV. LETTERS 17 .  7 8 9  1 1 9 6 6 1 ,  PCYS. REV. 
L E T T E R S  1 9 .  9 3 7  1 1 9 6 7 1 ,  PbYS. REV. 1 1 3 .  1 6 4 0  1 1 9 5 9 1 .  NUOVO C I M E N T O  3 4 .  7 3 5  1 1 9 6 4 1 ,  NUOVO CIMENTO 4 0 A .  8 9 9  1 1 9 6 5 1 ,  PHYS. 
REV. L E T T E R S  19 .  9 2 5  1 1 9 6 1 1 .  PHYS. REV. L E T T E R S  2 3 .  3 4 2  1 1 9 6 9 1 .  NUOVO CIMENTO 56A. 2 6 9  1 1 9 6 8 1 .  PHYS. REV. 1 8 7 .  1538  
1 1 9 6 9 1 ,  PHYS. R E V . ~ I W ,  1 5 7 9  1 1 9 6 9 1 ,  P ~ Y S ;  REV; i 5 4 .  l i 8 + ~ l 1 9 6 7 l . ~ ~ ~ ~ s . ~ ~ i r . 1 3 8 .  8 6 7 0  1 1 9 6 5 1 ;  PHYS.  R E V .  125; i o n 2  
( 1 9 6 2 1 .  PHYS. REV. 1 2 3 ,  2 1 6 0  1 1 9 6 1 1 ,  NUUVO C l M E N T O  4 9 A .  4 7 9  1 1 9 6 7 1 ,  PHYS. REV. 173 .  1 3 2 2  1 1 9 6 9 1 ,  NUOVC C l P E N T O  5 3 6 .  
2 3 2  ( 1 5 6 8 1 ,  PHYS. REV. 1 7 4 .  1 6 3 s  1 1 9 6 8 1 .  AND PHYS. REV. L E T T E R S  2 1 .  6 9 7  1 1 9 6 8 1 .  

CROSS S E C T I O N  FOR PROTON PRCTON + NEUTPON D E L T b l 1 2 3 8 1 + + .  [PAGE 4 1  
O E L T A l 1 2 3 8 ) + +  PROTON P I +  I 1 1  

1  THE CUOTEC ERRORS I N C L U D E  P O S S I B L E  S Y S T E M A T I C  U N C E R T A I N T I F S  I 

LABCRATORY 
BEAM MOMENTUM 

G E V l C  
13 .0  

1 1 1  COUNTED ONLY EVENTS b8OVE BACKGROUHO. 



RECENT EXPERIMENTAL RESLLTS Ch hP S C A T T E f i l h G  FROF 6  TO 3 0  CEVIC.  LCERN kA0ROh CONFERENCE 2 5 2 3  1 1 9 6 8 1  1  

M-J-LONGO I U N I V .  OF M I C t l G A h ,  Lhh AReCR. WICH.. U S A l  

CLOSELY RELATE0 REFEREhCES 
PART OF T H I S  ARTICLE SUPERSEOEC BY PHYS. REV. LETTERS 20. 4 6 8  119681.  

PHYS. REV. 1 3 8 9  8 9 1 3  1 1 9 6 5 1 ,  PCYS. LETTEPS 1 9 ,  3 4 1  1 1 9 6 5 1 ,  PHYS. LETTERS 14.  I t 4  1 1 9 6 5 1 .  PHYS. REV. LETTERS 1 9 1  8 5 7  
1 1 9 6 7 1 ,  PHIS.  LETTERS 2 1 ,  3 3 9  1 1 9 6 6 1 s  NbOVO ClMENTD 4 2 1 .  3 6 5  1 1 9 6 6 1 s  PHYS- REV. 1 0 0 .  242  1 1 9 5 5 1 ,  PHYS. REV. 1 4 6 ,  98C 
1 1 9 6 6 1 .  I N T ' L .  CONGRESS CN NUCLEAR PHYSICSIPARIS.FRANCE 1 6 2  1 1 9 6 4 1 .  JETP 1 8  1 2 3 9  1 1 9 6 3 1 .  NUC. PPYS. 79. 6 9 9  ( 1 9 6 6 1 .  ~. - - - ~  

PHYS. REV- LETTERS 1 6 ,  1 2 1 1  1 1 9 6 6 1 ~  5 ~ ~ ~ ~ 6 6  1 1 9 6 6 1 ,  ANC NUOVO CIMENTO 38, 6 0  1 1 9 6 5 1 .  

A R T I C L E  REAC BY LERCY PRICE I N  4 / 7 C 1  ANC V E R I F I E D  BY OUETTE BENARY. 

BEA*  I S  NEUTRON ON PROTON FRCM 1 4  TC 3 0  GEVIC. 

T H l S  EXPERIMENT USES COUNTERS AhC SPARK CHAMBERS. 

KEY WORDS - CROSS SECTICN 

* * . . * * * * * * * ~ * * l * * * t  

* NO DATA PUNCHEC FOR T H I S  A R T I C L E  * 
* * * * l * * * l . . t . * . * * * *  

51 STUOY OF I N E L A S T I C  PROTCN-PROTON SCATTERING AT 12.5 GEVIC. IPHYS. REV. LETTERS 2 1 ,  1 0 9 7  1 1 9 6 0 1 1  

J.G.bSBURY,L.G.RATNER IARGONNE h A i .  LAB.. ARGONNE, ILL . .  U S A 1  
A.L.REA0 I N A T l O N A L  ACCELERATOR L A E . ,  B A T A V I A ,  I L L I N O I S 1  
0 - G . C R A B B , J I L . O A Y , A . O . K R I S C H n M . T .  LIN,M.L.MARSHAK I U N I V .  OF MlCHlGAh.  ANN ARROR, M1CH.v U S A 1  

O I F F R A C T I O N  SCATTERING OUE TO P I ,  K, AND-PBAR PROOUCTION. THE-INELASTIC PP CROSS SECTION WAS MEASURED ON CIRCLES OF 
COhSlANT PIC-M.1. ONE CONTblNFC A PURE SAMPLE OF I N E L A S T I C  P I  EVENTS: THE OTHER. BOTH P I  AND K EVENTS. THE CROSS 
SECTION HAS A BREbK C h  BCT+ C I R C L E S  SkOYING THAT THE BREAK I S  NOT DUE TO K MESONS AND THAT THE MODEL I S  WRONG. 

C I T b T  IONS 
PHYS. REV. LETTERS 1 0 ,  3 7 6  1 1 9 6 3 1 ~  PHIS.  REV. LETTERS 10, 5 4 3  1 1 9 6 3 1 ,  PHYS. REV. LETTERS 11. 4 2 5  1 1 9 6 3 1 .  PHYS. REV. 
LETTERS 11. 5 0 3  1 1 9 6 3 1 ,  PHYS. REV. LETTERS 1 4 ,  8 6 2  1 1 9 6 5 1 .  PHYS. REV. LETTERS 15. 4 5  1 1 9 6 5 1 ,  UCRL 1 6 2 7 5  I L 9 6 b l ,  PHYS. 
REV. LETTERS 11. 4 9 9  1 1 9 6 3 1 ,  PPVS. REV. 1 3 8 s  8 1 6 5  1 1 4 6 5 1 ,  PHYS. REV. LETTERS 17.  1 1 0 5  1 1 9 6 6 1 .  PHYS. REV. 159.  1 1 3 8  
1 1 9 6 7 1 ,  PHYS. LETTERS 2 3 ,  3 8 9  1 1 5 6 6 1 ,  PHIS.  LETTERS 25R, 1 5 6  ( 1 9 6 7 1 ,  PHYS. LETTERS 270 ,  4 9  l 1 9 6 8 \ ,  PHYS. REV. LETTERS 
19,  1 1 4 9  1 1 9 6 7 1 ,  PHYS. REV. LETTERS 18.  1 1 4 1  1 1 9 6 7 1 .  PHYS. REV. 135. 8 1 4 5 6  1 1 9 6 4 1 .  PHYS. LETTERS 2 5 8 ,  2 2 8  1 1 9 6 8 1 ,  PHYS. 
REV. 1 6 6 9  1 3 5 3  1 1 9 6 8 1 .  PkYS. REV. LETTERS 1 9 ,  1 9 8  1 1 9 6 7 1 ,  AND PHYS. REV. LETTERS 2 1 ,  8 3 0  1 1 9 6 8 I .  

A R T I C L E  REAC 0Y LEROY PRICE I N  4 / 7 0 ,  &NO V E R I F I E D  BY OOETTE BENARY. 

BEAV I S  PROTON Oh PROTON AT 12.5 GEVIC. 

T H l S  EXPERIMENT USES CCLNTERS. 

KEY UCROS - CROSS SECTION 

* . * * * * * * . l . * . * . l * * .  

* NO DATA PUNCHEC FOR T H I S  A R T I C L E  * 
. . . I *  , , * , . . * * * * . * * *  

PION.  KAON. AN0 ANTIPROTON PROOLCTICh I h  TkE CENTER OF MASS I N  HIGH ENERGY PROTON PROTON COLLISIONS.  I C E R h  HAORON 
CCNFERENCE 2 2 6 2  l 1 9 6 8 l l  

C . W . b K E R L O F ~ O . G ~ C R A B 8 ~ J . L . O A Y ~ A . D . K R l S C H U . T . L I N  I U N I V .  OF L I C H I G A h ,  ANN ARBOR. M l C h - s  U S A 1  
L.G.RATNER IARGONNE N I T .  LAR., ARGCNhE. I L L . ,  USA1 
K.H.EOWAR0S I U N I V .  OF IOWA* I C U A  C I T Y .  I C h A ,  U S A l  

CLOSELY RELATEC REFERENCES 
DbTA SUPERSEOED BY PHYS. REV. 1 6 6 9  1 3 5 3  1 1 9 6 8 1 .  
CONTINUATION OF PREVIOUS EXPERIMENT I N  PHYS. REV. LETTERS 1 8 ,  I 2 1 8  1 1 9 6 7 1 .  

A O D I T I O N L L  C l T A 7 l C h S  
PHYS. REV. LETTERS 7. l C 1  1 1 9 6 1 1 ,  NUOVO CIMENTO 3 1 .  9 6 1  1 1 9 6 4 I ,  PHYS. REV. 1 3 7 .  8 9 6 2  1 1 9 6 5 1 .  PPYS. REV. LETTERS 1 4 ,  
5 0 4  1 1 5 6 5 1 .  PHYS. REV. LETTERS 16, 8 5 5  1 1 9 6 6 1 .  PHYS. REV. LETTERS 1 9 ,  1 9 8  1 1 9 6 7 1 ,  UCRL 1 0 0 2 2  1 1 9 6 1 1 ,  PPYS. REV. 
LETTERS 1 7 ,  1 1 0 5  1 1 9 6 6 1 ,  PkYS.  REV. LETTERS 1 5 9 .  1 1 3 8  1 1 9 6 7 1 .  PHYS. REV. 135,  B1+5b 1 1 9 6 4 1 ,  PHIS.  LETTERS 2 5 8 .  1 5 6  
1 1 9 6 7 1 ,  NUOVO CIMENTO 2 7 ,  2 0 3  1 1 9 6 3 1 ,  AN0 NUOVC CIMENTO 27.  8 5 6  119631.  

A R T I C L E  REAC BY LERCY PRICE I N  4 / 1 0 ,  AN0 V E R I F I E D  8 1  OOETTE BEN4RY. 

BEbP I S  PROTON Oh PHOTGN AT 12.5 GEVIC. 

T H l S  EXPERIMENT USES COLNTERS. 

GENERAL CCMPENTS ON T H l S  ARTICLE 
1 T H I S  ARTICLE 1 8  ESSENTIALLY I D E N T I C A L  TO RAlNER.  E l  AL.. PHYS- REV. 1 6 6 .  1 3 5 3 1 1 9 6 8 1  

KEY WOROS ANGULAR D l S T R I B U T l O h  F I T S  

COMPOUND KEY WORDS - F I T S  ANCVLAR D I S T R l B U T l C U  

*,***.***lit******* 

* NO OATb PUNCHEC FOP T k I S  A R T I C L E  
* * . * * a * * * * * * * * * * * * *  



ABS 

CLC 

,TRACT THE D I F F E R E N T I A L  P P C C U C T l C h  CROSS S E C T I O N  IO**2 -S lGMAlO-OMEGA D P I  H A S  AEEh YEASU-ED FOR P I O N S ,  KACNS. A h 0  
ANTIPROTONS PRODUCED I N  12 .5 -GEVIC PROTON-PROTON C O L L I S I O N S .  I N  T H E  E X P E R I H E h T  WE S T U D I E D  THE DEPENOENCE 
OFIO**2 -S IGMAIC-OHEGP O P I  CN T H E  L D N G l T U D l N A L  PND TRANSVERSE COMPONENTS OF THE C.V. CCVENTA CF THE PRCCUCED 
P A R T I C L E S ,  P - L O N G I T U D I N A L  AND P - P E R P E h D l C U L A R ,  U h l L E  H C L O I N G  A L L  OTHER V A R I A B L E S  F I X E D  I N  THE CENTER-CF- MASS SYSTEM. 
THE RANGES OF THE COMPONENTS MEASURED WERE P - L O N G I T U D I N A L  = 0.0 - 1.0 G E V I C  AND P-PERPENOTCULAR**2 = 0.1 - 1.5 
I G E V I C I * * 2 .  THE 1 2 . 5 - G E V l C  EXTRACTEC PROTON BEAU OF T H E  ARGONNE ZGS I M P I N G E D  UPDN A  L I Q U I D - H Y D R O G E h  TARGET. THC 
PROOUCED P A R T I C L E S  WERt DETECTEC RY A  SPECTROVETER C O N T A l N I N G  TWO B E N D I N G  PAGNETS AN0 CERENKnV COUNTERS AND 
S C I N T I L L A T I O N  COUNTERS I N  COINCIDENCE.  THE I N C I D E N T  PROTON F L U X  WAS O E T E R H I N E C  BY NOh lTOR S C I N T I L L A T O R S  C A L I P R A T E C  
DURING GOLD-FOIL  I R R A D l A T I C N S .  T H E  CRCSS SECTIONS FOR THE PROCUCTION OF P I + -  AND K+- *ERE A L L  FOUND TO HAVE AN 
UNAMBIGUOUS G A U S S I A N  OEPEhDENCE ON P-PERPENDICULAR OVER THE E N T I R E  RANGE. I N  ThE FORMULA lD* *Z -S IGHAID-OMEGA DPL = B  
EXP I -AP-PERPENOICULAR**21 ,  WE FOUNO A APPROXIMATELY = 3.5 I G E V / C l * * - 2  FOR P I + -  AND K-. HOhEVER. FOR K +  W f  FCUNC A  
APPROXIMATELY = 2.7 l G E V / C l * * - 2 .  I N  STUDYING THE DEPEhOENCE OF I O t t Z - S I G M A 1 0 - O M E G A  D P I  Oh  P - L O N G I T U D I N A L ,  WE FOUNO 
THAT THE CROSS S E C T I O N  WAS VERY STRONGLY PEAKED ABOUT P - L O N G l T U O I N A L  b P P R O X l M A T E L Y  ECUAL TC 0.5 G t V I C .  h I T H  VERY FEW 
P A R T I C L E S  PROOUCED NEAR P - L O N G I T U D I N A L  = 0. T H l S  SHOWS THAT THERE I S  NO TENDENCY FOR P A R T I C L E S  TO BE PRODUCED A T  REST 
I N  THF CENTER-OF-MASS SYSTEM. ( S U C H  PRODUCTION I S  PREOICTED BY THE S T A T I S T I C A L  WODEL.1 INSTEAC.  P A R T I C L E S  COME OUT I h  
T h o  CLOUDS OR ' F I R E B A L L S '  F O L L O k I N G  THE TWO DEPARTING BARYONS. THESE F I R E B A L L S  HAVE A  MASS OF A 0 0 U T  2 1 0 0  MEV. 

lSELY RELATEC REFEREhCES 
SEE ALSC PHYS- REV. L E T T E R S  2 1 .  8 3 0  1 1 9 6 8 1 .  
T H l S  A R T I C L E  SUPCRSEOES CERN HACRCh CChFEREhCE 2  2 6 2  1 1 9 6 8 1 .  
CONTINU~TION OF PREVICUS EXPERIMENT IN PHYS. REV. L E T T E R S  1 8 ,  1 2 1 e  1 1 4 6 7 1 .  

D D I T I O N A L  C l T A T l O N S  
NUOVO CIMENTO 3 1 .  9 6 1  1 1 9 6 4 1 .  P b Y S .  REV. 1 3 7 .  8 9 6 2  1 1 9 6 5 1 .  PHYS. REV. L E T T E R S  14 .  5 0 4  1 1 9 6 5 1 .  PUYS. RFV. L E T T F R S  1 6  - - - - . . - . 
8 5 5  1 1 9 6 6 1 ,  PHYS; REV. L E T T E R S  1 9 1  1 9 0  1 1 9 6 7 1 ,  U C R L  ~ 0 0 2 2 ' 1 1 9 6 1 1 .  C E R N - H P S / E P ~ ~ - ~  1 1 5 6 6 ) .  UCRL 1 6 8 3 0 .  PWYS. REV. 
LETTERS 1 7 .  1 1 0 5  1 1 9 6 6 1 ,  PFYS. REV. 1 5 9 .  1 1 3 8  1 1 9 6 7 1 .  PHYS. L E T T E R S  2 5 8 .  1 5 6  1 1 9 6 7 1 .  PFYS. REV. 1 3 5 1  R 1 4 5 6  1 1 9 6 4 1 .  
PHYS. LETTERS 2 5 8 .  2 2 e  1 1 5 6 7 1 .  PHYS. RFV. 1 7 8 .  2 3 9 7  1 1 9 6 2 1 .  ANNUAL REV. OF NUCLEAR SCIENCE 1 3 1  2 6 1  1 1 9 6 3 1 ,  ANL P b D  

RN N P I I N T 6 6 - 2  1 1 9 6 6 1 s  CERN M P S l 6 3 - 2 3  1 1 9 6 4 1 .  CERN N P  6 2 - 1 7  1 1 9 6 2 ) .  
- - -  . . .~ -.  .. . - , . . ... . .- . . . 

RJL-2 .  ANL PAC RJL-3 .  ANL PAC R J L - 5 ,  ANL PAD P.JL-6, CE 
NUOVO C l M E N T O  2 7 .  2 0 3  1 1 9 6 3 1 1  NUOVO CIMENTO 2 7 .  8 5 6  1 1 9 6 3 1 1  AN0 PHYS. REV.  7 .  1 0 1  1 1 5 6 1 1  

A R T I C L E  REAC BY LERCY P R I C E  I h  4 / 7 0 ,  I N C  V E R I F I E C  BY OCETTE BENARY. 

B E A r  I S  PROTON ON PROTCN AT 12.5 G E V I C .  

T P I S  EXPERIMENT USES COUNTERS. 

K E Y  hORDS - ANGULAR D I S T R l B U T l O h  F I T S  

COMPOUND KEY UORDS - F l T S  AhGLLAR D I S T R I B U T I O N  

* * * * * * . . , * * * * * * * . * .  
* NO O I T P  FUNCHEC FOR T b I S  A R T l C L E  * * * * * * . * * * . * * * * * * * *  

1x1 P A R T I C L E  PRDOUCTION AT H I G H  TRAhSVERSE PCPEhTUC. IPHYS.  REV. L E T T E R S  2 1 ,  83C 1 1 9 6 8 1 1  - O . G . C R b B B ~ J . L . D A Y ~ A . D . K R I S C H ~ C . T . L l h ~ ~ . L . M b R S H A K  I U N I V .  OF M I C H I G A N .  ANN ARBOR, MICH., USA1 
J.G.AS8URY.L.G.RATNER IARGCNNE h b T .  LAB., ARGONNE, ILL . ,  U S A 1  
A.L.REPD I N I T I O N A L  ACCELERbTOR LAE.. B A T A V l A .  I L L I N O I S 1  

ABSTRACT HE HAVE MEASURE0 I D * * 2 - S I G M A I D - C Y E G A  D P I ,  THE D I F F E R E N T I A L  CRCSS S E C T I O N  FOR T H E  PROOUCTION OF P I + -  MESONS. 
AT H I G H  P-PERPENDICULPC, I N  12 .5 -GEVIC PROTON-PROTON C O L L I S I O N S .  h E  COVERED THE RANG: P-PERPENCICULAK-SQUARED = 1.0 - 
4.0 I G E V l C I t i Z  AND T H E  CROSS S E C T I O h  APPEARS 10 BREAK AT ABOUT 1.5 l G E V / C l * * 2 .  THUS, ID* *2 -SLGHb lO-OMEGA O P I  APPEPRS 
TO B E  THE SUM OF TWO G A U S S I h N S  I N  P-PEPPENCICULAR.  

CLOSELY RELATED REFEREhCES 
C O N T I N U A T I O N  OF P R E V l O U S  E X P E R I P E N T  I N  PHYS. REV. 1 6 6 ,  1 3 5 3  1 1 9 6 8 1 .  

A O D I T l O N A L  C l T A T l O N S  
PHYS. REV. L E T T E R S  1 7 ,  l l C 5  1 1 9 6 6 1 .  PHYS. REV. 1 5 5 .  1 1 3 8  1 1 9 6 7 1 ~  PHYS. L E T T E R S  2 5 0 .  1 5 6  1 1 9 6 7 1 .  PHYS. L E T T E R S  2 7 8 .  49 
1 1 9 6 0 1 .  AN0 PHYS. REV. L E T T E R S  1 9 .  1 1 4 9  1 1 9 6 7 1 .  

A R T I C L E  READ BY LERCY P R I C E  I h  4 1 7 C 1  I N D  V E R I F I E D  BY CDETTE RENARY. 

BEAU I S  PRCTOh CN PROTCN AT 12.5 G E V I C .  

T H I S  EXPERIMENT USES COLNTERS. 

KEY UORDS - ANGULAR O I S T R I B U T I O h  F l T S  

CCCPCUND KEY WORDS - F l T S  ANELLAR C I S T R I B U T I O N  

I * * . * * * * * * * * * * . . * * *  

NO DATA PUNCHEC FOR T h l S  A R T I C L E  * 
* . . * . * * . 1 . * * * * . * . * *  



105 PROCUCTLON OF K +  YESCLS I h  2 .85 -dNC 2.40-BEV PP C C L L I S I C N S .  L P h Y S .  REV. 1 6 0 1  I 4 9 5  1 1 9 6 8 1 1  

J . T . R E E ~ ~ A . L Y E L I S S I N C S 5 N N k k R E b Y 1 T . Y A P A N O U C h 1  I U N I V .  OF ROCHESTER, ROCHESTER, h. Y . ,  USA1 
E.J.SACHDRIOISI S . J . L I N O E N B A U V I S . O Z A K I , L . C . L . Y U A N  ICRCOKHAVEN VAT. LAB., UPTON, L.I., N. Y.. U S A 1  

A8STRACT WE REPORT AN EXPERIMENTAL MEASUREHENT OF K +  MESON PRODUCTION I N  PP C O L L I S I O h S  AT 2.85 AN0 2.40 CEV. T b E  
MOVENTUM SPECTPA D F  THE K+ MESOhS ARE G I V E N  AT T H E  THREE LABORATORY ANGLES OF ZERfl  OEG. 1 7  DEG. AND 3 2  DE6. THF K t  
MESONS WERE I O E N T l F l E C  BY MOMENTUM AN0 V E L O C I T Y  U S I N G  D I F F E R E N T I A L  CEPENKCV CCUhTEPS W l T H  A  C n M B I N E O  P E J E C T l O h  P F  THE 
ORDER OF 10* * -6 .  I T  I S  SPOhN THAT T h E  PRODUCTION SPECTRA CAN BE ACCOUNTED FOR BY A  OhE-PESON-EXCHANGE Y E C H A h I S Y  W I T H  
THE I N T R O D U C T l O h  OF APPROPRIATE CUTOFFS. AT THE HIGH-ENERGY L I P I T  OF THE ZERO OEG. SPECTPUY, A  CLEAR PEAK I S  
CBSERVED. W H I C H  I S  A T T l i I B U l E O  TC T H E  LOW-ENERGY LAHBDA-P I N T E R A C T I O N  I N  THE K-LAPBOA-F F I N A L  STATE. NC CTHER 

CLCSELY RELATEC REFERENCES 
S E c  ALSG PHYS. REV. 1 4 2 1  9 1 8  1 1 9 6 6 1 .  
T H I S  A R T I C L E  SUPERSEDES PbYS. REV. L E T T E R S  1 4 ,  6 0 4  1 1 9 6 5 1 .  
C O h T I M U A T I O N  C F  P R E V I C U S  E X P E R I V E N T  I N  PHYS. REV. 93 ,  1 4 3 1  1 1 9 5 4 1 .  PHYS. REV. 1 0 3 ,  4C4  1 1 9 5 6 1 s  PHYS. REV. 1 0 5 ,  1 9 3 1  
1 1 9 5 7 1 1  AND PHYS. REV. 1 2 8 ,  2 3 7 3  1 1 9 6 2 1 .  

A C C I T l O h b L  C l T A T L C h S  
PHYS. REV. 1 2 3 .  1 4 6 5  1 1 9 6 1 1 ~  PHYS. REV. 1 4 7 .  9 2 2  1 1 9 6 6 1 .  PHYS.  REV. 1 5 4 ,  1 2 8 4  1 1 9 6 7 1 .  NUOVO CIMENTO SUPPLEMENT 2 4  4 5 3  
1 1 9 6 2 1 ,  NUCLEAR INSTRUMENTS AN0 METHCOS 35 .  3 0 1  1 1 4 6 5 1 .  B N L  7 1 1 1 1 2 4 B 1 ,  FORTSCHRITTE DEC P H Y S l U  9 ,  5 4 9  1 1 9 6 1 1 .  R E V I E W  
OF S C I E N T I F I C  I N S T R U L E N T S  25 .  I t 7 0  1 1 9 5 4 1 .  PPYS. REV. 1 0 7 ,  0 5 9  1 1 9 5 7 1 .  PHYS. REV. 1 2 8 1  2 3 9 2  1 1 9 6 2 1 ,  PHYS. PFV. 1 3 7 ,  
8 9 6 2  1 1 9 6 5 1 ,  PHYS. REV. 1 4 e ,  1 3 1 5  1 1 9 6 6 1 .  PHYS. REV. 1 0 1 ,  7 9 6  l l S 5 b l .  P H I S .  LETTERS 21. 2 2 9  1 1 9 6 6 1 .  BERKELEY 
CONFERENCE ABS.9.A.6 1 1 9 6 7 1 ,  BULL. AM. PHYS. SOC. 1 0 ,  7 1 7  1 1 9 6 5 1 ,  UNIV .  CF  MARYLAND 4 6 9  1 1 9 6 5 1 ,  PHYS. REV. 8 2 ,  7 3 8  
1 1 9 5 1 1 ,  ANNALS OF P H Y S I C S  1 9 ,  4 5 8  1 1 9 6 2 1 ,  PHYS. REV. 1 3 1 .  2 2 3 9  1 1 9 6 3 1 ,  PHYS. REV. LETTERS 11 ,  1 6 4  1 1 9 6 4 1 s  PPYS. REV. 
LETTERS 1 3 .  4 8 4  1 1 9 6 4 J .  PPYS. REV. L E T T E R S  13 ,  6 6 8  1 1 9 6 4 1 ,  BULL .  A?. PHYS. SOC. 12 ,  1 0 4  1 1 9 6 7 1 9  AND PbYS.  REV. 
LETTERS 1 3 ,  2 8 2  1 1 9 6 4 1 .  

A K T I C L E  REAC BY LEROY P R I C E  I N  4 1 7 C s  AND V E R I F I E D  BY OOETTE eEhARY.  

BEAV I S  PROTON O h  PROTCN F R O l  2.203 T C  3 .61L  GEVIC.  l B E b Y  K I N E T I C  ENERGY = 2 .40  TO 2.85 G E V I  

T P l S  E X P E R I Z E N T  USES CCLNTEPS.  

* * * l , , . * . * . l t * . * l * *  

r NO DATA PUhCHEC FCR T h l S  d R T I C L E  * 
* * . l * * . * . l l l * * * * * * *  

l o  1 R D O - N E N  T I P  S A E N C  AT 2 5  E V  CPHYS. REV. 1 1 5 9  I 7 0 4  1 1 9 6 8 1 1  

S.C.WRIGHT.O.SHAHHAh I L N I V .  OF CHICAGC, C h l C A G O ,  ILL . .  U S A 1  
L.PCNOROM.S.OLSEN.R.HANCLER I U N I V .  OF W I S C O N S I N ,  PADISON,  WISC.. U S A 1  

ABSTRACT THE FROTOh-NEUTRON T R I P L E  S C A T T E R I N G  PARAMETERS P, 0 .  R, AN0 A  HAVE BEEN MEASURED AT L A B  AhGLES CF 2 0  DEGI 3 0  
OEC, AN0 4 2  DEG, AT 4 2 5  YEV I N C I D E N T  PROTON ENERGY. P O L A R I Z E D  PROTONS h E R E  SCATTERED FROH NEUTRDNS I N  OEUTERIUM. AND 
THE F I N A L  PROTOh P C L A R I L A T I O N  HAS WEASUREC W I T P  A  CARBOh P L A T E  MIRE-SPARK-CHAYFER SYSTEM. THE R E C O I L  NEUTROLS WERE 
DETECTEU. PP O U A S I E L A S T I C  SCATTERING FRCM OEUTERIUY WCS ALSG S T U C I E D  AT 3 0  DEG. AND 4 2  DEG. AS A  CHECK OK THE I M P U L S E  
A P P R G X I P A T I C h .  

CLOSELY RELATED REFERENCES 
SEE ALSO PHYS. REV. 1 6 9 ,  l C 2 6  l l S C 8 1 .  AND PHYS. REV. 1 4 0 .  1 5 3 3  1 1 9 6 5 1 .  

A C O I T l U h A L  C I T A T I O N S  
UCRL 5 0 4 2 6 1  PhYS.  REV. 1 7 3 ,  1 2 7 2  1 1 9 6 8 1 .  AND REV. MOD. PHYS. 3 9 ,  5 1 3  1 1 9 6 7 1 .  

A R T I C L E  R E P 0  BY LEROY P R I C E  I N  4 / 1 0 .  AhD V E R I f I E O  BY DDETTE BENARY. 

BEAV I S  PROTOh ON CEUTERCh AT . 9 8 9  GEVIC.  l 8 E 4 M  K I N E T I C  EhERGY = . 4 2 5  G E V l  I B E A H  I S  P C L A R I L E D  5 4  PER CENT I N O R L A L  TC 
THE REAM O I R E C T I O N I .  

T H I S  E X P E R l V E N T  USES SPPRK C W Y e E R S .  

KEY HOROS . P O L A W I Z A T l O N  

* * * * * l , r * t ~ * l * * * * * *  

+ NO DATA PUNCHED FCR T H I S  A R T I C L E  * 
. . i * * l * * t * * * * * * * I * *  

1 107 1 NP I N E L b S T l C  I N T F R D C T I O N S  AT ENERGIES FROM 2  TO 1 0  GEV. Ill. STUDY OF k P I  P l - C O M 8 I h b T I O N S  I N  THE R E A C T I O N  NP-NP P I +  P I +  
P I -  P I -  I H  P I 0 1  I J l N R  E l - 3 9 4 0  1 1 9 6 8 1 1  

V.I.MGRCZ~b.V.KIKITIN,YU.beTRCYbN I J C I N T  I N S T .  FOR NUCL. RESEARCH, DUBNA, USSR1 

ABSTRACT 7 3 0  EVENTS O F  THE TYPE NP-NP P I +  P I +  P 1 -  P l -  I M  P I 0 1  ORIGINATING I N  A  PROPANE BUBBLE CHAMBER I N  AN EXPOSURE 
TO NEUTRONS W l T H  ENERGIES FROH 2  T O  1 0  LEV HAVE BEEN SELECTED. I T  I S  SEEN THAT THE E F F E C T I V E  MASS D I S T R I B U T I O N S  OF P  
P I +  P I + . P  P I +  P I -  LNC P  P I -  PL- C O M B l h b T I O N S  ARE S A T I S F A C T O R I L Y  E X P L A I N E C  BY N * + + l 1 2 3 6 l  AND N * - 1 1 2 3 6 1  PROOUCTIONS. 

C I T L T I C h S  
J I N R  
REV. 

P L - 3 1 4 5  1 1 9 6 7 1 ,  NUC. FFYS. 4 1 ,  3 3  1 1 9 6 3 1 .  NUOVO C I M E N T O  3 4 .  1 6 4 4  1 1 9 6 4 1 .  NUOVO CIWENTO 5 5 .  A b t  1 1 5 6 0 1 ,  PHYS. 
1 5 4 ,  2 8 7  1 1 9 6 7 1 ~  AND FHYS. REV. 1 6 1 .  1 3 8 7  1 1 9 6 7 1 -  

A R T I C L E  REAC BY LERCY P R I C E  I N  4 / 1 0 ,  ANC V E R I F I E D  BY OOETTE BENARY. 

BEAY I S  NEUTRON ON HYCROGEN CCYPOUNC FRO*  2.786 T C  1 0 . 9 0 0  G E V I C .  l 8 E b Y  K I N E T I C  ENERGY = 2  TC 1 0  G E V l  

T H I S  EXPERIMENT USES T H E  OUBNA 2+ L I T E R  I H L B C I  BUBBLE CHAMBER. A  TOTAL OF 2 2 0 0 0  P I C T U R E S  ARE REPORTED Oh. 

K E Y  hCP0S 1 MASS SPESTRUC F I T S  

CCVPOUNO K E Y  WORDS . F I T S  P A S 5  SPECTRUY 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* ~ l * * i . * . l * . . * * . * * .  

* NO DATA PUNCHEC FOR T h l S  A R T I C L E  8 

. * * * * * t * * * . * * * * * * * *  



11081 POL;;+:Aa::: ;::b;;:FERENTIAL CROSS S E C T I C N S  I N  PROTOh-PRCTOk AN" PPOTCh-NUCLEUS SCATTERIhGS AT 7 2 5  YEV. IPHYS.  REV. 

P.G.MC MANIGAL.R.C.tANCI,S.N.KAFLAh,BBJJMDYER 1U.C. LAhRENCE RbD. LAB., BERKELEY,  CbL IF . ,  LSA,  AND U N I V .  OF C A L I F O R N 1 4 ,  
BERKELEY,  CAL IF . ,  L S A l  

ABSTRACT THE P U L A R I Z b T I O N  A h 0  I N G U L A R  D I S T R I R U T I O N  OF PROTONS SCATTERED FROM PRCTONS, H E L I U M ,  RERYLLIUY.  CARRPh, 
ALUMINUMI C I L C I U Y .  l P C N l  AhC T A h T A L U H  UERE MEASUREC AS FUNCTIONS U F  ANGLL AT 7 2 5  PEV.  A  V A R I A T I O N  OF THE USUAL 
DOUBLE-ELASTIC S C A T T E R I N G  PETHOD WAS USED. I N  THAT THE S E h S C  OF THE F I R S T  S C A T T E R I N G  A N G l E  WAS REVERSED I N  F I N O I N G  
ASYMMETRIES,  RATHER T K A h  T k i  SECONC ANGLE. EhERGY A N A L Y S I S  OF THE SCATTERED BEAM h A S  ACCOMPLISHED BY PEANS CF A  
102-DEGREE MAGNETIC SFECTRCYETEP A L L O Y l h G  A  T O T A L  RESOLUTION OF +- 1 C  MEV. THE DATA hERE F I T T E D  h l T H  AN O P T I C A L  
MODEL. IN THE P R O T O N - N U C L E ~ S  SCATTERING THE P O L A R I Z A T I C ~  R E A C H E S  A u e x r r u w  v a L u F  CF b s o u ~  4 0  P E R  CENT A T  A N G L E S  L E S S  
THAN THE U I F F R A C T I C h  WINIPUM.  RESULTS I N  PROTON-PROTON SCATTERINGS ARE MCRE I N T E R E S T l h G ;  HChEVEP,  BECAUSE OF A h  
U N C E R T A I N T Y  I N  THE A N A L Y Z L h G  POhER CF CARBCh. A  C E F I N I T F  qTPTFMFNT rdNNn7 R F  M A n F .  nNF C A N  C A Y .  U n U F U F e .  T u l T  F I T U S .  

T H E  P O L A R I Z A T I O N  I h  PROTCN-PROTGN SCATTERINGS I S - A B O V E  ~ O - P E R - C ~ N T  ;T T H I s - E ~ E R E ; - c E ~ H ~  ~ N ~ L V ~ I N E " & E ~  O F C A R ~ O N ' A T  
b  DEG AND 6 0 0  HEV I S  MORE T r A N  4 0  PER CENT, WHICH I S  CONSIDERABLY GREATEP THAN THC 3 0  PER CENT HEASURED AT 7 2 5  MEV. 

CLOSELY RELATED REFERENCES 
DATA SUPERSEDED BY PHYS. REV. 1 4 8 .  L2BC 1 1 9 b b l .  

A C D l T l O N A L  C I T A T I O N S  
PHYS. REV. 7 5 1  1 3 5 2  1 1 9 4 9 9 ,  NUOVn CIMENTO 11. 4 0 7  1 1 9 5 4 1 ~  PROGP. NUCL. PHYS. 8  4 7  1 1 9 6 0 1 ,  PHYS. REV. 1 0 2 3  1 6 5 9  I 1 9 5 6 1  
NUC. PHYS. 2 3 ,  5 6 2  I 1 9 b 1 1 ,  UCRL 1 0 6 3 7  1 1 9 6 3 1 .  JETP 4  3 3 7  1 1 9 5 7 1 ,  NUC. PPYS.  3 9  1 8 5  1 1 9 5 7 1 s  PHYS. REV. 1 0 4 .  4 4 s  1 1 9 5 6 1  , 
P H I S .  REV. l o b t  1 2 7 1  1 1 9 5 7 1 .  J E T P  3 5  6 4  1 1 9 5 9 1 ,  NUC. PHVS. 4 3 ,  2 1 3  ( 1 9 6 3 1 .  NUC. PHYS. 2 5 .  6 4 2  1 1 9 6 1 1 ,  PhYS. RFV. 1 2 4 .  
8 9 0  1 1 9 6 1 1 1  PHYS. REV. 1 0 5 ,  2 0 8  1 1 9 5 7 1 1  PHYS-  REV. 9 5 .  l b 9 4  1 1 9 5 4 1 ,  NUOVO CIMENTO 2 3 ,  6 9 0  1 1 9 6 2 1 ,  PHYS. REV. 1 0 2 ,  
1 1 5 7  1 1 9 5 6 1 ,  ANNUAL REV. OF NUCLEAR SCIENCE 7 1  2 3 1  1 1 9 5 7 1 ,  A h N L A L  REV. OF NUCLEAR S C I E N C E  8, 4 9  1 1 9 5 8 1 ,  S O V I E T  
P H Y S I C S  DCKLACY 1. 6 0 7  1 1 9 5 6 1 ,  J E T P  2  34P 1 1 9 5 6 1 .  AND NUnVO CIMENTC 6 .  2 3 5  1 1 9 5 7 1 .  

A R T I C L E  REAC BY LERCY P R I C E  I h  4 1 7 C v  AND V E R I F I E D  BY CDETTE BEhbRY. 

BEAM I S  PROTON UN PROTON AT 7.25 G E V I C .  

T H l S  E X P E R I r E h T  USES COUNTERS. 

K E Y  HORDS - P O L A K L Z A T I C h  

* * . * . * * * . * * . * . * * * * *  
* NO DATA PUNCHEC FOR T H I S  A R T I C L E  * 
t . . t . . * t . l * * * * * l * * ,  

1 109 I EXCkANGE MECHANISM FOR THE R E A C T l O h  P N - D E L T L I *  CELTA-. IPHYS.  L E T T E R S  2 6 e .  5 9 8  1 1 9 6 8 1 1  - H.O.COHN I O A K  RIDGE N A T I O N A L  LAB., CbK R I O C E I  TENN., U S d l  
R.C.MC CULLOCH I U N I O N  C A R B I D E  NUCL. DIV., OAK R I D G E .  TENN.1 
W.M.BUGG.G.T.CONO0 I U N I V .  OF TEhNESSEE.  K N O X V I L L E ,  TENN., USA, AND OAK RIDGF N A T I O N A L  LAB.,  OAK R I D G E ,  TEN&., U S A l  

ABSTRACT I N  T k E  R E P C T l O h  PN PN P I +  P I -  WE HAVE OBSERVED C D P l O U S  D E L T A + *  A h 0  DELTA-  PRODUCTlOh AT FDUR-MOMENTUM 
TRANSFERS GPEATER THAN 1 0 0  P l O h  MASS-SQUARED EVEN WHEN R E S T R l C T l O h  H A S  MADE TO THE DOUBLE l S C 8 b L  OVERLAP REGION. SUCH 
BEHAVIOR I S  NOT CBSERVEC I h  THE ANALOGUE PP AN0 PBAR P  R E A C T I O N S  AND STRONGLY SUGGESTS THE IMPORTANCE OF b  MECHANISM 
I N  A O D l T I O h  TC ONE P I C h  EXCHANGE. 

C I T A T I O N S  
PHYS. PEV. 1 3 6 ,  8 8 4 3  1 1 9 b 4 l r  PHYS.  REV. 1 3 8 ,  8 1 5 2 8  1 1 9 6 5 l r  PHYS. REV. 1 5 4 s  1 2 6 4  1 1 9 6 7 1 ,  PPYS. REV. LETTERS 1 9 ,  3 9 7  
1 1 9 6 7 1 .  PHYS. REV. 1 7 ,  8 8 4  1 1 5 6 6 1 ,  PHYS. REV. 1 6 1 .  1 3 8 7  1 1 9 6 7 1 ,  UCRL 1 6 1 7 C .  ANC B U L L .  AV. PHYS. SOC. 1 1 1  0 4 1  1 1 9 6 6 1 .  

A R T I C L E  REAC BY LEROY P R I C E  I h  4 / 7 C 1  AND V E R I F I F O  BY CDETTE BENAQY. 

BEAY I S  PROTON ON PROTON AT Z.1 G E V I C .  

T H l S  EXPERIMENT USES T b E  B.N.L. 2 0  I h .  I H I  BUBeLE CHAMHER. A  TOTAL OF 3 0 0 0 0  P I C T U R E S  ARE REPORTEC ON. 

K E Y  UORCS - CROSS S E C T I O N  C E L T A l 1 2 3 8 1  MASS SPECTRUV YCHENTUP TRAhSFER 

* . l * * * * * t . , * t * * * . * *  

* NO OATb PUhCHEC FOR T H I S  A R T I C L E  * 
* * . * * . * l . , * * * * * * * * *  

11101 DOUBLE-REGGE-POLE VGOEL A N A L Y S I S  OF PP - D E L T A + +  P P I -  AT 6.6 GEVIC.  I P H Y S .  REV. LETTERS 2 0 1  9 6 4  1 1 9 6 8 1 1  

E.L.8ERGER I U - C .  LAWRENCE RAC. LAP.. I E R K E L E Y .  C A L I F . ,  LISA, ANC U N I V .  OF C A L I F C R N I A S  BERKELEYl  CAL IF . .  USA. ANC OAPTPOUTH 
COLLEGE, HANCVER. hEW H A P P S H l L E I  

E.GELLERT.G.A.SMITH 1U.C. LAHREhCE RAO. LAB.. BERKELEY,  CAL IF . .  USA, AND U N I V .  OF C A L I F O R N I A ,  BERKELEY, CAL IF . .  U S A 1  
E.CCLTONtP.E.SCHLElh I U h l V .  OF CALIF . .  L O 8  ANGELES.  CALIF.,  U S A l  

ABSTRACT REASONABLE F l T S  TC I N V A R I A N T - M A S S .  MD*ENTU'-TRAhSFER, AND TREIMAN-YANC ANGLE D I S T R I B U T I O N S  FOR THE R E A C T I O N  
PP - DELTA++ P  P I -  AT 6.6 GEVIC ARE O B T A I N E D  FRO*  A  OOUBLE-RtGGE POLE MLDEL h l T U  P l O h  EXCHANGE. 

C L O S E L Y  R E L b T E O  REFERENCES 
SEE ALSC UCLA 1 0 2 5  1 1 9 6 0 1 .  
T n l s  ARTICLE S U P E R S E D E S  P ~ Y S .  R E V .  LETTERS 17. 8 8 4  119661. 

A D O I T I O N A L  C I T A T I O N S  
PHYS. REV. L E T T E R S  1 9 ,  6 1 4  1 1 9 6 7 1 ,  PHYS. REV. 1 6 3 .  1 5 7 2  1 1 9 6 7 1 ,  NUOVO C l P E N T O  4 9 A v  1 5 7  1 1 9 6 7 1 .  NUOVO CIMENTO 5 1 6 .  b 9 b  
1 1 9 6 7 1 ,  PHYS. REV. l b O v  1 3 2 2  1 1 5 6 7 1 ,  PHYS. REV. 1 6 0 .  1 3 2 6  1 1 9 6 7 1 r  PHYS. REV. 1 6 6 ,  1 5 2 5  l l 9 b B l .  PHYS. REV. 1 3 8 ,  0 1 9 0  
1 1 9 6 5 1 ,  PHYS. REV. L E T T E R S  1 5 s  4 b 8  1 1 9 6 5 1 ,  PHYS. REV. 1 6 3 1  l b 0 3  1 1 9 6 7 1 .  PHVS. REV. 1 6 6 ,  1 7 6 8  ( 1 9 6 8 1 .  AVO PHYS. REV.  
L E T T E R S  2 0 1  6 2 8  1 1 9 6 0 1 .  

* * * . . * * * * . . * * * * * * * *  
* NO DATA PUNCHEC FOR T k I S  A R T I C L E  * 
. * . * . t l * . * * * * * * * * * *  



l~lFoRbibRD C I F F E R E N T I A L  CROSS S E C T I O N S  FOR TWE R E A C T I O N  PP C P I +  I N  THE RANGE 3.4 TO 12.3 GEVIC. CPHYS- REV. L E T T E R S  2 1 9  
8 5 3  1 1 9 6 8 I 1  

H ~ L . A N O E R S O N ~ M . D I X I I . H . J . E V A N S ~ K . b . K L A R E C . A . L A R S O h M . V S H E R B R O 0 K  I U N I V .  C F  CHICAGO. CHICAGO. ILL . ,  U S A 1  
R.L.MARTIN IARGONNE NAT. LAB..  ARGONhE, I L L . ,  U S A l  
K.k.ECHARDS.O.KESSLER I C A R L T O L  U h I V E R S I T Y .  CTTAWA. C A N A C A I  
C.E.NPGLE.H.A.THIESSEN [U.C. L O 8  ALAPOS S C I E N T I F I C  LAB.. L C 8  ALAUOS. h.P.1 
C.K.HARGROVEtE.P.HINCKS I h A T I O N A L  RESEARCH C O U N C I L ,  O T T A U b l  CANADA1 
S.FUKU1 LNAGOYA U N l V E R S l T Y q  h b G C Y A ~  J A P A N 1  

ABSTRACT A  SPARK-CHAMBER P I S S I N G - M A S S  SPECTROMETER WAS USED TO MEASURE THE O l F F E R E N T l b L  CROSS SECTION FCR THE R E A C T I O h  
PP * D P I +  AT CLOSELY S P A C E 0  I N T E R V A L S  OF I N t l D E h T  MOMENTUM BETWEEN 3.4 bND 12.3 G E V I C  AND AT SUALL  C.M. ANGLE. T H E  
OAT6 CONFIRM THE E X I S T E N C E  OF A  PROMINENT PEAK I N  THE FORWARD CROSS S E C T I O N  PT EIC.M.1 APPROXlMATELY = 2.9 GEV A N 0  
SHOU A  H I T H E R T C  UNPEPORTEC SHCULDER AT EIC.W.1 = 3.6 GEV. THE RESULTS MAKE E V I D E N T  THE INAOEOUACIES OF PRESENT 
ONE-PION-EXCHANGE ANC ONE-NbCLECk-EXCHAhGE MCDELS. 

C I T A T l O K S  
COKL. AKA@. NAUK. SSSR L C 0  6 7 3  1 1 9 5 5 1 .  OOKL. AKAO. NAUK. SSSR LOO 6 7 7  1 1 9 5 5 1 ,  I U R N -  EKSP. TEOR. F I Z .  3 4 1  7 6 7  I I S 5 8 1 ,  
PHYS. REV. L E T T E R S  11, 4 7 4  1 1 9 6 3 1 .  PHYS. L E T T E R S  7, 2 2 2  1 1 9 6 3 1 .  PHYS. REV. LETTERS 1 3 s  5 9  1 1 9 6 4 1 s  PHYS. REV. 1 6 7 ,  
I 2 3 2  1 1 9 b B 1 ,  PHYS. L E T T E R S  11, 1 6 1  1 1 9 6 4 1 ,  PHYS. LETTERS 2 2 ,  7 0 8  1 1 9 6 6 1 ,  P+YS. REV. LETTERS 17 ,  LOO 1 1 9 6 6 1 .  P H I S .  
REV. 1 4 2 .  9 1 8  1 1 9 b 6 1 ,  R E V I E W  OF S C I E N T I F I C  INSTRUMENTS 3 5 .  4 9 2  1 1 9 6 4 1 ,  IhT.CONF. ON NUCLEAR STRUCTUREISTANFORD U N I V -  
6 3  1 1 9 6 6 1 .  PHYS. REV. L E T T E R S  1 0 .  8 9  1 1 9 6 7 ) .  NUC. PHYS. 7 6 ,  1 2 3  1 1 9 6 6 1 ,  PROC. OF THE ROYAL S O C I E T Y  OF LONOON 6 2 4 4 ,  
4 9 1  1 1 9 5 8 1 ,  PHYS. REV. 1 3 C ,  2 4 0 7  1 1 9 6 3 1 .  PHYS. REV. 1 3 4 ,  8 4 5 4  1 1 9 6 4 1 ,  PPYS.  REV. LETTERS 2 0 1  6 0 7  1 1 9 6 8 1 ,  PHYS. REV. 
L E T T E R S  1 6 ,  7 C 9  1 1 9 6 6 1 ,  ANC NUOVO C I M E N T O  5 5 4 ,  3 4 6  1 1 9 6 8 1 .  

A R T I C L E  READ BY LERCY P R I C E  I h  4 1 7 C .  AND V E R I F I E D  BY OOETTE BELARY. 

BEbW I S  PROTOh Ch  FRCTCh FROV 3.4 TC 1 2 . 3  GEVIC.  

T P l S  EXPERIMENT USES SPARK CHAWBERS. 

K E Y  WORCS - O l F F E R E N T l A L  CROSS I E C T I C h  

O I F F E R E N T I A L  CROSS S E C T I O N  I b T  F I X E C  ANGLE OR T I  FOR PROTON PROTON DEUTERON P I * .  I F I G U R E  3 1  

DATA I S  AVERAGED OVER C O S I T H E T A I  FROM .59  TO 1.00. THETA I S  THE ANGLE T H A T  THE CEUTERCN MAKES U l f W  THE PEPM I N  THE 
GRANC c.n. 

......................... . T H I S  OAT0 h b S  R E P 0  FRCP 

LABORATORY C-S IGYAIC-OYEGA 
@EbM PCPENTUM 

Ill PLUS P O S S I B L E  S V S T E V A T I C  ERROR OF t- 5 PER CENT. 

1112) MEASUREPENT 0. PP P I +  D AT $ 0  OEG. A N 0  5 GEVIC. [PHYS.  REV. 1 6 5 -  1 4 + 2  1 1 9 b B l 1  

K.RUOOICK I U N I V .  OF MINNESOTA,  P I N N E A P O L I S r  V1Nh.v U S A 1  
L.G.RATNER IARGONNE NAT. LAB., ARGCNhE. I L L . ,  U S A l  
K.k.EOYAROS I U N I V .  OF ICWD, l C h A  C I T Y ,  I C k A .  U S A l  
C.H.AKERLOF.R.H.HlEBER, A.C.KRISCh I U N I V .  OF M I C H I G A N ,  ANN ARBOR, MICH., U S A 1  

ABSTRACT THE D I F F E R E N T l b L  CPCSS S E T T I O h  FOR THE PRCCESS PP P I +  0  WAS MEPSUREO AT 5.0 G F V l C  FOP b CENTEP-OF-MASS 
ANGLE OF 9 0  DEG. THE EXPERIMENT HAS DONE ON THE ARGONNE ZGS W I T H  THE SAPE APPARATUS AS WAS USED I N  b  RECENT 9 0  DEG. 
PROTON-PROTON E L A S T I C  5 C A T T E R I N C  E X P E R I V E N T .  THE EXTRACTED PROTON BEAM OF THE ZGS h A S  MADE TC I M P I N G E  UPCN b  C H I 2 1  
TARGET.  THE-PION I N D ~ C E U T E R O N ~ U E R ~  D E T E C ~ E D  BY ~ U O  S P E C T R O U E T E P S ,  EACH C C N T A l N l N G  MAGNETS AND A S C I N T I L L A T I O N - C O U N T E *  
TELESCOPE,  I k  COINCIDENCE.  THE I N C I D E N T  B E A H  FLUX WAS MEASURED BY A  R A D I O C H E M I C A L  A N A L Y S I S  CF THE C H I 2 1  T b R G E T -  T P E  
9 C  DEG. CROSS S E C T I O N  AT 5.0 G E V I C  WAS FOUhC TO BE 3 5  +- 9  N B I S R .  

C  I T A T I O N S  
PHYS. REV. 1 5 9 .  1 1 3 8  1 1 9 6 7 1 .  PHYS. L E T T E R S  7 ,  2 2 2  1 1 9 6 3 1 ,  PHYS. REV. L E T T E R S  11 .  4 7 4  1 1 9 6 3 1 ,  DOKL. AKA@. NPUK. SSSR 
1 0 0  6 7 3  1 1 9 5 5 1 .  PHYS. REV. L E T T E R S  1 3 ,  5 9  1 1 9 6 4 1 .  PHYS. REV. 1 3 6 .  0 7 7 9  1 1 9 6 4 1 .  PHYS. REV. LETTERS 1 8 ,  1 2 1 8  1 1 9 6 7 1 .  
PHYS. REV. 1 2 8 9  2 3 9 2  l l 9 6 2 1 ,  ANElUAL REV. OF NUCLEAR S C I E t I C E  1 3 s  2 6 1  1 1 9 6 3 1 ,  PHYS. REV. LETTERS 1 1 ,  2 1 7  1 1 9 6 3 1 .  P H I S .  
REV. 1 3 5 ,  8 1 4 5 6  1 1 9 6 4 1 s  ANC PHYS. REV. L E T T E R S  1 7 ,  1 1 0 5  1 1 9 b 6 l .  

ART ICLE R E A C  e r  L E R C Y  PRICE ~h  4 1 7 ~ ~  AND VERIFIEO B Y  ODETTE RENARY.  

BEAM I S  PROTON Oh PRCTCh AT 5 CEV lC .  

T H I S  E X P E R I C E N T  USES COLNTERS. 

K E Y  n o e c s  + OIFFERENTIAL  C R O S S  IECTICN 

D I F F E R E N T I A L  CRCSS SECTLCL FCR PROTCL PRCTCN - CEUTERON P I * .  I P b G E  I 4 4 4 1  







118 E L A S T I C  PP SCATTERING AT 1 . 4 5  PEV. I S C V I E T  JNP 1  2 2 5  1 1 9 6 5 1 1  

0 L p . K R u c H l N l N ~ K . L U U K H l h h A 4 S . P O ) I b N I S E V P . ~ 1 . A . S V E l L O L O B O V , M . M . S U L K O V S K A Y b e  RESEARCH, CUBNA. USSR 1  L L . C H U E V A , . L S H L Y A P N l K O V  , J O l h T  TNST. FOR NU,. 

ABSTRACT E L A S T I C  PP S C A T T E R I N G  AT 1.45 BEY HAS e E E h  I N V E S T I G A T E D  W I T H  THE P E L P  OF A  PROPANE BURBLE CHAUBEP k I T H  A  
PULSEC MAGNETIC F I E L C .  THF O I F F E R t N T l b L  CROSS S E C T I O N  HAS BEEN O B T A I N E D  CVER THE E N T I R E  ANGULAR R E G I O N  ZERO OEG. TO 
P C  DEG. IC.M.SI. THE R E S L L T S  L R E  CCMPIRED HITP OPTICAL-MODEL PREOICTIONS AND n P i I v A L  VALUES OF THE PARIVETERS A R E  
OBTAINED.  I T  I S  SHOWN THAT TPE E X P E R I H E N T I L  DEPENDENCE OF O-S IGHAID-CVEGA CN P-PERPENDICULAR O P T A l N i D  FOR LARGE 
P-PEPPENDICULAF I S  WELL APPROXIVATED BY THE E X P O N E N T I A L  DEPENDENCE SGGGESTED B Y  OPEAF O-SIGMAID-UMFGA ADPROXIYATELY 
EXP 1 -P-PEPPENOICULARIPO1.  I T  I S  hOTEC THAT T H E  BEST AGREEWENT W I T H  THE E X P O N E N T I A L  APPROXIYATION I S  O B T A I N E D  FOP 
c.n.8 SCATTERING ANGLES CF CHI = 9 0  DEG. W H E ~  P-PERPENOICULAR = P C.V.S. r h  THIS C A S E  l c n l  = 9 0  0 t c . 1  W E  HAVE 
D-SIGMAID-OMEGA = b E X P I - P  C.H.S/POI. A  = 1 1 5  MBISR,  P o  = 1 4 3  H E V I C ,  AN0 THE E X T R b P C L A T l C h  I S  CORRECT FCR A L L  KhtWh 
DATA ON E L A S T I C  PP S C A T T E R I N G  I h  THE ENERGY REGION 0.38 - 30.9 BEY. 

C l T A T l U h S  
PHYS. REV. 1 0 3 1  1 4 e 4  1 1 5 5 6 1 ,  PHYS. REV-  1 2 0 .  1 0 3 6  1 1 9 6 2 1 .  CERW CCNFEPENCE 5 1 4  1 1 4 5 9 1 1  P P l R O R l  I TECH TFCH. EXP. 6  4 8  
1 1 9 6 3 1 ,  PHYS. CEV. 8 7 s  4 2 5  1 1 9 5 2 1 ,  PHYS.  REV. 1 3 0 ,  7 6 2  1 1 9 6 3 1 .  PHYS. @EV. 1 0 4 ,  2 2 1  1 1 9 5 6 1 ,  PHYS. REV. 1 2 5 ,  7 0 1  1 1 9 6 2 1  
J l N R  E-LBO2 1 1 9 6 4 1 ,  P H I S .  PEV. 7 5 1  1 3 5 2  1 1 9 4 9 1 ,  PHYS. REV. 1 0 7 ,  8 5 9  1 1 9 5 1 1 ,  PHYS. REV. 1 2 5 ,  2 0 8 2  1 1 9 6 2 1 ,  PHYS. REV. 
1 2 3 .  2 1 6 0  I I Y b l l l  PHYS. REb. L E l T c R S  1 2 .  1 1 2  1 1 9 t 4 1 ,  REb. MOO. PHYS. 3C. 3 6 8  1 1 9 5 8 1 ,  AND PVYS. REV. LETTERS 1 1 .  4 9 9  
1 1 9 6 3 1 .  

A R T I C L E  REAC BY LERCY P R I C E  I N  4 / 7 C 7  AN0 V E R I F I E D  BY CDETTE BEhARY. 

BEAY NG. 1  I S  P I +  ON HYDROGEN COYPCLhD AT 2.2 GEVIC.  
NO. 2  I S  PROTON ON HYDROGEN COMPOUND A T  2.2 GEVIC.  

T H I S  EXPERIMENT USES TVE CURhb 1 1 2  METER B U e B L E  CHAMBER. b  TOTAL OF 1 7 0 0 0  P I C T U R E S  ARE REPORTED ON. 

KEY UCPDS - ANGULbF D l S T P l B U T l O h  F l T S  

COVPOUKD K E Y  WORD? - F l T S  ANCLLPR C I S T R I B U T I C N  

* * * * * * . * . * * * * . * * * * *  
* NC DATA PUNCHEC FOR T b I S  A R T I C L E  * 
* * = . * . * * * I . . . * * * * * *  

 ITM ME F I N A L  STATE P  D  P I +  P l -  1. PO l N T E R & C T l O N S  AT ABCUT 2 GEVIC.  I P H Y S  L E T T E P S  26.. 3 1 7  1 1 9 6 8 8 1  

D . C . W R U N T I M . J . C L A Y I C ~ ~ ~ ~ B ~ A I ~ E S T ~ C D C  [ C b V E h D I S k  LAB.. CaMe. UNIV .?  CAWBRIDGE, E h G L A N D l  

ABSTRACT RESULTS APE PRESENTED Oh 2 6 5  EXAMPLES OF THE F I N A L  STATE P  0  P I +  P I - .  I T  I S  SHCUh THAT A  LARGE hUPBER CF  THE 
EVENTS I N V O L V E  BARYON EXCHANGE. E V I D E N C E  I S  ALSO PRESENTED FOR A  D  P I  RESChANCE OF MASS 2 1 1 0  MEV AND H I O T F  5 0  VEV. 

C L C S E L Y  RELATEC REFEPENCES 
D A T A  SUPERSEDEC 8 Y  P+YS. REV. 1 8 7 ,  1 8 5 6  1 1 9 6 9 1 .  

A G D I T  l G h A L  C l T b T l G N S  
JETP 7  5 2 8  1 1 9 5 8 1 .  PPYS. REV. L E T T E R S  1 1 .  4 7 4  1 1 9 6 3 1 ,  PkYS. REV. L E T T E R S  1 5 ,  1 2 5  1 1 9 6 5 1 ,  PHYS. LETTERS 1 9 .  6 8  1 1 9 6 5 1 .  
ANC PHYS. L E T T E R S  1 9 ,  5 2 6  1 1 9 6 5 1 .  

A R T I C L E  REAC BY LERCY P R I C E  I h  4 / 7 0 .  ANC V E R l F l E C  BY ODETTE BENARY. 

BEAM I S  PROTON ON DEUTERCh FPOV 1.825 TG 2 .110  G E V I C .  

T H I S  EXPERIMENT USES THE SACLAY 1 8 0  L I T E R  BUBBLE CHAMBER. A  TOTAL OF 6 5 0 0 0  P I C T U R E S  APE REPORTED Oh. 

K E Y  k 0 R O S  - CROSS S E C T I C N  NCN-STRANGE C l e A R V O N  AT 2 1 3 0  UEV. MASS SPECTRUM 

CROSS S E C T I O N  FOR PROTON CELTEROh - PROTON DEUTERON P I +  P I - .  I T A B L E  1 1  

[ T H I S  DATA SHCULO NOT e E  USEC - A MORE RECENT VALUE PAY BE FOUND I N  BRUNT E l  AL., PHYS. REV. 1 8 1 ,  1 0 5 6  1 1 9 6 9 1 1  

LABORATOPY 
BEAM WOMEhTU* 

G E V I C  
1.825 +- . 0 4 5  
2 .110  . 0 4 5  

MICRC-BARNS NO. EVENTS 
1 2 5 .  +- 3C .  7  5  
1 l C .  3C. 1 0 0  

CRCSS S E C T I O N  FOR PROTCN OELTERDh r PROTON DEuTERCN P I +  P I -  P I 0  + NEUTRCN DEUTEROh P I *  P I +  P I - .  [ T A B L E  1 1  

LABORATORY 
BEAV MGUENlUM 

G E V I C  
1 .825  +- . 0 4 5  
2 .110  .D45 

MICRC-BARhS NG. EVENTS 
3. +- 2. 2  

25 .  5. I 4  



1 2 0  R O T O N - P R O T O N  N T E R A T C N S  T 6  G I .  INUOVO CIWENTC 55.. 6 6  1 1 9 6 8 1  I 

C.CASO.F.CONTE.G.TOHASINl IUNLV.  C1 GEkCVb, GENCVL, I T b L Y l  
L.CASE.L.MOSCA.S.RATTLLL~TALLONE-LCMAAROI I U N I V .  C I  MILANOl  P l L b N O .  I T A L Y 1  
I ~ B L O O O U O R T H ~ L ~ L Y C h S ~ b ~ h O P T O N  ICXFCRC UNIV.. OXFORC, EhGLANOl  

ARSTRACT ABOUT 5 5 0 0  E V E N T I  h I T H  FCUR CHbRGEC SELONOARIES Ah0 9 0 0  EVENTS N I T P  TWC CHARGED SECONOLRIES PLUS NFUTRAL 
STRANGE PARTICLES HAVC BEEh ANALYSEC I N  TbE 1.51 HYDROGEN BURBLE CHAMBERS EXPOSED TO A PRCTON BEAY OF b  GFVlC 
INCIDENT MOMENTUM. CROSS-SECTICLS FCR TPE VbRIOUS CbbNhELS ARE REPORTEO bNO COMPARED U I T P  S I M I L A V  RE$LLTS OF CTHEP 
ENERGIES. THE CONTRIBUTION OF TbF VARIOUS I N  P I 1  AND I N  P I  P I 1  ISOBARS TC THE F U L T I P l O h  F I N A L  STATES PAS REEh 
ESTIMATED, T A K I N G  I N T L  bCCCUhT TME PERIPHERAL CPARACTER OF THE INTERACTION 1 0  EVALUATE THE BACKGROUNO. ALL LFACTIChS 
ARE STRONGLY OOMlNATEO BY 1HE PROOUCTlQN OF THE N t l l 2 3 6 1  TSOBbR, h I T P  A TOTAL CRCSS-SECTION 16.6 +- 0 .61  4 8 .  I h  THE 
PP P I +  P I -  CHANNEL, THE N i + + l l 2 3 t l  I S  PRODUCED I N  4 0  PER CENT OF THE CASES I N  ASSOClATIOh WITH OhE OF THE N * 0 1 1 7 3 6 1 .  
N 8 0 I 1 5 1 2 1 s  OR N * O I l b 8 8 1  ISCBARS,  Y I E L C I N G  FOR T H I S  CHANNEL A TOTAL CROSS-SECTION FOR OOUBLr ISOBAR PROOLCTIOti 11.1 +- 
0.21 Me. DOUBLE ISORbR PRGCUCTIGN DOES NOT SEEP TO BE IMPORTANT I N  THE 5-BGOY CHbNNELS. AMONG BOSOh RE5ONANCESs THERE 
I S  EVlDENCE FOR OPEGb I W I T P  A TGTAL CROSS SECTION OFI0 .18  +- 0 .051 M B I  AND ETA I h I T H  A TOTAL CROSS S E C T I r h  CF 10.07 
+- 0.051 MBI  PROOUCTION, A h 0  AN UPPER L I M I T  OF 2 5 0  MlCROBbRNS HAS BEEN SET FOR RHO PRODUCTION. THFPE I S  NU 
S I G N I F I C A N T  EVlCENCE FOR TbE 1  = 5 / 2  P  P I +  P l t  ISOBAR. STRONG P E R l P H F R b L l T Y  OF THE IhTERACTlON,  AND bPUhCbNT 
PRODUCTION OF Y l 1 3 8 5 1  I S  REPCRTEO I h  THE STRANGE PARTICLE EVENTS. 

CLCSELY RELbTEC REFEREhCES 
ANALYSIS OF T H l S  OATb I N  NUC. PFYS. 0 8 ,  6 8 6  1196R1. 

T l C h A L  C l T A T l G N S  
NUOVO ClMENTO 2 7 ,  1 4 5 0  ( 1 9 6 3 1 ,  FHYS. REV. 137,  8 1 5 3 0  1 1 9 6 5 1 .  NUOVO CIMFNTO 337 9 0 6  1 1 9 6 4 1 ~  PHYS. REV. 1 2 3 ,  3 3 3  I 1 5 6 1 1  , 
NUOVO ClHENTO 2 4 ,  4 5 3  1 1 9 6 2 1 ,  PhYS. REV. 1 2 5 ,  1 7 0 3  1 1 9 6 2 1 ,  PHYS. REV. 1 3 9 ,  8 6 4 6  1 1 9 6 5 1 ,  PHYS. REV. 139.  8 4 2 8  1 1 9 6 5 1 s  
NUOVO CIMENTO 3 1 .  3 6 0  1 1 9 6 4 1 ,  NUOVO CIMENTD 1 5 ,  6 5 2  1 1 9 6 0 1 .  PHYS. REV. 1 2 0 .  9 8 8  I l 9 6 0 1 r  PHYS. REV. 1 2 5 ,  1 0 4 8  1 1 9 6 2 1 ~  
PHYS. REV. 1 4 6 ,  1 0 3 1  1 1 9 6 6 1 .  PHIS.  QEY. 1 3 1 1  2 2 3 5  I 1 9 6 3 1 ,  NUOVO CIMENTO 34.  1 1 6 7  1 1 9 6 4 1 ~  PHYS. REV. LETTERS 1 5 ,  2C7 
1 1 9 6 5 1 ,  PHYS. LETTERS 11,  1 6 4  1 1 9 6 4 1 ,  PHYS. LETTERS 1 6 .  7 5  1 1 9 6 5 1 ,  PHYS. R t V .  142 .  9 1 8  1 1 9 6 6 1 +  PHYS. REV. LETTERS 17. 
1 0 0  1 1 9 6 6 1 ~  CERN T C I O 2 1 6 3 - 3 .  NUOVO CIFENTO 4 9 4 .  4 7 5  ( 1 9 6 7 1 ,  CERN 60-33. CERN 61-29 .  PHYS. REV. 1 3 8 ,  0 6 7 0  1 1 9 6 5 1 .  
PHYS. REV. 1 2 5 1  2 0 5 1  1 1 9 t 2 1 s  PHYS. REV. 1 2 6 .  7 4 7  1 1 9 6 2 1 ,  PHYS. REV. 1 4 7 .  9 2 2  I l 9 6 6 1 .  PMYS. REV. 154.  1 2 8 *  1 1 9 6 7 1 .  BULL. 
AM. PHYS. SOL. 1 2 ,  1 0  1 1 9 6 7 1 ,  BULL. AM. PHYS. SOC. 11, 3 6 0  1 1 9 6 6 1 ,  BULL. AM. PHYS. SCC. 12, 4 5  1 1 9 6 7 1 ,  NUOVO ClMENTO 
50A. 1 0 0 0  1 1 9 6 7 1 ,  PHYS. REb. LETTERS 1 6 ,  8 5 5  1 1 9 6 6 1 .  PHIS.  LETTERS 2 2 ,  2 2 6  1 1 9 6 6 1 ,  PHYS. LETTERS 22. 5 2 e  l l 9 b b l i ,  
NUOVO CIMENTG 471,  2 3 2  1 1 9 6 7 1 ,  PHYS. REV. LETTERS 1 7 ,  8 8 4  l 1 9 6 6 1 ,  NUOVD CIMEhTC 4 3 A v  1 2 1 0  1 1 9 6 6 1 ~  CERN 66-10 ,  CERN 
1 3 2 0 1 5 - T H  1 1 9 6 5 1 1  NUOVO CIYENTO 4 6 0 ,  4 3 8  1 1 9 6 6 1 ,  REV. HOD. PHYS. 39. 1  1 1 9 6 7 1 .  PHYS. LETTERS 21, 5 8 1  1 1 9 6 6 1 ~  NUOVC 
CIMENTO 42A.  6 0 6  1 1 9 6 6 1 .  PPYS. PEW. 1 6 8 .  1 4 4 4  1 1 9 6 6 1 .  NUOVO ClHENTO 34.  1 6 4 4  1 1 9 6 4 1 ,  bNG UCRL 1 7 6 1 9 .  

ARTICLE REbC BY OCETTE 8ENIRY I h  l I b 5 .  bNO V E R l F l E C  BY LEROY PRICE.  

BEbV I S  PROTOh CN PRCTON AT 1.57 GEVIC. 

T H l S  EXPERIMENT USES THE B R I T I S b  h A T I C h A L  1 5 0  CP. BUBBLE CHALBEL. A  TOTAL CF 7 5 0 0 0  PICTURES ARE REPORTEO CN. 

KEY WOROS - CROSS SECTION AhGULAR O l S T R l B U T l O N  MASS SPECTRUM O b L I T Z  PLOT FOOELS STRANGE PbRTICLES 
Y * l 1 3 8 5 1  N * 1 1 5 2 0 1 0 1 3  ' h * 1 1 6 8 8 1 '  OMEGAl7831 E T A 1 5 4 0 1  RHO17651 

LbBCRbTORY eEPM MOMENTUF = 5.57 +- .05 GEVIC. 

REACTION 
PROTCh PRCTON - 

PROTON PROTON P I +  P I -  
PROTON PROTON P I +  P I -  P I 0  
PROTON NEUTRON P I +  P I +  P I -  
PROTON K+ LAHBOA 
PROTON K +  SIGMA0 
PROTON K t  LAMBOA P I 0  + PROTCN K +  SIGMbO P I 0  
PROTON KO L b n B u A  PI+ 
hEUTRON K+ LAMBOA P I *  + NEUTRON K +  SIGHAO 

P I *  
PROTON KO SIGMA0 P I +  
PROTON PROTON KO KOBAR 
PROTON NEUTRCN K+ KOBbR 

NO. EVENTS 

LABCRATORY EEAF YCMENTUF = 5.97 +- .05 GEVIC. 

REbCTION 
PPOTCh PROTON f 

O E L T A l l 2 3 B l + +  PROTON P I -  
DELTA1 l Z 3 B l + +  - PROTOh P I +  I l l  

O E L T A l 1 2 3 8 1 + +  O E L T b 1 1 2 3 8 1 5  
O E L T A l l 2 3 8 1 + +  - PRCTOh P I +  I 1 1  
O E L T b l l 2 3 8 ~ C  - PROTCN P I -  Ill 

OELTA112381++ N * 1 1 5 2 0 1 C  
O E L T A I I 2 3 8 1 + +  PRoTOh P I +  Ill 
N 1 1 1 5 2 0 1 C  - PROTGh F I -  1 1 1  

C E L T b l 1 2 3 8 1 + *  ' N i l  1 6 P 8 I C '  
D E L T A l l Z 3 0 l t r  - PRCTOh P I +  I 1 1  
' N * l l b 8 8 1 0 '  - PROTOh P I -  1 1 1  

C E L T b I  1 2 3 8 1 0  PROTON P I +  
O E L T A l l 2 3 8 1 0  - PROTCh P I -  1 1 1  

N t l 1 5 2 0 1 C  PROTON P I +  
N 8 1 1 5 Z C I O  r PROTON P I -  1 1 1  

' N * l  l 6 8 8 I O 0  PROTON P I +  
' N * l l b 8 B l O .  - PROTOh P I -  Ill 

PROTON PROTON F l +  P l -  1 3 1  

H I L L I - B A R N S  

1.10 +- - 2 0  

1 1 1  F I T T E D  C I S T R I B U T I O h  W l T r  F I X E D  MbSS AND H I C T k  ANC TOOK EVENTS ONLY b8OVE I F I T T E O I  RACKGPOUNO. 
I 2 1  VALUE I S  APPROXI*bTE CNLY. 
1 3 1  CROSS S E C T I C L  I S  FCP TkE NCh-RESCNANT PROOUCTION OF THESE P b R T l C L E S  ONLY. 



LABCPATCRY EEbY YCHENTUI  = 5 .57  +-  .05  CEVIC.  

PRO 
R E D C T I C N  

PRCTCN t 
D E L T A 1 1 2 3 8 1 + +  C E L T P I  1 2 3 8 1 -  P I +  

O E L T A I 1 2 3 8 1 + +  . PPCTCh P I *  
O E L T A I l L 3 8 ) -  . hEUTQCh P I -  

D E L T 4 1 1 2 3 8 1 + +  hCUTRON P I +  P I -  
O E L T A 1 1 2 3 8 J r t  - PRCTCh P i +  

C E L T A 1 1 2 3 8 1 -  PROTOk PI.  P I +  
O E L T A l l 2 3 8 J -  - hEUTROh P I -  

PROTON NEUTRON P I *  P I +  PL-  I 2 1  

V I L L I - B A R N S  

.00  +- .30  

I 1 1  F I T T E D  O l S T R l B U T l O N  W I T P  F l X E O  PASS ANC W I D T h  ANC TOOK EVENTS O h l Y  ABCVE 1 F l T T E D l  BBCKGRCUND. 
1 2 1  CROSS S E C T I C N  1 5  FOR T k E  hCN-RESONANT PRODUCTION O F  THESE P A R T I C L E S  GNLY. 

LABORATORY EEAM MDMENTUY = 5 .57  +- .05 GEVIC.  

R E A C T I O N  
PROTCh PPCTCh * 

O E L T b I L Z 3 8 l + +  PROTON P I -  P I 0  
O E L T A I 1 2 3 B l + +  + PROTOh P I +  I 1 1  

O E L T A I  1 2 3 0 1 0  PRCTOh F I +  P I C  
D E L T A 1 1 2 3 8 1 0  - PROTCN P I -  Ill 

O E L T A l 1 2 3 8 1 +  PROTON P I +  P I -  
O E L T A I l 2 3 8 1 +  - PROTCh P I C  I 1 1  

O E L T b l 1 2 3 8 1 + +  D E L T A 1 1 2 3 8 1 0  P I C  
D E L T A 1 1 2 3 8 1 + +  - PRCTOh P I +  Ill 

O E L T P I I Z 3 8 l + +  D E L T b l l Z 3 8 1 +  P I -  
O E L T A I L 2 3 8 1 + +  . PHOTCh P I +  Ill 
O E L T A I  1 2 3 8 1 t  + PROTCN P l t  Ill 

PRCTCh PROTON P I +  P I -  P I G  I 2 1  
PROTCN PROTCN O M E G A l l 8 3 I  

O M E G A 1 7 8 3 1  - P I +  P l -  P I 0  1 3 1  
PRCTOh PROTON E T A 1 5 4 8 1  

E T A 1 5 4 8 1  . P I +  P I -  P I C  Ill 

V I L L I - B A R N S  

1.20 +- - 3 0  

1 1 1  F I T T E D  O I S T R I E U T I O N  WITH F l X E C  PASS AND Y l O T H  AND TOOK EVENTS ONLY ABOVE I F I T T E O I  RACKGQOUNC. 
I 2 1  CROSS S E C T I O N  I S  FOR THE NCh-RESCNANT PROOUCTION OF THESE P A R T I C L E S  ONLY. 
1 3 1  F I T T E D  FOR MASS ANDIOQ H l O T H  I MASS = . 7 8 6  GEV; WlOTH = . 0 2 5  GEV I, A h 0  T H E h  TOOK ONLY EVENTS ABOVE l F 1 T T E O I  

BbCKGRCLIhC. 

~ ~ T ~ 1 ~ 3 c ~ ~ ~ ~ 0 ~ ~ C T l ~ ~ O ~ ~  P - M R .  C b m G E C  K v  A" CHARGED P I  O h  HYOROGE?Y BETWEEh 3  DND 1 0  G E V K .  W H Y S .  REV. L E T T E R S  5 ,  

G . V C N O A R O E L ~ O . ~ . F R I S C ~ ~ Q e M E R H O t t R . H . P 1 L 8 U R P A P I R O U E M . V I V A R G E N T G . U E 8 E R  K.h INTEP I E U P C P E A N  ORG. FOR NUC. RES., GENEVP.  
S H I T Z E R L A N O I  

C l T A T l O h S  
J E T P  3 4  4 9 9  1 1 9 5 8 1 ,  PHYS. REV. L E T T E R S  4, 0 9  1 1 9 6 0 ) .  P E V I E H  CF S C I E N T I F I C  INSTRUMENTS 2 5 .  1 0 7 0  1 1 9 5 4 1 .  PHYS. REV. 
L E T T E R S  3 1  5 6 8  1 1 9 5 9 ) .  J E T P  3 7  8 7 2  1 1 9 6 0 1 .  PHYS. REV. 1 1 9 .  Z C 6 8  1 1 9 6 0 1 .  PHYS. REV. LETTERS 2 ,  1 1 7  1 1 9 5 9 1 ,  PHYS. REV. 
1 1 8 ,  5 5 3  1 1 9 6 0 1 ~  LCRL 3 6 3 5  1 1 9 5 7 1 .  A h 0  UCRL 8 9 6 5 .  

A R T I C L E  READ BY NAOMf BARASH-SCbHIDT I N  b l b 8 9  AND V E R I F I E D  8 1  LEROY P R I C E .  

BEAM NO. I 1 5  K t  Oh PROTOh FROP 3  T C  1 0  GEVIC.  
NO. 2  I S  PRCTON Oh PRCTCh FROM 3 TG 1 0  GEVIC.  
NO. 3  I S  ANTI -PROTON ON PROTGN FROW 3  TO I 0  GEVIC.  
NC. 4 I S  K- Oh PRCTCh FROP 3  TC 1 0  GEVIC.  
NO. 5 I S  P I +  ON PROTON FRCP 3  TC LO GEVIC. 
NO. 6 I S  P I -  ON PROTON FRCH 3  T O  1 0  GEVIC.  

T H l S  E X P E R I V E N T  USES COLNTERS. 

KEY WCRCS - CROSS S E C T I C N  

K +  PRCTCN T C T A L  CRCSS SECTICh .  

................................... . T H I S  DATA HAS READ FRO" A  GRAPH . ................................... 
LABORATORY 

BEAM VOHENTUV 
G E V I C  

PROTON PROTCN T O T A L  CROSS SECTIC l r .  I F l G U R E  3 1  

................................... . T H l S  DATA k A S  READ FPOY b  GRAPH . ................................... 
L A B L R A T C R Y  

B E b P  MCMENTUH 
G E V I C  

5.C 



K-  PPCTON TOTAL CRCSS S E C T I C L .  

1  - NO ObTA PUNChEC FOR T H I S  PARAMETER. I 

P I +  PRDTON TOTAL CROSS S E C T l O h .  

I - NO CATA PUNCtEC FCQ T H l S  PARAMETER. I 

P I -  PROTCN TOTAL CRCSS S E C T l O h .  

1  - NC DATA PUNCHEC FOQ T H I S  FLRAMETER. I 

PBAQ PRCTON TOTAL CROSS S E C T I C h .  

I - NO D b T A  PUNC+EC FOR TWIS PARAMETER. I 

FOUR-BOCY STRANGE P A P T I C L t  P R C C L C T l O h  I N  PP C O L L l S l C N S  AT 6  BEV/C. I U C R L  1 0 3 0 6  1 1 9 6 0 1 1  

8 - L . K L E I N  1U.C. LANRENCE RAG. LA@. ,  BERKELEY,  CAL IF . ,  U S A 1  

ABSTRACT AN EXPOSURE CF T H E  L R L  7 2 - I N .  L IQUIO-PYOROGEN BUBBLE CHANBER TO 6  B E V l C  PROTONS HAS Y I E L O E C  SCPE 3 0 0 0  
EXAMPLES OF PRODUCTION OF STRANGE P A R T I C L E S  I N  FOUR-BODY F I N A L  STATES. CPOSS S E C T I O N S  FOR THE REACTIONS PP LAMBDA 

~ - -  

KO P  P I + ,  PP . LAMeOb K t  P  P I O .  AND PP - LAMBOA K +  N P I +  PRE 6 4  +- 6  U ICROBARNS.  3 9  +- 6  UICRORARNS, LNC 4 3  +- 4  
H lCROBARNSv R E S P E C T I V E L Y .  TUE RESONANCES K * I B 9 0 1 ~  N * l l 2 3 6 l .  AN0  Y 1 1 1 3 8 5 1  ARE PRODUCED N l T H  CROSS SECTIONS 

S l G M A I P  L A I H O A  K a r l  = 9  +- 3  MICROBARN5 
S I G P A l L A I @ L b  KO h * + + l  = 2 3  4- 3  UICROBARN~ 
S I G I A I L I M B O A  K *  h * + l  = 4  +- 2  P ICRGBARNS 
S I G U A I P  KO Y * + l  = 1 1  +- 2  MICROBARNS 
S I G I A I P  K t  Y * C l  = 7  +- 1 PICRCBARNS 
S I G M A I N  K +  Y * + l  = 1 5  +- 2  MICROBARNS. 

I N  A D D I T I O N .  THE PUASI -TYO-BOCY R E A C T I O N  PP - N N t 1 1 9 5 0 1 ,  N* Y *  K  I S  OBSERVEO. EXCEPT FOP THE LOW K P I  E F F E C T I V E  
MASS REGIO* .  THE DATA ARE FCUkO TO BE I h  GOOC AGREEMENT U I T H  A  P I O N  EXCbANGE MODEL. 

C L C S E L Y  RELATEC WEFEREhCES 
T H l S  A R T I C L E  SLPERSECES PART CF PHYS. REV. 1 7 1 .  1 4 2 1  1 1 9 6 0 1 .  

A D C I T I C h A L  C l T A T l C N S  
PHYS. REV. L E T T E R S  1 9 .  3 5 7  1 1 9 6 7 1 s  PHYS. REV. LETTERS 1 7 1  7 8 9  1 1 9 6 6 1 1  PPYS.  REV. LETTERS 16 ,  8 5 5  1 1 9 6 6 1 s  NUOVO 
CIMENTO 3 5 1  1 0 5 2  1 1 9 6 5 ) .  PHYS. L E T T E R S  8s  1 3 L  1 1 9 6 4 1 .  PHYS. REV. 1 3 3 ,  0 1 0 1 7  l l F 6 4 1 .  PHIS .  REV. 1 2 8 .  1 8 2 3  1 1 9 6 2 1 .  
PHYS. REV. L E T T E R S  7 ,  4 5 0  1 1 9 6 1 1 ,  PHYS. REV. LETTERS 4 ,  6 1 1  1 1 9 6 0 1 ,  PHYS. REV. 1 6 1 .  1 3 0 7  1 1 9 6 7 1 .  PHYS. REV. 1 5 4 ,  1 2 0 4  
1 1 9 6 7 1 1  NUUVO CIMENTO 4 9 b v  4 7 s  1 1 9 6 7 1 ,  PHYS. REV. 1 3 8 .  0 6 1 0  1 1 9 6 5 1 .  NUOVO C I H E N T O  4 0 6 ,  8 3 9  1 1 9 6 5 1 .  PHYS. REV. 126. 
7 4 7  1 1 9 6 2 1 ~  PHYS. REV. 1 2 5 9  2 0 8 2  1 1 9 6 2 1 s  PHYS. REV. 1 2 5 ,  2 0 9 1  1 1 9 6 2 1 .  PHYS. REV. 1 2 3 ,  2 1 6 0  1 1 9 6 1 1 .  UCRL 1 7 1 0 7 ,  PHYS. 
REV. L E T T E P S  1 9 .  9 2 5  1 1 9 6 7 1 ,  hUCVO C I P E h T C  5 3 6 ,  4 5 5  1 1 9 6 8 1 .  PHYS. REV. 1 6 5 .  1 4 6 6  1 1 9 6 8 1 ,  PHYS. REV. 1 4 7 .  9 2 2  1 1 9 6 6 1 .  
UCLA U C L A - 1 0 3 1 1  P H I S -  REV. 1 2 5 ,  1 0 4 8  1 1 9 6 2 1 ,  UCRL 1 6 2 7 5 1  PHYS. REV. L E T T E R S  1 5 ,  2 1 4  1 1 5 6 5 1 .  PHYS. REV. 1 4 0 9  0 9 1 4  1 1 9 6 5 1 .  
PHYS. REV. L E T T E R S  1 0 .  1 9 2  1 1 9 6 3 1 .  PHYS. L F T T F R S  2 6 0 .  1 6 1  1 1 9 6 8 1 .  PHYS. REV. 1 6 5 .  I 7 3 0  1 1 9 6 8 1 .  REV. MOD. PHYS. 4 1 .  - .  
1 0 9  1 1 9 6 9 1 .  PHYS. REV. i2;. i 5 4 1  1 1 9 6 1 ; ~  &YS; R E V . - L E ~ ~ E R S - B ; - ~ ~ Z  1 1 9 6 2 1 ; ~ ~ k ; ~ ; ' ~ E ~ .  1 3 3 1  0 4 5 7  i 1 9 6 4 l r  U C R L ~ ~ O B ; ~ ,  
PHYS. REV. 1 0 0 s  1 3 5 3  1 1 9 5 7 1 ,  PHYS. REV. 1 6 3 .  1 4 3 0  1 1 9 6 7 1 ,  PHYS. REV. 1 6 3 ,  1 3 7 7  1 1 9 6 7 1 1  NUOVO C l n E N T O  4 3 1  A 1 0 1 0  1 1 9 6 6 1  9 

PHYS. REV. 1 6 1 1  1 3 8 4  1 1 9 6 7 1 ,  PHYS. REV. 1 3 4 8 ,  3 8 3  1 1 9 6 4 1 .  AN0 PHYS.  REV. 1 3 9 0 1  1 0 9 7  1 1 9 6 5 1 .  

A R T I C L E  READ BY OCETTE EENARY I h  1 / 6 5 .  AND V E R I F I E D  BY LERCY P R I C E .  

HEAP I S  PROTON ON PROTCN AT t GEVIC.  

T H I S  E X P E R I U E N T  USES T b E  L.R.L. 7 2  I h .  I H I  BUBeLE CHAMBER. A  TOTAL OF 5 5 0 0 C C  P I C T U R E S  ARE REPORTED ON. 

K E Y  HCROS - CROSS S E C T I C N  AhGULAR O I S T R I B U T I O N  U4SS SPECTRUM UOOELS STRANGE PAWTICLES O E L T b 1 1 2 3 8 1  
K * l 8 9 0 1  Y * 1 1 3 8 5 1  C E L T A 1 1 9 2 0 1  

LABORATORY e E A I  VOMENTUY = 6. G E V l C  +- .12 IPER CENTI .  

R E A C T I C N  
PROTCh PRCTDN - 

L A U B O l  PROTON KO P I +  
S I G M A 0  PROTON K O  P I +  
LARBOA PROTON K *  P I C  
LAUROA NEUTROh K+ P I *  

MICRO-BARNS NO. EVENTS 

I 1 1  T H I S  DATA REPLACES VALUES G I V E N  E A R L I E R  I N  CHINOWSKY ET AL., P H I S .  REV. 1 7 1 ,  I 4 2 1  ( 1 9 6 8 1 .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

[ T A B L E  2 1  

LABCRATORY e E A r  MOMENTUP = 6. G E V / C  +- . 1 2 I P E R  CENTI .  

R E A C T I O N  
PROTON PROTON - 

Y * l 1 3 8 5 1 +  PRETCh KO 
Y*11305 ;+  - LAMBOA P I +  Ill 

C E L T A l 1 2 3 8 1 + +  LAMBDA KG 
O E L T A l l 2 3 8 1 + +  - PROTCh P I +  I 1 1  

K * l B 9 0 1 +  LAMBDA PROTON 
K * 1 8 9 0 1 +  - KO P I +  Ill 

LAMBOA PROTCN KO P I +  1 2 1  
Y * 1 1 3 8 5 1 0  K +  PROTON 

Y * I l 3 8 5 1 0  - LAPBOA F I C  Ill 
O E L T A 1 1 7 3 R I +  LAUBOA K t  
~ - . . . . . . - - - 

O E L T A 1 1 2 3 8 1 +  - PROTON P I 0  Ill 
K * l M 9 0 l +  LAUBDA PRCTCN 

K*IEPOI+ - K +  PIO r 1 1  
LAMBOA PROTON K+ P I 0  1 2 1  - - -  
Y * 1 1 3 8 5 1 +  NEUTRON I+ 

V * I l 3 0 5 1 r  - L A M B O A  PI+ r I I  
DELTA(  1 2 3 8 1 +  L A P B O A - K + - -  ~ - -  

O E L T A 1 1 2 3 B l +  - N E U T R o h  P I +  C 1 1  
LAMBDA NEUTRON K+ P I +  1 2 1  

MICRO-BARNS 

11. +- 2 .  

23. 3. 

6 .  2 .  

1 1 1  F I T T E D  D I S T R I B U T I O N  W I T H  F I X E D  PASS AND Y I O T U  ANC TOOK E V E N T S  ONLY ABOVE I F I T T E O I  BACKGROUND. 
1 2 1  CROSS S E C T I O N  I S  FOR THE NCN-RESONANT PRODUCTION OF THESE P A R T I C L E S  C W Y .  



LARGE-ANGLE E L A S T I C  PROTON-PROTCN SCATTERING FUOW 1.5 TO 3.5 GEVIC.  I P H Y S .  REV. L E T T E k 1  2 3 1  1 3 0 6  1 1 9 6 9 1 1  

B . B . 8 R A 0 S C N ~ R . R . C R I T T E N C E Y Y ~ . M H ~ E I A Z 1 R . C . K b M M E R U O . A . N E A L H . . P l K  R. I .S ICWELLrK .F .SUFN I U N I V .  OF I N D l A N b .  BLn l lM lNGTON,  
INC., U S A 1  

ABSTRACT WE PRESENT PP E L A S T I C  C I F F E F E N T I A L  CROSS SECTION RESULTS AT K I N E  MOMENTA I N  THE RANGE 1 . 5  TO 3.5 GEVIC FOR 4 0  
OEG. 5 THElA lC .M.1  < 9 0  OEG. N: STRONG EVICENCE OF SECONDARY O I F F R A C T I U N - L I K E  eEHAVIOR I N  T H I S  MLMENTUV PEGION I S  
OBSERVED. P A P 1 0  CHANGES I h  TbE SLCPE CF THE 9 0  CEC. 

A R T I C L E  REAC BY OOETTE BENARY I h  1 2 / 6 9 .  AND V F R I F I E G  PY LEPCY P R I C E .  

BEAH I S  PRCTON Oh PROTCh FRCP 1.5 TC 3.5 GEVIC.  

T H I S  EXPERIMENT USES SPARK CHAVFERS. 

GENERAL CCHHENTS CN T H I S  A R T I C L E  
1 T A B L E  OF VALUES FOP F I G U P E  3  REQUESTEC FROP AUTHORS 2 9  JANUARY 1 9 1 0 .  CRCSS SECTIONS ARE REPORTED NEAP -T = 0.7 AN0 

3  I G E V l C l S O U A R E C .  

KEY WORCS - O I F F E R E N T I A L  CROSS I E C T I C N  F I T S  

COMPOUND KEY WORDS F I T S  O I F F E R E N T I A L  CROSS SECTION 

* * * * * * * * * * * * * . * * * * *  
* NO DATA PUNCHEC FOR T H I S  A R T I C L E  * 
* . * .  , . * * . * * * . . . * I * *  

1 124 1hl~~W::P::;: :~9:;:lPOLARlZATiOh PARAMETERS P  AND C I N v N l  I N  PP E L A S T I C  SCATTERING BETWEEN 5 0 0  AND l 2 O C  MEV. W H Y S .  REV. 

G.COZZIKA,Y.OUCROS.A.DE L E S O U E h , J . ~ O V C H E T ~ J . C C R A O U L ~ L . V A N  ROSSUP I C N T R .  D ' F T U C E S  NUC. SACLAYI G IF -SUP-YVETTE.  FRANCE1 
J.OEREGEL,J.H.FONTblNE CLAP. LE PHYS. CORPUSCULAIRE.  CAEN, F R A N C E I  

ABSTRACT THE P O L A R I Z A T I O N  PARAMETED P  AN0 THE S P I N  C O R R E L A T I O N  PARAMETER C I h , N I  I N  PROTON-PROTON E L A S T I C  SCATTERING 
HAVE BEEN MEASURE0 I h  AN E X F E R I V E N T  W I T b  A  POLARIZEO-PROTON TARGET I N  THE BEAY EXTRACTEO FROV THE SYNCHRPTRCN 
SATURNE. THE ANGULAR O I S T R I 8 U T l C h  OF P  WAS HEASUREC AT 7  ENERCIES BETWEEh C.5 AND 1.2 GEV. THE VALUE OF P  SHOhS b  
UAKIMUU OF +0.6-b; ABOUT 7 ~ 0  M E V  FOR A  SCATTERING ANGLE OF 4 5  OEG. I N  THE CENTER-CF-PASS SYSTEN. AT 1.2 LEV THE VALUE 
OF P  I S  C O N S I S T E N T  U l T H  0  FOR S C A T T E R I N G  ANGLES L 7 0  OEG. IMOMENTUM TRANSFERS -120 .0  I G E V I C I - S O U A R E O I .  THE S P l h  
C n R P F l A T I O N  C n F F F I r l F h T  C l h . N I  U P S  HEASUREC AT THRFE ENERGIES.  0 .735 .  0 . 5 7 0 .  AND 1.1s LEV.  BY S C A T T E R I h G  A  -. . . . . . - - . . . - . .. 
POLARIZEO-PROTON BEAP ON TVE P O L A R I Z E D  TARGET. THE VALUE OF C I N . N I  AT 9 0  OEG. C.M. OFCREASES FROP 0.7 TO 0.4 AS THE 
ENERGY INCREASES FROV 0 . 7 3 5  TO 1.19 GEV. 

CLOSELY RELATED REFERENCES 
T H l S  A R T I C L E  SUPERSECES REV. HOC. P H I S .  3 9 1  5 3 1  1 1 9 6 7 1 -  

A C C I T I O N A L  C I T A T I O N S  
PROGR. THEORET. PHVS. ( K Y O T O )  3 1  1 1 6 2  1 1 9 6 4 1 ,  RES. I N S T .  FOR FUNDAMENTAL P H Y S I C S .  KYCTU R I F P - 4 7  1 1 9 6 5 1 s  OUBNb E - 2 7 2 6  
I I 9 6 6 l .  BULL .  AH. PHYS. SOC. 1 0 ,  7 1 7  1 1 9 6 5 1 ,  PPYS. REV. 1 3 7 .  0 6 2 0  1 1 9 4 5 1 .  UCRL 1 1 9 2 6  1 1 9 6 5 1 1  U C P L  1 1 5 6 5  1 1 9 6 4 1 ~  PHYS. 
REV. 1 4 8 1  I 2 8 9  1 1 9 6 6 1 .  P H V I .  REb. 1 4 8 .  1 2 9 7  l l 9 6 6 l .  NUOVO CIMENTO 4 3 1  7 0 8  l 1 9 h 6 1 ,  PHYS. L E T T E R S  10 .  2 0 3  1 1 9 6 5 1 .  UCRL 
1 1 8 7 7  1 1 9 6 5 1 ,  PhYS.  REV. 1 5 3 1  1 3 9 4  l l 9 6 7 1 ,  J E T P  1 7  9 8  1 1 9 6 3 1 ,  PHYS. REV. 9 6 .  1 6 5 4  1 1 5 5 4 1 9  PPYS. REV. 1 2 0 ,  2 2 5 0  1 1 9 6 0 1  r 

PROC. OF THE ROYAL S O C I E T Y  CF LCNOON A 2 4 4 ,  4 9 1  1 1 9 5 8 1 ,  NUOVO CIMENTO 2 7 ,  1 4 5 0  1 1 9 6 3 1 ,  NUOVO C l n E N T O  4 7 A 9  8 5  1 1 9 6 7 1 ,  
ANC PHYS. REV. L E T T E R S  1 6 s  5 3 6  1 1 9 6 6 1 .  

A R T I C L E  READ BY OOETTE BENARY I h  1 / 6 8 .  AND V E R I F I E C  BY LERCY P R I C E .  

BEAM I S  PROTON ON HYORCGEh CCMFOUNC FROM 1.09 TO 1 .91  GEVIC.  TARGET I S  P O L A R I Z E D  6 5  PEP CEhT I N O R P A L  TO THE REAV 
D I R E C T I O N I .  

T H l S  EXPERIMENT USES CCLNTERS. 

K E Y  UOROS - P O L A R I Z A T I O L  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E L A S T I C  P O L b R I Z A T I C k  FCR PROTCh PROTON. [ T A B L E  I 1  

LAeORbTORY BEAM ENERGY = .5 LEV.  

THETA 
DEGREES 

34.6 
39.6 
43 .2  
43.8 

THETA I S  THE ANGLE ThAT THE PROTCh MAKES WITV THE BEAH I N  THE GRAhO C.R. 
THE P O L A R I Z A T I O N  I S  CF THE PRCTCN ALONG THE NORMAL TO THE PRODUCTION P L A N E  I h  THE GRANC C.M. 



E L A S T I C  P O L b R l L A T l C h  F C I  PROTCh PRCTON. 

LABORATORY BEAM ENLRCY = .6OF GEY. 

T k E T A  
OEGREES 

30. J 
30.8 

THETA I S  THE ANGLE THAT THE PROTOL P I K E S  h l T H  THE BEA*  I N  THE GRbhC C.Y. 
THE P O L P R I Z L T I O h  I S  CF TbE PRCTON ALONG THE NORMAL TO THE PRODUCTION PLPNE I N  THE GRANC C.Y. 

E L A S T I C  P O L P R I Z P T I C N  FOR PROTC* PROTCN. I T A B L E  1 1  

LABORATORY BEAM ENERCY = . 7 3 5  GEY. 

1 F I R S T  ThO VALUES I S P A L L  A h G L E S l  C e T b I h E C  U S I N G  UNPOLARIZEO TARGET IOOUBLE SCATTERING TECHNIOUEI .  I 

THETA 
OEGREES 

6.7 +- 2.0 
18.3 2.0 

THETA I S  THE ANGLE THAT THE PROTON MAKES h I T H  THE BE4V I N  THE GRAhO C.M. 
THF P O L A R I Z A T I O N  I S  CF THE PROTON ALONG T H E  NORMAL TO THE PROOUCTION PLANE I N  THE GRANO C.K. 

E L L S T L C  P C L A R I Z A T I C N  FOR PROTCh PRCTCN. I T A B L E  11 

L b 8 O L P T O R Y  PEA*  ENERCY = .82  CEV. 

TMETA P C L A P I L A T I O N  
OEGREES 

T ~ E T A  IS THE ANGI 
T H E  P O L A R I Z A T I O N  

.E THAT 
1 s  Of  

THE PROTON MAKES W I T ?  T H E  BEAM I N  
THE PROTON ALONG THE NORMAL TO TWE 

THE GRANC C.H. 
PRODUCTION P L 4 h E  T H E  CRANO C.H. 

E L A S T I C  P O L A R l Z A l l C N  FCR PROTCh PRCTCL. ( T A B L E  1 1  

LABORPTORY B E b Y  ENERGY = . 9 2 4  CEV. 

T H E T h  
OEGREES 

23.4 

T H E T A  I S  T H E  ANGLE T t A T  THE PROTOh MAKES W I T H  THE 8 E A P  I N  THE GRLNO C M 
THE P O L A R I Z A T I C N  I S  OF THE PROTCN ALOhG T H E  NORMAL TO T k E  PROOUCTION P L ~ N E  I N  THE GRANO C.M. 



E L A S T I C  P O L b R l Z A T l C N  FCR PROTCL PRCTCL. I T A B L E  1 )  

LABORATDRY BEAM EhERGY = 1.C25 GEV. 

THETA P C L U R I Z A T I O N  
CEGREES 

THETd I S  THE ANGLE TPAT THE PROTOh P I K E S  WITb THE BEAF I N  TPE GRANC C.M. 
THE DOLbR1ZbTION I S  OF THE PROTCh ALONG THE NORMAL TO THE PROOUCTION PLANE I N  TYE GRANC C.M. 

E L A S T I C  P O L b R l Z A T l C N  FOR PROTCN PRCTON. [TABLE 1 1  

LABORATORY BEAC ENERCY = 1.194 GEV. 

I F I R S T  7WO VALUES I S M A L L  ANGLES1 O0TAINEO USING UNPOLAPILEC TARGET (DOUBLE SCATTERINC TECHNIOUFI .  1  

THETA 
DEGREES 

13.8 +- 2.0 
21.7 2.0 
2 3 . 9  - 0  
28.8 - 0  
29.0 - 0  
34.c - 0  
34.2 .o 
39.0 - 0  
35.2 - 0  
43.9 .O 
44.2 .c 
45.7 - 0  
49.C .O 
44.0 - 0  
50.6 .O 
53.e .o 
54.0 - 0  
55.2 .O 
55.8 .O 
64.4 .O 
65.3 - 0  

THETA I S  THE ANGLE TPAT THE PROTON MAKES WITH THE BEAM I N  THE GRDhC C.M. 
THE POLARfZPTION I S  OF THE PROTON ALONG THE NORMAL TD THE PRODUCTION PLANE I N  THE GRPhD C.P. 

14 I N E L A S T I C  REACTIDhS l h  PROTCh-CEUTERON SCUTTERING AT 1.825 AN0 2.11 GEVIC.  1PbYS.  REV. 1 8 7 s  1 8 5 6  1 1 9 6 9 1 1  

D.C.BRUNT~R.J .CLbYTGNNB.AnkESTHOOO I C L V E N D I S P  LAB.. CAMB. UNIV., CAMBRICCE. ENGLANCI 

ABSTRACT THE F I N A L  STATES P I S P E C T L T C R I  P  P P I - .  P ISPECTATOR1 P P P I -  P I O ,  PISPECTATOR1 P N P I +  P I - .  4NO NISPECTATCPI  F 
P P I +  P I -  HAVE BEEN CBSERVED I N  PD COLLISIONS AT 1.825 AND 2 .11  GEVIC. THE SPECTITOR-NUCLEUN MGHENTUM A h 0  ANGULAR 
D I S T R I B U T I O N S  ARE SHCYN TC RECUIRE TbE A O D l T l n N  OF OOUBLE-SCATTERING EVENTS TO THE USUAL IMPULSE-MODEL PREOlCTIONSs 
I N  PROPORTIONS VARYING BEThEFL 1 5  AND 4C PER CENT. RESULTS FOR THE R E A C T l O h  P N.P P P I -  APE 1N GOOC AGREEMENT WITH 
THE ONE-PION-EXCHANGE MODEL. THE CROSS SECTIOU FOR THE T = 0  PART OF THE REACTION P N-P N P I *  P I -  R I S E S  BY 0.92 +- 
0.22 MB BETWEEN 1.825 AND 2.11 G E V I C ,  CCMPARED H I T P  P R I S E  OF 3  RB I N  THE TOTAL T  = 0  NUCLEON-NUCLEON CROSS SECTICN 
I N  THE S4PE ENERGY REGION: BUT NO EVICENCE HAS BFEN FOUND FOR THE P E P C T I C h  P N - k  N * l l 4 7 0 1 .  

CLOSELY RELATF" S F F E I S N P F C  

CONTINU 
-"  . - .  - 

ATION OF PREVICUS EXPERIWENT I N  PHYS. LETTERS 2 6 0 s  3 1 7  1 1 9 6 8 1  

T I O h A L  C l T A T l C h S  
NUOVO CIRENTO 33. l 5 C F  1 1 9 6 4 1 s  PHYS. REV. 1 4 6 ,  9 8 0  1 1 9 6 6 1 ,  BULL 
5 9 8  1 1 9 6 8 1 ,  PPYS. REV. LETTERS 2 1 ,  1 0 3 5  1 1 9 6 8 1 ,  PHYS. REV. 1 2 5 ,  
t 3 3 .  8 1 0 1 1  1 1 9 6 4 1 .  PHYS. REV. 1 3 8 .  8 5 7 0  1 1 9 5 5 1 .  PHYS. REV. 8 0 .  . . . , - - - . 
6 3 6  1 1 9 5 2 1 ,  P H Y S . ' R E V .  1 4 2 ;  1 1 ~ ; ~ i l ~ b b l ~  P H Y S . ' R E V .  100; 2 4 2  I 1  
AB3E l 1 9 6 5 1 ,  HANDBUCH DER PHYSIK 3 9  1 1 1 9 5 7 1 .  PHYS. REV. 1 2 3 7  1  
( 1 9 6 4 1 ,  NUC. PHYS. 3 E 7  2 8 1  11962, .  PHYS. REV. 1 3 9 .  0 3 6 2  l 1 9 6 5 1 ~  
1 1 9 6 3 1 .  NUOVO C I P E h T C  3 4 .  1 6 4 4  1 1 9 6 4 ) s  FORTSCHRITTE OER P H Y S I K  

.. AM. 
2 C F l  

1 9 6  I 

PHYS. 
I 1 9 6 2  

1 9 5 0  1. 
PHYS. 

1 9 6 1 1 ,  
8 .  REV. 
,9 1 1 9 6  

STC. 1 2 ,  4 7 0  1 1 9 6 7 1 ,  PHYS. LETTERS 2 6 8 s  
I ,  PHYS. PEV. 1 2 6 ,  7 4 7  L 1 9 5 2 l r  PHYS. REV. 

P W S .  REV. 84 .  7 1 0  1 1 9 5 1 1 .  PHYS. REV. 85 .  
REV. 1 3 5 1  0 3 5 8  1 1 9 6 4 ) .  PWVS. REV. 1 3 7 .  
CERN TH 68-15  l 1 9 6 8 1 ~  NUC. PHYS. 53 ,  6 5 0  
1 3 9 .  0 3 8 0  1 1 9 6 5 1 1  NUOVO CIMENTC 30.  2 4 0  

11 ,  NUOVn C lYENTC SUPPLEMENT 24 4 5 3  1 1 9 6 2 1 .  
AND NUOVO CIVENTC SbPPLEP E L T  27  1 4 5 0  115631.  

ARTICLE READ BY OCETTE 0EhARY I N  3 1 7 C t  AND V E R I F I E D  BY LEROY PRICE.  

BEAP I S  PROTON Oh DEUTEROk FRCH 1.825 TO 2.110 GEVIC. 

T H I S  EXPERIMENT USES T P t  SACLAY 8 1  C r  ( H I  8UPBLE CHAMBER. A  TOTAL OF 5 6 0 0 C  PICTURES ARE REPORTED ON. 



A. -,L' 

CROSS S E C T I O N  FOR PROTON NEUTROh 
GLAUBER C O R R E C T l C h  A P F L I E O  

- i' 
.'2 99 

PROTOh PROTON P I - .  

MILLI-BARNS NO. EVENTS 
2 .57  +- . I 4  1 3 7 9  
z . t e  .IS 1 3 6 2  

[ T A B L E  5 1  

CRCSS S E C T I O N  FOR PROTCN NEUTRON . PROTON PROTON P I -  P IO.  I T A B L E  5 1  
GLAUBER CORRECTION A P P L l E C  

LABORATORY 
BEA? PCMENTUV 

M l L L I - B A R N S  NO. EVENTS 
. 1 b  +- . 0 3  4  8  
.?5  .04  9 7  

CROSS S E C T I O N  FOR PROTCN NEUTRCN - PROTON NEUTRON P I +  PI-.  [ T A B L E  5 1  
GLAUBER CORRECTION A P P L I E D  

LABORATCRY 
FEPP PCMENTUM 

G E Y l C  
1 .825  *- .C45  
2 .110  . 0 6 5  

CRCSS SECTIOM FOR 

BEAP FOHENTUM 
G E V l  C  

1 .825  +- .045  
2 .110  . 0 4 5  

P I L L  I -BARNS NO. EVENTS 
. 1 7  +- .C7 3 0 0  

1.15 .2C 5 6 4  

NEUTROh PPOTON - CEUTERON P l t  P I - .  I T A B L E  5 1  

M I L L I - B A R N S  
, I 3  +- - 0 3  
.I1 .03  

CRCSS S E C T I O N  FOR PROTCN CEUTERCN + PROTON EEUTERON P l r  P I - .  I T A B L E  5 1  

I T H I S  OATb REPLACES VALUES G I V E N  E A R L I E R  I N  BRUNT E l  AL., PHVS. LETTERS 2 6 8 1  3 1 7  I 1 9 6 8 1 1  

I CNLY E V E N T S  IN u r I c r  T + E  o  o c ~ s  wc r  B R E P K  I 

1 126 ( L E R t  STRANGENESS RESONAhCE PRCOUCTIOh I N  6  G E V l C  PROTON-PROTCN C O L L I S I C N S .  I U C R L  1 7 1 0 7  I l F 6 B i l  

R.R.KINSEY I U N I V .  OF C A L I F O R N I A ,  BERKELEY.  CAL IF . .  L S 4 .  AND U.C. LAWPEhCE RAO. LAe.. BERKELEV,  C A L I F - .  U S A 1  

ABSTRACT APPROXIMATELY 33vOCO FOUR-PRCLGEO PRCTCN-PROTON I N T E R A C T I O N S  AT 6  G E V l C  HAVE BEEN E X A M I N E 0  FOR THE PROOUCTION 
CF NONSTR4NGE MESON bND EARYON RESONANCES. THESE EVENTS WERE FOUND BY SCANNING APPROXIMATELY 1 1 2 . 0 0 0  P I C T U R E S  T A K E N  
I N  THE L R L  1 2 - I N .  HYEROGEN BUBeLE CHAFBER. T H E  REACTIONS S T U D I E D  I N  D E T A I L  AND T H E I R  CROSS SECTIONS ARE 

1 x 1  P P  . PP PI+ PI- 3.2 +- 0.3 P e  
I 2 1  PP * PN P I +  P I +  P I -  2.9 +- 0.4 MB 
1 7 1  P P  r PP P I +  P I -  P I 0  ? . 4  +- 0.2 M R  . 

PROTON-PROTON I N T E R ~ C T ~ O N S  H A V E - B E E N  S T ~ O I E Y B Y  OTHERS ;N-THIS ENERGY R E G I O N  A N 0  T H l S  EXPERIMENT AGREES W I T H  THESE 
S T U O l E S  I N  THE GENERAL FEATURES OF R E A C T I O N  1 1 1 .  R E A C T I O N  1 1 1  I S  OOMINATEO BY THE PSEUDO-TYO-ROOV F l N A L  S T A T E S  NN*  
AND N I N *  PRODUCED I N  A P E R I P H E R A L  MANNER. F I T S  TC TUE VARIOUS P O S S I B L E  F I N A L  S T A T E S  HAVE BEEN MADE AN0 ARE REPORTED. 
DATA FROM THIS REICTICN r I v E  ALSO BEEN COHPPRED TO THE PERIPHERAL DNE-PION EXCHANGE I C P E l  MOOEL AND THE RESULTS A P E  
GIVEN.  I N  REACTIOMS I 2 1  ANC 1 3 1 .  AN I N T E R E S T I N G  FEATURE I S  THE PRODUCTlCN O F  AN I = 3 / 2  RARYON RESONANCE WHICH I S  
OBSERVED TO CECAY I N T O  A  NUCLECN A N 0  THPEE P I O N S  AND WHICH PRODUCES A  PEAK I N  THE APPROPRIATE *ASS SPECTRUM AT 2 0 8 0  
MEVlC-SQUAPEC.  I N  A D O I T I C h 9  THE RHO MESON HAS BEEN DETECTED FOR THE F I R S T  T I M E  I N  A  BUBBLE CHAMBER PROTCN-PROTO* 
PRODUCTION E X P E R I M E N T  1 N  A C O L T I O N  T O  THE ETA AND OMEGA VESONS ALREADY IEPORTEC.  DUE TO T H E  C O R P L I C A 7 E O  NATURE OF THE 
F l N A L  STATES I N  R E A C T I O N S  1 2 1  A h 0  1 3 1  F I T S  TO THE NUMEROUS P O S S I B L E  F I N A L  STATES ARE NOT ATTEMPTEO. HOWEVER AN 
ATTEMPT HAS BEEN MADE TO O E T E R P l h E  THE PROOUCTION CROSS S E C T I O N S  FOR V A R I O U S  NEW OR I N T E R E S T I N G  RESONANCES. 

C L C S E L V  R E L b T E C  REFERENCES 
PART OF T H l S  A R T I C L E  SUPERSEDED BY PHYS. REV. 1 7 1 ,  1 4 2 1  1 1 9 6 0 1 .  

A C O l T l C L A L  C l T A T l O h S  
CERN T C  6 6 - 2 0 ,  PHYS. L E T T E R S  1 9 .  9 2 5  1 1 9 6 7 1 .  PHYS. LETTERS 12 ,  3 5 6  1 1 4 6 4 1 s  UCRL 1 1 0 0 3  ( 1 9 6 6 1 .  PHYS. REV. 1 5 4 ,  1 2 8 4  
1 1 9 6 7 1 ,  NUCLEAR I N S T R U M E N T S  AND METHOOS 2 0 .  3 9 3  1 1 9 6 3 1 .  UCRL 1 6 5 0 8  1 1 9 6 5 1 .  REVIEW OF S C I E N T I F I C  INSTRUUENTS 34 .  4 8 4  
1 1 9 6 3 1 .  L R L  I N T E R C E P A R T P E N T b L  REPORT U C l D  1 9 3 0  1 1 9 6 3 1 .  L R L  l N 1 E R D E P A R T M E h l A L  REPORT U C l O  1 9 3 1  1 1 9 6 3 1 ,  P rYS,  RFV. 
L E T T E R S  1 5 1  2 1 4  1 1 9 6 5 1 ,  PkVS. REV. 1 3 8 .  8 6 1 0  1 1 9 6 5 1 .  PHYS. REV. 1 2 5 1  2 0 9 1  1 1 9 6 2 1 ,  PHYS. REV. 1 2 6 ,  7 4 7  1 1 9 6 2 1 1  PHVS. 
L E T T E R S  1 6 ,  7 5  1 1 9 6 5 1 ,  PR lhCETON-PENN ACCELERATOR PPAO 6 0 0 F  1 1 9 6 6 1 .  NUOVO CIMENTO 3 3 ,  3 0 9  1 1 9 6 4 1 ,  L R L  
I N T E R O E P A P T M E N T L L  LEPCRT P - 1 5 6  1 1 9 6 6 ) .  PHYS. REV. 1 1 3 ,  I 6 4 0  ( 1 9 5 5 1 .  NUOVO C I M E N T O  2 4 ,  4 5 3  1 1 9 6 2 1 ,  NUOVC C l M E N T C  3 0 .  
2 4 0  1 1 9 6 3 1 ,  NUUVO C l M E N T O  33 .  9 0 6  1 1 9 6 4 1 .  NUOVO CIMENTO 3 4 .  1 8 4 1  1 1 9 6 4 1 .  UCRL 1 7 6 5 1  1 1 9 6 8 1 1  NUOVO CIMENTO 3 5 1  1 6 4 4  
1 1 9 6 4 1 ,  AND PHYS. REV. LETTERS 10 ,  1 9 2  1 1 9 6 3 1 .  

A R T I C L E  READ BY OOETTE BENLRV I h  1 / 6 5 ,  AND V E R l F l E C  BY LEROY P R I C E .  

B E A P  I S  PROTOh O h  PROTON AT 6  CEVIC.  

T H l S  EXPERIMENT USES T + E  L - R - L .  7 2  I h .  I H I  BUBBLE CHAMBER. b T O T A L  OF l l 2 0 0 0  P I C T U R E S  ARE REPORTED ON. 

K E Y  WORDS * CROSS S E C T I O N  MASS SPECTRUW MOOELS ANGULAR D I S T R I B U T L O N  O E L T A l 1 2 3 8 1  E T A 1 5 4 8 1  
R H O 1 7 6 5 1  O M E G A l l B 3 1  O E L T A I  1 9 2 0 1  



LABORATORY eEAV M C M f N T U l  = 6.OC +- . O Z  E E V I C .  

R E A C T I O N  
PROTOh PROTON - 

PROTON PROTON P I +  P I -  
NEUTRON PROTOh P I +  F l *  P I -  
PROTON PROTON P I +  P l -  P I 0  
CEUTEPON P I +  P I +  P I -  
DEUTERON P l +  P I +  P l -  P I C  

Y I L L I - B A R N S  NC. E V E h l S  

Ill T H I S  OATA SHOULC NCT BE USED - MORE RECENT VALUES MAY BE FOUhO I N  C k l N O W S K Y  E l  AL., PHYS. REV. 1 7 1 ,  1 4 2 1  1 1 9 6 8 1 .  

LABGRATORY PEAM MOMENTUP = 6.CC +- . 0 2  GEVIC.  

D E L T I l l 2 3 8 l + +  C E L T A l l Z 3 8 1 0  
D E L T A 1 1 2 3 8 1 + +  . PROTCh P I +  1 1 1  
C E L T 1 1  1 2 3 8 1 0  - PROTOh P I -  Ill 

D E L T A ; ~ Z ~ ~ I + *  N * l 1 5 2 C I  C  
O E L T A l l 2 3 8 l t t  - PROTOh P I +  1 1 1  
N b 1 1 5 2 0 1 0  r PROTON P I -  1 1 1  

D E L T A 1  L 2 3 8 l + +  'Nil 1 6 8 8 1 0 '  
O E L T A l l 2 3 8 l + +  . PROTOh P I +  I 1 1  
'M .1168810 '  - PRCTCh F I -  Ill . . . . . - . 

PROTON N.1 l 4 7 O L +  
N t 1 1 4 7 0 1 +  . PROTON F l t  P I -  1 1  1  

PROTON O E L l A I 1 9 2 0 ~ +  
O E L T A l l 9 2 O I +  PROTON P I +  P I -  Ill 

W I L L I - B A R N S  

. b 6  +- - 0 7  

Ill F I T T E D  D I S T R l 8 U T I O h  WITH F I X E D  MASS AN0 H I O T h  AND TOCK EVENTS ONLY ABCVE I F I T T E O I  AACKGROUND. 
1 2 1  CROSS S E C T I C h  I S  FOR THE NCN-RESCNANT PROOUCTION OF THESE P A R T I C L E S  ONLY. 

LPBCRATDRY EEAP VOVENTUP = 6.00 +- .O2 GEVIC.  

.- 
PROTOW PROTON - 

PROTON O E L T A l l 2 3 8 l + +  RHO1 7 6 5 1 -  
O E L T A l l 2 3 8 l + +  r PROTOh P I +  1 1 1  
R H 0 1 7 6 5 1 -  r P I -  P I C  1 1 1  

PROTON D E L T A 1 1 2 3 8 1 1  R H C 1 7 6 5 l C  
O E L T A I l 2 3 8 l r  - PRC7Ch P I 0  1 1 1  
R H O 1 7 6 5 1 0  - P I *  P I -  I 1 1  

PRCTON O E L T A l l 2 3 8 1 C  R H O 1 7 6 5 1 1  
O E L T A l l Z 3 8 I C  - PROTCk P I -  Ill 
R H O 1 7 6 5 1 t  . P I *  P I 0  [ I 1  

N E U T R O N - D E L T A I ~ ~ ~ ~ I + +  R H O I ~ ~ ~ I O  
D E L T A l 1 2 3 8 1 + +  - PROTOh P I +  1 1 1  
R H O 1 7 6 5 1 0  + P I +  P I -  1 1 1  

Ill F I T T E D  O I S T R I B U T I C N  W I T ?  F L X E C  MASS AND W I D T H  AN0 TOOK EVENTS ONLY ABOVE I F I T T E O I  BACKGROUND. 

(1271 P E R I P H E R A L  PROCESSES I N  PRCTEN-FRCTOh I N T E R A C T I O N S  A T 2 9  GEVIC.  1 B N L  1 3 9 1 e  1 1 9 6 9 1  I 

W.E.ELLISrT.U.MORPIS,R.S.PeNYINI.F.TU4KOl IBROOKHbVEN N I T .  LAB., UPTON. L.1.. h .  Y - .  U S A 1  

ABSTRACT BUBBLE CHAPBER PNC MISSING-MASS-SPECTROMETER OATA ARE COMBINED TO STUOY O E T A I L S  OF PERIPHERAL,  CUASI -TYO-POOY 
PP I N T E R A C T I O N S  P+P-P lM.  D I S T R I 8 U T I O N S  AS A  F U N C T I O N  OF MCVENTUM TRANSFER T  T C  THE R E C O l L  PRCTON AN0 OF THE MASS P 
I R E  MEASURED FOR THE TOTAL I N T E R A C T I O N  dND FOR S P E C I F I C  P A R T I C L E  C O M P O S I T I O N S  OF M. 1 - O l S T R l e U T l O N S  ARE FOUND T O  BE 
EXPONENTIAL ,  W I T H  A CHANGE I N  S L C F E  AT APPROXIMATELY T  = 0.2 G E V L I - 2 .  AT LOh T 1  T H E  SLOPE I S  A  STRONG F b N C T I O L  OF 
MASS M I  BUT I S  NEARLY COhSTANT W I T H  MASS AT LARGE 1. ENHANCEMENTS I N  THE MASS O l S T R l 8 U T l O N S  AT 1.4 ANC 1.7 GFV ARE 
ANALYZED. 

CLOSELY RELPTEC REFERENCES 
A N A L Y S I S  OF DATA FROV PHYS. REV. L E T T E R S  16 .  8 5 5  1 1 9 6 6 1 ,  AND P H I S .  REV. L E T T E R S  2 1 ,  6 9 7  1 1 9 6 8 1 -  

A C C I T I O N A L  C I T A T I O N S  
PHYS. L E T T E R S  1 0 ,  1 6 7  1 1 9 6 5 1 .  PHYS. REV. L E T T E R S  1 7 ,  1 8 9  1 1 9 6 6 1 ,  PHYS. REV. 1 7 4 .  1 5 6 T  1 1 9 6 9 1 ,  AND PHYS. P E V .  L E T T E R S  
I S ,  4 5  1 1 4 6 5 1 .  

A R T I C L E  REAC BY LEROY P R I C E  I h  4 / 7 9 .  AND V E R l F l E O  BY OOETTE BENARY. 

K E Y  WORCS - MASS SPECTRUM AhGULAP D I S T R I B U T I O N  

* * * * * * * * . . * * * * . * * * *  
NO DATA PUNCHEC FOR T H I S  A R T I C L E  * * * * * * * * * . . . .  * * * . * * I  



THE R E A C T l C U  PP-N*P  P I -  A T  b GEVIC.  INUC.  PHYS. 8 8 ,  6 0 6  1  1 9 6 8 1 1  

L - L Y O N S  I O X F O R D  UNIV..  CXFOROl E h G L A h O l  

ABSTRACT SCME ASPECTS OF THE R E A C T I C h  P P 1 N I 1 1 2 3 0 l P  P I -  AT 6  G E V I C  ARE COMPARED h I T H  THE P R E O l C T l O N S  CF A  
ONE-PION-EXCHANGE FROCESS I N  U H I C H  SCME OF THE EFFECTS CF ABSORPTICN HAVE eEEN TAKEN I N T O  ACCOUNT. THE AGPEFMENT 
B E T H E E h  THEORY ANT E X F E R I Y E N T  I S  ENCOURdGING. 

CLOSELY RELATED REFERENCES 
A N A L Y S I S  OF DATA FROY NUCVC CIMENTO 55 .  6 6  1 1 9 6 8 1 .  

A D C I T I O N A L  C I T A T I O N S  
NUOVO CIMENTO SUPPLEMENT 2 4  4 5 3  1 1 9 6 2 1 .  NUOVO C l b E N T O  3 1 ,  3 6 0  1 1 9 6 6 1 .  ANNALS OF PHYSICS 4 1 ,  4 5 6  1 1 9 6 7 1 ,  REV. MOD. PHYS.  
3 7 ,  4 8 4  1 1 9 6 5 1 .  AND L C L A  I t 2 3  1 1 9 6 8 1 .  

A R T I C L E  R E b C  BY LERCY P R I C E  I N  4 1 7 C 1  AND V E R I F I E D  BY OOETTE BENARV. 

K E Y  WORDS - F l T S  ANGULAR O l S T R l B L T l C h  O E L T A l 1 2 3 B l  MODELS 

CCYPCUhO K E Y  WORCS r F l T S  ANCLLAR C l S T R I B U T I C h  

* * * * * * * * . i t * * * * * * * *  

* NO OATA PUNCHEC FOR T F I S  A R T I C L E  * 
. * * . . * * * * . * . . * * * l * *  

p] PROTON-NEUTRON Q U A S I - E L A S T I C  SCATTERING AT 9 9 1  M E V  I N U D V D  C I M E N T C  4 9 A .  2 6 1  1 1 9 6 7 1 1  

T ~ A . M U R R A Y ~ L . R I O D I F C R O D G . H . G I P * ( R ~ T . I . J O N E S Y . T A N I M U R A  I B I R M I N G H A M  UNIV.. B I R M I N G H A Y .  ENGLAND1 

ABSTRACT THE PROTOh-PPOTCh AND PROTON-NEUTRON E L A S T I C - S C A T T E R I N G  ANGULAR O I S T R I B U T l O h S  HAVE B E E h  MEASUREC bT 1.69 
G E V I C  1- 9 9 1  L E V 1  FROM 14 .5  DEG. T O  1 5 0  DEG. C.fl.8 U S l N C  F A S T  S C I N T I L L A T I O h  COLNTERS I N  C O N J U h C T l O N  U I T F  MAGNETIC 
MOMENTUM ANALYSIS .  I N  BOTH CASES. T H E  FORUARO E L A S T I C  CROSS-SECTIONS ARE CONSICERABLY I N  EXCESS n F  T H E I R  R E S P E C T l V F  
OPTICAL-THEOREY M I N I M A ,  TPE RESULTS B E I N G  CONSISTENT W l T H  THE E X I S T E N C E  OF A  R E A L  PART I N  THE T  = 0  SCATTERINC 
A M P L I T U D E  TOGETHER W l T H  S P I N  DEPENDENCE I N  BOTH I N T E R A C T I O N S .  THE PROTON-NEUTRON ANGULAR D I S T Q I B U T I O N  I S  MOPE 
STRONGLY ASYMMETRIC ABOUT 9 0  OEG. C.M.8 THAN I T  I S  A T  LOHER E N E R G I E S .  I N C l t A T l N G  THE ONSET OF O I F F R A C T I O N  S C A T T E R I N G  
AN0 I N C R E A S E 0  INTERFERENCE BETWEEh T H E  S C A T T E R I N C  AMPLITUDES I N  THE T  = 0  AND T  - I I - S P I N  STATES. AT THE LARGER 
CENTER OF MASS ANGLES. T H E  OATA SUGGESTED THAT S U B S T A N T I A L  CORRECTIONS WERE NECESSARY BECAUSE OF T H E  l N A P P L l C A R t L l T Y  
OF T H E  I M P U L S E  A P P R O X I M b T l C N  AS A  R E S U L T  OF M U L T I P L E  NUCLEAR SCATTERING I N  THE OEUTERON. N E C E S S I T A T I N G  A  MEASUREPENT 
OF T H E  R A T I O  OF Q U A S I - E L A S T I C  TC E L A S T I C  PROTON-PROTON S C A T T E R I N G  FROM 1 0 0  OEG. TO 1 5 0  OEG. C.M.S. 

C  I T b T l G N S  
PROGRESS OF T H E O R E T I C A L  P H Y S I C S  3 1 ,  6 1 5  1 1 9 6 4 1 ,  PROGRESS OF T H E O R E T I C A L  P H Y S I C S  3 1 ,  1 1 6 2  1 1 9 6 4 1 ,  J E T P  1 4  5 4 2  1 1 9 6 4 1 .  
PHYS. REV-  1 3 9 1  8 3 6 2  1 1 9 6 5 1 s  PFYS.  REV. 1 3 9 .  B 3 0 C  1 1 9 6 5 1 .  NUOVO CIMENTO 2 8 ,  9 4 3  1 1 9 6 3 1 .  NUCLEAR INSTRUMENTS AND 
METHODS 3 6 ,  2 7 7  1 1 9 6 5 1 1  PHYS. REV. 8 0 ,  1 9 6  1 1 9 5 0 1 ,  PHYS. REV. 8 5 ,  6 3 6  1 1 5 5 2 1 ,  PHVS. REV. 8 5 ,  6 8 6  1 1 9 5 2 1 ,  PHYS. PEV. 8 7 ,  
7 7 8  1 1 9 5 2 1 .  PHYS. REV. 1 2 6 .  8 3 1  1 1 9 6 2 1 ~  NUC. PHYS. 6 6 ,  6 7 3  1 1 9 6 5 1 ,  J E T P  5  3 7 1  1 1 9 5 7 1 .  S O V I E T  P H Y S I C S ,  J E T F  L E T T E R S  3  . 
0 1 1 9 6 6 1 ,  PHVS. REV. L E T T E R S  1 6 .  7 6 1  1 1 9 6 6 1 .  PHYS. REV. L E T T t R S  1 7 ,  8 2 7  l l 9 b b l t  PHYS. LETTERS 9 ,  7 2  1 1 9 6 4 1 .  PHYS. 
REV. 1 0 0 ,  2 4 2  1 1 9 5 5 1 ,  NUOVC C I M E N T O  4 2 ,  3 6 5  1 1 9 6 6 1 .  PHYS. L E T T E R S  21, 3 3 9  1 1 9 6 6 1 .  PHYS. REV. 1 4 6 .  9 8 0  1 1 9 6 6 1 ,  PHYS. 
L E T T E R S  1 2 .  2 5 2  1 1 5 6 4 1 .  NUCVO C I M E N T O  2 3 .  6 9 0  1 1 9 6 2 1 .  PHYS. L E T T E R S  2 0 .  2 0 3  1 1 9 6 6 1 .  CERN CONFERENCE 2  1 1 5  1 1 9 5 6 1 ,  
JETP 3 t  5 1 6  1 1 9 5 9 1 .  PRCC. CF  THE ROYAL S O C I E T Y  OF LONDON A 2 1 3 3  3 9 2  1 1 9 5 2 1 ,  PRCC. OF THE ROYAL S O C I E T Y  OF LONOCN b 2 2 9 ,  
4 9 2  1 1 9 5 5 1 ,  PHYS. REV. 9 5 ,  1 0 5  1 1 9 5 4 1 ,  CERN CONFERENCE 2  1 2 4  1 1 9 5 6 1 .  PHYS. REV. 75 ,  1 6 6 4  1 1 9 4 9 1 ,  J E T P  I t  2 4  1 1 9 6 3 1 ,  
NUOVO CIMENTO 1 8 ,  1 0 3 5  1 1 9 6 0 1 .  PHYS. REV. L E T T E R S  9, 5 0 5  1 1 9 6 2 1 ,  PHYS. REV. L E T T E R S  1 5 ,  3 8  1 1 9 6 5 1 .  NUOVO C l H E N T O  1 6 7 .  
4 1  1 1 9 6 6 1 ,  J E T P  7  4 9 5  1 1 5 5 1 1 ,  P P Y S -  REV. 1 3 4 1  8 6 3 3  1 1 9 6 4 1 .  PHYS. L E T T E R S  2 2 .  9C 1 1 9 6 6 1 s  AND PHYS-  REV. LETTERS 1 6 ,  
1 2 1 7  1 1 9 6 6 1 .  

A R T I C L E  READ BY OGETTE BENARY I h  1 / 6 9 ,  ANC V E R I F I E D  BY LEROY P R I C E .  

BEAY NO. 1 I S  PROTON O h  kYCROGEN COYPOUNO AT 1.69 GEVIC.  
NO. 2  I S  PROTON ON C E U T E R I U Y  CGYPCUND b T  1.69 GEVIC.  

T H I S  EXPERIMENT USES CCbNTERS. 

K E Y  UCRDS - CROSS S E C T I C N  O I F F E R E L T I A L  CROSS S E C T l O h  F I T S  

CCYPCUND K E Y  UORCS - F l T S  O I F F E R E N T I A L  CROSS S E C T I O N  

PROTON PROTON E L A S T I C  CROSS S E C T l O h .  [PAGE 2 6 7 1  

LABORATORY 
BEAM MOMENTUM 

G E V l C  M I L L  I -BARNS 
1 - 6 5  28 .2  *- 2.1 

PROTON NEUTRON E L A S T I C  CROSS SECTION.  I P A G E  2 6 1 1  
GLAUBER C O R R E C T l C k  A P P L I E C  

L A B C R A T C I Y  
e E b H  YOMENTUM 

G E V l C  M I L L I - B A R N S  
19 .5  +- 2.5 



E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FGR PRCTOh NEUTROh. [ F I G U R E  4 1  

LABORATORY BEAM HOVEIITUY = 1 . 6 9  GFVIC. 

................................... . T H I S  DATA k A S  REP0 FRCV b  GR4PH . 
T h E T A  

DEGREES 
0 . 1 1 1  

15 .  
20. 

THETA I S  THE ANGLE TbAT THE PROTON HAKE! WITH THE BEAM I N  THE GRAND C.H. 

Ill EXTRAPOLATE0 POINT.  

11301 BACKWARD NP S C A 7 T E R l N G  W I T H  A  P C L A R I Z E O  TARGET. I P V Y S .  LETTERS 31.. 6 1 7  1 1 9 7 0 1 1  

P . R . R O B R I S H ~ O . C H A M B E R L A I ~ ~ F ~ F ~ O . F I E L C  JP.~~~.~.FUIESY,~.GORNNC~C.MORE~OUSE~ T . P O ~ E L L I S . P O C K ~ S . S P A N N ~ ~ N N G . S H A P I R O D H . W E ~ S R E R G  
1U.C. L4WRENCE RbO. LAB., BERKELEY.  CbL1F..  U S A 1  

H.J.LONGO I U N I V .  CF M l C M I G A h .  L h h  Af ieCR, MIC?., U S A 1  

ABSTRACT Wt MEASURED T+E P O L A R l l b T l C h  PARAMETER P  I N  NEUTRON-PROTON E L A S T I C  S C A T T E R I N G  NEAR THE BACKWARD D I R E C T I O N S  
U S I N G  A  P O L A R I Z E 0  PRCTON TARGET. HEASUREMENTS COVEREO TPE RANGE OF I N C I O E N T  NEUTRON MCYENTA FROY 1.0 TD 5.5 G E V I C  ANC 
OF FOUR-MOMENTUM TRANSFER SQUARED U  FROM -0 .005  TO -0.5 I G E V I C I S P U A R E D .  

C I T A T I C h S  
PHYS. REV. L E T T E R S  2 3 1  5 4 2  1 1 9 6 5 1 ,  hUCVO CIMENTO 4 1 A .  1 6 7  1 1 9 6 6 ) .  PHVS. REV. L E T T E R S  15 .  3 8  1 1 9 6 5 1 ~  PHYS. REV. 1 6 4 ,  
1 7 2 6  1 1 9 6 7 1 ,  PHYS. REV. 1 6 3 ,  1 6 0 3  1 1 9 6 7 1 1  PHYS. REV. 1 8 2 ,  1 5 7 9  1 1 9 6 9 1 .  P H I S .  L E T T E R S  2 9 8 ,  3 7 2  1 1 9 6 9 1 .  PbYS. REV. 1 5 6 9  
1 7 0 3  1 1 9 6 7 1 ,  PHYS. L E T T E R S  4. 1 5  1 1 9 6 3 1 ,  PHYS. REV. 1 3 0 ,  1 5 7 1  1 1 9 6 3 1 ,  AND PHYS. REV. 1 7 7 .  2 3 1 8  1 1 9 6 9 1 .  

A R T I C L E  REbC BY OCETTE EENARY I h  6 1 7 C 1  AND V E R I F I E D  BY LEROY P R I C E .  

BEAV 1 5  NEUTRON ON HYOROGEh CCYPCUNO FROM 1.0 TO 5.5 G E V I C .  TARGET I S  P O L A R I Z E D  5 0  PER CENT INORMAL TO THE BEAM O I R E C T I O N I .  

T r l S  E X P E R I P E N T  USES CCLNTERS. 

K E Y  YUYCS . P O L A R l Z A T l f J h  

E L A S T I C  P O L d R l Z P T l O h  FOR h E U T R C h  PROTON. I F I G U R E  2 1  

DATA I S  AVERAGED OVER LAECRATORY BEAW HCMENTUP FRO* I. TO 2. GEVIC.  

I P R I V A T E  COVMUNICATION FRCH P.R.ROBRISH. JUNE, 1 9 7 C 1  

1 THESE ARE P R E L I Y l h A R Y  RESULTS I 

-T 
l G E V l C l * * 2  
W I N  MAX 
. 0 1  - 0 3  
. 0 3  .Ob 

T  I S  THE MU*ENTUH TRANSFER B E T k E E h  THE I I N C O M I N G  N F U T R O h l  A h 0  THE I P R O T O h l .  
THE P O L A R I l d T l O h  I S  CF TWE PROTCN ALONG THE NORMAL TO THE PRODUCTION P L b h E  I N  THE GDANC L.H. 

I 1 1  PLUS P O S S I B L E  S Y S T E P A T I C  ERROR OF +- 5 PER CENT. 

E L A S T I C  P O L A R I Z A T I O N  FOR NEUTROh PROTON. I F I G U R E  2 1  

DATA I S  AVERAGEO OVER LAEORATORY eEAV MCMENTUY FROM 2. TO 3. GEVIC.  

I P R I V A T E  C O M M U h l C A T l O h  FRCM P.R.RCER1Sk. JUNE. 1 9 7 0 1  

I THESE ARE P R E L I M I N A R Y  RESULTS I 

- , 
I G E V I C  1**2 
r l  h M A X  
.o 0 - 0 1  

T  I S  THE MOMENTUY TRANSFER 
THE P O L A R I Z A T I O N  I S  OF T H E  

BETWEEh THE L I h C O Y l N G  NEUTRON1 
PROTON ALONG THE NORMAL TO THE 

ANC T H E  I P R O T O N I .  
PROOUCTION P L A h E  I N  THE GRANC 

Ill PLUS P O S S I B L E  S V S T E Y b l I C  ERROR OF +- 5  PER CENT.  





L b B C i i b T O R Y  PEAP MOVENTUP = 8.1 +- .1 GEVIC.  

R E A C T l f l N  
PROTOh PROTON - 

E L A S T I C  
PRCTCN PROTON P I 0  
PRCTCN NEUTRON P I +  
PROTON PROTON V H L 2 P I O  
PROTON NEUTRON P I +  M L 2 1 P I C  

2  PRONGS 
T C T A L  

V I L L I - B A R N S  hC. EVENTS 

LABORATORY 8EAH LOMENTUP = 8.1 +- .I G E V I C .  

R E b C T I G N  N I L L I - B A R N S  
PROTOh PROTON - 

hEUTRDN D E L T A l l 2 3 8 l t t  
D E L T A I 1 2 3 8 l + +  . PROTOh P I +  Ill 

PRCTOh n F L T A 1 1 2 ' 8 I +  

PROTON D E L T A ~ l 2 3 8 1 +  
O E L T A 1 1 2 3 8 l t  . PROTCh P I 0  I 1 1  

PROTON N.1 l 4 l C l +  
N t 1 1 4 7 0 1 t  - NEUTROh P I +  I 2 1  

PRCTCN N * 1 1 4 7 0 1 t  
N t l 1 4 7 0 l +  . PROTCN P I C  1 2 1  

PROTON ~ N * I ~ ~ B B I + ~  
' N * l l b B a I + '  . NEUTROh P I +  Ill 

PROTON ' N t l  1 6 A B l r ~  
~ ~ t I l b 8 8 l r ~  r PRCTON P I 0  1 1 1  

NEUTRON D E L T A I l P Z O I + +  
D E L T A 1 1 9 2 O I + +  . PROTOh P I +  1 1 1  

Ill F I T T E D  O I S T R I B U T I O N  W l T h  F l X E C  MASS AN0 U I O T H  AN0 TOOK EVENTS ONLY b 8 C V E  I F l T T E D l  BACKGROUNO. 
1 2 1  F I T T E D  FOR MASS P N O l O i i  W I D T H  1  PASS = 1 .435  GEV: d I D T P  = - 2 0 0  LEV 1, ANE THEN TOOK ONLY EVENTS A80VF I F I T T E O )  

BACKCRCUNC. 

E L A S T I C  D I F F E R E N T I A L  CROSS S E C T I C N  FCR PROTOh PROTON. 

LABORATORY BEAP MOYENTUP 2 8 .1  +- - 1  GEVIC.  
hUVBER OF EVENTS = 3 2 2 0 .  

-1 C - S I C L A I O - T  
I G E V I C  l * * 2  H B I I G E V / C I * * 2  1 1 1  NC. EVENTS 
H I N  MAX 
. O O I Z I  79 .6  + -  3.3 
.Ob .On 45.C 2.5 3 3 3  
.08  L O  37 .3  2 - 2  2 7 6  
.1 C 1 2  34 .6  2.2 2 5 6  

I FIGURE 

. IBARNS UPS 

2  1  

CALCULATED 

1 I S  THE MOMENTUP TRAhSFER BETWEEN T H E  I l N C O N l N G  PROTON1 AN0 TPE I O U T G O I N G  PROTONI. 

1 1 1  CCUNTS WERE M U L T I P L I E O  BY - 1 3 5  TO GET TWESE. ERRORS ARE TAKEN AS P R O P O R T I O h A L  TO THE SQUARE-ROOT OF THE COUNTS. 
I 2 1  EXTRAPOLATED P O I N T .  

F I T  TO E L A S T I C  O I F F E R E L T I A L  CROSS S E C T I C H  FOR PROTOh PROTON. [ T A B L E  2 1  

LABORPTORY eEAF YOMEhTUY = 8 .1  +- .I GEVIC. 

DATA I S  F I T  OVER -1 FRO* .Ob TO - 5 0  I G E V l C I * * Z .  T  I S  THE MOMENTUY TRANSFER B E T h E E h  T b E  [ I N C O M I N G  PROTON1 AND THE 
I CUTGOING PROTOLI .  

F I T T E D  FORMULA I S  D - S I G P A I D - T  = A * E X P I L b P B O b * T l  

UHERE 0 - S I G Y b I D - T  I S  I N  U E l l G E V I C l * * 2  AN0 -1 1 5  I N  l G E V / C l * * 2 .  

F I T T E C  VALUES 



D I F F E R E N T I A L  CROSS S E C T I C h  FCR PROTON PRCTON - NEUTRCh O E L T d 1 1 2 3 8 1 + + .  I F I G U P E  5 1  
O E L T A l l 2 3 8 l + +  . PROTON P I +  I 1 1  

LARORDTORY EEAW MOWEUTUV = 8.1 +- .1  t E V / C .  
NUMBER OF EVENTS = 225.  

I P R l V b T E  COMMUNICATICh FRCY G l h E S T E T ,  MAY. 1 9 7 0 1  

I THE CONVERSION FACTOR FRCM NUMBER OF EVENTS TO M I L L I B A R N S  WdS CbLCULATEC BY US I 

-1 0 - S I G P A I O - T  
I G E V I C I * * 2  M B / I G E V / C l * * Z  1 2 1  NO. EVENTS 
P I N  MAX 
.oo .02  6 . 5  +- .5 4  B  
.O2 .O* 3.6 .7  2 7  
- 0 4  .Ob 3.6 .l 2 7 
.06 - 0 8  2.6 . t  1 9  
.OB 1 0  2.0 .5 1 5  
. l o  .12 2.2 . 5  I 6  
- 1 2  .14 1.6 .5 1 2  
- 1 4  - 1 6  .B .3 6 
. I b  1 8  1.2 .4 9 
. I 8  .20  .7 .3 5 
.20 .22  .8 .3 6  
.22 - 2 4  1.2 .4 9  
.2 4  - 2 6  .3 .2 2  
- 2 6  .28 .3 .2 2  
.28 .30 .3 .2 2  
.3C .3 2 .O .1 0 
.32  .34  .I .1 1 
.34 - 3 6  .I .l 1 
.3 6 . I 8  .O .1 0  
.38 .40  . 3  .2 2  
.40 .42  .O .I 0 

T I S  THE MOMENTUV TRANSFER BETHEEN THE I I N C C M I N G  PROTON1 b N 0  TbE I D E L T b l 1 2 3 8 1 r + l .  

1 1 1  USE0 S I P F L E  PASS CUT. 
I 2 1  CCUNTS HERE M U L T I P L l E C  BY . I 3 5  TO GET THESE. ERRORS ARE TAKEN AS PRCPERTIONAL TO T r E  SQUARE-RCGT OF THC COUNTS. 

132 D E L T A 1 1 2 3 6 1 * +  O E L T b l l 2 3 6 1 -  PRCOCCTlOh I N  P N C O L L I S I O N S  AT 6.90 GEVIC. I k E I I M A N l u  I N S T  REPORT 1 1 9 7 0 1  1  

A ~ S H A P l R b ~ G ~ Y E K U T I E L l ~ C . Y A F F E ~ S ~ T O b F F ~ E ~ E ~ R O N A T ~ L . L Y C N S ~ U . K A F S H O N ~ 8 . ~ A B E R ~  Y.ElSEN8ERG I k E l L M A K N  I N S T .  OF SCI., P E ~ O V C T H T  
I S R A E L I  

ABSTRACT THE SEACTION PN - E E L T I + +  OELTA- WITH A CROSS SECTION OF 1.1 +- 0.2 W8 I S  STUCIEO AT 6.98 GEVIC.  COWPARISON 
WITH THE REACTIONS PBAR P r CELTA-BAR OELTb bNC PP - OELTA DELTA AT DIFFERENT INCIDENT MOMENTA SHOYS THAT T H E l P  
CROSS-SECTION BEHAVES L I K E  P l L A E l  EXPI-2.5+-0.31, CONSISTENT WITH ONE-PIOh-EXCHANGE. THE PROOUCTIDN AN0 DECAY OF 
DELTA++ OELTA- AGREES WITH THE 0.P.E.MODEL H I T P  SHIRP CUT-OFF AT R e l . 3  FERMI. THE DECAY CCRRELATIONS ARE b L 5 r  
COUPARED WITH SOME QLARK MCCEL PREOICTICNS.  

C l T A T l C h S  
PUYS. REV. 1 5 4 .  1 2 8 4  1 1 9 6 7 1 .  NUOVO C I P E h T O  5 5 ,  b b  1 1 9 6 8 1 .  NUC. PHYS. 3 1 8 ,  3 0  1 1 9 7 0 1 .  NUC. PHYS. 8 5 .  1 6 9  1 1 9 6 8 1 ,  hUOVP 
ClMENTC 48A.  3 6 0  1 1 9 6 7 1 ,  PbYS. REV. 1 2 3 ,  1 3 0 7  1 1 9 6 8 1 ,  PHYS. LETTERS 2 6 8 ,  5 9 8  1 1 9 6 8 l ,  NUC- PHYS. 8 6 1  465 119bR1,  P H I S .  
REV. 1 6 0 ,  1 4 1 C  1 1 5 6 8 1 ,  PHYS. R E V .  1 7 3 .  1 3 2 2  1 1 9 6 8 1 ~  NUC. PHYS. 8 1 1 .  2 8 9  1 1 9 6 5 1 ,  AN0 hbOVC C I Y E h T O  38. 5 1 8  1 1 9 6 5 ) .  

A R T I C L E  READ BY OCETTE BENARY I h  611C.  1ND V E R I F I E C  BY LERCY PRICE.  

BEAM 1 8  PRCTON Oh OELTERCh b T  6.98 GEV/C. 

T H I S  EXPERIMENT USES TkE B.N.L. 8 0  I h .  I H I  8UB8LE CHAMBER. A  TOTAL CF 9 4 0 0 0  PICTURES ARE PEPORTEC ON. 

KEY WCROS - CROSS SECTION O E L T A ( l 2 3 8 I  MASS SPECTRUM ANGULAR D l S T R l B U T l O N  MODELS 
O l F F F F E N T l A L  CRCSS SECTION F I T S  DENSITY MATRIX 

COMPOUND KEY WORCS - F I T S  D I F F E R E N T I A L  CRCSS SECTION 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CROSS SECTION FOR PROTON NEUTRON * PROTON NEUTRON P I +  P I - .  [PAGE 4 1  
GLAUBER CORRECTlOh A P P L l E C  

PEbW UCMENTUM 
GEVIC 

6.98 
M I L L I - B A R N S  
3.72 +-  .Z2  

CROSS SECTION FOR PROTDN NELTRON - O E L T A I 1 2 3 8 ~ + +  O E L T b 1 1 2 3 8 1 - .  I P A G E  5 1  
O E L T b l l 2 3 B I + +  - PROTON P I +  1 1 . 2 1  
O E L T b l l Z 3 8 1 -  - NEUTRON P I -  1 1 , 2 1  

GLbUEER CORRECTION A P P L I E D  

LABORATORY 
BEbP MCMENTUM 

GEVIC 
b.98 

1 1 1  hCN-INTERFERING bVPLITUDES ASSUMED. 
I 2 1  F I T T E O  O l S T R I B U T l U N  WITH F I X E D  PASS AND H l O T H  ANC TOOK EVENTS ONLY ABOVE I F I T T E O l  BACKGROUNO. 
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LABORATORY A l P H b  1 1 1  
BEAM MOMENTUM 
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PROTON PROTCN TOTAL CROSS SECTICh. I T A B L E  I J  

LABORATCRY 
BEAM MOMENTUM 

G E V l C  
3.27 
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PRCTCN hEUTRCN TOTAL CRCSS SECTION. I T A B L E  1 1  

I NP CROSS SECTION U e T A l N E C  BY LSING 0 2 0  AN0 H2O.GLAUBEP CORRECTlCN NCT bPPLIEC.  I 

LABORATORY 
EEAM MCMENTUM 

G E V l C  MILLI -BARNS 
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5.83 37.C .8 
7 - 7 5  37.6 1.6 
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CROSS SECTION FOR PROTCN PRCTON - PROTCN PROTON P I +  P I - .  

t t T H I S  DATA SHOULD NOT BE USEC * * I MORE RECENT VALUE PUBLISHED I N  NC 5 8 A q 1 7 5 1 1 9 6 8 1  1  

LABORATORY 
BEAY MCHENTUM 

GEVIC 
4. 

M I L L  I-BARNS NO. EVENTS 
2.55 *- .15 9 2 9  
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KEY HCRDS . CROSS S E C T l C k  O I F F E R E N T I 4 L  CROSS SECTION F l T S  

COWPOUNO KEY YORDS - F l T S  OIFFERENTIAL CROSS SECTION 



NEUTROh PRCTCh TOTbL  CRCSS SECTION.  [ P A G E  1 1 5 1  

LA8ORATCRY 
BEAY ENERGY 

GEV Ill Y I L L I - R b R M S  

I 1 1  MEAN VALUES. 

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C N  FCR NEUTRCh PRCTON. 

LABORATORY e E A r  ELERCY = . 5 e  CEV I M E b h  V A L U E I .  

THETA O-SLGtiblC-OMEGA 
DEGREES Y C I S h  I I , 2 1  

1 8 0 .  8 .40  +- .7C 

THETA I S  THE ANGLE T F A T  T k E  NEUTRON MAKES W I T H  THE BEAM I N  THE GRAND C.Y. 

Ill ERRORS ARE S T b S T I C A L  ONLY. 
1 2 1  PLUS P O S S I B L E  S Y S T E M A T I C  ERROR OF *- 1 3  PER CENT. 

NEUTRCh PRCTOh E L b S T l C  CRCSS SECTION.  I T A B L E  2 1  

LABORATCRY 
B E 4 P  ENERGY 

GEV I 1 1  
. 3 8  
.5  8 

1 1 1  MEAN VALUES. 

I = 0  NUCLEON NUCLEON E L A S T I C  CROSS SECTION.  [ T A B L E  2 1  

BEAM ENERGY 
GEV Ill 

( 1 1  YEAN VALUES. 

E L A S T I C  O I F F i R E N T I A L  CRCSS S E C T I C N  FCR NEUTRCN NEUTRON. I T A B L E  3 1  

LABORATnRY CEAH ENERCY = . 5 9  GEV I Y E b h  V A L U E I .  

THETA C-SIGMAlD-OMEGA 
DEGREES Y B l S R  

THETA I S  THE ANGLE THAT THE NEUTRON YbKES W I T H  THE BEAM I N  THE GRAND C.M. 

J ~ V ~ A L L A B Y ~ F ~ B I N O N ~ A ~ N ~ O I D D E N S ~ P ~ O U T E I L ~ A K L C V N N G R . M E U N I E R J P P E I G N E U X  E . J . S A C H A R l O l S ~ K . S C H L U P M A N h l h l N H S P I G H E L . J . P . S l R O O T ,  
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PROTON-PROTON C O L L I S I C N S  A 1  AN l N C l O E h T  MOMENTUM OF 19.2 G E V l C  AND I N  T H E  RAhGE OF FOUR-MOMENTUM SOUbREO 0.6 S I T 1 1 5 . 8  
I G E V I S O U A R E D .  

C I T d T t O N S  
P H I S .  REV. L E T T E R S  1 ,  4 5 0  1 1 9 6 1 1 ~  PUYS. REV. 1 2 8 ,  1 8 2 3  1 1 5 6 2 1 .  PHYS. L E T T E R S  8 1  1 3 4  1 1 9 6 4 1 ,  PHYS. LETTERS 1 8 ,  1 6 7  
1 1 9 6 5 1 .  PHYS. REV. L t T T E R S  1 6 ,  8 5 5  1 1 9 6 6 1 .  PHYS. REV. L E T T E R S  1 7 ,  1 8 9  1 1 9 6 6 1 1  PHYS. REV. L E T T E R S  1 9 ,  3 9 7  1 1 9 6 7 1 ,  
PHYS. REV. 1 7 C 1  1 2 2 3  1 1 5 6 8 1 ,  PHYS. LETTERS 2 8 8 ,  6 7  1 1 9 6 8 1 .  PHYS. LETTERS 2 6 8 .  1 6 1  1 1 9 6 8 1 .  V I E N N A  CONFERENCE PAPFR 5 0 3  
1 1 9 6 0 1 ,  PHYS. REV. 1 3 7 8 ,  7 C 8  ( 1 9 6 5 1 ,  CERN N P 1 6 8 - 1 7 ,  C E R h  T H 1 9 1 4 ,  AND CERh T U l S I 6 .  

A R T I C L E  READ eY OCETTE BENARY I h  1 / 6 5 ,  AND V E R I F I E D  BY LERCY P R I C E .  

BEAY I S  PROTON O h  PRCTCN AT 19.2 G E V I C .  

T H I S  E X P E R I M E N T  USES CObNTERS. 

K E Y  UOROS - D I F F E R E N T I A L  CROSS I E C T I O N  N t 1 1 5 2 0 l D 1 3  . h * ( 1 6 8 8 1 .  
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LPBOKATORY BEAM MOYENTUY = 19.2 G E V I C .  

7  D - S l C M b / O - T  
I G E V / C I * * 2  U B / I G E V / C l * * 2  

PER C E h l  
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PER CENT 
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. t 4  2C 

T  I S  THE MOMENTUM TRANSFER ~ E T R E E N  T b E  [ I N C O M I N G  PROTON1 AND THE I C U T G O l N G  PROTONI. 

139 PROTCN-FROTCN I N T E R A C T I O N  AT 5 6 C  YEV. I h U O V C  C I Y E N T C  2 6 ,  1 3 1 6  1 1 9 6 2 1 1  

0 ~ B A L O O N ~ ~ S ~ F O C A R O 1 ~ H . H R O M A O h I K ~ L . Y O ~ A R I ~ F ~ S b P O R E T T l  I U N I V .  0 1  BOLOGNA, BOLOGNA9 I T A L Y 1  
8 - F E M I N O .  F -MEZZANARES I I h S .  C l  F I S l C b  O E L L  UNIV..  U E S S I N A ,  I T A L Y 1  
E .BERTOLIN1  I U N L V .  OF PAOGVb9 PPCOVA, I T A L Y 1  
G . G I A L A N E L L b  I U N I V .  O E G L I  S T U C I  0 1  ROMb, RCME, I T A L Y 1  
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PROTCh NEUTRON P I +  
T O T A L  I N E L A S T I C  

M I L L I - B A R N S  NC. EVEhTS 
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...........-....................... . T H l S  DATA WAS READ FRCV b  GRbPh . ................................... 

T * E T b  I S  THE ANGLE THAT THE PROTCN P b K E S  h I T P  THE BEAV I N  THE GRdNC C.M. 



U I F F E H E N T I A L  CROSS SECTLCh FCR PROTON PROTON - DEUTEROh P I + .  I F I C U R E  2 1  

LABORATORY BEAH ENERGY = . 5 6 0  +- . 0 0 5  GEV. 

................................... . T H I S  DATA MAS READ FRO? b  GPbPH . ................................... 
C O S l T H E T b l  NG. EVENTS 
* I N  v e x  -. 8 -. 7 8 
-.7 -.b 5  -. 6 -.5 4 
-.5 -.4 6  
-.< -.3 5 
- . 3  -.2 2 -. 2 -.l 1 -. 1 . C 5 

.O 1 5  

THETA 1 5  THE ANGLE THAT THE DEUTEPGh WAKES WITH THE 8EAP I N  T b E  GRdNC C.M. 

11401 MEA::;:::;T3Y:,T::5Py;;;A;;TIOh PARAWET€K I N  P I+ -P ,  K+-P. PP. AND P B b R P  E L m C S C A T I E R I N G  AT 6 G W C .  I P H Y S .  

H . B O P G H I N I ~ L . D ~ C K I L . O ~  L E L L A ~ A . h 4 V A R R C ~ J . C . O L I V I E R ~ K . R E I 8 E L  IEUROPEAN CRG. FOR NUC. RES.. GENEVA. S W I T Z E R L I N O I  
G.CCIGNET. C . C R 0 N E N B E R G E R ~ G . G R E C 0 I R E I K . K U R 0 0 A d A . M I C 4 L 0 1 C L P U L E T 0 S 1 L L 0 U  I U N I V .  OE P b R I S ,  FAC. OES SCI.,  ORSAY. F R A N C E 1  
G . B E L L E T T I N I ~ P . L . B R b C C I h 1 , T . C t L  PRETEIL .FOA,G.SPNGUINETTI IM.VALDATA I U N I V .  0 1  P I S b v  P l S A ,  I T A L Y 1  

ABSTRACT EXPERIMENTAL RESULTS ARE PRESENTED FOP THE P O L A R I Z A T I O N  PARPYETER P I 0 1  I h  P I + - P .  K+P.  PP, AN0 P A I R  P  E L b S T l C  
S C A T T E R I N G  A T  6  G E V I C ,  A N 0  I N  T H E  RANGE OF THE I N V A R I A N T  FOUR-MOMENTUM TRbNSFER SQUARE0 -T  FROV 0.05 TO A P P R O X I M A T E L Y  
2.0 I G E V I C I S U U A R E O .  

C L O S E L Y  RELATED HEFERELCES 
C O N T I N U A T I O N  OF P R E V I C U S  E X P E R I Y E L T  1 N  PHYS. LETTERS 2 4 e ,  77 1 1 9 6 7 1 .  

A O O I T L C N A L  C I T b T l C h S  
NUCLEAR INSTRUMENTS AN@ PETHODS 7 2 ,  45 1 1 9 6 9 1 1  PHYS. REV. 1 4 8 .  1 2 9 7  1 1 9 6 6 1 .  PhYS.  REV. LETTERS 2 1 ,  l * l O  1 1 9 6 8 1 ,  P H Y S -  
L E T T E R S  2 9 H p  1 9 2 4  1 1 9 6 9 1 ~  PHYS. PFV. 1 7 9 ,  1 4 8 0  1 1 9 6 9 1 ~  NUC. P l iYS .  8 9 .  5 4 9  1 1 9 6 9 1 .  PHYS. REV. 1 7 7 ,  2 3 1 8  1 1 9 6 9 ) .  NUOVO 
CIMENTO 63A.  1 4 1  1 1 9 b 5 1 ,  A h 0  CERh T H - 1 1 0 9  1 1 9 6 9 1 .  

A R T I C L E  REAO BY OCETTE BENARY I h  3 / 7 C l  AND V E R I F I E O  BY LERCY P R I C E .  

BEAM NO. 1 I S  P I *  ON HYOROGEh CCMPObNO AT 6  GEVIC.  TARGET I S  P O L A L I Z E C  3 5  PER C E h T  1NORUAL TO THE BEAM O l R E C T I O N I .  
NG. 2 I S  P I -  ON HYOROGEh COMPOUNC AT 6  GEVIC.  TARGET I S  P O L A R I Z E 0  3 5  PER C E N T  (NORYAL TO THE BEAM D I R E C T I O N I .  
No. 3  I S  K+ ON nYORCGEh CCMPCUhO I T  6  GEVIC. T I R G E T  I S  P O L A R I Z E 0  3 5  P E T  CENT INORMAL TO THE REAM D I R E C T I O N I .  
NU. 4  I S  K- ON HYCROGEN CCMPOUND A T  6 GEV/C. TARGET 1 5  P O L A R I Z E D  35 PER CENT INORMAL TO THE BEbM D I R E C T I O N I .  
NO. 5 I S  PRCTON ON HYORCGEh CCPPCUNO b T  6  G E V I C -  TARGET I S  P O L A R I Z E D  3 5  PER CENT INORMbL TO THE B E b Y  O I R E C T I O N I .  
NO. 6  I S  ANTI-PROTON ON HYOROGEh COPFOUNO AT 6 G E V I C .  TARGET I S  P O L I R I Z E O  3 5  PEP CEhT INORHAL TO THE BEbM D I R E C T I O N I .  

T H I S  E X P E R I Y E N T  USES CCLNTERS. 

KEY POROS . P O L A R I Z b T I O h  

E L A S T I C  P O L b R I L A T I C N  FOR PROTCL PRDTCN. I T A R L E  5 1  

LABCRATDRY EEAP P C N E I T U N  = 6. GEV/C. 

7  I S  T H E  YOMENTUH TRANSFER BETWEEN THE CINCCRrNG PROTON1 ANC THE I C U T G O I N G  PROTON]. 
THE POLARII~TION IS OF THE PROTCN ALONG THE NORMAL TO TI.E PRODUCTION PLANE IN THE GRANC c.n. 

Ill PLUS P O S S I B L E  S Y S T E Y L T I C  ERROR OF +- 5  PER CENT. 



11411 &'!ON PROOUCTION I N  PROTON-PRCTOh I h T E R A C T I C h S  AT 6.6 GEV/C. I U C L b  1 0 2 5  1 1 9 6 8 1 1  

E. COLTCN I U N I V .  CF C A L I F . ,  L C 8  ANGELES, CAL IF . ,  U S P I  

ABSTRACT T h l S  O I S S E R T b T l C h  I S  A  STUDY OF PROTON-PROTON COLLIS~ONS R E S U L T l h G  I h  R E A C T I O k S  OF THE TYPE PROTON + PRCTCh 
NUCLEOh + NUCLEOk + M P I  HbERE Y  I S  AN INTEGER I N D I C A T I N G  THE NuVBER OF P I O N S  PROOUCEO. I N  T H l S  WORK JUST THE CASES 
FOR M = 0 ,  1. 2, AN0 3 W I L L  BE OEALT U I T H .  THE I N T E R A C T I O N S  W E R E  PHOTOGRbPFEO I N  THE LAWRENCE R A O I A T I O N  LPBORbTORY'S  
12-INCH LIQUID HYOROGEN B u e e L E  CHAMBEP WICH W A S  E X P O S E D  T O  A 6.6 GEVIC S E P A R A T E D  EXTERNAL PRO TO^ BEAV. T W O  
PRODUCTION TOPOLCGIES WERE ANALYZEC. THE TUO- PRONG EVENTS W I T 6  NO K I N K I N G  SECONOARIES Y I E L D E D  THE REACTIONS 

PP . PP I l l 
PP . FP P I C  I 2 1  
PP - PP P I + ,  ( 3 )  

AND THE FOUR-PRUNG EVENTS Y I E L D E C  THE R E A C T I C N S  
PP - F  P l t  P I  1 4 1  
PP * PP P I *  P I -  P I C  1 5 1  
PP - FN F l t  P I +  P I -  . 1 6 1  

AT 6.6 G E V l C  THE PROOUCTICh  CROSS S E C T I C h S  FOR R E A C T I O N S  I 1 1  THROUGH 1 6 1  ARE. RESPECTIVELY.  10.2 +- C.5 MB, 2.06 +- C. 
1 9  Ms .  4 .89  +- 0 . 2 8  Ma, 2.70 +- 0 .16  MB, 2.15 +- 0.13 we, AN0 2 . 4 1  +- 0.15 Ma. FOP THE E L A S T I C  S C A T T E R l h G  H V P C T P E S I S  
I l l  THE O l F F E R E N T l b L  CUCSS S E C T I C N  C-S IGMAlDT I S  D I S P L A Y E C .  THE DATA ARE C O N S I S T E N T  h l T H  AN E X P O N E N T I A L  T  DEPENOEhCE 
OF T H E  FORM E X P I - A T 1  WHICH I S  P R E O l C T E O  BY A  S I M P L E  O P T I C A L  MCOEL OF O I F F R A C T I O N  SCATTERING W I T H  NO S P I N  OEPENOENCE. 
FOR BOTH OF THE TMREE-8OCY F I N A L  S T A l E S  THE I N V A R I A N T  MASS, CHEh-LOU AND O A L l T Z  PLOTS b l E  PRESENTEO. THE DATA. I N  
EACH CASE, ARE I N C O N S I S T E N T  h l T H  THE P R E O I C T I C N S  OF L O R E N T Z - I N V A R I A N T  I S O T R O P I C  THREE-BODY PHASE S P I C E .  I k  
P A R T I C U L A R l  THE NUCLECN CENTER OF MASS ANGULAR O I S T R I B U T I O N S  I R E  EXTREMELY PEAKED I h  THE FERWARD AN0 BACKWARO 
HEMISPHERES SUGGESTING A  P E R I P H E R A L  DNE-PARTICLE-EXCHANGE MECHANISM. THE DATA FOR REACTIONS I 2 1  AN0 1 3 1  A h 0  FCR THE 
OUASI-TUO-BODY I N l E R Y E O I A l E  STATE 

P P  - N * + + I L 2 3 8 1  N  1 3 ' 1  
I W H I C H  REPRESENTS 2 5 - 3 0  PER CENT CF THE P  h P I *  SAMPLE1 CAN e E  CESCRIBEO O U I T E  WELL BY THE P R E D I C T I O N S  OF S I M P L E  
ONE-PION-EXCHANGE I O P E I  MOOELS M O D I F I E O  BY S U I T A B L E  FORM FACTORS. E I G H T Y  PER CENT OF THE EVENTS WHICH FORM THE SAMPLE 
FOR R E A C T l C N  1 4 1  PROCEEC TkROUGF THE QUASI-THREE-BODY STATE 

PP N * + i 1 1 2 3 8 1  P  P f -  . 1 4 ' 1  
I N  T H E  MAJORITY OF THESE EVENTS T H E  N I I I  I S  PROOUCEO P E R I P H F R A L L Y .  A  D E T A I L E C  OPE CALCULATION.  U S l h G  THE PAXIMUM 
L I K E L I H O O O  METHOD. WAS C A R R I E D  OUT ON A  SUASAMPLE OF T H E  N.++ EVENTS. THE DATA ARF FCUNO TO AGREE WELL h I T H  THE 
P R E D I C T I O N S  OF T H E  OPE O I A G R I P  U I T H  P I  + -  P  E L A S T I C  S C A T T E R I N G  AT EACH VERTEX. THE OBSERVE0 N * 1 1 4 0 0 1  EFFECT AND I T S  
R E L A T I C N  TO OPE ARE CISCUSSED.  N * + +  PROCUCTION I S  ALSO CBSERVED I N  STATES L E A O I N G  TO THE F I V E  BODY REACTIONS 1 5 1  AND 
1 6 1  A P P R O X I Y A T E L Y  6 0  AN0 5 0  PER CENT OF THE T I M E .  RESPECTIVELY.  FOR THE PERIPHERAL N I I t  EVENTS. THE OPE MODEL W I T H  
OFF-MASS-SHELL P I -  P  S C b T T E R l N t  AT ONE VERTEX AND N*++ PRODUCTID AT THE OTHER WAS USE0 T C  OETERMINE THE R P T l O S  OF THE 
OFF-MASS SHELL  S C A T T E R I N G  CROSS S E C T I C N S  FOR P I -  P  - P I -  P. P I -  P  - P I -  P  P I O .  AND P l -  P - P I -  P I +  N  AS A  F U N C T I O N  OF 
T  A N 0  P I -  P  C.M. ENERGY. T k E S E  R A T I O S  WERE COMPARE0 U I T k  T H E I R  KNOUN ON-SPELL  VdLUES AN0 WERE FOUNC TC AGREE 
C U A N T I T A T I V E L Y  FCR L C h  T .  

CLOSELY R E L A T E D  REFERENCES 
T H I S  A R T I C L E  SUPERSEDES PART OF PHYS. REV. LETTERS 1 7 .  8 8 4  1 1 9 6 6 1 .  

A D D I T l O N A L  C I T A T I O N S  
UCRL 1 0 U b O l  UCRL 1 7 6 1 9 ,  PHYS. REV. 1 6 5 ,  1 4 6 6  1 1 9 b 8 I 1  UCRL 1 1 1 5 4 ,  UCRL 1 6 5 5 5 ,  UCRL 9 0 9 9 .  REV. MOO. P H I S .  39. 1  1 1 9 6 7 1 ,  
PHYS. REV. L E T T E R S  5 ,  3 3 3  1 1 9 6 0 1 ,  PHYS. REV. L E T T E R S  7 .  1 8 5  1 1 9 6 1 1 ,  NUOVO C I H E N T O  4 9 1  3 5 5 9  1 1 9 6 7 1 ,  PHYS. REV. 1 5 4 ,  
1 2 8 4  1 1 9 6 7 1 ,  CERN 6 5 - 2 4  6 5  1 1 9 6 5 1 .  PHYS. REV. LETTERS 1 9 ,  8 5 7  1 1 9 6 7 1 ,  PPYS. REV. 7 5 1  1 4 5 9  1 1 9 4 9 1 r  NUOVO CIMENTO 38, 
6 0  1 1 9 6 5 1 ,  PHYS. REV. 1 1 3 .  1 6 4 0  ( 1 9 5 9 1 ,  NUOVO CIMENTO 2 4 ,  4 5 3  1 1 9 6 2 1 ,  NUOVO C I Y E N T O  2 7 1  1 4 5 0  ( 1 9 6 3 1 ,  NUOVO CIMENTO 2 2  1 

I 2 3  1 1 9 6 1 1 .  PHYS. REV. 1 3 8 .  0 1 9 0  1 1 9 6 5 1 ,  PHYS. REV. 1 6 5 1  1 7 3 0  l 1 9 6 8 1 ~  P H I S .  REV. LETTERS 1 9 9  9 2 5  1 1 9 6 7 1 .  NUOVO 
C I M E N T O  4 0 ,  8 9 9  1 1 9 6 5 1 %  CEBN 6 6 - 1 6 ,  PHYS. REV. 1 6 1 ,  1 3 8 7  1 1 9 6 7 1 .  PHYS. REV. L E T T E R S  15, 4 6 8  ( 1 9 6 5 1 ,  UCUL 0 4 1 7  ( 1 9 5 8 1 1  
PHYS. REV. L E T T E R S  2 0 ,  9 6 4  1 1 9 6 8 1 .  PCYS. REV. L E T T E R S  17 .  8 8 4  1 1 9 6 6 1 ,  PHYS.  REV. 1 4 5 ,  1 3 0 5  1 1 9 6 6 1 r  CERN T H - 8 5 0  1 1 9 5 7 1  . 
NUOVO C I Y E N T C  3 3 ,  9 0 6  1 1 5 6 4 1 ,  A N 0  PHYS. REV. LETTERS 8 1  1 4 0  1 1 9 6 2 1 .  

A R T I C L E  REAC EY OCETTE BENARY I h  9 / b 9 7  AN0 V E R I F I E D  BY LEROY P R I C E .  

8 E b Y  1 5  PROTON ON PROTON AT 6.6 GEVIC.  

T H l S  E X P E R I M E N T  USES T t E  L.R.L. 7 2  I h .  I n 1  BUBBLE CHAMBER. 

K E Y  WOROS - CROSS S E C T I O N  PASS SPECTRUY ANGULAR O l S T R l 8 U T I O N  O l F F E R E N T l A L  CPCSS S E C T I O N  F I T S  
MOOELS O A L I T Z  PLCT O E L T A l l 2 3 8 1  KAON O M E G A 1 7 0 3 1  

CrWPOUND KEY YORCS - F I T S  C I F F E R E N T I A L  CROSS SECTION 

( T A B L E  5 1  

LABCRATORY EEAY MCMENTUP S 6 .6  G E V I C  +- .15 IPER CENT] .  

R E A C T I O N  
PROTON PROTON - 

E L A S T I C  
PROTON PROTON P I C  
PROTON NEUTRON P 1 +  
DEUTERON P I +  

M I L L I - B A R N S  NO. FVEhTS 

LABORATORY BEbY HOMENTUY r 6 . t  GEV/C +- .151PER CENT) .  

R E A C T I O N  
PROTOh PRCTON - 

PROTON PROTON P I +  P I -  
PROTOk PROTOh P I +  P I -  P I 0  
PROTON NEUTRON P I +  P I +  P I -  
PACTON PROTON K +  K- 
4 PRONGS 

V I L L I - B A R N S  NO. EVENTS 



E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T l O h  FCE PROTOh PROTCh. I F I G U R E  1 8 1  

LbBORATORY EEPL MOPEhTUP = 6.6 GEVIC +- .15 IPER CENTI. 

................................... . T H l S  DATP hAS REP0 FROP b  GRAPH . ................................... 
-T D - S I C V I I C - T  

I G E V I C l * * Z  V B / l G E V / C l * * 2  1 1 1  GO. EVENTS 
M I  h MAX 
.OC .O2 16.5 +- 2.C 6  6  
.02 .04 62.0 3.5 2 4 0  
.04 .Ob 60 .5  3.9 2 4 2  
.Oh .08 53.C 3 . t  2 1 2  
- 0 8  . I 0  40.0 3.2 1 6 0  
. I 0  .12 38.0 3.1 1 5 2  
- 1 2  .14 38 .0  2.1 1 5 2  
- 1 4  . 1 6  30.0 2.7 1 2 0  
. I 6  . I 8  24.0 2.4 9 6  
1 8  .20  21.0 2.3 84  
.2C .22  17.0 2.1 b 8  
.Z2 .24  14.0 1.5 5 6  
- 2 4  . 2 6  14.0 1.9 5 6  
.2b .2B 11.0 1.7 4 4  
.28 .30  5.0 1.5 3 6  
- 3 0  . 3 2  6.0 1.2 2 4  
- 3 2  .34 5.5 1.2 2 2  

T  I S  THE MOMENTUM TRANSFER BETWEEN THE I l N C O M l N G  PROTON1 PNC THE IOUTGOING PROTONI. 

I 1 1  CCUNTS UERE M U L T l P L l E O  8 1  .25 TO GET THESE. ERRORS ARE TAKEN AS PROPDRTIOhAL TO THE SQUbRE-ROOT OF THE COUNTS. 

F I T  TO E L A S T I C  0 lFFERENTIb . l  CRGSS SECTION FOR PROTON PROTCh. IPPGE 6 3 1  

LABORATORY BEPM MOMENTUL = 6.6 GEVlC +- .151PER CENTI. 

DATA I S  F I T  CVER T FRCV .Ot  TC .60  I G E V I C l * * 2 .  T  I S  THE MOMENTUM TRANSFER BETUEEN THE I I N C O M I N G  PROTOhl  Ah0 THE 
IOUTGOING PROTOhl. 

F I T T E D  FORMULA I S  O-SICMblO-T = E X P I A + B * T I  

WHERE 0-SIGMAlU-T I S  I h  L B / l G E V I C l * * 2  bNC T 15 I N  l G E V / C l * * 2 .  

F l T T E O  VALUES 

F I T  TO E L A S T I C  O l F F E R E N T l b L  CRCSS SECTION FOR PROTON PROTON. IPAGE 6 3 1  

LABORATORY eEAM MOMENTUV = 6.6 GEV/C +- -1SIPER CENTI. 

DATA I S  F I T  OVER T FRGM .06 TC .60  I G E V / C l t t Z .  T  I S  THE MOMENTUM TRANSFER BETWEEN THF [ INCOMING PROTON1 AND THE 
ICUTGOING PRCTOLI. 

F I T T E D  FORPULA 1 5  0 - S I G P A l D - T  = EXPIb+BT+CT**21  

WHERE C-SIGMAIO-T I S  I N  M B I l G E V / C l * * 2  AND T I S  I N  I G E V / C l * * 2 .  

F l T T E O  VALUES 

A = 4.54 +- .ll 
8 = -0.25 +- .92  
C = 1.05 +- 1.72 

1 1421 EXPERIMENTAL STUDY OF PP-PN* bT I N C I C E N T  ENERGIES OF 6 - 3 0  BEV. IPHYS. REV. LETTERS 16.  8 5 5  1 1 9 6 6 1 1  

E . k . b N O E R S O N ~ E . J . B L E S E R 7 G . E . C C L L I N S 5 T . F U J I l J M E N E S F . T U R K C T  [BROOKHAVEN NbT. LAB., UPTON, L.l., N. Y.. U S b l  
R.A.CbRRIGAN J R . . R . ~ . E O E L S T E I N I N . C . H I E N , T . J . M C M ~ H O N N I . N A O E L H A F ~  ICARNEGIE-LELLON UNIV.. PITTSBURGH, PA., USA1 

C I T b T l D N S  
PHYS. REV. 1 2 8 ,  1 8 2 3  1 1 9 6 2 1 .  NUOVO CIMENTO 35,  1 0 5 2  1 1 9 6 5 1 ,  PHVS. LETTERS 8, 1 3 4  1 1 9 6 4 1 ~  PHYS. LETTERS 19,  1 6 6  1 1 9 6 5 1  
BNL 9 0 9 7 .  PHVS. REV. LETTERS 1 0 9  2 6 2  1 1 9 6 3 1 0  PHYS. LETTERS 1 8 ,  1 6 7  1 1 9 6 5 1 .  PHYS. REV. LETTERS 15. 4 5  1 1 9 6 5 l t  NUOVO 
CIMENTO 3 8 ,  6 0  1 1 9 6 5 1 ,  PI-YS. REV. 1 3 8 ,  8 1 6 5  1 1 9 6 5 1 .  PHYS. REV. LETTERS 1 2 7  3 4 0  1 1 9 6 4 1 s  PHYS. REV. LETTERS 14,  8 8 1  
1 1 9 6 5 1 ~  PHYS. LETTERS 1 2 1  7 6  1 1 9 6 4 1 .  PWYS. LETTERS 20, 3 0 6  I l 9 6 6 1 r  PHYS. REV. LETTERS 7 ,  1 9 9  1 1 9 6 1 1 ,  PHIS. REV. 1 4 2 .  
9 7 6  I 1 9 b b l t  PHIS.  LETTERS 1 9 .  6 C 4  1 1 9 6 5 1 .  PHYS. REV. 1 3 7 ,  8 7 0 8  1 1 9 6 5 1 .  PHYS. LETTERS 1 4 1  I 6 4  1 1 9 6 5 1 .  LNO PHYS. REV. 
LETTERS 14.  7 4  1 1 9 6 5 1 .  

A R T I C L E  READ BY ODETTE BENbRY I N  4 / 6 7 .  AND V E R I F I E D  BY LERCY PRICE. 

BEAM I S  PRCTON Oh PROTCN FRO? t TC 3 0  GEVIC. 

T H I S  EXPERIMENT USES SPbRK CHAMEERS. 

GENERAL CCMMENTS ON T H l S  ARTICLE 
1 THE CROSS SECTIONS FOR PP.PN* HERE OBTAINEO BY MEASURING THE RESONANCES FRODUCTION AT SMALL MOMENTUY TRANSFERS AN0 

1NTEGRATING OVER THE UHCLE T PHYSICAL REGION BY ASSUMING AN EXPONENTIAL OEPENOENCE OF THE D I F F E R E N T I A L  CROSS 
SECTION ON T 

KEY YOROS - CROSS S E C T I C N  D I F F E R E N T l b L  CROSS SECTION F I T S  D E L T A 1 1 2 3 8 1  h * I 1 4 7 0 1 P l I  N * 1 1 5 2 O l D 1 3  
' N * l  1 6 8 8 1 '  N * 1 2 1 9 C I G 1 7  

CCLPOUNO KEY UORCS - F I T S  C I F F E R E N T I I L  CROSS SECTION 



CROSS S E C T I O N  FOR PROTCN PRCTGN - PROTCN C E L T A I 1 2 3 8 l t .  I T A B L E  1 1  

LABCRATORY 
EEAU MOMENTUM 

GEVJC M I L L I - B A R h S  
6. . 3 T 6  +- .G76 

LO. . 1 8 4  .C50  
15 .  1 2  . I 0 0  

CROSS S E C T I O N  FOR PROTCN PRCTCh - PROTON N * 1 1 4 7 0 1 1 .  ( T A B L E  1 1  

LbBORATORY 
BEAU MOMENTUM 

GEVJC 
10. 
1 5 .  
20 .  

CRCSS S E C T I O N  FOR PROTCN PRCTCN . PROTCN N * I l 5 2 0 1 * .  I T A B L E  I 1  

LABCRATCRY 
BEAK YOMENTUM 

GEVJC 
LO. 
15 .  
2 0 .  
30. 

CROSS S E C T I O N  FOR PROTON PRCTCN - PROTCN ' N * l l b B B I + ' .  [ T A B L E  1 1  

L A B O R P T O R I  
e E I P  PCUELTUM 

GEVJC 
10. 

CROSS S E C T I O N  FOR PROTCN FnOTCN - PRCTCN N * [ 2 1 9 0 1 + .  [ T A B L E  1 1  

LABCRATGRY 
BEAU MOMENTUM 

GEVJC 
20. 
30. 

M I L L I - B A R N S  
. 1 2 8  +-  .C24 
. I 0 8  .C36  

F I T  T O  D I F F E R E N T I A L  CRCSS S E C T I C N  FOR PCOTOh PROTON + PROTON O E L T P l L 2 3 8 l t .  [ T A B L E  1 1  

LABORATORY EEAL MOMENTUF : 6. GEVJC. 

DATA I S  F I T  OVER -T FRO* .CL TO . 1 1  I G E V J C l * * Z .  T  I S  THE MOMENTUM T R I N S F E R  BETUEEN THE C l N C O M l N G  PROTON1 I N C  THE 
I O E L T A I  l 2 3 8 l + l .  

F I T T E D  FORPULA I S  C-S IGVAJO-T  = b * E X P I B * T I  

HHERE C-S ISMAJD-T  I S  I N  M E / l G E V / C l * * 2  AND - T  I S  I N  I G E V I C I * * Z .  

F  I T T E O  VALUES 

A  = 2.96 +- . 5 t  
B  = 15.8 *- 2.9 

F I T  TO D I F F E R E N T I A L  CRESS S E C T I C N  FOR PROTON PROTOh - PROTON C E L T A 1 1 2 3 8 1 1 .  ( T A B L E  1 1  

LPBORATORY BEAY MOYEHTUW = 1 0 .  GEVJC. 

DATA I S  F I T  OVER -T FRCF - 0 1  T C  . I 3  I G E V I C l * * 2 .  T  I S  T H E  MOMENTUM T R I N S F E R  B E T k E E N  THE [ I N C O M I N G  PROTCNI  AND THE 
I D E L T A l  l 2 3 B l * l .  

F I T T E O ' F O R Y U L I  I S  C - S I C M b I C - T  = A I E X P I B I T I  

WHERE 0 - S I G H A I D - 1  I S  I h  M B / l G E V / C l * * 2  PNO -1 I S  I h  I G E V J C I * * 2 .  

F I T T E D  VALUES 

F I T  TO D I F F E R E N T I A L  CRCSS S E C T I C N  FOR PROTON PROTON * PROTON O E L T A 1 1 2 3 8 1 + .  I T b B L E  1 1  

LABORbTORY EEAY FOMENTUM = 15 .  GEVJC. 

DATA I S  F I T  OVER -T FRO? . 0 2  TO .13  I G E V J C I t t Z .  1 I S  THE MOMENTUM TRANSFER BETWEEN THE I l N C O M l N G  PROTON1 AN0 T H E  
I C E L T A I  l 2 3 8 l + l .  

F I T T E D  FORMULA I S  C-S IGMAID-T  - A * E X P I B * T I  

WHERE O-S IGUAJD-T  I S  I N  M B / I G E V J C l * * 2  AND - T  I S  I N  I G E V J C l * * 2 .  

F I T T E D  VALUES 



F I T  T O  C I F F E R E N T I A L  C R C S S  I E C T I C N  F O R  P R O T O N  P R C T O h  - P R O T O N  N * l 1 4 7 0 1 + .  I T A B L E  1 1  

L A B n R b T O R Y  B E A M  M O * E N T U I  = LC. G E V I C .  

D A T A  I S  F I T  O V E C  -T F R O P  . 0 1  T C  .I1 I C E V I C I * * 2 .  T  I S  T H E  M O M E N T U M  T R A N S F F R  B E T W E E N  T h E  I I N C O H l h G  P R C T C h l  P N C  T H E  
I N * l 1 4 7 0 1 + 1 .  

F I T T E D  F O R P U L A  I S  C - S I C L A I D - T  = P + E X P l B * T I  

WHERE O - S I G H A I C - T  I S  I N  H B / I G E V I C 1 * * 2  A N 0  -1 I S  I h  l G E V I C I * * Z .  

F l T T E C  V A L U E S  

F I T  T O  D I F F E R E N T I A L  C R C S S  S E C T I C h  F O R  P R O T O N  P R O T O h  a P R O T O N  N * l l 4 7 0 1 + .  I T A B L E  1 1  

L A B O R A T O R Y  P E A P  P O Y E h T U I  = 1 5 .  G E V I C .  

D A T A  I S  F I T  O V F P  -1 F R O I  . 0 2  T C  . 1 4  I G E V I C l * * Z .  T  I S  T H E  M O Y E N T U M  T R A N S F E R  B E T U E E N  T b E  I I N C O M I N G  P R O T O N l  A N 0  T H E  
l h * I 1 4 7 0 1 + 1 .  

F I T T E D  F O R P U L A  I S  C - S I S P L I O - T  = b * E x P l B + T 1  

WHERE C - S I G M b l L - T  I S  I N  M B / I G E V I C l * * 2  A N 0  -1 I S  I N  l G E V I C I * * 2 .  

F I T T E D  V A L U E S  

F I T  T O  C I F F E R E N T I A L  C R C S S  S E C T I C h  F O R  P R O T O N  P R O T O h  - P R O T O N  N * l l 4 7 0 1 + .  I T A B L E  1 1  

L A B O R A T O R Y  B E A Y  U O Y E N T U P  = 2 0 .  G E V I C .  

D A T A  I S  F I T  O V E R  -1 F R C Y  . O 2  T C  . 1 4  L C E V I C I * * 2 .  T  I S  T H E  M O N E N T U H  T R A N S F E R  B E T W E E N  T H E  I I N C O H I N G  P R O T C h l  A N D  T H E  
I N * (  1 4 7 0 1 + 1 .  

F l T T E D  F O R P U L I  I S  C - S I G M P I O - T  = A 8 E X P I B I T I  

F I T T E C  V A L U E S  

F I T  T O  D I F F E R E N T I A L  C R C S S  S E C T I C N  FOR P R O T O h  P R O T O N  - P R O T O N  N * 1 1 4 7 0 1 + .  [ T A B L E  1 1  

L A B O R A T O R Y  e E P P  P O P E N T U P  = 3 0 .  G E V I C .  

D A T A  I S  F I T  O V E R  -1 F R O P  . 0 7  T C  . I 3  I G E V I C l * * 2 .  T  I S  T H E  M O M E N T U M  T R A N S F E R  B E T b E E N  T t E  I l N C O M l N G  P R O T O N l  ANC T H E  
~ h * l 1 4 1 0 1 + 1 .  

F I T T E D  F O R L U L A  I S  C - S I G M A I O - T  = A * E X P I B * T l  

WHERE C - S I C M A I O - T  I S  T N  l B l l G E V l C l * l 2  A N 0  -1 I S  I N  I G E V I C l t * Z .  

F l T T E C  V A L U E S  

A  = 8 . 0 2  +-  4 . 2 c  
8  = 2 3 . 5  +-  5 . 1  

F I T  T O  O l F F E R E N T I A L  C R C S S  S E C T I C N  F O P  P R O T O N  P R C T O h  a P R O T O N  N * 1 1 5 2 0 1 + .  l T A 8 L E  I 1  

L A B O R A T O R Y  B E b Y  P O W E N T U Y  = 10. G E V I C .  

D A T A  I S  F I T  O V E R  -1 F R O P  . 3  T C  .8 l G E V I C l t t 2 .  T  I S  T H E  M O M E N T U M  T R A N S F E R  B E T W E E N  T H E  [ I N C O M I N G  P R O T O k l  A N 0  T H E  
I N * l I 5 2 C ~ + l .  

F I T T E D  F O R M U L A  I S  C - S I G M P I O - T  = A * E X P I B * T l  

WHERE O - S I G H A I O - T  I S  I N  M B I I G E V I C l * * 2  A N D  -1 I S  I h  l G E V I C I + * 2 .  

F I T T E D  V A L U E S  

F I T  T O  O l F F E R E N T l A l  C R C S S  S E C T I C h  F O P  P R O T O N  P R O T O N  - P R O T O N  N * l l 5 2 0 1 + .  I T A B L E  1 1  

L A B O R A T O R Y  P E A P  P O L E h T U M  = 1 5 .  G E V I C .  

D A T A  I S  F I T  O V E R  -1 F R O Y  . 2  T C  .4 I G E V / C l * * Z .  T  I S  T H E  M O M E N T U L  T R A N S F E R  B E T W E E N  T H E  [ I N C O M I N G  P R O T O N 1  A N 0  T H E  
I N * l 1 5 2 0 1 + 1 .  

F l T T E D  F O R M U L A  1 5  C - S I G M L I O - T  = A * E X P I B * T 1  

WHERE C - S I G M A I D - T  I S  I N  Y B / l G E V / C l * * 2  A N 0  -1 I S  I N  l G E V I C l * * 2 .  

F I T T E O  V A L U E S  

F I T  T O  D I F F E R E N T I A L  C R O S S  S E C T I C h  F O R  P R O T O N  P R O T O h  - P R O T O N  N * 1 1 5 2 0 1 * .  ( T A B L E  1 1  

L A B O R A T O R Y  B E A Y  Y O M E N T U Y  = 2 0 .  G E V I C .  

D A T A  I S  F I T  O V E R  - T  F R O ?  - 2  T C  -9 I G E V l C l * * 2 .  T  I S  T H E  M O M E N T U M  T R A N S F E R  B E T W E E N  T H E  [ I N C O R I N G  P R O T O N l  A N @  T H E  
I N * [  1 5 2 0 1 + 1 .  

F I T T E D  F O R M U L A  I S  C - S I C M A I D - T  - b * E X P I B * T l  

WHERE 0 - S I G M A I D - T  I S  I h  M B I I G E V I C l * * 2  A N 0  - 7  I S  I N  I G E V I C I * * Z .  

F I T T E C  V A L U E S  



1 0  O I F F E R E N T I L L  CRCSS S E C T 1 C h  FOR PROTOh PROTOh - PROTON N * 1 1 5 2 0 1 * .  I T A B L E  1 1  

LACORbTORY PEA*  POPENTUP = 30 .  GEVIC. 

DATA I S  F I T  OVER -1 FROP . 2  T C  .9 I G E V l C l * * Z .  T  I S  THE MOUENTUP TRANSFER BETWEEN THE I I N C C M l N G  P P O T O N I  AND THF 
I h * l l 5 2 C I + l .  

F I T T E D  FOPMULA I S  C - S I C P b I C - 1  = P I E X P I B * T I  

WHERE D - S I G M A I D - T  I S  I N  M B I I G E V / C l * * Z  AND -1 I S  I N  l G E V I C I * * 2 .  

F I T T E D  VALUES 

A  = - 3 6  +- .10 
0 = 4.3 t- .5 

F I T  TO O I F F E R E N T l b L  CRCSS S E C T I C N  FCR PPCTCh PROTON - PROTON ~ N * 1 1 6 8 B l + 0 .  I T P B L E  1 1  

LABORATORY BEAP YOYEhTUP = 1 0 .  C E V I C .  

OATA I S  F I T  OVER -1 FRCY . 0 1  TO - 0 0  l G E V I C I * * 2 .  1 I S  THE MOMENTUM TRANSFER B E T h E E N  THE I I N C O M I N G  PROTONI  ANC T H E  
I ' N * l l b B B l + ' l .  

F I T T E D  FORMULA I S  C - S I G M b l D - T  = A * E X P [ B * T l  

WHERE D - S I G M A I E - T  I S  I N  P B I l G E V / C l * * 2  AND -1 I S  I N  I G E V I C l * * Z .  

F I T T E C  VALUES 

F I T  TO O I F F E R E N T l b L  CROSS S t C T I C N  FOR PROTON PROTON + PROTOh ' N * I l b B 8 I ~ .  I T b B L E  1 1  

LAeORbTORY BEAM MOMENTUY = 15. GEVIC.  

DATA I S  F I T  OVER -1 FRO? .O2 TC .bO I G E V / C l * * Z .  T  I S  THE MOYENTUM TRbNSFER eETWEEN THE I I N C O M I N G  PROTON1 b N 0  THE 
L ' N * l l 6 B B l + ' 1 .  

F I T T E D  FORPULA I S  C - S I G M A I D - T  = b * E X P I B * T l  

WPERE D-S IGMAID-T  I S  I N  M B I I G E V / C l * * 2  AN0 - T  I S  I N  I G E V / C l * * Z .  

F I T T E O  VALUES 

b  = l . 6 1 * - . 1 7  
B  = 5.05 +- .3E  

F I T  TO O l F F E R E N T l A L  CROSS S E C T I C L  FOR PROTDh PPOTON - PROTON ~ N * l l 6 0 B l + ' .  I T A B L E  1 1  

LABORATORY BEAU HOPEhTUU = 2 0 .  GEVIC.  

OATA I S  F I T  OVER -1 FROM - 0 4  T O  .80  I G E V l C l * * Z .  T  I S  THE MUMENTUM TRANSFER B E T h E E N  THE I l N C C M l N G  PROTON1 PNC THE 
l ' N . l l b B B I + ' 1 .  

F I T T E D  FORMULb I S  D - S I G l b I O - T  = A * E X P l B * T I  

WHERE C-S IGMAID-T  I S  I h  M 8 l ( G E V l C l + * Z  AN0 -T I S  I N  I G E V I C l * * 2 .  

F I T T E D  VALUES 

A  = 1.47 +- .2C 
B  = 5.25 +- .4B 

F I T  TO O l F F E K E N T l A L  CRCSS S E C T I O N  FOP PROTOk PROTOh - PROTON ' N t ~ L 6 B B l + q .  I T A B L E  1 1  

LABORATORY BEAM LOMENTUY = 30 .  GEVIC.  

DATA I S  F I T  OVER -1 FROM . 0 7  TO .90  I G E V I C l * * 2 .  T  I S  THE POMENTUM TRANSFER BETWEEN TPE I I N C O H I N G  PROTONI  AND THE 
I . N * l l b B 8 1 + . 1 .  

F I T T E D  FORYULA I S  C - S I C P b l D - T  = A * E X P l B * T I  

WHERE C-S IGMAID-T  I S  I N  M B I I G E V I C l * * Z  AND -1 I S  I N  I G E V l C l * * 2 .  

F I T T E C  VALUES 

F I T  TO O I F F E R E N T L A L  CRCSS S E C T I C h  FOR PROTCN PROTOh * PROTON N I 1 2 1 9 0 l t .  [ T A B L E  1 1  

LABORATORY BEAP PCVELTUV = 2 0 .  GEVIC.  

DATA I S  F I T  OVER -1 FROM .07  TO - 8 0  I G E V I C l * * 2 .  T I S  THE MOMENTUM TRANSFER BETWEEN THE I I N C G M I N G  PROTONI  PNC THE 
L N * I 2 1 9 0 1 t l .  

F I T T E D  FORMULA I S  C - S I G M A I D - T  = A * E X P I B * T I  

WHERE 0 - S I G M b l O - 1  I S  I h  H B l l G E V / C I * * 2  ANC - T  I S  I h  I G E V I C I + * 2 .  

F l T T E D  VALUES 

A  = . 3 2 6  +- . a 7 2  
B  = 5.14 +- .5C 

F I T  TO D I F F E R E N T I A L  CRCSS S E C T I C N  FOR PROTON PROTON - PROTON N * l 2 1 9 O l + .  ( T A B L E  1 1  

LbeORbTORY e E b P  MOYENTUM = 30. GEVIC.  

DATA I S  F I T  OVER -1 FPOU .C8 7 C  .60 I G E V I C I * * 2 .  T  I S  THE MOMENTUM TRbNSFER BETWEEN T k E  [ I N C O M I N G  PROTONI  AND THE 
I N * ( 2 1 9 0 1 + 1 .  

F I T T E O  FORMULL I S  C - S I C P b I C - T  = b b E X P I B t T 1  

WHERE 0 - S I G P A I D - T  I S  I N  M B l l G E V / C 1 * * 2  AND -T I S  I N  I G E V I C l * * Z .  

F I T T E D  VALUES 

b  = . 2 7 4  +- .1CO 
6  = 5.07 +- .5C 



11431 STRLll:l:i ] I N  THE  A K W L A R  O I S T R l ? U T I C h  OF PR lJTOk -PPGTON E L A S T I C  S C A T T E R I N G  AT L A R G E  P O M E M l U v  TRANSFERS.  I C E P k  6 8 - 7  5 8 0  

J ~ V ~ A L L A B Y ~ A . N ~ O I D O E N S ~ A P K L @ V h I h G ~ i . L I L L E T H U h . J . S b C A P O I S K . S C H L U P M A N k  A.P.WETHEPELL [ E U R O P E A N  CQC. FCF  NUC. PES., 
GENEVA,  S h l T Z E R L b h C l  

C L O S E L Y  P E L D T E O  Q E F E P E N C E S  
T H I S  A R T I C L E  S U P E R S E C E S  PART  DF P W S .  L E T T E R S  2 3 ,  3 6 9  1 1 9 6 6 1 ,  A N 0  PHYS.  L E T T E R S  2 5 8 ,  1 5 6  1 1 9 6 7 1 .  

A C C I T I O h A L  C I T A T I O N S  
PHYS. R E V -  1 3 8 1  8 1 6 5  1 1 9 6 5 1 1  P H I S .  L E T T E R S  1 3 s  1 9 0  1 1 9 6 4 1 1  P H I S .  REV. 1 5 9 s  1 7 3 8  1 1 9 6 7 1 ,  PHYS. W V .  L E T T E R S  1 9 ,  1 1 4 9  
1 1 9 6 7 1 .  B N L  1 1 3 6 0  1 1 5 6 7 1 .  L C P L  1 6 2 7 5  1 1 9 6 6 1 .  U C R L  1 7 2 5 7  1 1 9 6 6 1 r  PPYS. R E V .  L E T T E P S  1 1 ,  4 2 5  1 1 9 6 3 1 ,  PHYS.  REV. L E T T F R S  
1 5 ,  4 5  1 1 9 6 5 1 ~  NUOVO C l M E N l O  3 8 s  6 0  1 1 9 6 5 1 ,  PHYS. REV. 1 5 2 .  I 1 6 2  1 1 9 6 6 1 .  PFYS .  REV. L E T T E P S  9 .  I 1 1  1 1 9 6 2 1 ,  PHYS.  REV. 
L E T T E R S  1 6 1  1 2 1 7  1 1 9 6 6 1 ~  A h 0  h U C V O  C I P E N T O  4 1 1  1 6 7  1 1 9 6 6 1 .  

A R T I C L E  R E d C  BY  O C E T T E  B E N b P Y  I h  1 / 6 5 ,  AND V E R l F T E r  BY L E R O Y  P R I C E .  

B E A M  IS PRCTON ON HYORCGEN C C M F C U ~ C  wen 7.1 T O  12.1 GEVIC. 

T H I S  E X P E R l P E N T  U S E S  C G L N T E K S .  

K E Y  HORCS - D I F F E R E N T I A L  C P C L S  I E C T l C h  F I T S  

COYPOUNO K E Y  WORDS - F I T S  C l F F E R E N T l A L  CRCSS S E C T l O N  

E L b S T l C  C l F F E R E N T I A L  C R C S I  S E C T I C N  FCP P R O T O h  PRCTCN. I T A B L E  1 1  

LABORATORY R E A P  P O P E N T U Y  : 7 . 1  +- .I C E V I C .  

T H E T A  
OEGREES 

C - S I G P b / C - O P E G A  
U B I S R  I 1 1  

P E R  C E N T  

T H E T A  I S  T H E  A h G L E  T P b T  T H E  P R C T O N  MAKES H I T #  THE B E b M  I N  T H E  GRAND C.H. 

I 1 1  P L U S  P O S S l P L E  S Y S T E P A T I C  EPROR O F  +- 7  PER CENT. 

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  F C R  P R O T G h  PRCTON. I T A B L E  1 1  

L A B O R A T O R Y  e E b M  MOHENTUY = 8 .1  +- .I G E V I C .  

I T H I S  OATA R E P L A C E S  V A L U E S  G I V E N  E A R L I E R  I N  b L L b P Y ,  E l  AL.. PHYS. L E T T E R S  2 5 8 .  1 5 6  1 1 9 6 7 1 1  

T H E T A  C - S I G P A I C - C Z E G A  
DEGREES U B I S R  Ill 

P E R  C E N l  

T H E T A  I S  T H E  A N G L E  T H A T  T H E  P R O T O N  M A K E S  H l T h  THE  BEAM I N  T H E  GRAND C.M. 

1 1 1  P L U S  P O S S I B L E  S Y S T E W A I I C  ERROR O F  *- 7  PER CENT. 

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O h  FCR P R O T C h  PRCTON. I T A B L E  1 1  

L A B O R A T O R Y  B E A U  POPENTUW = 9.2 +- .I G E V I C .  

I T H I S  D A T A  R E P L b C E S  V A L U E S  G I V E 4  E A R L I E R  I N  A L L A B Y .  E l  AL., PHYS. L E T T E R S  2 5 8 ,  1 5 6  1 1 9 6 7 1 1  

T H E T A  
OEGREES 

C - S I G M A I C - O M E G A  
U B I S R  Ill 

P E R  C E N T  

T H E T A  I S  T I E  A N G L E  T H A T  T H E  P R C T C k  WAKES W I T P  T H E  BEAM I N  T H E  GRAND C.H. 

L l I  P L U S  P O S S I B L E  S Y S T E V A T I C  ERROR O F  +- 7  P E P  CENT.  



E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FCR PROTOh PRCTON. I T A B L E  1 1  

LABORATORY BEAM MOLENTUY 1 0 . 1  +- . 1  GEVIC.  

I T H l S  DATA REPLACES bALUES G I V E N  E A R L I E R  I N  ALLACY,  E l  AL.. P H I S .  LETTERS 2 5 8 ,  1 5 6  1 1 9 6 7 1 1  

THETA 
OEGREES 

C-S IGYAIC-CYEGA 
U B l S R  I 1  1  

PER C E N l  
5.97CC +- 4  
5 . 5 8 0 0  4  
4 . 4 9 0 0  4  
?..*lCO 4  
2 . 5 1 0 0  4  
1.865C 4  
1 .3170  4  

. 9 8 8 C  4  

. 6 4 4 C  4  

. 4 8 1 0  4  

.3G50  4 

. 2 5 5 0  4  

. I 6 8 6  4  

. I 2 8 2  4  

. 0 5 3 4  4  

. 0 7 3 1  4  

.06CO 4  
. 0 5 1 6  4  

THETA I S  THE ANGLE T V A T  THE PROTON MAKES H I T H  THE BEAM I N  THE GRAND C.M. 

Ill PLUS P O S S l R L E  S Y S T E M A T I C  ERROR OF +- 7  PER CENT. 

E L A S T I C  DIFFERENTIAL C R O S S  SECT ICN F C R  PRO TO^ PRCTCN. [ T a e L E  11 

LABORATORY BEA*  MOMENTUY = 11.1 +- .I G E V I C .  

[ T H I S  DATA REPLACES VALUES G I V E N  E A R L I E R  I N  A L L A B Y ,  ET  AL.. P H I S .  LETTERS 2 5 8 .  1 5 6  1 1 9 6 1 1 1  

THETA 
OEGREES 

4C.C *- .2 

U e l S R  I 1 1  
PER CENT 

5 . 1 3 0 0  +-  4  

THETA I S  THE ANGLE THAT THE PROTOh MAKES U I T H  THE BEAY I N  THE GRANC C.M. 

Ill PLUS P O S S l 8 L E  S Y S T E Y A T I C  ERRCR OF r- 7  PER CENT. 

E L A S T I C  O I F F E R E N T I A L  CRCSS S E C T I C N  FCR PROTOL PRCTON. ( T A B L E  1 1  

LABORATORY eEbY MCMEhTUY = 12.1 +- .I G E V I C .  

T h E T A  
DEGREES 

4C.O +- . 2  
43.0 . 2  
46 .0  .2 
4 5 . 0  .2 
5 2 . 0  . 2  
55.0 .2 

C-SIGMA/C-OVEGA 
U e l S R  Ill 

PER C E N l  
3 . 5 2 0 0  +- 4  
1 .9500  4  
1 .0440  4  

- 5 5 4 0  4  
. 2 9 t C  4 
. 1 6 1 0  4  

THETA I S  T H E  ANGLE T k A T  T b E  PROTON MAKES H I T H  THE BEAM I N  THE GRAND C.H. 

Ill PLUS P O S S I B L E  S Y S T E Y A l I C  ERROR OF + 7 PER CENT. 

1 144 1  POL^:^^:^^" A N ~ ~ ~ o C ~ ~ ~ ~ ~ ~ ~ I ~ ~ A ~ A " , " , " , P ~ ~ " , ~ 6 ~ ~ A S U R E * I E N T S  I N  6 0 0  ME" ''"0"-PROTON S C A T T E R I K  U S I W  P O L M K Z E E  PROTOh 

G ~ C O I G N E T ~ O ~ C R O N E N B E R G E R L : K ~ K U R O C A P I L ~ M I C H A L C I C Z J C . O L V ~ E R M P O U L E T  J - T E I L L A C  [ I N S T .  OE PHYS. N U C L E A I R E .  CRSbY, FRANCE1 
H.BORGHINIIC.RYTER I C N T R .  O 'ETUCES NLC.  SACLAY. G IF -SUR-YVETTE.  F R A N C E 1  

ABSTRACT U S I N G  A P C L A R I Z E C  Cfi U N P O L A R l Z E C  PROTON BEAM P R E V I O U S L Y  D E S C R I B E 0  AN0 A  P O L A R I Z E D  PROTON TARGET 1 7 0  PEE C E N T 1  
WE MEASURE0 THE PARAWETERS P l T + E T A l  AND 1 C l h . N I I I T H E T A I  I N  THE ANGULAR I N T E R V A L  FROM 23 OEG. T O  1 0 4  OEG. I N  THE 
CENTER-OF-MASS SYSTEY AT ABOUT 6 0 0  HEV. THE E X P E R I M E N T A L  SET-UP AN0 THE MAY I N  WHICH THE DATA HERE C A R R I E D  Ol lT ARE 
OISCUSSED. RESULTS ARE PRESENTEC A N 0  COMPARED TC THOSE ALREAOV O B T A I N E D  I N  THE SAME ENERGY REGION.  

C  I T A T  I C h S  
J E T P  6  2 8  1 1 9 5 8 1 ,  JETP 1 7  98 1 1 V 6 3 1 ,  UCRL 1 1 4 4 0  1 1 9 6 4 1 ,  UCRL 1 1 8 7 7  1 1 5 6 5 1 .  NUOVO C I H E N T C  4 3 A .  7 0 1  1 1 9 6 6 l s  H E L V E T l C A  
P H Y S I C A  ACTA 3 8  b b C  l l Y 6 5 1 .  UCRL 1 1 1 4 9  1 1 9 6 4 1 r  NUCLEAR INSTRUMENTS AN0 METHODS 1 5 .  3 2 3  1 1 9 6 2 1 .  AND UCRL 1 1 5 6 5  1 1 9 6 4 1 .  

A R T I C L E  READ BY CCETTE BENARY I h  5 / 6 7 .  AhD V E R I F I E O  BY LERCY P R I C E .  

B E A Y  I S  PROTON Oh PROTON AT 1.212 G E V I C .  TARGET I S  P O L A R l Z E D  7 0  PER CENT I N O R P A L  TO T H E  BEbY O I R E C T I O N I .  

T H I S  EXPERlMENT USES CObNTERS. 

K E Y  YOROS - P O L b R l Z A T I C h  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



E L A S T I C  V l L A R l Z A T l C N  FCR PkOTCh PRCTCN. 

LARCRATIIRY BEAM ENERCY = .59> t- .On6 L E V .  

THETA P C L b F l Z P T l C E l  
CEGREES 

23.C .4446 +- . C 7 4 0  

THETA I S  THE ANGLE TbAT THE PROTCh MAKES h l T H  THE REAM I N  TUE GRANO C.N. 
THE POLARIZATION I S  CF THE PROTCN ALOhG THE NORMAL TO ThE PRODUCTION PLAhE I h  THE GRANC C.H. 

NEUTUTL-PROTON E L A L T I C  SCATTERIhC FRCY 3 TC 1 0  GEV. INUOVO CIWENTC 59P. I 1 1 9 6 9 1 1  u 
C.RESLIU.T.BESL1U~A.CONSTANTIhEICU,M.GAVRILAS,~.MIHUL,L.GHECPDDNESCU N.HbNGEb. l .TELEM4N.L .TEOOORESCUUI .T IPA [BUCHAREST 

STATE LNIV.,BUCHAREST.RCYAhlAl 
V.K4RhAUHUV.~V.I.HOROl, L.hEFEOEVA. I J C l h T  I h S T .  FCP hUCL. RESEARCt, OUBNA. USSR1 

ABSTRACT N E i  CATA Ch T t E  hEUTRCh-PROTUk C I F F E K C N T I A L  CROSS-SECTION I N  THE MOMENTUP-TRAhSFEP RANGE FRCM 0.06 TO 0 .30  
IGEVICISOUAREO,  FOR T k 0  EhERGY REGlGhS (FROM 3 TO 6  GEV AN0 FROM 6 TO 1 0  G E V l ,  ARE REPORTED. 

C I T b T I C L S  
PHYS. REV. LETTERS 16.  1 2 1 7  1 1 5 t 6 1 ,  NUOVO CIMENTO 4 I A r  1 6 7  1 1 9 6 6 1 ,  PHYS. sFV. LETTEPS 9, 5 0 9  1 1 9 6 2 1 ,  PRIBf lRL I TECH 
TECH. EXP. 1  4 1  1 1 9 3 9 1 ,  CUeNA P - 2 9 1 6  1 1 5 6 6 1 ,  DUBNb P - 1 4 6 8  1 1 9 6 3 1 .  LURh. EKSP. TEOR. F I Z .  44. 1 4 8 1  1 1 9 6 3 1 s  DURNA P 
1 1 3 6  1 1 9 6 3 1 ,  DUhNA P - 2 1 5  1 1 9 6 5 1 r  PhVS. REV. 9 6 .  4 4 0  1 1 9 5 4 1 .  LUPN. EKSP. TEOR. F l Z .  4 2 ,  3 9 2  1 1 9 6 2 1 ,  PHYS. LETTERS 7. 
8C I I Y b 3 1 .  OUBNA D-8801 OUBNA D - 7 0 8 ,  ZURN. EKSP. TEOR. F I I .  4 4 1  1 4 1 1  1 1 5 6 3 1 ,  JPCERN. F I Z .  1 1  1 3 4  1 1 9 6 5 1 ,  hUOVC 
CIYENTO L 9 A ,  9 7 9  1 1 9 6 7 1 ,  ZURh. EKSP. TEOR. F I Z .  44 ,  1 4 0 7  1 1 5 6 3 1 ,  PHYS. REV. LETTERS 11.  4 2 5  1 1 9 6 3 1 ,  PrYS.  REV. 
LETTERS 11, > 0 3  1 1 9 6 3 1 ,  P t V S .  REV. LETTERS 1 5 ,  4 5  1 1 9 6 3 1 .  PHYS. LETTERS I C I  3 7 6  1 1 9 6 3 1 ~  PHYS. LETTERS 1 0 1  5 4 3  1 1 9 6 3 1 1  
DNC CUBNA P - 2 4 2 4  1 1 9 6 5 1 .  

A R T I C L E  READ BY COETTE BENARY I h  2 1 b 9 s  AND V E R l F l E U  BY LEROY PRICE. 

BEAY I S  hEUTRON ON HEAVY L l C L l C  FROY 3 . E 2 6  TO 10.900 GEVIC.  IHEAM K I N E T I C  EhERGY = 3  TC 1 0  GEVl  

T H I S  EXPEPIMENT USES TI'F DUBNA 24 L I T E R  I H L B C I  BUBBLE CHAMBER. b  TOTAL CF 4 0 0 0 0  PICTURES ARE REPORTED Oh. 

KEY HCRCS - CROSS SECTI I IN  O I F F E R E N T I A L  CROSS SECTION F I T S  

COYPDUNC KEY WOPOS - F I T S  C I F F E d E N T l A L  CRCSS SECTION 

E L A S T I C  C I F F E R E N T I L L  CRCSS SECTION FCR NEUTRCN PROTON. 

OdTA I S  AVERACEO OVER LPBCRATORY BEbV MCMENTUY FRON 3. TO 6. GEVIC.  
hUYBEP OF EVENTS = 8 0 .  

I PRIVATE COMYUNICATICN FRCY C.BESLIU A P R I L  I 9 6 9  I 

-7 

I G E V I C  1 1 1 2  ARHITRLRY L N I T S  
F I N  MAX 
.02  0 4  63 .  r- 25. 
.04 .06  1 0 5 .  3C. . C t  .O'i 90 .  3C. 

s t .  2C. 
21. 6. 

T  I S  THE MOYENTU? TRAISFEP eETUEEN T t E  I l N C O M l N G  NEUTRONI AND THE IOUTGCING NEUTRONI. 

E L A S T I C  D I F F E R E N T I A L  CRCSS SECTICN FOR NEUTRCN PROTON. 

ObTb I S  AVERAGED CVER LABORATORY BEAP MCYENTUV FRCH 6. TC LO. GEVIC. 
NUWBER OF EVEhTS = LOO. 

I PXIVATE COMPlUMlCbTICN FRCM C.RESLIU 4 P R l L  1 9 6 5  1 

-T 
I G E V / C ) * * 2  I R B I T R b R Y  U h l T S  
YLN MAX 

T I S  THE YliMtNTUM TRANSFER B E T I E E h  ThE I I N C C H I N G  NEUTRON1 AND THE I D U T G r l N C  NEUTRONI. 

NEUTRCN PROTIIN F L A S T I C  CROSS SECTICh.  I P A G E  6 1  

I ASSUMING OPTICAL T t t l l Q E Y  4N0 T I K I N G  FCR THE TOTAL NP CRCSS SECTION THE VALUE OF 41.2 Y I L I B A R k S .  I 

LAeCPbTOi lY  
BEbV YOYEhTUV 

G E V l C  W I L I I - B A R N S  
Y l h  MAX 



F I T  TO E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T l O h  FOP NEUTRON PROTCN. I T A B L E  1 1  

D A T A  I S  F I T  OVER L C B C R A T C R Y  BEAM MOMENTUM F R D P  3.  TC b .  G E V I C .  

D A T A  I S  F I T  CVER T  FRCM . 0 6  1 0  .3O I G E V / C I * * Z .  T  I S  T H E  MOMFNTUM T R A N S F E K  BETWEEN THE I l N C O M l N G  h E U T R C h l  AND T H E  
I C U T G O I N G  N E U T R O L I .  

F I T T E D  FORMULA I S  NC. E V E N T S  = P I E X P I - R * T I  

u h E R E  T  I S  I h  I G E V I C l * * Z .  

F I T T E D  V A L U E S  

8 = b.F +- 1 . C  

F I T  TC E L A S T I C  D I F F E R E N T I A L  CROSS S E C T I O N  FOR N E U T R O h  PROTON, I T A B L F  1 1  

DATC I S  F I T  DVEF  L A B O R A T C R Y  A E b l  MOMEhTUH FRCY 6. T C  10 .  G E V I C .  

DATA  I S  F I T  CVER T  F R C Y  - 0 6  T C  . 3 0  I G E V I C I * + 2 .  T  I S  T H E  MOMENTUM T R A N S F F R  BETWEEN T H E  L I N C O M l N G  N E U T R O N 1  AND T H F  
I C l J T G O l N G  N E U T R C N I .  

F I T T E D  F O R Y U L A  I S  NC. E V E N T S  = A I E X P I - B I T 1  

WHERE 5 I S  l h  I G E V / C l * * i .  

F I T T E C  V A L U E  

8  = 8.6 *- .9 

151 A B S O L U T E  MEASUREMENTS CF  F R n T C h - P R C T O N  SWALL-ANGLE E L A S T I C  S C A T T E R I N G  A N 0  T O T A L  C R O S S  S E C T I O N S  A T  1 0 .  1 9 ,  AND 2 6  GEV/C .  
I P H Y S .  L E T T E R S  1 4 ,  1 6 4  1 1 5 6 5 l I  

G ~ B E L L E T T I N I ~ G ~ C O C C O N 1 ~ A . h . O l D O E N S . 5 ~ L I L L E T H U N ~ J . P P H L J . P . S C b N L O N J . W A L T E R S  ,A.M.WETHEPELL,P.ZANELLA L E U R C F E A N  FPG.  FOR NU1 
RES. v GENEVA,  S h l T Z E R l C h C I  

C I T A T I O N S  
PHVS. REV. 1 7 8 ,  5 7 9  1 1 9 5 9 ) .  P F Y S .  R E V .  L E T T E R S  9. 1 0 8  1 1 9 6 2 l s  S I E N N A  C C N F E R E N C E  1 5 9 3  1 1 9 6 3 1 1  PHYS. REV. 1 3 0 ,  1 1 0 2  
1 1 9 6 3 l t  PHYS. R F V .  L E T T E R S  1 1 ,  4 2 5  1 1 9 6 3 1 .  S I E N N A  CONFERENCE 1  5 9 8  1 1 9 6 3 1 ,  C E R N  6 4 - 3 0 P . 1 8 3  1 1 9 6 4 1 s  CERN 6 4 - 3 0 P . 2 1 1  
1 1 9 6 4 1 r  A N N A L S  O F  P H Y S I C S  3 ,  1 5 C  I l 9 5 E l ,  PHYS.  L E T T E R S  1 2 .  2 5 2  1 1 9 6 4 1 .  PHYS. L E T T E R S  1 4 ,  5 4  1 1 9 6 5 1 .  PFYS .  L E T T E R S  1 3 ,  
9 3  1 1 5 6 4 1 ,  DUBNA E - 1 8 2 0  1 1 9 6 4 1 s  A N 0  P h Y S .  L E T T E R S . 1 3 .  1 0  1 1 9 6 4 1 .  

P R O T C N  PROTCN T O T A L  CROSS S E C T I C N .  I T A B L E  1 1  

LABORATOR' i  
e F b l  P C V E L T U M  

G E V l C  M I L L I - B A R h S  
1 0 . 1 1  40.C + -  .3 
1 5 . 3 3  3 8 . 9  . 3  
2 t . 4 2  38 .0  .? 

T t E  R E / I H  R A T l C  FCR T H E  FORWARD E L A S T I C  A P P L I T U D E  FOR PROTON PROTON. [ T A B L E  1 1  

I T H E S E  V A L U E S  ASSUME T H A T  T H E  S P l h - C E P E N D E L T  C C N T R l B U T l O N  I S  ZERO I 

L A B O R A T O R Y  
e E b n  MCMENTUY 

G E V l C  
1 0 . 1 1  

1 1  A N  I N V E S T l G b T I O N  O F  THE 1.4 GEV N U C L E C h  I S C B A R  I N  PROTON-PROTON I N T E R A C T I O N S .  I P H Y S .  L E T T E R S  2 8 0 .  1 5 5  I 1 9 6 8 1 1  - T . H . T A N I M . L . P E R L . F . P A R T I N  I S T d h F C R C  L l h E A R  ACCEL .  CNTR., S T A h F G R D , C A L I F . .  U S A 1  
W - C H I N O d S K Y , R . R . K I N S E Y , S . L . K L E I h ~ P . S C H V I C T  1b.C. LAWRENCE RAO. LAB.,  B E R K E L E Y .  C A L I F . ,  U S A 1  
V.PANOELKERN,J.SCHULTZ IUHIV. C F  CALIFCRNIA, IRVINEI CALIF., U S A ]  

A B S T R A C T  THE P R O D U C T I O N  O F  h r I l 4 C C l  I S O B A R  I N  T H E  R E A C T I C N  PP - P  N * + 1 1 4 0 0 1 ,  WHERE N * 1 1 4 0 0 1  . N P I +  AND P P I O .  1 5  
I N V E S T I G A T E D  H I T H  T H E  A l C  C F  O N E - P I O N  EXCHANGE MOOEL. T H E  O N E - P I O N  E X C H A N G E  Y E C H A N I S M  DOES N O T  SEEM TO C O M I N A T E  T H E  
P K O O U C T I O N  PROCESS. THE  L S O S P l N  C F  N * 1 1 4 0 0 l  I S  F C U K D  T O  RE I = 1 1 2 ,  A N 0  T H E  E L A S T I C I T Y  OF THE RESONANCE I S  E S T I M A T E D  
TC R E  0 . 6 6 .  

C I T A T I O N S  
PHYS. RFV. L E T T E R S  1 2 1  3 4 0  i I 5 6 4 1 1  PHYS.  L E T T E R S  2 6 8 ,  I b l  1 1 9 6 8 1 ,  PHYS. REV. 1 6 5 1  1 7 3 0  ( 1 9 6 8 1 .  PhYS .  REV. L F T T F R S  1 3 ,  
3 9 1  1 1 9 0 7 1 ,  PHYS. REV. L E T T E R S  1 7 ,  7 8 9  1 1 9 6 6 1 .  PHYS. R E V -  L E T T E R S  1 6 ,  8 5 5  l l 9 b 6 ) ,  NUOVO C I M E N T O  3 5 1  1 0 5 2  1 1 9 6 5 1 .  
PHYS.  L E T T E R S  8, 1 3 4  1 1 5 6 4 1 .  PFYS .  REV. L E T T E R S  1 7 ,  7 8 9  1 1 9 b b l l  AND YUOVO C l F F N T O  4 0 4 .  8 9 9  1 1 9 6 5 1 .  

A R T I C L t  P E A C  EY O C E T T E  EENARY I N  1 / 6 5 ,  A N D  V E R I F I E C  OY L E R C Y  P R I C E .  

8 E b P  I S  P R C T C N  ON PROTCN AT  6.C) G E V I C .  

T H I S  E X P E R I M E N T  USES TI-E L.R.L. 7 2  I b .  I H i  B U R B L E  CHAMBER. 

K E Y  WORDS + CROSS S E C T I O N  MASS S P E C T R U *  MCOELS N t l  L 4 7 O l P l l  D I F F E R E N T I A L  CRCSS S E C T I C N  F I T S  
D t L T A l l 2 3 8 )  N + 1 1 5 Z O I O l P  . N * l l 6 8 8 ) '  

CCPPOUN?  K E Y  WCROS + F I T S  O I F F E R E 4 1 1 A L  CROSS S E C T I O N  



I F R O P  PAGE 1 9 5  ANC T A B L E  1 1  

LABORATORY e E A r  MOWENTCU - 6 . 0 7  GEVIC.  

R E A C T I C N  
PROTOh PRCTCN 

PRGTCN NEUTRON P I +  
PROTON PROTON P I 0  
PROTON D E L T b 1  1 2 3 8 1 +  

0 ~ ~ 1 ~ 1 1 2 3 8 ; +  - NEUTROh P I +  1 1 1  
PROTON N I I 1 4 7 0 l t  

N * 1 1 4 7 0 l t  . NEUTRON P I +  I 2 1  
PROTON N * 1 1 5 Z O I +  

N + 1 1 5 2 0 1 +  . NEUTROh P I *  Ill 
PROTON ' N * l l b 8 8 l r ~  

' N l I l b B 8 l t '  - NEUTRON P I *  1 1 1  
PROTON D E L T A l l 2 3 8 1 +  

O E L T A l l 2 3 8 I +  r FROTCN P I 0  1 1 1  
PROTCN N.1 l 4 7 D I t  

N * l 1 4 7 0 l *  PROTON P I 0  1 2 1  
PROTCN N * l l 5 2 0 ) +  

N * 1 1 5 2 0 ) +  - PROTON P I 0  I l l  
PROTON ' N * I l 6 8 8 l t o  

' N * 1 l 6 8 8 l r B  r PROTON P I 0  1 1 1  

M I L L I - B A R N S  

0 . 7 0  +- . 5 0  
2.80 .30 

. 2 8  .08  

.27  . I 3  

.15  - 0 9  

. 1 9  . c 9  

. 5 2  - 1 3  

.I1 . 0 9  

.08 .05 

.LO . 0 5  

Ill F I T T E D  D I S T R I B U T l O N  W l T H  F I X E O  PASS AND WIDTH AND TOOK EVENTS ONLY ABOVE I F I T T E D I  RACKGROUND. 
I 2 1  F I T T E D  FOR MASS AND/OR WIDTH I MbSS - 1 .390  GEV: W I D T N  = . I 5 0  GEV 1. AND THEN TOOK ONLY EVENTS ABOVE I F I T T E D I  

BACKCROUND. 

F I T  TO D I F F E R E N T I A L  CROSS S E C T I C N  FOR PROTON PROTON . N * l 1 4 7 D I +  PROTON. I P A G E  1 9 1 1  

LABORLTORV BEAM MOMENTUP = b .C7  G E V I C .  
F I T T E D  FORMULA I S  O - S I G Y A I O - T  = A * E X P l A L P H A * T l  

YHERE D - S I G M A I D - T  I S  I h  M B I l G E V l C I " 2  AN0 -1 I S  I N  I G E V I C I * * 2 .  T  I S  THE MOMENTUM TRANSFER BETWEEN THE 
L I N C O M I N G  PROTONI  AND THE I N * I 1 4 7 0 1 + l .  

F I T T E D  VALUE 

ALPHb = 10 .4  +- 1.0 

W . C A L B R A l T H . E . H . J E N K I N S , T . F . K Y C I A , B . A . L E O N T I C , R . H . P H L L P S A L . R E A O  I e R C O K H A V E N  NAT. LAB., UPTON. L.1.. N. Y., U S A 1  
R .RUB1NSTEIN I C O R N E L L  UNIV.,  I T t A C A .  h. Y.. U S A 1  

TRACT THE TOTAL CROSS S E C T I O N S  S I G C A I T I  C F  P. A N T I - P I  CHARGED P I  AND CHARGEC K  ON HYDROGEN AND DEUTERIUM HAVE BEEN 
MEASURED BETWEEN 6  AND 2 2  C E V l C  L T  I N T E R V A L S  OF 2  G E V I C  T O  AN ACCURACY GREATER THAN PREVlOUSLY REPORTED. THE METHOD 
UTILILED W A S  A CONVENTION~L GCCC-GECMETRI TRANSMISSION EXPERIMENT WITH SCINTILLATION COUNTERS SUBTENDING VARIOUS 
S O L I D  ANGLES PT TARGETS OF L l D U I C  H I 2 1  AND D I 2 I .  W l T P  THE INCREASE I N  S T A T I S T I C A L  ACCURACY O F  THE O A T A ~  I T  MAS FOUND 
THAT A  P R E V I O U S L Y  ADOPTED PROCECUQE OF L I N E A R L Y  EXTRAPOLATING TO ZERO S O L I C  ANGLE THE P A R T I A L  CROSS SECTIONS MEASURED 
AT F I N I T E  S O L 1 0  ANGLES h b S  NOT b S U F F I C I E N T L Y  ACCURATE PROCEDURE FROP WHICH TO DEOUCE S I G M A l T I .  THE PARTICLE-NEUTRON 
CROSS SECTIONS ARE D E R I V E C  BY A P P L Y I N G  THE GLAUBER SCREENING CORRECTION T C  T H E  DIFFERENCE BETWEEN THE 
PARTICLE-DEUTERON AND PARTICLE-PUOTCN CROSS SECTIONS.  THE TOTAL CROSS S E C T I O N S  OF P l t D  AND P I - D  ARE EOUAL AT A L L  
MEASURED MOMENTA, WHICH CONFIRMS THE V A L I D I T Y  OF CHARGE SYPHETRV UP TO 2 0  CEVlC .  RESULTS ARE PRESENTED SHOWING THE 
V A R I A T I O Y  OF CROSS S E C T I O N S  W I T H  MDMENTUMi E V I D E N C E  I S  PRESENTED FOR b SMALL BUT S I G N I F I C A N T  DECREASE I N  PP T O T A L  
CROSS S E C T I O N S  A N 0  PN TOTAL CRCSS S E C T I O N S  I N  THE WOMENTUP R E G I O N  b 8 O V E  1 2  GEV/C. 

C I T A T I C l r S  
F O R T S C H R I T T E  DER P P Y S I K  9, 5 4 5  ( 1 9 6 1 1 .  PHYS. REV. L E T T E R S  10 ,  2 6 2  1 1 9 6 3 1 ,  PHYS. REV. LETTERS 1 3 1  2 0 5  1 1 9 6 4 1 ,  PHVS. REV. 
L E T T E R S  1. 1 8 5  1 1 9 6 1 1 ,  PPYS. REV. L t T T E R S  7. 3 5 2  1 1 9 6 1 1 .  P H I S .  REV. L E T T E R S  5 ,  5 7 6  1 1 9 6 0 1 ,  PHYS. REV. LETTERS 7 ,  1 2 7  
1 1 9 6 1 1 1  P W S .  REV. L E T T E R S  8 ,  1 7 3  1 1 9 6 2 1 ,  P W S .  REV. L E T T E R S  9 ,  3 2  1 1 9 6 2 1 .  NUOVO C I V E N T C  3 4 7  8 2 5  1 1 9 6 4 1 ,  PHYS. REV. 
1 2 5 ,  2 2 8 5  1 1 9 6 3 1 .  PHVS. REV. 1 2 3 .  1 8 5 0  1 1 9 6 1 1 .  I h T ' L .  CCNGQESS O h  NUCLEDW PHYSICS7PAR1S.FRANCE 1 6 2  ( 1 9 6 4 1 ,  J E T P  1 5  
2 1 2  1 1 9 6 2 1 .  JETP 1 8  1 2 3 9  1 1 9 6 3 1 ,  PHYS. REV. L E T T E R S  3 ,  2 8 5  1 1 9 5 9 1 ,  PHYS. REV. 1 2 8 ,  8 6 5  1 1 9 6 2 1 ,  PHYS. PEV. 1 0 0 .  2 4 2  
( 1 5 5 5 1 1  PHYS. REV.  1 2 3 .  3 2 0  1 1 5 6 1 1 ,  PkYS. REV. L E T T E R S  1, 1 8 2  1 1 9 6 1 1 r  JETP 3 1  4 9 9  1 1 9 5 8 1 ,  NUOVO CIMENTC 1 4 ,  9 5 1  1 1 9 5 9 1 .  
NUOVO T I M F N T O  1 8 .  9 4 7  t l F 6 C 1 .  PhYS. REV. L E T T E R S  9. 1 0 8  1 1 9 6 2 1 .  PHYS. REV. LETTERS 1 0 ,  3 7 6  1 1 9 6 3 1 1  PHYS. REV. . . - - . - . . . . . . ~ - -  - 

L E T T E R S  1 0 ,  5 4 3  1 1 9 6 3 1 .  PbVS.  REV. L E T T E R S  1 1 9  4 2 5 ' 1 1 9 6 3 1 ~  PHYS. REV. L E T T E R S  11. 5 0 3  1 1 9 6 3 1 ,  UCRL 3 4 2 1  1 1 9 5 6 1 ~  
NUCLEAP E L E C T R O N I C S  1. 6 3  1 1 9 6 2 1 .  R E V I E h  OF S C I E N T I F I C  INSTRUMENTS 2 5 ,  1 0 7 C  1 1 9 3 4 1 ,  PPVS. REV. 1 3 5 .  B 3 5 e  1 1 9 6 4 1 ,  
PHVS. L E T T E R S  1 4 ,  1 6 4  1 1 5 6 5 1 s  PPYS. REV. 1 3 4 .  8 6 3 3  1 1 5 6 4 1 ,  AND PHYS. REV. 1 3 4 1  B b 3 C  1 1 9 6 4 1 .  

BEAM NO. 1 I S  P I *  ON PROTCh F F C U  6  T C  2 0  GEV/C. 
NO. 2  I S  P I -  ON P R O l O k  FRCM 6  TO 2 0  GEVIC.  
NO. 3 I S  P l +  Oh  DEUTERON FRCM 6  TO 2 0  G E V l t .  
NO. 4  I S  P I -  ON DEbTERCh FRCW 6  TC 2 0  GEVIC.  
NO. 5 I S  K +  ON DEUTERCh FROM t T o  2 0  GEVIC.  
NO. 6 I S  K t  CN P C O T C N  FRCH 6 T C  2 0  CEVIC.  
NO. 7 1 5  K- C N  CEUTFRCL F R O M  b TO 1 8  GEYIC.  
NO. s i i  r -  CN PCUTON-FRCH-6  TO Z O - C E V I C .  
NO. 9 I S  PRCTCN CN CEUTEROh F R C l  6  TC 2 2  GEV/C. 
NO. 1 0  I S  P R t T J N  CN P R O l C h  FRO? 6 TO 2 2  GEVIC.  
hC. 1 1  I S  A N T I - P R C T C h  Ch  CEUTERCh FROM 6  TO 1 8  GEVIC.  
NO. 1 2  I S  A N T I - P R C T O h  O h  PROTCh FRCP 6  TC 1 8  GEVIC.  

T t I S  E X P E R I Y E N T  USES CCLNTERS.  

K E Y  WCROS - CROSS S E C T I C N  

K t  CEUTERON T O T A L  CROSS S E C T I O N .  I T A B L E  3 1  

LABORATORY 
@EAP YCMEhTUM 

GEV/C Y I L L I - B A R h S  
PER CENT 

6 .  +- 1 . 1 5  3 3 . 4  + -  .3  
8. 1 .75  3 3 . 9  .3 

10. 1 . 7 5  33.8 .3 
1 2 .  1 .15  3 3 . 9  .3 
4  1.15 33.8 .3 



K t  P R O T t N  T C T b L  CROSS S E C T I O N .  I T b B L E  3 1  

L A B O R A T O R V  
e E b n  WHENTUU 

G E V l C  U l L L  I - R b R h S  
PER C E N T  

6. *- 1.75 17.C + -  . 1  
8. 1 . 75  17.3 . 1  

1 0 .  1 . 7 5  1 7 . 3  . 1  
1 2 .  1 . 1 5  17 .3  . 1  
1 4 .  1.75 1 7 . C  .1 
1 6 .  1 . 7 5  1 7 . 0  . 1  
1 8 .  1.75 1 7 . 1  .I 
2 0 .  1 . 7 5  17 .5  .I 

K +  N E U T R O N  T O T b L  CROSS S E C T I O N .  I T A B L E  3 1  

1 U N F O L D E D  FROM D E L T E R I b L  L A T A  I 

L A B C R A T O R Y  
BEAM WOUENTUN 

G E V l C  M I L L I - A b R N S  
PER C E N T  

K -  C E U T E R C N  T O T A L  CROSS S E C T I O N .  [ T A B L E  3 1  

L A B O R A T O R Y  
B E A M  I C M E N T U W  

G E V l C  
PER C E N T  

K-  P R C T C N  T C T A L  CRCSS S E C T I O N .  I l b B L E  3 1  

L A B O R A T O R Y  
e E A M  MOUENTUH 

G E V l C  M I L L  I - B A R N S  
PER CENT 

K- N E U T R O N  T O T A L  CROSS S E C T I O N .  

I U N F U L U E O  F R C V  O E L T E R l U V  C b T L  I 

L A B C E A T C P Y  
B E b H  MOMENTUM 

GEVIC MILLI-BPRNS 
PER C E N T  

6.  +- 1 . 7 5  21.5 +- .4 

P I +  P R D T C h  T O T A L  CROSS S E C T l O h .  I T A B L E  2 1  

L A 8 O R A T C R V  
BEAM Y C M E N l U M  

G E V l C  Y l L L I - B A R N S  
P E R  C E N T  



P l -  PROTON TOTPL CROSS SECTION. [TABLE 2 1  

LABORATORY 
BEAY PC-ENTUN 

GEVIC H I L L I - B A R L S  
PER CENT 

P I +  DEUTERON TOTAL CROSS SECTlOh. [TABLE 2 1  

LABORATCRY 
BEAV MOHENTUH 

G E V ~ C  - H I L L I - B A R N S  
PER CENT 

6. + 1.75 52.0 +- . 5  
8. 1.75 50.5 - 5  

P 1 -  DEUTERCN TOTAL CRESS SECTlOh.  I T A B L E  2 1  

LABORATORY 
EEAM MOMENTUM 

GEVlC MILLI -BARNS 
PER CENT 

6. +- 1.75 52.7 +- .5 
8. 1.75 51.0 .5 

10. 1.75 49.3 .5 
12. 1.75 47.9 - 5  
14. 1.75 47 .1  . 5  
16. 1.75 46.4 .5 
18. 1.75 4 . 4  . 5  
20. 1.75 45.8 . 5  

PROTON DEUTERON T O T A L  m o s s  S E C T ~ ~ .  

LABOR4TORI  
EEAM HCHENTUR 

GEVlC H l L L l - B P R h S  
PER CENT 

6. r-  1.75 77 .4  +- 1.3 

PROTON PROTON TOTAL CROSS SECTICh. 

LABORATORY 
B€&M MOMENTUM 

GEVlC R I L L  I-BARNS 
PER CENT 

6. +- 1.75 40.6 +- . t  
8. 1.75 

LO. 1.75 
12. 1.75 
14. 1.75 
16. 1.75 
18 .  1 .75  
20. 1.75 
22. 1.75 

PROTON NEUTRON TOTAL CRCSS SECTION. I T A B L E  4 1  

I UNFOLDED FROW CEUTERIUP CATA. ) 
GLAUAER CORPECTlCN A P P L I E D  

LABORATORY 
eEeM MOHENTUH 

GEVIC M l L L l - B A R N S  
PER CENT 



LABCRATORY 
PEP? LCMENTUW 

G E V I C  
PER C E N l  

6 .  +-  1.75 

PBAR PROTON TOTAL CROSS S E C T I C N .  I T A B L E  4 1  

LbBDP4TORY 
8 E b V  MOMENTUM 

G E V l C  M I L L I - B A R N S  
PER CENT 

6. +- 1.15 5 9 . 3  r- 1.1 

NEUTRON PBbR T O T A L  CRCSS S E C T I C N .  l T 4 e L E  4 1  

I UNFOLDED FROM O E U T E R I U P  OATA L  

LABOR4TORY 
REAP YCPEhTUM 

G E V l C  M l L L I - B A R h S  
PER CENT 

1 149 1 NEb lRON-PROTON E L 4 S T I C  S C A T T E P l h G  FRO* I T C  b  GEV. CPHYS. R F V .  L E T T E R S  16, 1 2 1 7  1 1 9 6 6 1 1  

M . h . K R E I S L E P . F . M A R T I N l r . L . P E P L  1STAhFCRO UNIV.,  STANFORO, C 4 L I F . 7  b S A l  
U.J.LONGG.S.T.POhELL 1 1 1 ,  I U h l V .  OF M I C H I G b h l  ANN bR8OR.  YlCH..  U S A 1  

C l T A T I C h S  
PHYS. REV. L E T T E R S  1 5 ,  3 e  1 1 9 b 5 1 ,  NUOVO C I M E N T O  6 1 .  1 6 7  1 1 9 6 6 1 ,  PHYS. REV. LETTERS 11 ,  2 8 7  1 1 9 6 3 L .  PHYS. REV. L E T T E R S  
1 5 1  8 3 8  1 1 9 6 5 1 ,  RUTHEPFORD H I G H  ENERGY L 4 8 .  R P P l H l l 3  1 1 9 6 6 1 ,  J l N R  J l h R - E 2 4 1 3  1 1 9 6 5 1 ,  UCPL 1 1 4 4 1  1 1 9 6 4 1 .  NUDVO CIMENTO 
2 7 .  0 5 6  1 1 9 6 3 1 ~  AN0 FhYS. REV. 1 3 7 1  8 7 0 8  1 1 9 6 5 1 .  

P R T l C L E  R E A P  BY OCETTE BENARY I h  1 / 6 9 .  AND V E R I F I E D  BY LEROY P R I C E .  

BEAM I S  NELTRON Oh PROTOh FPCM 1 .697  TO 7 .179  G E V I C .  I B E A M  K I N E T I C  ENERGY = 1.0 TO 6.3 GEVL 

T H I S  EXPERLPENT USES SPARK CHbPFEPS.  

K E Y  WORDS - O I F F E R E N T I A L  CROSS I E C T I C N  F I T S  

COMPOUND KEY WGROS - F I T S  D l F F E R E N T l P L  CROSS S E C T I O N  

E L A S T I C  O I F F E R E N T I 4 L  CRCSS S E C T l O h  FCR K E U I R C N  PROTON. I F l G U R E  2 1  

DATA I S  AVERAGED GVER L P e C F A T C R I  PEAM EhERGY FROW 1. T C  2. GEV. 

................................... . T H I S  OATA MAS READ FPOW 3  GRAPH . ................................... 
-1 0 - S I G V A I C - T  

l G E V / C l * * 2  Y R / I G E V / C l * * 2  

T  I S  TME POMENTU* TRAhSFER BETWEEN T k E  I I N C C U I N G  NEUTRON1 4 N 0  THE I O U T G O I N G  NEUTPONI .  



E L A S T I C  D I F F E R E N T I A L  CRCSS SECTION FCR NEUTRCN PROTON. [F IGURE 2 1  

DATA I S  AVERAGEC OVER LABORATORY PEbP ENERGY FROM 2. TO 3. GEV. 

................................... . T H I S  DATA hAS REAO FROY D GRPPh . ................................... 
-T O-SICPA1O-T 

I G E V I C I * * 2  M B / ( G E V / C I * * 2  
.25 24.00 +- 2.00 
. 3 5  15.0C 2 .00  
.45 5.40 .7C 
.55 5.60 .60 
- 6 5  2.65 .45 
.75 1.10 .30 
.90 1.15 .30 

1.00 1.05 .25 
1.20 .80  .15  
1 .40  .40  - 1 0  
l .8C .40 .05 
2.5C . I b  .03 
3 .20  - 1 5  .C4 

T  I S  THE MOMENTUM TRANSFER BETWEEk THE [ INCOMING hEUTROH1 AN0 THE [OUTGCING NEUTRON). 

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T l O h  FOR NEUTRCN PROTON. f F I G U R E  2 1  

OATA I S  AVERAGED EVER LPBORATORY BEAM EhERGY FROV 3. TO 4. GEV. 

T  I S  THE MOMENTUM TRANSFER BEThEEh THE [ INCOMING NEUTRON1 ANC THE IOUTGCING NEUTRONI. 

E L A S T I C  D I F F E R E N T I A L  CROSS SECTION FCR NEUTRCN PROTON. [F IGURE 2 1  

OATA I S  AVERAGED OVER LPEORATORY eEAM ENERGY FROY 4. TC 5. GEV. 

................................... . T H I S  O A T I  WAS REAO FRCY P GRAPH . ................................... 

T  I S  THE MOMENTUM TRANSFER BETWEEN THE I l N C C M l N G  NEUTRCNI AND THE IOUTGCING NEUTRON]. 

E L A S T I C  D I F F E R E N T I A L  CRCSS SECTION FCR NEUTRCh PRCTON. ]F IGURE 2 1  

OATA I S  AVERAGEC OVER LAeCPATCRY PEA+' ENERGY FROM 5.0 TC 6.3 GEV. 

T  I S  THE MOMENTUM TRANSFER EETUEEN THE [ INCOMING NEUTRChl  ALC THE IOUTGOING NEUTRONI. 



F I T  TO E L A S T I C  O I F F E R E N T I A L  CRCSS S E C T I O N  FOP NEUTROh PRCTCL. I T D B L E  1 1  

CAT4 I S  F I T  OVER LbBCRATCRY B E b *  ENERGY FRCM 1. TC 2 .  GEV. 
F I T T E D  FORMULA I S  0 - S I G u b l O - T  = 4 * E X P l - B * T I  

MPEPE 0 - S l G M b I C - T  I S  I N  H R / I G E V / C I * * 2  AND T I S  I N  I G E V I C I * * Z .  T I S  THE MOYENTUY TRANSFER BETWEEN THC 
I I N C D M l  h G  hEUTRON l AND THE I C U T G O I N G  NEUTRCN I. 

F I T T E D  VALUE 

F I T  T C  E L A S T I C  O I F F E R E N T I C L  CRCSS S E C T I O N  FOR NEUTPCh PROTON. [ T A B L E  1 1  

DATA I S  F I T  CVER LARORATCRY BEbY ENEPGY FRCF 2. TC 3. GEV. 
F I T T E D  FORPULA I S  C-S IGMDIC-T  = A l E X P I - R t T I  

HHERE 0 - S I G M A I D - T  I S  I h  V . @ / l G E V l C l * * Z  AND T I S  I N  I G E V I C I * * Z .  T I S  T h E  MOHFNTUM TRANSFER BETWEEN THE 
I I N C O M l h G  L E U T R l I N l  bND THE I C U T G O l N G  NEUTRONI .  

F I T T E D  VALUE 

F I T  TO E L A S T I C  O I F F E R E N T l b L  C R C I S  S E C T I C N  FOR NEUTRON PROTCN. I T A B L E  1 1  

DATA I S  F I T  EVER LDRCRATCPY e f D Y  ENERCY FROP 3. TO 4. GEV. 
F I T T E D  FORMULA I S  O - S I G P A I O - 1  = A + E X P l - 8 * T I  

WHERE C-S IGMbfO-T  I S  I N  M B l l t E V / C l * * Z  AND 1 I S  I N  l G E V I C l * * 2 .  T 1 5  THE MDMEhTUV TQbNSFER B E T h E E K  T b E  
[ I N C O M I N G  NEUTRON1 AND THE I C U T G C I N G  NEUTRONI .  

F I T T E C  VDLUE 

8 = -6 .655  +- . 4 3 2  

F I T  TO E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FOR NEUTRCN PROTON. I T A 8 L E  1 1  

D ~ T A  IS FIT O V E R  L P a c R b T c P y  E E A ~  ENERGY FROM 4. TO 5. GEV. 
F I T T E D  FORMULb I S  D - S I G M A I O - T  = A * E X P l - B I T 1  

WHERE D - S I G M b l O - T  I S  I h  V B I I G E V l C I * I Z  AND T I S  I N  I G E V f C l * * Z .  T I S  THE MOHENTUV TRANSFER BETWEEN THE 
I I N C C M I N G  NEUTRON1 AND TPE [OUTGOING NEUTRONI .  

F I T T E D  VALUE 

8 = - 7 . 1 2 0  +-  .*I1 

F 1 1  T C  E L A S T I C  C I F F E R E N T l b L  CRCSS S E C T I O N  FOR NEUTRON PROTON. [ T A B L E  1 1  

OATL I S  F I T  OVER LbBCRATORY e E b H  ENERGY FROH 5.0 TO 6.3 GEV. 
F I T T E D  FORWULA I S  C - S l G P D I D - T  = P I E X P I - B I T 1  

WHERE 0 - S I G M A f D - T  I S  I h  M B / l G E V I C I * * Z  AND T 1 5  I N  I G E V I C l l t Z .  T I S  THE MOMENTUM TRANSFER BETWEEN THF 
C I N C O W I N G  NEUTRON L N D  THE I CUTGCING NEUTRON I. 

F I T T E D  VDLUE 

8 = -7.562 +- . 3 5 1  

)I T H E  R E A C T I O N  PP - PN P I +  AT LC C E V l C  ANC THE OPE MODEL. I N U O V C  C I M E N T D  5 3 1 ,  2 3 2  1 1 9 6 8 1 1  - H . C . O E I I N E . J . D I b I . I ~ S T R C V E F , b e 5 C b H I T T ~ Y Y P . S W A N S O h  I U N I V .  HAMBURG. H A M ~ U R G I  GERMANY1 
I .BORECKA,G.KNIES. G.WOLF I O E U T I C H E S  ELEKTROKEN-SYNCH.. HAMBURG. GERMANY1 

ABSTPACT THE R E A C T I C N  PP - PN P I +  AND ISOBAR PROOUCTlON I N  PP . N * + + 1 1 2 3 6 1  N HAVE BEEN S T U O l E D  AT 1 0  G E V I C .  CUP D A T b  
ARE COMPARED U I T H  ONE-PION EXCHANGE MODELS W I T H  FORM FACTORS PNO W I T H  A B S O P P T I C N  CORRECTIONS-  

CLOSELY RELDTEC REFERELCES 
DATA SUPERSEDED 8 1  PHYS.  REV. 1 7 4 1  1 6 3 6  1 1 9 6 0 1 .  

A C C I  

~ ~ V F N T ~  * * A .  7 7 7  ~ l o r r l .  o w < .  ~ F V .  1'1. 1 1 7 7  1 1 9 h 6 1 .  PHYS. REV. 1 5 4 .  1 2 8 4  1 1 9 6 7 1 .  NUOVC CIMENTO 42A.  1 7 9  1 1 9 6 6 1 .  -.. . .-. . . . . - . .  , -.-- . -.. . - - .~ - - 

NUDVO C I P E N T C  4 5 1 ,  l C l 0  1 1 9 6 6 1 ,  NUOVO C l U E N T O  3 3 .  3 0 4  1 1 9 6 4 1 .  PHYS. REV. 1 2 5 .  2 0 8 2  1 1 9 6 2 1 .  PHYS. REV. 1 2 3 ,  2 1 6 0  1 1 9 6 1 1  
PHYS. REV. 1 3 3 s  8 1 0 1 7  1 1 5 6 4 1 ,  NLOVO C I M E N T O  4 9 A 7  4 1 9  1 1 9 6 7 1 ,  PHIS .  REV. 1 3 8 .  8 6 7 0  1 1 9 6 5 1 .  NUOVO CIMENTO 2 7 s  1 4 5 0  
1 1 9 6 3 1 .  BOULCER CCNFERENCE 1 8 3  1 1 9 6 4 1 ,  NUOVO C I H E N T O  4 0 A .  2 3 6  1 1 9 6 5 1 .  DUBNA CONFERENCE 1 1 4 8  1 1 9 6 6 1 1  hUCVO C l M E N T D  2 6  
L 8 6  1 1 9 6 2 I .  NUOVO C I P E N T O  34. 7 3 5  ( 1 9 6 4 1 ,  PHYS. REV. 1 3 7 .  8 1 5 3 C  1 1 9 6 5 1 ,  REU. HOE. PHYS. 3 7 .  484 1 1 9 6 5 1 .  PNO PbYS.  

T l C h l b L  C I T b T l C h S  
UCRL 1 0 3 3 5  1 1 9 6 2 1 ,  NUOVO C I V E N T C  4 8 A .  6 7 6  1 1 9 6 T l r  NUOVO C l M E N T O  4 2 1 1  3 2 3  1 1 9 6 6 1 .  NUOVO C I M E N T O  4 1 6 .  6 3 5  1 1 9 6 6 1 ,  NUOVO 
C I H E N T O  44D. 7 1 7  1 1 9 6 6 1 ,  PPYS. REV. 1 4 4 .  L I Z 2  1 1 9 6 6 1 .  PHYS. REV. 1 5 4 .  1 2 8 4  1 1 9 6 7 1 .  NUOVC CIMENTO 42A.  1 7 9  1 1 9 6 6 1 .  
NUDVO C I P E N T C  4 5 1 ,  l C l 0  1 1 9 6 6 1 ,  NUOVO C l U E N T O  3 3 .  3 0 4  1 1 9 6 4 1 ,  PHYS. REV. 1 2 5 .  2 0 8 2  1 1 9 6 2 1 .  PHYS. REV. 1 2 3 ,  2 1 6 0  1 1 9 6 1 1  
PHYS. REV. 1 3 3 s  8 1 0 1 7  1 1 5 6 4 1 ,  NLOVO C I M E N T O  4 9 A 7  4 1 9  1 1 9 6 7 1 ,  PHIS .  REV. 1 3 8 .  8 6 7 0  1 1 9 6 5 1 .  NUOVO CIMENTO 2 7 s  1 4 5 0  
1 1 9 6 3 1 .  BOULCER CCNFERENCE 1 8 3  1 1 9 6 4 1 ,  NUOVO C I H E N T O  4 0 A .  2 3 6  1 1 9 6 5 1 .  DUBNA COhFERENCE 1 1 4 8  1 1 9 6 6 1 ,  hUCVO C l M E N T D  2 6  
L 8 6  1 1 9 6 2 I .  NUOVO C I P E N T O  34. 7 3 5  ( 1 9 6 4 1 ,  PHYS. REV. 1 3 7 .  8 1 5 3 C  1 1 9 6 5 1 ,  REU. HOE. PHYS. 3 7 .  484 1 1 9 6 5 1 .  PNO PbYS.  . - -  

REV. LETTERS 1 6 ,  8 5 5  l l ~ t t l .  

BEAY I S  PROTON C h  PPOTON b T  10 .01  G E V I C .  

T H I S  EXPERIMENT USES THE SACLAY 81 CY I n 1  8 U e B L E  CHAMBER. A T O T A L  OF 3 0 0 0 0  P I C T U R E S  ARE REPORTED ON. 

GENERDL CCPVENTS ON T H I S  D R T I C L E  
1 ONLY EVENTS H A V I N G  b P I +  I N  r k E  B A C K u D R o  HEMISPHERE OF T H E  OVER-ALL  CMS WERE USED FOR THE A N A L Y S I S .  THE G I V E N  CROSS 

SECTIONS WERE CORRESPCLCINGLY CORRECTED. 

K E Y  HORDS - CROSS S E C T l C h  MbSS SPECTRUY C l F F E R E N T l A L  CROSS S E C T I O N  POOELS O E N S I T Y  M A T R I X  
MOMENTUM TRANSFER 



IFROW P I C E  2 3 3  ANC PACE 2 3 5 1  

LABCRATORY PEAW MOMENTUF = 1C.01 G E V I C .  

I T H I S  OPT* SHOULD NCT BE USEC - MCRE RECENT VALUES MAY BE FCUNO I N  A L M E I O b  E l  bL., PHYS. REV. 1 7 4 ,  1 6 3 8  1 1 9 6 8 1 1  

R E A C T I O N  
PROTOh PRCTCh . 

PROTCN NEUTRON P I +  
NEUTRON C E L T b 1 1 2 3 B l * +  

O E L T A I 1 2 3 8 l + +  PRCTCb P 1 +  Ill 

V l L L l - B A R N S  hC.  EVENTS 

I 1 1  F I T T E D  O l S T R L B U T I U h  U I T F  F I X E D  L b S S  ANC U I O T H  ANC TOOK EVENTS OhLY ABOVE I F l T T E D l  BACKGROUND. 

D I F F E R E N T I A L  CROSS S E C T I C h  FOR PRCTCh PRCTOh - C E L T A I I 2 3 B l + +  NEUTRON. I F I G U R E  2 A l  
O E L T A ( L 2 3 8 1 t t  - PROTON P I +  1 1 1  

LABORATORY BEAY MOPENTUV = 1C.01 GEVIC.  

................................... . T H I S  DATA UAS REPC FROV b  GRbPH . ................................... 

T  I S  THE MOMENTUP TRANSFER P E T N E E h  TFE I l N C O H l N G  PROTON1 AN0 T h E  I O E L T A l 1 2 3 B I + + l .  

Ill USED S I L P L 6  HbSS CUT I MbSS CUT FPOY 1.125 TO 1.32: L E V  1. 

11511 HIGH-ENERGY PROlCk-PROTON C l F F R A C l K h S C A T T E R I N ~ P H Y S .  REV. L E T T E R 5  9 ,  1 0 8  l l 9 6 2 1 1  

A . N . O I O D E N S , E . L I L L E T H U N , G . N A N ~ ~ ~ G G ~ . E . T A Y L C R ~ T . G . H A L K E R G A ~ M ~ U E T H E R E L L  [EUROPEAN OPG. FOP hUC. RES.. GENEVb, S h l T Z E R L A N C l  

C l T b T l C h S  
PHYS. REV. L E T T E R S  7 1  4 5 C  
1 0 1 2  1 1 9 6 l l ~  I N T ' L .  CONF. 
2 5 5 l V I  1 1 9 6 1  1 .  

1 1 9 6 1 1 .  PHYS. REV. 
CN ELEP. P A R T I C L E S ,  

, BULL.  AM. 
4 3 3  1 1 9 6 1 1 ,  

PkYS. SOC. 
AN0 INST.  

6 ,  3 4 3  ( 1 9 6 1 1 r  
FOR NUC. RES.. 

NUOVC C I M E N T C  2 0 ,  
UARSAh.  POLAND 

A R T I C L E  READ BY OCETTE BEhbHY I h  4 / 6 7 ,  ANC V E R I F I E O  8Y LEROY P R I C E .  

BEAM I S  PRCTON Oh PRCTCN FRCM 12.1 T C  26.2 GEVlC .  

T H I S  EXPERIMENT USES COLNTEPS. 

K E Y  WORDS - D I F F E R E N T I A L  CROSS S E C T l C h  CROSS S E C T I O N  

- - - - - - - - - - - - - - - - . - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E L A S T I C  D I F F E R E N T I A L  CROSS S E C T I C N  FCR PROTOh PRCTON. [ T A B L E  1 1  

LABORATORY BEAM HOLENTUV = 1 2 . 1  G E V I C .  

THETA C-S IGYMIC-OPEGb 
D E G R E E S  M ~ I S R  

PER C E N l  

THETA I S  THE ANGLE T b A T  THE PROTON MPKES U I T H  THE BEAU I N  THE GRAND C.H. 

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FCR PROTON PRCTON. I T 4 B L E  1 1  

LABORbTORY B E A r  PCLENTU*  = 1 5 . 5  GEVIC.  

THETA C-S IGVb lC-OWEGA 
DEGREES M ~ S R  

PEP C E h l  
3 - 0 2  1 6 5 . ~  +- l e  
6.40 76.0 1 5  
5 .71  21.0 1 5  

1 3 . 2 5  6 . 4  I t  
16 .50  1.1 2 1  

T H E T b  I S  THE ANGLE THAT THE PROTON MbKES H I T *  THE B E A L  I N  THE GRAND C.H. 



E L A S T I C  O I F F E R E N T I A L  CRCSS S E C T I C N  FCR P R O T O I  PROTOh. I T A B L E  1 1  

LbeORATORY 8 t A M  POVENTUM = 18.6 GEVIC.  

THETA 
OEGRFES 

3 .82  
7.30 

1 0 . 7 0  
14 .40  
11 .nc  

t - S I G M b l O - O V F G A  
Y B I S P  

PER C E h T  

T H E 1 4  I S  THE ANGLE THAT T H t  PROTCh MAKES h I T P  THE BEA? I N  THE GRAND C.H. 

E L A S T I C  C l F F E R E N T l A L  CRCSS S E C T I C I  FCR PROTOh PRCTON. I T A B L E  1 1  

LABORATORY CLAP POVENTUM = 21.4 GEVIC.  

THETA 
OEGREES 

C-S IGMAID-OYEGA 
V B I S P  

PER CENT 
182 .00  +- 2 1  

43.OC I B  
6.4C 1 5  

- 5 2  Z C  
.C4 3 4  

THETA I S  THE ANGLE T P A T  THE PRCTCh VbKES U I T H  THE B E A M I N  TPE GRANC C.H. 

E L A S T I C  O l F F E R E N T I b l  CRCSS S E C T I C N  FCR PROTON PROTON. I T A B L E  1 1  

LA8ORbTOP.Y PEA?+ LOPEkTUM = 26.2 G E V I C .  

TI-ETA 
OEGREES 

4 .21  

* e l 5 1  
PER CENT 

1 8 9 . 0 0  +- 2 2  

THETA I S  T H E  ANGLE T k A T  TPE PROTOh MAKES W I T ?  THE BEAM I N  THE GRAND C.M. 

PRCTCh PROTCN E L A S T I C  CROSS SECTION.  [ T A B L E  2 1  

LABORATORY 
EEAM MOUENTUM 

G E V l C  H I L L I - B A R N S  
10 .4  +- 1 .1  

11521 THE R E A L  PART OF THE E L A S T I C  P-P SCATTERING AHPLITUOE I N  THE RANGE 2 - 1 0  GEV. I P H Y S .  L E T T E R S  13 ,  9 3  1 1 9 b 4 l l  - L . K I R I L L O Y A ~ L . K H R I Z T O V V ~ . V . ~ ~ K I T I N ~ M . S H A F R A N C V ~ ~ L . S T R U M O V Y V ~ S V I R I O O V  I J C I N T  I N S T .  FOR NUCL. RESEARCH, OUBNb. USSR)  
Z.KCRBEL.L.RO8 ( H I G H  T E C H N I C A L  SCHOOL* PRAGUE, C l E C H O S L C V P K I A l  
P . W A R K O V ~ K H . T C H E R ~ E V ~ T . T O C O R O V V F F Z L ~ T € V A  1 8 U L G A R l A N  ACAO. OF SCI.1 S O F I A ,  B U L G A R I A 1  

CLOSELY R E L A T E D  REFERENCES 
SEE ALSC S O V I E T  JNF 1  3 7 5  1 1 9 6 5 1 .  

P D O l T I O N A L  C I T A T I O N S  
CERN CONFERENCE 5 8 2  1 1 9 6 2 1 .  ZURN. EKSP. TEOR. F I Z .  45 ,  1 2 6 1  1 1 9 6 3 1 ~  A N N b L S  OF P H I S I C S  3 .  1 9 0  1 1 9 5 8 1 .  S IENNA 
CONFERENCE 6 8 3  1 1 9 6 3 1 ,  AND PHYS. LETTERS 8. 2 8 6  1 1 9 6 3 1 .  

THE R E l l M  R A T l C  FCR T H E  FCRWARO E L A S T I C  AMPLITUOE FOR PROTON PROTON. [ T A B L E  1 1  

LABORPTGRY 
BEAM ENERGY 

GEV 
2 .  

10. 



11531 PP INTERACTIONS AT 1 0  GEVIC. I P k Y S .  REV. 1 7 4 ,  1 5 3 0  l 1 9 6 8 1  l 
L - I 

S.P.ALMEIDAIJ.G.RUSHBROOKEEJ.~.SCHARENGUIVEL I C A V E N D I S H  LAB.. ChvB. UNIV. ,  CAVeRICCE,  ENGLAND1 
M.BEHRENS.V.BLOBEL. ! . B O R E C K A ~ h . C . O E + N E ~ J J D l A Z ~ G . K N I E S 5 A . S C H ~ I T T T K . S T R 0 ~ E Q , P S W A N S O l r ~  IOFUTSCHES ELEKTRChEN-SYNCH.. 

HAMBURGS GERMANYl AND U N I V .  HAWBURG, hAPBURG, GERMANY1 

'RbCT ABJUT 3 7 0 0  TWC-PRObG ANC 5 6 0 0  FCUR-PPONG EVENTS OF 1 0  GEVIC PP I k T E R A C T 1 0 N S  I h  THE SICLAY 81-CY HYOROTEN 
BUBRLE CHAWBER HAVE BEEN MEASURED AND AhALYZEO. THE R E L I A R I L I T Y  OF THE l O E N T l F l C A T I O N  Of THE OIFFERENT F I N A L  STbTES 
HAS BEEN CHFCKEO USING MONTE CARLO-GENERATE0 EVENTS. FOR THE CHANNELS ACCESSIRLE TC ANALYSIS, CROSS SECTIONS AND 
INVAaI4NT-MASS D l S T R l E U T l O h S  ARE GIVEh.  THF C.M. ANGULAR D L S T R I B U T I O N S  ANC THE MEAN VALUES OF THE TRAhSVERSF POPENTUP 
FOR ALL F IMAL-STATE PARTICLES ARE SHOWN AND DISCUSSED. PRODUCTION OF O F L T b + + 1 1 2 3 6 1  ACCOUNTS Fl lP ABOUT 3 0  P E M E N T  OF 
THE CROSS SECTION ~~~~~~~~~PN P I + )  c 4.1  +- 0.4 "8. ABOUT 5 0  PEk CENT CF THE CROSS SECTlOh S l G l A l P F  * PP P I +  P I - 1  = 
2.4 +- 0.2 M8 CAN BE ACCCUNTEO FOE BY DELTA++ PRCCUCTION. PROOUCTION OF NUCLECh $SOBARS AT 1 4 5 0 ,  1 5 2 0 ,  bND 1 7 3 C  HEY 
ANC THEIR SUBSEQUENT DECAY I h T O  P P I +  P I -  ARE INVESTIGATED.  THEIR CROSS SECTIONS, T  CEPENOFNCES. AND RRbNCHlNG R A T I O S  
ARE DETERMINED. U S I N G  A CNE-PlOh-EXCHANGE MODEL I O P E M I  FOR CALCULATING THE BACKGR@llNC OISTRLBUTIONS. THE PROOUCTIOh 
OF RESONANCES DECAYING l h T C  P P I -  AT 1 2 3 6 ,  1 5 0 0 ,  AND 1 6 9 0  MFV I S  SEEN. ANC CROSS SECTIONS A 9 f  GIVEN. RESONANCE 
PRODUCTION I N  THE PP P I +  P l -  P I 0  AND PN P I +  P I +  P I -  REACTIONS I S  STUDIEC USING BACKGRCUND CURVES CALCULATED W I T +  A 
MODEL BASE0 ON S I U P L E  PARAPETERIZATICMS OF THE C.M. YCMENTUM D I S T R I B U T I O N S .  THE PROOUCTION OF NUCLEOh ISCRARS 
ACCOUNTS FOR NEARLY 1 0 0  PER CENT OF THESE REACTICNS. fCR THE REACTION$ PP-PP OMEGA, PP ETb l  AND PP FO, THE CRCSS 
SECTICNS FOUND ARC 0.16 +- 0.03, 0.16 +- 0.07. AN@ 0.10 +- 0.04 HB, RESPECTIVELY,  CCRPECTED FCR UNOBSERVEC DECAY POOES. 
I T  I S  SHOWN THAT MCST CF T b t  GRCSS FEATURES OF THE PICN-PRODUCTION REACTICNS CAW BF EXPLAlNEC BY THE OPEM WITP THE 
FCRM FPCTCRS OF FERRPRI  ANC S E L L E R I ,  

CLOSELY RELATED REFERENCES 
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NUOVO CIMENTO 7 ,  1 5  1 1 9 5 8 1 .  FORTSCHRITTE OEP PHYSIK 6. 5 2 4  l 1 9 5 8 1 r  NUOVO CIMENTO 15s  4 0 2  1 1 9 6 0 1 ~  NUOVO CIMENTO 1 8 .  4 0  
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4 5 3  1 1 9 6 2 1 ,  hUOVC CIPENTC 30, 2 4 0  1 1 9 6 3 1 r  NUOVC CIMENTO 3 9 ,  1 6 9  1 1 9 6 5 1 ,  AND NUCVO CIUENTO 4 0 1 ,  2 3 6  1 1 9 6 5 1 .  

ARTICLE REAC eY OCETTE @ENPRY I h  1 / 6 5 ,  AND V E P l F l E C  BY LEROY PRICE.  

BEAM I S  PROTON Oh PROTON AT lC .O1 GEVIC.  

T H I S  EXPERIMENT USES THE SACLAY 8 1  CM ( H I  BUe8LE CHAMBER. A  TOTAL CF 8 0 0 0 0  PICTURES ARE REPORTED ON. 

KEY WORDS - CROSS SECTION MASS SPECTRUY C A L l T L  PLOT ANGULAR D I S T R I B U T I C h  PODELS OMEGA17831 
E T A 1 5 4 8 1  F l l 2 6 0 1  N * 1 1 5 2 O I D 1 3  N * 1 1 7 0 0 1 S 1 1  ' N * I l b B R I '  OELTA112381 N * 1 1 4 7 0 1 P l l  

IFROM PAGE 1 6 4 0  AND TABLE 2 1  

LABORATORY eEAV MOMENTLM = 1 0 . 0 1  +-  .01  GEVIC. 

REACTIOh 
PROTOh PRCTON - 

TCTAL 
E;ASTIC 
PROTON PROTON P I C  
PROTON NEUTRCV P I +  
PROTON PROTON P I +  P I -  
PRCTCN PROTON P I +  P I -  P I 0  
PROTON NEUTRON P l t  P I +  P I -  
PROTON PROTON MML2PlO 
PROTON NEUTRON P I +  P P L I P I O  
NEUTRON NEUTRON P l t  P I +  MVLOPIO 
PRCTCN PROTON P I *  P I -  P M L 2 P l C  
PROTON NEUTRON P I +  P I +  P I -  V P L 1 P I O  
NEUTRON NEUTRON P I +  P I *  P I +  P I -  M r r O P l O  

4 1 . 1  +- 1.7 
10.2 - 6  

1.4 .3 
4.1 .4 
2.4 .2 
2.3 .2 
2.4 - 2  
1.5 I 1 1  
5.3 Ill 
2.2 Ill 

.7 I 1 1  
4.1 I 1 1  

. 8  I 1 1  

1 1 1  VALUE I S  APPRCXIFATE CNLY. 

LABCRITORY e E A r  MCVENTUr = 10 .01  +- .O1 GEVIC. 

REACTION 
PROTCh PRCTCN - 

O E L T 4 I l 2 3 8 l * +  NEUTRON 
D E L T A 1 1 2 3 8 l r r  r P R O l O h  P I *  Ill 

DELTA1 L 9 2 O l + r  NEUTRON 
O E L T A l 1 9 Z O l * +  - PROTOh P I +  Ill 

N * l 1 4 7 0 1 +  PR0TOh 
N * l 1 4 7 0 1 +  - NEUTRON P I +  I 1 1  

V I L L I - B A R N S  

1.18 +- . I 4  

.38  -11 

.20  - 1 3  

I 1 1  F I T T E D  O l S T R l B U T l O N  W I T F  F I X E O  MASS AN0 WIOTH AND TOOK EVENTS ONLY bBCVE I F l T T E O l  BACKGROUND. 



LABCUATORY EEAN MOMENTUU = 1 0 . 0 1  + -  .01  G E V I C .  

R E b C T l O N  
l T O h  PRCTOh r 

O E L T A l l 2 3 8 l + *  PROTCh P l -  
D E L T A l l Z 3 B l r r  . PUOTOh P I +  1 1 1  

N * l I 4 l C l +  PROTCN 
N * 1 1 4 7 0 1 +  . PROTON P I *  P l -  I 2 1  

N + I l 5 2 0 1 t  PROTON 
N 1 1 1 5 2 0 1 t  . PRCTON F l t  P I -  1 3 1  

.N* l  16881+ ;  PRCION 
* N * { ~ ~ B B I + .  . PROTON P I +  P I -  I 4 1  

PROTCN PROTGN F l l Z b O I  

V I L L I - B A R N S  

1 .250  +- . I 4 0  

- 1 8 0  .04C 

- 1 5 0  - 0 4 0  

- 2 2 0  - 0 1 0  

.O64 . 0 2 7  

I 1 1  F l T T E D  O I S T R l B U T l O N  U l T H  F I X E D  MASS AND U l O T H  AND TOOK EVENTS ONLY ABOVE l F I T T E C l  BACKGROUND. 
I 2 1  F I T T E D  FOR MASS A N D l O P  WLOTH I H I S S  = 1 . 4 5 0  G E V i  W I D T H  = . 2 1 0  GEV 11 PNC T H E h  TCCK ONLY EVENTS AEDVE I F l T T E D l  

BACKGRCUNO. 
1 3 1  F l T T E D  FOR MASS b N C l O R  h 1 D T C  I MASS = 1 . 5 2 5  G E V i  W I D T H  = . I 0 5  GEV 1. ANC THEN TOOK ONLY EVENTS bBnVE I F l T T E O l  

BICKGROUNC. 
1 4 1  F l T T E D  FOR MASS AND/OR h l O T H  1  MASS - 1.134 GEV: U l O T H  = - 1 4 0  GEV 1, ANC T H E h  TOOK ONLY EVENTS AROVE I F l T T E D I  

BICKGROUNO. 
1 5 1  FITTED D I S T R I B U T ~ O ~  WITH FIXED M ~ S S  ANC W l u T n  I M A S S  = 1 .254  G E V :  WIDTH = .117 G E V  I AND TOOK EVENTS ONLY 

ABOVE I F I T T E O I  BICKCRCUND. 

L A B C R b T O R l  BEAP WOMENTUN = 10 .01  +- . 0 1  GEVIC.  

R E b C T l O N  M l L L l - B A R N S  
PER CENT 

FROTCh PRCTCh - 
DELTA1 1 2 3 8 1 0  PRCTOh F l t  .29 +- 40 .  

O E L T b 1 1 2 3 8 1 0  . PROTCN P I -  Ill 
N * l l S 2 O l O  PROTOh P I +  . I 5  40. 

N t l l 5 2 O I O  - PROTON P I -  1 1 1  
' N * I I C B B l O '  PROTON P l t  . l b  40 .  

( N * l l b B B 1 0 '  - P R t T O h  F 1 -  1 1 1  

Ill F I T T E D  D l S T R l B U T I O N  U l T H  F I X E D  MASS AND W l D T H  AND TOOK EVENTS ONLY b B O V t  I F I T T E O I  BACKGROUND. 

[ T A B L E  7 1  

LABORATORY EEAP MCMENTUV * 10 .01  +- - 0 1  GEVIC.  

R E b C T I C N  Y I L L l - B A R N S  
P R n T O h  PROTON . 

O E L T A 1 1 2 3 8 l + *  PROTON P l -  P I 0  
O E L T b 1 1 2 3 8 1 + +  r PRCTOh P I +  1 1 1  

O E L T b I l 2 3 8 1 +  PROTON P l t  P l -  
O E L T A l l 2 3 8 1 +  - PROTCh P I 0  I 1 1  

O E L T d 1 1 2 3 8 1 0  PROTON P I +  P I C  
D E L T A 1 1 2 3 8 1 0  - PROTON P l -  I 1 1  

N * 1 1 5 2 O I C  PROTON P l +  P I C  
N 1 1 1 5 Z O I O  . PROTON P l -  1 1 1  

PROTCN P R O ~ C N  C M E G b I 7 8 3  1  
OMEGA17831  - P I +  P I -  P I 0  I 1 1  

PROTCh PROTON E T b 1 5 4 e l  
E T A I 5 4 B I  - P i t  F I -  F I G  1 1 1  

1 1 1  F l T T E D  O l S T R l B U T l O N  H l T H  F l X E D  H b S S  AN0 WIOTH AN0 TOCK EVENTS ONLY ABCVE I F l T T E O l  BACKGROUND. 

L l B O R A T O R l  BEbY MOYENTLP = 1C.01 +-  .01  G E V I C .  

R E A C T I C N  M I L L I - B A R N S  
' C h  PROTON - 

O E L T A I l 2 3 8 1 + +  NEUTRON P I *  P I -  + 
D E L T A 1  1 2 3 B I + +  D E L T A 1  1 2 3 8 1 -  P I *  
O E L T A I 1 2 3 8 1 + +  - PPOTOh P I +  1 1 1  
O E L T A l 1 2 3 8 I -  - R E U T R C I  P 1 -  1 1 1  

D E L T b l l 2 3 B l +  PROTON P I *  P 1 -  
O E L T A 1 1 2 3 8 1 +  - NEUTROR P I *  1 1 1  

O E L T b 1 1 2 3 8 1 0  NEUTRON P I +  P l +  
O E L T A I I 2 3 B I C  - PROTCN P l -  Ill 

O E L T A 1 1 2 3 8 1 -  PRGTOh P I +  P I *  + C E L T A l l Z 3 8 1 * +  
D E L T A 1  1 2 3 8 1 -  P I *  
D E L T A 1 1 2 3 8 1 -  - h E U T R O h  P l -  1 1 1  
D E L T A 1 1 2 3 8 1 + +  - PROTOh P l r  1 1 1  

O E L T d l  1 2 3 8 1 + +  O E L T A l 1 2 3 8 1 -  P I +  
O E L T A I l 2 3 B l + +  - PRCTCh P I +  1 1 1  
O E L T A I 1 2 3 B I -  NEUTRCh P 1 -  I 1 1  

h t l  l 5 2 O l +  PROTOh P I *  P i -  
N t l 1 5 2 0 1 +  . hEUTRON P I +  Ill 

' N 1 I 1 6 8 8 1 0 '  PROTON P I +  
' h + I l b B 8 1 0 '  - NEUTRON P l +  P1-  1 1 1  

1 1 1  F I T T E D  O l S T R l B U T l O N  U l T H  F I X E D  VPSS AND W I D T H  AN0 TOOK EVENTS ONLY ABOVE I F I T T E O I  BACKGROUND. 
I 2 1  VALUE I S  bPPUOX1MPTE CNLY. 



11 54 I O N  THE REACTION PP - PP OMEGA b T  1 9  G E V l C  I N C I D E N T  MOMENTUM. I L U h D  CChFERENCE 1 1 9 6 9 1  1 

H . 8 O G G I L O ~ J . E 4 O E S r K . H A N S E N ~ H . J C ~ N S T A C , R . M D L L E R U L . V E E  I N I E L S  R O H I  I h S T I T U T E .  CDPEhPAGEh,  DENMARK1 
M.KORKEA-AHO, K . V . L A U R I K b I N E h ~ P . U . L A U R 1 U A l N E h  I H E L S I N G I N  Y L I O P I S T D ,  H E L S I N K I ,  F l h L A h D l  
P.GROSSMbNN.T .JACCBSEht f .SAETRE,  S.C.SORENSEk I O S L P  UNIV.,  OSLO, NORWAY1 
G ~ E K S P O ~ G ~ L ~ G R A N S T R C M M S . O . H O L V G R E ~ ~ ~ S . N I L S S O N , T . L U E O  I S T C C K h C L M S  UNIV.,  STOCK HOLM^ SWEDEN1 

ABSTRACT TPE E F F E C T I V E  MASS C I S T R l B U T l O N  OF THE P I +  P I -  P I C  SYSTEP I N  THF CHANNEL PF . PP P I +  P I -  P I 0  AT 1 9  G E V l C  
I N C I D E N T  MOMENTUY SHOhS P R C D U C T l C h  OF THE CMEGA MESOh W I T +  A  CRCSS-SECTION OF 0.08 +- 0.02 90. THE DATA F n s  THF 
R E A C T I C N  PP PP OPEGA ARE CCMPARED W I T H  b  DOUBLE REGGE-POLE EXCHANGF PCOFL I C L A - Y C O F L I .  THF AGPESMENT FOUND SHPHS THAT 
A  COUBLE EXCHANGE YCOEL C b h  O E S C P I P E  THE R E A C T l O h .  

C I T L T L O N S  
PHYS. REV. 1 6 1 .  1 3 8 7  1 1 9 6 7 1 .  PUYS.  REV. 1 5 4 ,  1 2 8 4  1 1 9 6 7 1 .  NUOVD CIMENTO 55A.  6 t  1 1 9 6 8 1 .  NUOVO CIMENTO 5 8 1 ,  4 7 5  1 1 9 6 8 1  . 
PHYS. REV. 1 1 4 ,  1 6 3 8  1 1 9 6 8 1 ,  PPYS. REV. LETTERS 1 8 ,  8 9  1 1 9 6 7 1 ,  PHYS. REV. LETTERS 1 9 .  1 9 8  1 1 9 6 7 1 ~  NUOVO C I M E N T O  4 6 A v  
4 3 8  1 1 9 6 6 1 ,  ANC hUCVO C l M E h T O  5 7 A .  9 3  1 1 9 6 8 1 .  

A R T I C L E  P E A 0  BY OOETTE eENAfiY I h  9 / 6 5 ,  AND V E R I F l E O  BY LERCY P R I C E .  

BEAC 1 5  PRCTON Oh PROTCN AT 1 4  G E V I C .  

T H I S  EXPERIMENT USES T k E  CERN 2Y I H I  BUBBLE CHAMBER. A  TOTAL OF 1 2 0 0 0 0  P I C T U R E S  ARE REPOPTEO ON. 

KEY WORDS - CROSS S E C T I C h  O V E G A l 7 8 3 l  MCOELS MASS SPECTRUP ANGULAR D I S T R I B U T I O N  O A L l T Z  PLCT 

CCrPGUNO KEY WORDS - C H E G A 1 7 8 ? 1  CRCSS S E C T I O N  

CROSS S E C T I O N  FOR PROTCN FRCTCh . PRCTCN PROTON O M E G A l 7 8 3 1 .  I P A G E  1 1  
CMEGA17831  - P I +  P I -  P I 0  1 1 1  

* * T H I S  DATA SHOULD NOT BE USEC * SAME VALUE AS I N  B O G G I L C  SUBMITTED TO V I E N N A , 1 9 6 8 .  I 

LABORATCRY 
BEAM POMENTUM 

G E V l C  M l L L I - B A R h S  
15. .C8 +- - 0 2  

1 1 1  COUNTED ONLY EVENTS A l C V E  BACKSRCUND. 

E L A S T I C  S C b T T E R I N G  OF 6 3 0  PEV NEUTPChS BY PROTONS. I J E T P  3 7  1 1 2 5  1 1 9 6 0 1  1  

N.5.AMAGLO8ELI.  Y.M.KAZbRINOV I J O l h T  I h S T .  FCR NUCL. RESEARC*. DUBNAr  U S S R 1  

ABSTRACT THE D I F F E R E N T I A L  CROSS S E C T l O h  S I G M A - N P I T H E T A I  FOR E L 4 S T I C  N-P SCATTERING WAS MEASURED 4 7  ANGLES THETA = 1 1  
TO 1 8 0  DEG. I U  THE C.M.S. FOR A  P E A h  NEUTRON ENERGY 6 3 0  MEV. W I T H I N  T H E  L I M I T S  OF ERROR. THE DATA THUS O B T A I N E D  WAS 
I D E N T I C A L  W I T H  RESULTS CF MEASUREYENTS C A R R I E D  OUT P R E V I O U S L Y  W I T H  NEUTRONS OF MEAN ENERGY 5 8 0  HEY. THE OFPENOFNCE (IF 
S I G M A - N P I T H E T A I  O h  AhGLE I h  T H E  NE lGh8ORHOOD OF THETA = 1 8 0  OEG. WAS USED TO DETERMINE THE P ION-NUCLECN C C U P L I N G  
CONSTANT BY CHEW'S METHCD. b  V A L U E  I F I S t U 4 R E D  = 0 .06  +-  0 . 0 2  WAS O B T A I N E L .  

C I T A T I C h S  
JETP 4 1 6 1  ( 1 9 5 7 1 ,  JETP 7  3 7  1 1 5 5 8 1 .  J E T P  9  5 1 6  1 1 9 5 9 1 ,  PbYS.  REV. 1 1 2 ,  1 3 8 0  ( 1 9 5 8 1 ,  J E T P  9  3 0 2  1 1 9 5 9 1 ,  JETP 8  5 6 4  
1 1 9 5 9 1 .  OOKL. AKAO. NAUK. SSSR 1 0 4  7 1 7  1 1 9 5 9 1 ,  JETP 5  6 1 8  1 1 9 5 7 1 .  AND PRCC. CF THE ROYAL S O C I F T I  OF LONDON A 2 5 1 1  2 3 3  
1  l 9 5 P I .  

A R T I C L E  REAC BY OOETTE BENARY I h  1 1 6 5 .  AND V E R I F l E O  BY LEROY P R I C E .  

BEAM I S  NEUTRON Ch PROTON AT 1.257 GEVIC.  (BEAM K I N E T I C  ENERGY = . 6 3  G E V I  

T P I S  E X P E R I V E N T  USES CCLNTERS. 

K E Y  WORCS - D I F F E R E N T I A L  CROSS S E C T I O N  

E L A S T I C  D l F F E R E N T l A L  CRCSS S E C T I C N  FOR NEUTRCN PROTON. I F I G U R E  2 1  

LABCRATORY BEAM ENERCY = - 6 3  SEV I M E A h  VALUE) .  

................................... . T H I S  DATA HAS READ FRCP A  GEAPH . ................................... 
THETA 

DEGREES 
10. 
23 .  
36. 

THETA I S  THE ANGLE THAT THE NEUTRON MbKES W I T H  T k E  BEAM I N  THE GRAND C.M. 

Ill PLUS P C S S I I L E  S Y S T E Y A T I C  ERROR OF +- 1 9  P E R C E N T .  



ABSTRACT THE R E A C T I C N S  P P . N l + t l l 2 3 8 l N  ANC ANTI-PRCTON N - A N T I - N I I 1 2 3 8 1 + +  P  AT 2.8 G E V l C  I N C I D E N T  LABCRATCRY MCMFNTUH 
ARE ANALYZED W l T H  T H E  RROOKHAVEh N A T I C h P L  L b R O R A T O R l  ZO-IN. BUBBLE CHAMBER. ISOBAR AN0 A N T I - I S O B A R  PROOUCTTON 
D I F F E R E N T I A L  CROSS S E C T I C N S  AND CECAY ANGULAP O l S T R l B U T I O N S  4RE CCMPAREO W l T H  THE P P E C l C T l O N S  OF b N  ABSORPTIVE 
S INGLE-P ION-EXCHANGE POOEL. T H E  bRSOLUTE VALUES,  SHAPES. PNO R A T I C S  O f  THE CROSS SECTIONS ARE I N  GOO0 AGREEPEhT W I T H  
THE THEORY WHEh THE A B S C R P T I V E  PPRAMETERS G A H H A l l l  AND G A M M A l 2 I  ARE 0 . 0 3 3  AND 0 . 0 1 6  FOR THE ANTI -PROTON N R E A C T I O N .  
ANC 0 .057  AND 0 .015 ,  R E S P E C T I V E L Y .  FOR THE PP REACTIOh.  

CLOSELY RELATED REFERENCES 
C O I T l N U A T l O h  OF P R E V I O U S  E X P E R I P E N T  I N  P H I S .  REV. 1 2 5 ,  2 0 0 2  1 1 9 6 2 1 .  

A D D I T I O N A L  C I T A T I O N S  
REk .  MGO. PHYS. 3 7 .  4 8 4  1 1 5 6 5 1 .  PHYS. REV. 1 3 9 .  8 4 2 8  ( 1 9 6 5 1 ,  PHYS. REV. 1 3 9 .  8 1 4 2 0  ( 1 9 6 5 1 .  NUOVO CIMENTC 3 4 .  1 6 4 4  
1 1 9 6 4 1 ,  REV. VCD. FHYS. 3 9 ,  1 ( 1 9 6 7 1 9  AND PHYS. RFV. 1 4 2 9  1 1 9 5  ( 1 9 6 6 1 .  

A R T I C L E  REAC BY OCETTE BENARY I h  1 / 6 5 .  AN0 V E R I F I E D  BY LEROY PRICE.  

BEAV NO. 1  I S  PROTON Oh PROTON AT 2.8 GEVIC.  
NC. 2  I S  ANTI -PROTOh OX CEUTERON AT 2.8 GEVIC.  

T H I S  EXPERIMENT USES T k E  B.N.L. 2 0  I h .  ( H I  BUBBLE CHAMBER. 

K E Y  HCROS - CROSS S E C T I C N  O I F F E R E N T I A L  CRCSS SECTION MODELS M4SS SPECTRUM D E N S I T Y  M A T R I X  
ANTI -PROTCN PROTCh 

CROSS SECTION FOR PROTCN PRCTON - O E L T A I  1 2 3 8 I t t  NEUTRON. I P A G E  1 3 2 2 1  
O E L T A l l 2 3 8 l + +  PROTON P I +  Ill 

LABCRATCRY 
BEAM MOMENTUM 

G E V l C  
2.8 

I 1 1  F I T T E D  FOR MASS AND/OR h I D T H  I MbSS = 1 . 2 0 0  GEV; WIDTH r . 0 7 7  GEV 1, ANC THEN TOOK ONLY EVENTS ABOVE I F I T T E O I  
BPCKCRCUNC. 

D I F F E R E N T I A L  CROSS S E C T l O h  FOR PROTON PROTON - O E L T A l l 2 3 8 1 + +  NEUTROh. [ F I G U R E  1 0 1  
O E L T A ( L 2 3 B I + +  - PROTON P I +  I 1 1  

LABORATORY eEAP MOVENTUY = 2.8 GEVlC .  

................................... . T H I S  OATA WAS READ FRO*  L GRAPH . ................................... 
NO. EVENTS 

THETA I S  THE ANGLE THAT THE D E L T A I 1 2 3 8 I + +  MAKES W I T H  THE BEAH I N  THE GRAND C - Y -  

Ill COUNTED ALL  EVENTS I h  MASS RAND L MASS CUT FRGP 1.160 TO 1 . 3 0 0  GEV 1. 
1 2 1  CCUNTS HERE M U L T I P L I E D  BY .1Z TO GET THESE. ERRORS ARE T A K E N  AS PROPORTIONAL TO T H E  SPUARE-ROOT OF THE COUNTS. 

(1571 DOUBLE E L P S T I C  PROTON S C A T T E R I N C  ON P O L A R I Z E D  PROTON TARGET. [ P H I S .  L E T T E R S  2 8 8 1  5 7 2  1 1 9 6 9 1 1  - J .BYSTRICKY.J .CEC+vL.JAhOUT.  Y.H.KAZARINOV.F.LEHAR.L.8.PARFENOV L J O l h l T  I N S T .  FOR NUCL. RESEARCH, OUBNA. U S S R 1  

PBSTRACT THE T R I P L E  S C A T T E R I N G  O E P O L A R I Z A T I C N  TRPNSFER PARAMETER I O T I  I N  E L A S T I C  PP S C A T T E R I N G  WAS MEASURED A T  THE 
ENERGY OF b 6 0  MEV U S I N G  A  P O L A R I Z E D  PROTON TARGET. A L L  MEASUREMENTS HAVE BEEN MADE W I T H  THE HELP OF AN O P T I C A L  SPARK 
CHAMBER. THE F O L L O W I h G  RESULTS HAVE B E E h  OBTAINEO I D T I  9 0  OEG. = 1 0 1  9 0  OEG. = 0.54 *- C.10: 1 0 1 1  1 3 0  OEG. = I 0 1  5 0  
OEG. = 0 .72  *- 0.11. 

C l T A T l C h S  
CZECH. J. PHYS. 8 1 8  5 7 0 , 1 1 9 6 8 1 .  hUCLEAR INSTRUMENTS AN0 METHODS 6 3 ,  8 3  1 1 9 6 8 1 .  INSTRUMENTS AND E X P E R I P E N T A L  
TECHNIQUES 5  1 1 0 2  1 1 9 6 6 1 ,  J I N R  P 1 - 3 5 2 5  1 1 9 6 7 1 ,  M E L V E T I C A  P H Y S I C A  ACTP 3 9  5 7 9  ( 1 9 6 6 1 ,  ZURN. EKSP. TEOR. F I Z .  3 5 .  1 3 9 8  
1 1 9 5 8 1 .  ZURN. EKSP. TEOR. F I Z .  3 8 .  1 4 5 1  ( 1 9 6 0 1 ~  S O V I E T  JNP 2  8 9 2  f 1 9 6 5 1 ,  OUBhA CONFERENCE 1 1  1 1 9 6 4 1 1  AND W B N A  
P I - 3 9 7 1  1 1 9 6 8 1 .  

A R T I C L E  READ BY LERCY P R I C E  I N  4 / 7 0 ,  b N D  V E R I F I E D  BY OOETTE BENARY. 

BEAM I S  PRCTON ON PROTON AT 1.294 G E V I C .  (BEAM K I N E T I C  ENERGY = .66  G E V l  TARGET I S  P O L A R I Z E D  6 0  PER CENT (NORMAL TO 
THE BEAM O I R E C T I O N I .  

T H I S  EXPERIMENT USES SPPRK CHPYEERS. 

K E Y  VOROS - P O L P R t L A T l O N  

. * t l * * * * * * . . * . . * * * *  

* NO OATA PUNCHED FOR T H I S  A R T I C L E  * 
* * . . * . * * * * * * * * . * * * *  



O R S E R V A T l O N  O F  Y * + I 1 3 8 5 1  K +  A h 0  h * + + 1 1 2 3 t l  RHO0  C E C A Y S  O f  b  h U C L E O N  RESONANCE.  I P H Y S .  REV. 1 7 1 ,  I 4 2 1  1 1 9 b 8 1 1  

k . C H I N O ~ S K Y , P . C C N O C h , R . R Y K 1 N S E Y ~ S . L . K L E l t ~ ~ V . ~ A N C E L K E R N P . S C ~ H I O T ~ J . S C H ~ ~ T Z  1U.C. L A h R t N C E  RA0 .  L A B . ,  B E R K E L E Y .  C A L I F . ,  U S b  , 
A N 0  U N I V .  OF C b L I F C R h l b ,  B E R K E L E Y ,  C A L I F . .  U S A 1  

F . Y A R T I ~ , M . L . P E R L I T . H . T I N  I S T b h F O R C  L I N E A R  I C C E L .  CNTR., S T A N F O R O , C A L I F . I  U S A 1  

A B S T R 4 C T  AN I N A L Y S I S  O F  P P  I N T E R A C T I O N S  AT  b  B E V / C  I N D I C A T E S  T H E  P R E S E N C E  C F  b  T  = 3 / 2  NUCLEON RESONANCE W I T P  P A S S  
NEAR 2 .0  B E V I C I S O U A R E D I .  W I T H  OECAY WCOES Y * + f L 3 B 5 1  K+ ,  N * + + 1 1 2 3 6 1  RHOO.  AND N * + + l l Z 3 b 1  P I + P I - .  A  P E P I P ~ E R A L  
P R O D U C T I O N  MOOEL FOR T H E  R E A C T I C N  PP - h  N * + + 1 1 9 5 0 1  G I V E S  E X C E L L E N T  AGREEMENT W I T H  THE DATA,  W I T H  A  CROSS S E C l l o h  FOR 
N * + r f 1 9 5 0 1  P R O D U C T l O h  b h C  SUBSEOUENT CECAY I N T O  I * +  K +  Of 1 3  t- 3  U 8 .  

C L O S E L Y  R E L A T E D  R E F E R E N C E S  
T P l S  A R T I C L E  S U P E R S E D E S  P A R T  O F  U C R L  1 1 7 0 7  I l 9 b B I .  
P A R T  DF i n r s  ~ R T  ICLE S U P E R S E O E O  B Y  UCRL 1 8 3 0 6  f 1 9 6 8 1 .  
C O N T I N U A T I U N  OF P R E V I C U S  E X P E R I V E h T  I h  PHYS. REV. 1 6 5 ,  1 4 6 6  1 1 9 6 0 1 .  

A O O I T I O h A L  C I T I T I C N S  
PHYS. REV. L E T T E R S  1 9 ,  3 9 7  ( 1 9 6 7 1 ,  PHYS.  REV. L E T T E R S  1 7 ,  7 8 9  1 1 9 6 6 1 .  PHYS.  REV. L E T T E R S  16 .  8 5 5  1 1 9 6 6 1 ,  NUOVO 
C I M E N T O  3 5 ,  1 0 5 2  1 1 9 6 5 1 s  P k Y S .  L E T T E R S  60 1 3 4  1 1 P b 4 1 .  PHYS. REV. 1 3 3 .  8 1 0 1 7  f 1 9 6 4 1 ~  PWYS. REV. 1 2 8 .  1 8 2 3  1 1 9 6 2 1 .  
PHYS.  REV .  L E T T E R S  7 .  4 5 0  f19t .11.  P k Y S .  REV. L E T T E R S  4. b l t  1 1 9 6 0 1 .  P H Y S .  RFU.  161.  1 3 8 1  1 1 9 6 1 1 .  PHYS. RFY .  156. L I B 4  

7 4 7  l 1 9 6 Z I r  PMYS. REV. 1 2 5 ,  2 0 8 2  1 1 9 6 2 1 ,  PHYS. REV. 1 2 5 ,  2 0 9 1  1 1 9 6 2 1 ,  PHYS.  REV. 1 2 3 ,  2 1 b C  1 1 9 6 1 1 .  PHYS. RFV .  L E T T E P S  
9 ,  1 3 3  1 1 9 6 2 1 .  PHYS.  R E V .  L E T T E R S  1 0 ,  8 5  1 1 9 6 1 1 ,  PHYS.  REV. L E T T E R S  1 0 1  1 4 2  1 1 9 6 3 1 ,  PHYS. L E T T F P S  2 6 8 ,  1 6 1  1 1 9 6 8 1 ,  
PHYS. REV. 1 6 5 ,  1 7 3 0  1 1 9 6 8 1 ,  R E I .  MOD. PHYS. 4 0 .  7 1  1 1 9 6 8 1 ,  PHYS. PEV .  L E T T E R S  1 9 .  9 2 5  1 1 9 6 7 1 .  YUC. P b Y S .  8 3 .  I G  1 1 9 b 7 1 1  
NUUVO C I H E N T O  2 7 ,  7 2 4  1 1 5 6 3 1 ,  ANC PHYS. L E T T E R S  2 4 0 ,  3 0 7  ( 1 9 6 7 1 .  

A R T I C L E  R E A C  BY L E R O Y  P R I C E  I h  4 / 7 0 .  AND V E R I F I E D  RY  C O E T T E  BENARY. 

B E A U  I S  PROTON P N  PRGTON AT t C E V I C .  

T H l S  E X P E R I M E N T  U S E S  T b E  L.E.L. 7 2  I h .  I H l  B U B B L E  CHAMBER. A  T O T A L  O F  5 5 0 0 C C  P I C T U R E S  ARE R E P C P T E D  ON. 

K E Y  WORCS - CROSS S E C T I O N  MASS SPECTPUM STRANGE P A P T I C L E S  C E L T A 1 1 9 5 0 1  VOCELS N 1 1 1 2 3 6 1  Y * 1 1 3 8 5 1  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

[ P A G E  1 4 2 2 1  

I T H I S  D A T A  R E P L A C E S  V A L U E S  G l V E N  E I R L I E R  I N  K I N S E I ,  U C R L  1 7 7 0 7  l L 9 6 8 1 1  

R E I C T I O N  
P R O T O h  P R C T C L  - 

PROTON PROTOh  F l +  P I -  
PROTON NEUTRON P I +  P I +  P I -  

[ P A G E  1 4 2 3 1  

L A B O R A T O R Y  e E A P  MCMENTUV = 6 . C 4  +- - 0 3  G E V l C .  

R E b C T I O k  
P R O T O h  PROTON * 

PROTON LAMBDA P I +  KO 
PROTON LAMBDA P I C  I+ 
NEUTRON L & n B u &  PI+ ~4 

M I C R O - B A R N S  

6 7 .  +- 10.  
4 5 .  7. 
51). 7. 

O B S E R V A T I O N  O F  i O E L T A + + 1 1 9 0 0 1  RESCNANCE C E C b Y I N G  I N T C  D E L T A t ~ l l 2 3 6 1  P l -  P I + .  I N U C .  PPYS.  0 1 6 ,  5 0 3  1 1 9 7 D ) I  - M . B O G G 1 L D ~ K . H A h S E h ~ b ~ J C ~ N S T b L ~ R l i M O L L E P U O L . V E J E  I N I E L S  BOHR I N S T I T U T E .  COPENHAGEN.  C E N Y d R K l  
M. K O R K E A - b H 0 ,  P . L A U R l K A l N E N ~ R . D . R b l T I 0  I H E L S I N G l k  Y L I O P I S T O .  H E L S I N K I .  F l h L b h O l  
T . J b C C B S E h ~ S . O . S O R E h S F h  [ C S L C  U h I V . ,  O S L C .  NORWAY1  
G.EKSPONG, L ~ G R A N S T R O Y ~ S ~ C ~ H O L V G R E h ~ S 5 h I L S S G h ~ U ~ S V E O I N N . Y 8 M C A G N I  I S T C C K H O L F S  U N I V . .  STOCKHOLM, SWEDEN1  

A B S T R A C T  P R O C U C T I C N  O F  C E L T b + t l P P P R O X .  1 9 0 0 1  H A S  B E E N  OBSERVED I h  THE  R E A C T l O h  PP . O E L T A + + l b P P Q O X .  1 9 0 0 1  h .  T H E  
O B S E R V E D  DECAY MODE I S  O E L T A + * l A P P R O X .  1 9 0 0 1  * O E L T A + + I l 2 3 6 1  P I -  P I * .  T H E  CROSS S E C T I O N  FOR THE P R O C E I S  I l l V U L T I P L I E D  
BY  T H E  B R A N C H I N G  R A T I O  O F  THE O B S E R V E D  CECAY MODE I S  2 4  +-  7  H I C R O B A R h S .  T H E R E  I S  NO I N C I C D T I O N  O F  T H E  DECAY MODE 
O E L T A t t I A P P R O X .  1 9 0 0 1  - O E L T b + + l l 2 3 b l  U H 0 0 f 7 6 5 1 .  

C L O S E L Y  R E L l T E C  R E F E R E N C E S  
SEE A L S O  S U R R I T T E O  T C  T H E  k I E N h A  CONF., 1 9 0 8  1 1 9 6 8 1 .  

I O O l T I O N A L  C I T A T I O N S  
PHYS. REV. 1 3 7 .  8 9 6 2  ( 1 9 6 5 1 .  C E R N  N P / I N T b 6 - 2 1  PHYS.  REV .  L E T T E R S  1 9 ,  1 9 8  I l 9 b l l .  PHYS. REV. 1 7 1 ,  1 4 2 1  1 1 9 6 8 1 ,  A h D  
V I E N N A  CONFERENCE 1 3 5  1 1 S C E l .  

A R T I C L E  READ eY O C E T T E  E E N I P Y  I h  9 / 6 5 ,  A N 0  V E R I F I E D  BY  L E R O Y  P R I C E .  

BEAM I S  PROTON O h  PROTON AT 1 9  C E V I C .  

T H l S  E X P E R I M E N T  U S E S  T h E  C E R N  2 Y  ( H I  B U R B L E  CHAMBER. A  T O T A L  O F  1 2 0 0 0 0  P I C T U P E S  ARE PEPORTED ON. 

K E Y  WCRCS - CROSS S E C T I O N  MASS SPECTRUY O E L T A I l 9 2 O I  

CRCSS S E C T I O N  FOR P R O T C L  P R C T O L  - h E U T R O N  O E L T b f l 9 2 0 ~ + + .  [ P A G E  2 1  
O E L T A l 1 9 2 0 1 + +  - n E L T A l 1 2 3 B J + +  P I +  P 1 -  1 1 , Z l  
O E L T b f l 2 3 8 1 + +  t PROTON P I +  [ 1 , 2 1  

L A B C R A T C R Y  
B E b P  MOHEhTUM 

G E V l C  
1 9 .  

1 1 1  USED S I P F L E  M d S S  CUT .  
I 2 1  CCUVTED O N L Y  E V E N T S  ABDVF  PbCKCRCUhD.  



TML,:gkP':;:El:: :;,:::,OlFFEREhTI" C R O S S - S E C T l O h  OF E L b S T l C  P-P SCATTERING I h E N E R G Y M N G E  1 2 - 1 0  GEV. I P H Y S .  

G ~ C . R E Z N L ~ G ~ K H ~ A ~ B U Y A K K K . I ~ I O V C ~ E V ~ L ~  K I R I L L O V 4 . P .  MARKOV,B.A-MCROZCV. A.V.NIKITlh~P.V.hCMCKONOVV~. SMAFRANOVA,V. 
SVIR1DOV.TRUCNG a l E N ,  V . l . lAYbCHK1,  N.K.ZHICKOV.L.S.ZOLIN [ J O I N T  INST.  FOR NUCL. PESEARCH. DUBNA. USSR1 

S.B .NURUSHEV,V IL .SOLOVIdNOY ( I N S T .  GF H I G H  EN. PHlS.,  SERPUKCV, U S S P I  

ABSTRACT THE MEbSUREMEhTS OF THE C I F F E R E N T I A L  CROSS S E C T I O N  OF E L A S T I C  P-P S C A T T E R l h G  I N  R E L A T I V E  U N I T S  hEPE PEPFCRVFC 
I h  THE ENEPGY RANGE CF 12-7C GEV. THE VbLUFS OF THE SLCPE PARAMETER HFRE O B T A l N E O  FRO* T H I S  DATA. I T  WAS SMOHN THAT 
THE SLCPE PASAMETER OF T b E  O I F F E P E I I T I A L  0 -P  S C A T T E R I N G  I S  MONOTONOUSLY I h C P E A S l N G  WHEN THE PROTOh ENERGY R I S E 5  I N  THE 
RANGE 1 2 - 1 0  GEY. h E  h A V E  O B T A I N E D  THE SLOPE PCMER4NCHUK.S POLE TRAJECTORY FRCP T H I S  ObTA=0 .40  + - 0.0s. 

C I T D T I C L S  
ANNALS OF P H Y S I C S  3 ,  1 9 0  ( 1 9 5 0 1 ,  JACERN. F I Z .  1, 5 3 3  ( 1 9 6 5 ) .  PHYS. PEV. L E T T E R S  1 1 .  4 2 5  1 1 9 6 3 1 1  PHYS. LETTERS 14 .  1 6 4  
( 1 9 6 5 1 .  AN0 hUOVO C I M E N T C  4 5 1  5 7 1  1 1 9 6 6 1 .  

A R T I C L E  REAC RY OCETTE BEhbRY I h  2 1 l C s  AND V F R I F I E C  BY LEROY PRICE.  

BEAM I S  PRCTON O h  HYCRCGEh CCMPOUNC FROM 1 2 . 9 0 4  T C  7 0 . 9 3 2  GEVIC.  l 0 E A M  K I N E T I C  ENERGY = 1 2  TO 7 0  GEV) 

F I T  TO E L A S T I C  C l F F E R E N T l b L  CRCSS S E C T I O N  FOP PROTDh PROTON. I T A B L E  1 1  

LABORATORY e E a n  ENERCY = 1 2 . 1  GEV. 

DATA I S  F I T  OVEh -1 FPOP .CCB TO . I 2 0  l G E V l C l * * 2 .  1 I S  THE YOMENTUM TRANSFER BETWEEN THE I l N C O M l N G  PROTON1 ANC THE 
I G U T G O I N G  P R C T O h l .  

F I T T E D  FORMULA I S  C - S I G Y I I C - T  = E X P I - e * A B S I T I I  

HHERE C - S I G M A I D - 1  I S  I N  M B I I G E V l C l * * 2  AN0 -T  I S  I N  I G E V / C I * * Z .  

F I T T E D  VALUE 

B  = 9 .81  +-  . 3 5  

F I T  TG E L A S T I C  O l F F E R E N T l b L  CRCSS S E C T l C h  FOP PROTON PROTON. I T A B L E  1 1  

LABORATORY eEAP ENERCY = 14.0 GEV. 

DATA I S  F I T  OVER -T FROM . 0 0 8  TC . I 2 0  l G E V l C l r r 2 .  1 I S  THE MOHENTUY TRbhSFER BETWEEh THE I l N C O M l N G  PROTON1 I N C  T H E  
I C U T G O l h G  P R C T O h l .  

F I T T E D  FORMULA I S  C - S I G M A I D - 1  = E X P I - B * A B S I T I  I 

WHERE D-SIGMA/D-T I S  I N  M B / I G E V / C l * * 2  AN0 - T  I S  I N  I G E V / C l * * 2 .  

F I T T E C  VALUE 

B = 9 . 9 e  +- - 1 2  

F I T  TO E L A S T I C  D I F F i R E N T l A L  CRCSS S E C T I C h  FDF PROTOh PROTOh. [ T A B L E  1 1  

LABORATORY BEAY EhERGY = 17.9 GEV. 

DATA I S  F I T  OVER -1 FHOY - 0 0 8  TO . I 2 0  I G E V I L I * * Z .  7 I S  THE MONENlUR TRANSFER BETWEEN THE L I N C C Y I N G  P R C T C N I  ANC T H E  
LCUTGOING PROTOhl .  

F I T T E D  FORYULA I S  C-S IGMDIO-T  E E X P I - B L A B S I T 1  I 

HHERE 0 - S I G M A / @ - 1  I S  I N  M B l l G E V l C I * * Z  AN@ - T  I S  I N  l G E V I C l * * Z .  

F I T T E D  VALUE 

A  = 10 .46  +- .12  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F I T  T O  E L A S T I C  D I F F E R E N T I A L  CROSS S E C T I O N  FOP PROTON PRCTON. I T A B L E  1 1  

LABORATORY BEAM ENERGY = 20.9 GEV. 

DATA I S  F I T  OVEK -T FRO* 
I O U T G O I N G  PROTONI .  

F I T T E D  FOPMULb I S  

. 0 0 8  TC .12D I G E V / C l + * Z .  T  I S  THE MOMENTUM TRANSFER BETWEEN THE L l N C O M l N G  P R O T O h l  ANC THE 

C-SIGUA/D-T - E X P I - B * A B S I T I  I 

WHERE C - S I G M L I C - T  I S  l k  ~ B I l G E V J t l * * Z  AND -T I S  I h  I G E V I C l * * 2 .  

F I T T E C  VALUE 

B F i o . 5 e  t- .E 

F I T  TO E L A S T I C  O I F F E R E N T I A L  CRCSS S E C T I O N  FOP PROTOh PROTON. [ T A B L E  1 1  

LABORATORY BEAY ENERGY = 23.8 GEV. 

DATA I S  F I T  OVER -T FROY .COB TC - 1 2 0  I G E V / C l * * Z .  1 I S  THE MOMENTUM TRANSFER B E T Y E E h  THE I I N C O M I N G  PROTON1 bNC THE 
1  CUTGOlNG PROTONI. 

F I T T E C  FORMULA I S  C - S I G t l b l C - T  = E X P I - B I A B S I T I I  

WI'EPE D - S I G M A I D - 1  I S  I N  M B / l G E V I C 1 * * 2  AND -T  I S  I h  I G E V I C l * * Z .  

F I T T E C  VALUE 

B = 1 0 . 5 9  +- . L l  



F I T  T C  E L A S T I C  O l F F E R E N T I b L  C R C S S  S E C T I O N  F O R  P R O T G h  PROTON. [ T A B L E  1 1  

L A B O R A T O R Y  R E A M  E N E R C Y  = 2 6 . 7  GEV. 

D A T A  I S  F I T  OVER -1 F R O *  . 0 0 B  T C  . I 2 0  l G E V I C l * * 2 .  T  I S  T H E  M O M E N T U M  T R A N S F E R  B E T W E E N  T H E  I I N C O M I N G  P R O T O N 1  A N C  T H E  
I C U T G O I N G  P R O T O N I .  

F I T T E D  F O R Y U L A  I S  C - S I G P A I O - T  = E X P C - P * A B S [ T I I  

WHERE 0 - S I G M A I C - 1  I S  I h  P B / l G E V I C ) * * 2  A N D  -1 I S  I N  I G E V I C l * * Z .  

F I T T E C  V A L U E  

B  = 1 0 . 1 1  +- - 1 1  

F I T  T O  E L A S T I C  D I F F E R E N T I A L  C R C S S  S E C T I O N  F O R  P R O T O N  P R C T O h .  [ T A B L E  I 1  

L A B O R A T O R Y  B E A Y  E h E R G Y  = 2 9 . 7  GEV. 

D P T A  I S  F I T  OVER -1 F R O ?  . 0 0 B  T O  . 1 2 D  I G E V I C l * * Z .  T  I S  T H E  M O M E N T U N  T R A N S F E R  B E T W E E h  T H E  I I N C O M I N G  P R O T O N 1  A N C  T H E  
I C U T G O I N G  P R O T O N I .  

F I T T E C  F O R M U L A  I S  0 - S I G H A I D - T  = E X P I - B * A B S I T I I  

WHERE D - S l G M A l C - T  1 5  I N  Y B I I G E V I C l * * 2  PNO -1 I S  I N  l G E V I C I " 2 .  

F I T T E D  V A L U E  

B  = 1 0 . 6 8  +- .ll 

F I T  T O  E L A S T I C  O I F F E R E N T I P L  C R C I S  S E C T I C N  F O R  P R O T O h  P R C T O N .  [ T A B L E  1 1  

L A B O R A T O R Y  B E A M  E N E R G Y  = 32.6 GEV. 

O A T A  I S  F I T  O V E R  -1 F R O P  .OD8 T C  . I 2 0  I C E V I C l * * Z .  T  I S  T H E  WOMENTUM T R A N S F E R  B E T W E E N  T H E  I I N C O P I N G  P R O T O N 1  A N C  T H E  
I C U T G O I N G  P R O T O L I .  

F I T T E D  F O R P U L A  I S  C - S I G N A I C - T  = E X P I - B * A B S I T I l  

WHERE O - S I G M b l O - T  I S  1 h  H P l l G E V l C l * * Z  A N 0  -1 I S  I N  l G E V / C I * * 2 .  

F I T T E D  V P L U E  

B  = 1 0 . 6 6  +- . I 1  

F I T  T O  E L A S T I C  D I F F E R E N T I A L  C R C S S  S E C T I O N  F O R  P R O T O N  P R O T O N .  [ T A B L E  1 1  

L A B O R A T O R Y  B E A V  E N E R G Y  = 35.5 GEV. 

D A T A  I S  F I T  C V t R  -1 F R O M  .GO8 T C  . I 2 0  I G E V I C l L * 2 .  T  I S  T H E  M O M E N T U M  T R A N S F E R  B E T W E E N  T H E  [ I N C O M I N G  P R O T O N 1  A N C  T H E  
L C U T C D I N G  P R O T O N  I. 

F I T T E O  F O R M U L A  I S  C - S I G M P I O - T  = E X P I - B * A B S I T I I  

WMERE 0 - S I G M A I D - T  I S  I N  M B I I G E V I C l * * 2  A N 0  -1 I S  I h  I G E V I C I * * Z .  

F I T T E D  V A L U E  

B  = 1 0 . 7 7  +- .ll 

F I T  T G  E L A S T I C  O l F F E R E N T l b L  C R C S S  S E C T I O N  F O R  P R O T O h  PROTON. I T A B L E  1 1  

L A B O R A T O R Y  B E A M  E N E R G Y  = 38.6 GEV. 

D P T A  1 '  F I T  O V E R  -1 F R O P  .COB T C  - 1 2 0  I G E V I C l * * 2 .  T  I S  T H E  M O M E N T U M  T R A N S F E R  B E T W E E N  T H E  I I N C O Y I N G  P R O T O N 1  A N C  T H E  
1 C U T G O I N G  P R O T O N I .  

F I T T E D  F O R M U L P  I S  C - S l t V b l C - T  = E X P I - B t b B S ( T I 1  

W b E R E  C - S I C M A I D - T  I S  I N  M B I I G E V l C l * * 2  A N 0  -1 I S  I N  I G E Y I C I * * 2 .  

F I T T E D  V A L U E  

B  = 1 0 . 8 9  + -  . 1 0  

F I T  T C  E L A S T I C  D I F F E R E N T I A L  C R C S S  S E C T I O N  F O R  P R O T O N  P R O T O N .  [ T A B L E  1 1  

L A E O R P T O R Y  e E A Y  E N E R G Y  = 4 0 . 7  GEV. 

D A T A  I S  F I T  OVER -1 F R O Y  .COB TO . L Z O  I G E V I C l * r Z .  1 I S  T H E  M O M E N T U M  T R b N S F E R  B E T W E E N  T b E  I I N C O U I N G  P R O T O N 1  A N C  T H E  
I G U T G O I N G  F'ROTONI.  

F I T T E O  F O R M U L A  I S  C - S l t Y A l D - T  = E X P I - e * A B S [ T l I  

WHERE C - S I G M A I O - T  I S  I N  M B / l G E V I C l * * Z  A N 0  -1 I S  I N  l G E V I C l * * 2 -  

F I T T E C  V A L U E  

8  = 1 0 . 8 7  + -  . 1 4  

F I T  T O  E L A S T I C  O I F F E R E N T I P L  C R C S S  S E C T I O N  FOR P R O T O h  P R C T O N .  [ T A B L E  1 1  

L A B O R P T O R Y  E E A P  E N E R C Y  = 4 4 . 2  GEV. 

O A T A  1 5  F I T  OVER -1 F R O "  . 0 0 8  T C  - 1 2 0  l G E V l C l * * Z .  T  I S  T H E  M O M E N T I J Y  T R A L S F E R  P E T M E E N  T H E  I I N C O M I N G  P R r T O N l  ANC T H E  
l C U T G O l h G  P R C T O L I .  

F I T T E D  F O R M U L A  1 5  C - S l G W A l C - T  = E X P I - E * I B S l T I  I 

WHERE C - S I C R A I C - 1  I S  I N  M B / I G E V I C l t * Z  A N D  -1 I S  I N  I G E V I C l * * Z .  

F I T T E D  V A L U E  

0 = 1 C . 9 5  +- - 1 0  



F I T  TO E L A S T I C  O I F F E R E h T l b L  CRCSS S E C T I E h  FCR PROTOh PROTON. I T A B L E  1 1  

LABCRATCRY PEA? ENLRCY = 4 8 .  CEV. 

DATA I S  F I T  OVER - T  FROM .COB TO .12O I C E V / C ) * I 2 .  T  I S  THE MOMENTUW TPbhSFER BETWECN THE I I N C O Y I N G  PROTONI  AND THE 
I C U T G C I N G  PRCTOhI .  

F I T T E D  FORMULA I S  C-S IGMAIO-T  = E X P I - B * A B S l T I I  

UHERE 0 - S I G M A I D - T  I S  I N  M e l l G E V I C l * * Z  ANC -1 I S  I N  I G E V / C I * * 2 .  

F I T T E C  VALUE 

B  - 11 .15  +- .I1 

F I T  TO E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C h  FOP PRCTOh PROTCH. I T A B L E  1 1  

LABORATORY BEAV EhERGY = 51.2 GEV. 

DATA I S  F I T  OVER -1 FRON .DO8 TC . I 2 0  I G E V I C l * * 2 .  T  I S  THE MOMENTUM TRAhSFER BETWEEN THE I I N C O P I N G  P R C T C N I  PNC T H E  
1  CUTGOING PROTON I. 

F I T T E D  FORMULA I S  C-S IGMb/O-T  = E I P I - B * b B S I T I  1 

WHERE 0 - S I G M A I D - T  I S  I k  Y B / I G E V / C l * * 2  LNG -1 I S  I N  I G E V / C l * * 2 .  

F I T T E C  VALUE 

B  = 1 1 . 3 1  r- -11 

F I T  T O  E L A S T I C  O I F F E R E N T I A L  CRCSS S E C T I O N  FOR PROTOh PRCTOI .  I T A B L E  1 1  

LABORATORY BEAM ENERGY = 53 .4  GEV. 

DATA I S  F I T  OVER -1 FROV .GO8 TC . I 2 0  l G E V I C 1 * * 2 .  T  I S  THE MOMENTUM TRANSFER B E T Y E E h  THE I I N C O Y I N G  P R C T O N I  ANC THE 
1  CUTGOING P R O T O h l .  

F  I T T E O  FCRMULA I S  C - S I G U A I O - T  = E X P I - B * A B S I T I  1  

UHERE D - S I G H A I O - 1  I S  I N  P B I I G E V / C I * * Z  AN0 -1 I S  I N  I G E V / C I * * Z .  

F I T T E C  VALUE 

B  = 11.24 +- . I 2  

F I T  T O  E L A S T I C  D l F F E P E N T l b L  C R C I 5  SECTION FOR PROTOh PRCTCN. I T A e L E  1 1  

LABORATORY BEAM ENERGY = 56 .1  GEV. 

DATA I S  F I T  OVER -1 FRCV .COB TC . I 2 0  I G E V / C l * * Z .  T  I S  THE MOMENTUM TRANSFER BETYEEN THE I I N C O M I N G  P R C T O N I  ANC THE 
I C U T G O I N G  P R O T D h l .  

F I T T E D  FORPULA I S  C-S I G M b l O - T  = E X P I - B * A B S I T ) I  

WHERE 0 - S I G H A I O - T  I S  I N  M B I I G E V / C I * * Z  AN0 -1 I S  I N  I G E V I C l * * 2 .  

F I T T E D  VALUE 

B  = 1 1 . 1 6  .- - 1 0  

F I T  T C  E L A S T I C  C I F F E R E N T I A L  CRCSS S E C T l O h  FOR PROTON PROTON. I T A B L E  1 1  

LABORATORY BEAM ENERGY = 54.3 GEV. 

DATA I S  F I T  OVER -T FROM .CCB TC - 1 2 0  l G E V l C l * t 2 .  T  I S  THE MOMENTUM TRANSFER BETWEEN THE I I N C O M I N G  PROTON1 ANC THE 
I O U T G O I N G  PROTON I. 

F I T T E D  FDRNULA I S  C-S IGMAIC-T  = E X P I - B * A B S I T I I  

UHERE O - S I G M A / O - T  I S  I N  M B I I G E V / C l * * 2  AND -1 I S  I k  I G E V / C ) * * Z .  

F  I T T E D  VALUE 

B  = I l . 4 C  +- .C9 

r c  ELASTIC OIFFERENTIAL C R C S S  SECTION FOR PROTON PROTON. ITABLE 11 

LABORATORY BEAU ENERGY - 62.6 GEV. 

DATA I S  F I T  OVER - T  FROM .COB 1 0  - 1 2 0  I G E V / C l * * Z .  T  I S  THE MOMENTUM TRANSFER BETWEEM THE I I N C O M I N G  PROTON1 ANC THE 
I C U T G O I N G  PROTONI .  

F I T T E D  FORPULA I S  t - S I G P A / O - T  = E X P I - @ * b B S l T I I  

WHERE D . S I G M A / O - 7  I S  I N  M B / I G E V / C l * * Z  AND -1 I S  I N  I G E V / C l * * 2 .  

F I T T E D  VALUE 

0  = I l . 7 t  r-  - 1 2  

F I T  TO E L A S T I C  O l F F E R E N T l b L  CRCSS S E C T I O N  FOR PROTON PROTON. I T A B L E  1 1  

LABORATORY BEAM ENERGY = 65 .2  GEV. 

DATA I S  F I T  OVER - T  FRO? .COB TC . I 2 0  l G E V I C I * * 2 .  T  I S  THE MOMENTUM TRPLSFER BETWEEN THE I I N C O Y I N G  PROTON1 AND T H E  
I O U T G O I N G  P R C T O h l .  

F I T T E D  FORPULA 1 s  C - S I G P A l D - 1  = E X P I - e * A B S I T I l  

UPERE O - S I C H A I C - T  I S  I N  M B / I G E V I C ) * * Z  AND - T  I S  I N  l G E V / C l * * 2 .  

F  I T T E E  VALUE 

B  = 1 1 . 5 2  r- . I 2  



F I T  TO E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T l O h  FCR PROTOh PROTON. I T A B L E  1 1  

LABORPTORY B E A L  ENERGY = 6 9 .  CEV. 

DATA I S  F I T  OVER -T FROM .COB TC . l Z O  I G E V I C I * * Z .  T I S  THE MOMENTUM TRANSFER BETWEEk THE I I N C O M I N G  PRCTONI  bNC T H E  
IOUTGOING PROTONI. 

F I T T E D  FORMULL I S  C-S IGMPIC-T  = E X P I - B t A B S I T I I  

WHERE 0 -S IGMAID-T  I S  I N  Y B I I G E V l C l * * 2  AND -1 I S  I h  I G E V l C l * * Z .  

F I T T E O  VALUE 

0 = 11 .38  +- .ll 

1x1 PROTON-PROTON ELASTI .  S C A T T E R I h C  I h V C L V I N G  LARGE MOMENTUM TRLNSFERS. I P h Y S .  REV. 1 3 8 .  0 1 6 5  1 1 9 6 5 1 1  

G.COCCONI.V.T.COCCONIIA.D.KIRSC~,J.CREARRR.RUBINSTEIN~C.R.SCARL 8 .T .ULRICH [ C O R N E L L  UNIV.,  I T H A C 4 ,  h. 1 . 9  U S A 1  
U.F.BAKER.E.W.JENKINS,P.L.REbC ICROOKFAVEN N I T .  LAB., UPTON, L . I . ,  N. I.. U S b l  

ABSTRACT TWENTY-NINE PROTCN-PROTCL D I F F E R E N T I A L  E L A S T I C  CROSS SECTIONS FOR L A B  MOMENTA P l O l  FRO* 11 TO 31.8 B E V I C ,  AT 
FOUR-MOMENTUM TRAhSFERS SQUARED, -1. FROM 2.3 TO 24.4 I B E V I C I - S P U A R E O .  H L V E  B E E h  MEASURED AT THE BROOKHAVEN 
A L T E R h A T I N G  GRADIENT SYhCHROTROh. T H E  C I R C U L A T I N G  PROTON BEAM I M P I N G E D  UPON A T H I N  C H I 2 1  I h T E R N A L  TARGET. B E T H  
SCATTERED PRCTONS FRO? PP E L A S T I C  EVENTS WERE DETECTED RY S C I N T I L L L T I O N - C O U N T E R  TELESCOPES WHICH WERE PLACED 
DOWNSTREAM FRGM O E F L E C T I C N  MAGNETS SET AT THE APPROPRIATE ANGLES TO THE I N C I D F N T  BEAV. THE ANGULAR CORRELdT lON D F  T H E  
PROTONS, T H E I R  MOMENTA, LNC THE C O P L A h A R l T Y  OF THE EVENTS WERE DETERMINED BY THF D E T E C T I O N  SYSTEM. THE RESULTS SHCh 
T H b T  AT H I G H  WOMENTUH TRANSFERS THE O l F F E R E N T t l L  CROSS S E C T I O N  0 - S I G M A l C T ,  DEPENDS STRONGLY UPON T H E  ENERGY: FOR - T  s 

1 O l B E V l C ) - S Q U A R E D .  THE VALUE CF 0 - S l G L A l D T  AT P I 0 1  = 3 0  B E V I C  I S  SMALLER BY L FACTOR OF ABOUT LOO0 THAN AT P I 0 1  = LO 
OEVIC.  AT ALL  ENERGIES.  C - S I G M A I D T  F A L L S  R A P I O L Y  WITH I N C R E A S I N G  / T I  FOR S C A T T E R I N G  ANGLES UP TO ABOUT 6 5  OEG. 
IC.M.1, W I L E  I N  T h E  RANCE FROM 6 5  TO 9 0  OEG. THE CROSS S E C T I O N  F A L L S  ONLY B Y  D FACTOR OF ABOUT 2. T H F  S Y D L L E S T  CROSS 
S E C T I O N  MEASURED WAS 9 X LO** -31  CP-SCUARED S R r t - 1 I C . Y . 1 ,  AT P I 0 1  = 31 .8  B E V I C  AND -T = 20 .4  I R E V I C I - S Q U A R E D :  T H I S  I S  
ABOUT 3 X l o * * - 1 2  OF THE ZERE-DEGREE CROSS S E C T I O N  AT THE SAME ENERGY. 
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ARTICLE R E A D  BY OCETTE BENARY ~h 3 / 6 7 .  A ~ D  VERIFIED BY LEROY PRICE. 

BEAM I S  PROTON ON HYDRCGEk CCLFCUHC FRCH 11.0 TO 31.8 GEVIC.  

T H I S  EXPERIMENT USES COUNTERS. 

K E Y  hORDS - O l F F E R E N T l A l  CRCSS S E C T I C N  

E L A S T I C  D I F F E R E N T I A L  CROSS S E C T I O N  FCR PROTOh PRCTON. I T A B L E  1 1  

LABORATORY BEAH MOHENTUW = 18 .9  G E V I C  +- 11PER CENTI .  

THETA C - S I G L b I C - O L E G A  
DEGREES U B I S R  

PER CENT 
29.9 +- .2 1 .61  + 2 5  - 2 C  

THETA I S  THE ANGLE THAT THE PROTON MAKES W I T H  THE BELY I N  THE GRbNC C.W. 

E L A S T I C  D I F F E R E N T I A L  CROSS S E C T I O N  FCR PROTOh PRCTON. I T A B L E  1 1  

LABORATORY BEAV MOPENTUL = 1 3 .  G E V I C  r- l l P E R  C E h T I .  

THETA C - S I G Y D I O - C L E G d  
DEGREES U B I S R  

PER CENT 
37.C +- .2 3.Cb + 2 5  

- 2 C  

THETA I S  THE ANGLE THAT THE PROTOh MAKES k I T H  THE BEAV I N  THE GRbNC C.H. 

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C N  FCR PROTOC FRCTON. [ T A B L E  1 1  

LA0ORATORY BEAW HOYEhTUY = 11. G E V I C  +- l l P E R  C E N T I .  

THETA 
DEGREES 

C - S I G M I I C - O V E G A  
U P I S Q  

PER C F N l  

THETA I S  THE ANGLE THAT THE PRCTCh VAKES h l T H  THE eEAM I N  THE GRbNC C.H. 

E L A S T I C  O I F F E R E N T I A L  CRCSS S E C T I O N  FCR PRCTOh PRCTCK. [ T A B L E  1 1  

LABORATORY BEAW YOPELTUY = 1 6 . 1  G E V I C  +- 1 1 P E R  C E N T I .  

THETA 
DEGREES 

40.8 +- .2 

C-S IGNbIC-OYEGA 
U e l S Q  

PER CENT 
. 5 1 2  t 2: 

- 2 C  

THETA I S  THE ANGLE THAT THE P P C T C t  W A K t S  W I T +  THE EEAP I h  TPE GRDNC C.H. 



E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FCR PRCTOL PRCTON. I T 9 B L E  1 1  

LAeORbTORY BEAY YJYELTUL - 24.9 GEV/C +- l l P E R  C E N T I .  

THETA C-S ICMAIC-OPEGA 
D E G R E E S  u e / s u  

PER CENT 
3 3 . 8  +-  . 2  . l i b  25 

- 2 c  

E L A S T I C  O I F F E R E N T I A L  CRCSS S E C T I C N  FCR PPOTOh PROTON. [ T A B L E  11 

LbBORATORY BEAY WOWELTUY = 13.1 G E V l C  +- 1 I P E R  C E N T I .  

THETA 
DEGREES 

0 -S lGMDIC-OMEGA 
u e / s u  

PER CENT 
.13  + 2 5  - 2 C  

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FCQ PROTOL PRCTON. I T L B L E  1 1  

LABGRATORY e E b U  MOYEhTUP = 18 .1  GEVfC r- I I P E R  CENT) .  

THETA 
DEGREFS 

42 .8  t- .2 

U e l S Q  
PER CENT 

- 0 7 4 3  + 2 5  

THETA I S  THE ANGLE THAT THE P R C l C h  MAKES W l T H  THE BEPN I N  THE GRAND C.M. 

E L A S T I C  D I F F E R E N T l A L  CRCSS S E C T I C N  FCR PROTCL PRCTON. I T A B L E  1 1  

LABORATORY eEAM MOMENTUY = 1 1 . 1  G E V I C  +- I i P E R  C E N T I .  

THETA 
DEGREES 

C-SIGMAID-OMEGA 
u w s a  

PER CENT 
. 0 4 0 2  + 2 5  

T H E T A  I S  THE ANGLE THAT THE PROTOh P b K E S  W I T H  THE E E b U  I N  THE GRANC C.M. 

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C N  FCR PROTOh PRGTON. I T I B L E  1 1  

LABORATORY e E b U  MOPENTUM - 15 .7  G E V I C  *- 1 I P E R  C E N T I .  

THETA 
DEGREFS 

55.4 +- . 2  

C-SIGMAlD-OMEGA 
u e / s Q  

PER CENT 
- 0 1 2 9  + 2 5  

THETA I S  THE ANGLE THAT THE PROTOh WAKES Y l T H  THE BEPM I N  THE GRbNO C.M. 

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C N  FCR PROTON PROTON- I T A B L E  1 1  

LABORATORV BEAV UOWENTU* = 21.7 G E V l C  +- I I P E R  C E N T 1  

THETA 
DEGREES 

46.2 +- .2 
PER CEUT 

5.98 + 2 5  - 2 C  

THETA I S  THE ANGLE THAT THE PROTON MAKES W l T H  THE BEPM I N  THE GRAND C.M. 

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FCR PROTON PROTON. I T A B L E  1 1  

LABORATORY BEAY MOWEhTUF = 31.5 G E V I C  +- I I P E R  C E N T I .  

THETA C-SIGMAIC-CYEGA 
DEGREES NANOeARNSISR 

PEP CENT 

T H E T L  I S  T H E  LNGLE T+bT T H E  PROTON MAKES W I T H  THE BEAM I N  THE GRAND C.H. 



E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FCP PROTOL PRCTON. [ T A B L E  1 1  

LABORATORY BEAP YOPELTUP' = 12.9 G E v I C  r- l l P E R  C E N T ) .  

THETA 
CEGREES 

7 2 . 1  +- .2 
PER C E h T  

9.e3 + 2 5  - 2C 

THETA I S  THE ANGLE T b A T  THE PROTON VAKES WITH THE BEAM I N  THE G R I N D  C.M. 

E L P S T I C  D I F F E R E N T I P L  CRCSS S E C T I O N  FCR PROTOh PROTCN. I T A B L E  I 1  

L I e O R A T O R Y  BEAM P O I E h T U P  : 18.2 G E V l C  +- l l P E R  C E L T ) .  

THETA C - S I G H I I C - C r E G A  
DEGREES N A h C e A R N S I S R  

PEP CENT 
58 .8  +- .2 2.52 + 2 5  

- LO 

THETA I S  THE ANGLE T k A T  T H E  PROTON MAKES W l T h  THE BEAM I N  THE GRAND C.H. 

E L L S T I C  D l F F E R E N T l b L  CRCSS S E C T I O N  FCR PROTOh PRCTON. [ T A B L E  1 1  

LABORATORY BEAP MOPENTUP = 25 .  G E V I C  +- I I P E R  C E h T I .  

THETA C - S I G P L I G - C I E G A  
DEGREES NANCeARNSISR 

PEP CENT 
4 9 . 1  t- .2 . 9 7 8  + Zf - 2 0  

THETA I S  THE ANGLE T k A T  THE PROTON F A K E S  WITH THE BEAV I N  THE GRDNL C.H. 

E L b S T l C  C I F F E R E N T I A L  CRCSS S E C T I O N  FCR PROTOk PRCTOh. [ T A B L E  1 1  

LABORATORY BEAM MOMENTUP = 11.4 G E V l C  r- l l P E R  C E N T I .  

THETA C - S I G P P I C - C r E G A  
DEGREES NAhCBARNSISR 

PER CENT 
90.0 + .2 2 2 . 4  + 2 5  

- 2 0  

THETA I S  THE ANGLE THAT THE PROTON MAKES W I T H  THE BEAM I N  THE G R I N D  C-M. 

E L b S T I C  C I F F E R E N T I A L  CRCSS S E C T I O N  FCR PROTOh PRCTON. I T A B L E  1 1  

L b 8 o R A T O R Y  BEAM MOPENTUM = 14.2 G E V l C  +- l l P E R  C E N T I .  

THETA 
CEGREES 

78.4 +- .2 

O - S l G M I l C - C P E G A  
NANCBARNSISR 

PER C E N l  

THETA I S  THE ANGLE T k A T  THE PROTON H I K E S  h l T H  THE BEAN I N  THE GRAhO C-P. 

THETA 
DEGREES NAhCBARNSISR 

PEP C E N l  
. 4 8 4  + 2 5  

THETA I S  THE ANGLE THAT THE P R G l O h  P I K E S  Y l T H  THE BEAM I N  T H E  GRANC C - I .  

E L A S T I C  D I F F E R E N T X A L  CRESS S E C T I O N  FCR PROTOh PRCTON. I T A B L E  1 1  

LPBORATORY BEPP MOMEhTUH = 28.7 G E V l C  *- l l P E R  C E N T I .  

THETA 
OEGREES 

52.0 +- . 2  

C-S16Mb lC-CPEGA 
NAhCBARNSISR 

P E P C E N T  
. I 4 7  + 3 0  

- 2 5  

E L I S T I C  D I F F E R E N T I A L  CRCSS S E C T I O N  FCR PROTON PROTOh. I T A B L E  1 1  

LABORATORY BEAM MOLENTUP i 20.9 G E V I C  +- l l P E R  C E N T I .  

THETA I S  THE ANGLE THAT THE PROTON VAKES WITH THE BEAM I N  THE GRAND C.M. 



E L A S T I C  O I F F E R E N T L A L  CRCSS S E C T I O N  FCR PROTCh PRCTON. I T A B L E  1 1  

L A B O R A T C R Y  e E e r  r o r E h r u r  = 30.7 CEVIC +- L IPER C E N T ) .  

T k E T A  C-S ICMAIO-OPEGA 
DEGREES h 4 h C e A R N S I S F  

PER CENT 

THETA I S  THE ANGLE THAT THE PROTOh PAKES W I T H  THE SEPY I N  TFE GRANC C.M. 

E L A S T I C  O l F F E R E H T l b L  CRCSS S E C T I O N  FCR PROTCh PRCTON. I T A B L E  1 1  

LABDRATORY BEAU POMELTUP = 15.6 G E V l C  +- I I P E R  C E N T I .  

THETA C-S ICPAIC-OPEGA 
OEGREES N A h C e b R N S I S P  

PER CENT 
7C.2 +-  .2 . 2 8 2  + 3C 

- 2 5  

THETA I S  THE b N G L E  T h P T  THE PROTCh WAKES U I T H  THE REAP I N  THE GRbNC C.M. 

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C h  FCR PRCTOh PRCTON. I T A B L E  1 1  

LABORbTORY B E b P  WOPEhTUY = 1 6 .  G E V I C  t- 1 I P E R  CENT) .  

THETA C-S ICMbIC-OPEGA 
DEGREES NANCBARNSlSR 

PER CENT 
81.4 +- . 2  1.54 + 2 5  - 2 C  

T H E T L  I S  T H E  ANGLE THAT THE PROTON MAKES U I T H  THE BEAM I N  THE GRANC C.M. 

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C h  FCR PROTOL PRCTON. I T A B L E  1 1  

LA8OHATORY BEAP WOPEhTUM r 23.8 G E V l C  +- 1 l P E R  C E N T I .  

THETA C-SICMAID-OMEGA 
DEGREES N b h O B P R N S I S R  

PEP CENT 
6 5 . 2  *- .2 . 0 8 4 1  3C 

- 2: 

TUETA I S  THE ANGLE T H A T  THE PROTON MAKES h I T H  THE BEAP I N  THE GRANC C.M. 

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T l D N  FCR P R O l C h  FRCTON. I T A B L E  1 1  

LABORATORY 8 E b Y  P C P E h T U F  = 21 .9  G E V I C  +- 1 I P E R  C E N T I .  

THETA O-SIGMAIO-OPEGA 
DEGREES N A h C B A R h S I S R  

PER CENT 
1 3 . 1  +- .2 - 0 6 9  + 3 0  

- 2: 

THETA I S  THE ANGLE THAT THE PROTON PAKES U l T H  THE eEAP I N  T b E  GRbNC C.M. 

E L A S T I C  O I F F E R E N T I A L  CROSS S E C T I O N  FCR PROTCh PROTON. I T A B L E  1 1  

LLBORATORV 8E.4" UOPENTUP = 18. G E V l C  r- l l P E R  C E N T ) .  

T P E T A  C-S I6MAlD-OCEGA 
DEGREES N A h C e A R N S l S P  

PER CENT 
86.0 r- . 2  - 3 6 5  + 2 5  - 2C 

THETA I S  THE ANGLE THAT THE PROTOh WAKES U I T H  THE BEAM I N  THE GRAND C.M. 

E L A S T I C  O I F F E R E N T I A L  CRCSS S E C T I O N  FCR PROTCh PRCTON. I T P B L E  1 1  

LABORATORY BEAM POYELTUM = 26.6 G E V l C  +- l l P E R  CENT) .  

THETA O-S IGMLID-OMEGA 
OEGREES N A h C B b R h S l S R  

PER CENT 
6 8 . 1  r- .2 - 0 1 4 6  + 3 0  - 2 5  



E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T l C h  FCR PRCTCL PRCTON. I T A B L E  1 1  

LABORATORY BEAP P O V E L T U I  = 26.2 G E V I C  +- I I P E R  C E N T I .  

THETA C - S I t W b l C - O M E G A  
DEGREES P I C C E A R h S I S F  

PER CENT 

THETA I S  THE ANGLE THAT THE PRCTCh MAKES k l T W  THE BEAW I N  THE GRANC C.M. 

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C N  FCR PRCTCh PRCTDN. [ T A B L E  1 1  

LABORATORY BEAP PCVELTUV ' 21.9 G E V l C  +- 1 I P E R  CENT) .  

THETA C-S lGMb lC-OMEGA 
DEGREES N A L C B A R h S l S R  

PEP CENT 
9C.O +- .2 - 0 5 1 5  + 3 C  - 2 5  

THETA I S  THE ANGLE T r A T  THE PRCTCh P I K E S  i l T H  THE EEAY I N  T h E  GRANO C.M. 

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C h  FCR PRCTCh PRCTON. [ T A B L E  1 1  

LABORATORY BEAP WO?EhTUY = 31 .8  G E V I C  +- l l P E R  C E N T I .  

THETA C-S ICMbIC-OMEGA 
DEGREES P l C C B A R N S / S P  

PER CENT 
72.8 + .2 . 9 z  + 100 - 5 C  

THETA I S  THE ANGLE THAT THE PROTCh WAKES WITH THE BEAW I N  THE GRAND Cap,. 

E L A S T I C  D I F F E R E N T I A L  CRCSS S E C T I C N  FCR PROTCh PROTON. I T A B L E  1 1  

LABORATORY BEAV VOPELTUP = 3 0 . 9  G E V l C  +- I I P E R  C E N T I .  

THETA C-SICMAIE-OMEGA 
DEGREES P I C C P A R N S I S R  

PER CENT 
0 2 . 4  +- - 2  1.1 + I D C  

THETA I S  THE ANGLE T H A T  THE P R C T C h  VAKES N l T H  THE PEAP I N  THE GRANC C.M. 

162 1 LARGE-ANGLE NEUTRON-PROTON E L A S T I C  S C A T T E R I N G  FROM 3.0 TO 6.8 GEVIC.  I P C Y S .  REV. LETTERS 2 1 ,  6 4 1  1 1 9 6 8 1  1  - J.COX.M.L.PERL I S T A N F C R D  L I N E P R  ACCEL. CNTR., STPNFCLD.CALIF.,  U S A 1  
M - N - K R E I S L E R  I P R l h C E T C h  U h I V . ,  PRINCETON,  N. 3 . 1  U S A 1  
M.J.LONGC,S.T.POUELL 1 1 1  ILNIV. OF V I C H I G A ~ ,  A M  m a o R ,  MICW., USPI 

ABSTRACT HE PRESENT E X T E h S L V E  NEW DATA O h  CROSS SECTIONS FOR NEUTROh-PROTCN E L A S T I C  SCATTERING FRCR 3.0 TC 6.8 GEVIC.  
AT T H E  HIGHER MOMENTA THE CROSS S E C T I O N S  ARE FOUND TO BE NEARLY SYMMETRIC ABOUT 9 0  OEG. I N  THE C.M. SYSTEM FOP I C D S  
T H E T A 1  60.3. T H l S  SYMMETRY I M P L I E S  THAT THE C O N T R I B U T I G N  TO THE CRCSS S E C T I O L  FROM INTERFERENCE TERMS BFTWEEN TCE 
I S O S P I N - 0  AND I S O S F l h - 1  P P F L I T U C E S  I S  SMALL I N  T P l S  ANGULAR REGION.  O T b E R  I M P L I C A T I O N S  OF THE DATA ARE ALSO 
DISCUSSED.  

CLOSELY RELATED REFERENCES 
DATA SUPERSECEO BY SLAC PUB-622 .  
T H I S  A R T I C L E  SUPERSEDES PkYS.  REV. L E T T E R S  16. 1 2 l l  1 1 9 6 6 1 .  AND SLAC 6 6  ( 1 9 6 6 1 .  

l R T I C L E  REAC BY LEROY P R I C E  I h  4 / 7 C ,  A N 0  V E R I F l E D  B Y  COETTE BENAIY .  

BEAP I S  NELTRON Oh PROTOh FRCP 3.0 T C  6.8 GEVIC.  

T H l S  EXPERIMENT USES SPbRK C b b P 8 E R S .  

KEY WORDS - ANGULAR D I S T R I e U T l O h  

I + .  * * . * * * . * . * * . . . * *  
NO DATA PUNCHEC FCR T b I S  P R T l C L E  * * * * * * . . * * * * * * * * * * * *  



11631 MEPSUREVEhT OF P O L A R l Z A T I O h  1. 667-MEV PP SCATTERING.  I S C V I E T  JNP 2  6 3 6  U 9 b b l I  

L . S . b Z H G I R E l , Y U . P . K U H E K I N N P . G . M E S H C H E P Y A K O V S . B . N U R U S H E V V . L . S C L C V I A N O V  C.C.STCLETCV I J C I N T  I N S T .  FOP NUCL. PESEARCH, 
OLBNAs U S S R 1  

ABSTRACT P O L A R I Z A T I O N  I S  MEASURE@ I N  DOUBLE PP SCATTERIHG PT C.M. ANGLES 4.4 OEG.5 THETA 1 48.2 DEG. FCR LARGER ANGLES 
VEASUREMENTS AT 6 3 5  MEV WEPF REhORHALIZEO.  AN ENHANCEqENT OF P O L A R l Z d T I C h  I N  PP SCATTERING I S  CASERVEO WITH I N C R E A S E  
OF THE ENERGY F R C M  6 0 2  T O  6 5 6  FEV.  THE ANGULAR OISTRIBUTION OF THF P O L A R I Z A T I O ~  A T  6 6 7  HEY w o w s  THAT A C ~ N S I O F P A P L F  
C O N T H I B U T I O N  COHES FRO* THC T R I P L E T  STATES WITH O R B I T A L  ANGULAR MOMEhTUM UP TC L = 5. A  SET OF PHASE S H I F T S  
O E S C R l B l N L  T h E  OBSERVE0 F O L A R I Z A T I O K  ANC OTWER EXPERIMENTTPL DATA I N  THE F F G I C N  CLOSE TP b b O  VFV I S  PRESENTED. 

C I T A T I O N S  
COKL. AKAO. NAUK. SSSR 1 4 5  6 1  1 1 9 6 2 1 ,  PbYS.  REV. 1 3 7 ,  R b 2 0  l 1 9 b 5 l 1  J E T P  6  2 8  1 1 4 5 8 1 s  PHYS. L E T T F R S  6 ,  1 9 6  1 1 9 6 3 1 ,  
JETP 2 0  8 3 0  l 1 9 6 5 1 ,  UCRL 1 1 4 4 0  1 1 9 6 4 1 ,  UCRL 1 1 8 7 7  1 1 9 6 5 1 ,  JETP 7 8  8 1 0  ( 1 9 6 4 1 ,  JETP 1 9  7 2 8  1 1 9 6 5 1 ,  JETP 1 8  0 0 6  1 1 9 6 4 1 .  
AND PROGPESS OF T + E O R Z T I C A L  P H Y S I C S  3 1 ,  6OS 1 1 9 b 4 1 .  

A R T I C L E  READ BY OOETTE BENARY I h  3 / 6 7 .  AND V E P I F I E C  PY LERCY P R I C E .  

BEAN I S  PROTOh Ch  PRCTCN AT 1 .302  GEVIC.  I 8 E b M  K I N E T I C  ENEPPY = . 6 b 7  G E V l  

T k I S  E X P E P I V E N T  USES CCLNTECS.  

K E Y  WORDS - P O L A Q l Z b T l D N  PHASE S k I F T  

E L b S T l C  P O L b R l L A T l O N  FCR PRCTCh PROTON. 

LA8ORATORY BE&*  ENERGY = . b 6 7  +- . 0 0 5  GEV. 

THETA P C L A R l Z A T l C h  
DEGREES 

4.4 
4.9 

THETA I S  THE A h G L E  THAT THE PROTON MAKES k l T P  THE BEAM I N  THE GRAND C.M. 
TFE P O L A R l Z A T I O N  I S  OF THE PROTCh ALONG T H E  NORMAL TC THE PROOUCTlON P L A N E  I N  THE GPbNO C.H. 

11641 W I ~ E ~ ~ A : : ~ ! S l ~ ~ 4 P l ~ 1 , * , 9 ~ ; -  ENHAhCFPEhTS lh THE P U P  P I -  F I N A L  STATE PROCUCEC I N  PP I N T E R A C T I O N S  A l  2 2  GEVIC.  CWYS. 

J . l .RHODE,R .A1LEACOCK,* .J .KERhAh~R.A .JESPERSENT.L .SCHALK I l C W b  STATE UNIV.,  bHES. IGWAV U S A 1  

ABSTRACT WE HAVE I h V E S T l G A T E O  CECAY ANGULAR O I S T R I B U T I O N S  AN0 CTHER C H A R A C T E R I S T I C S  ASSOCIATED h I T H  ENHALCEMENTS NEAR 
1 4 5 0  AND 1 7 0 0  MEV IN THE P PI+ PI- n b s s  DISTRIBUTICN FOR THE PP PI+ PI- FINAL STATE PRODUCED IN PP INTERACTIONS A T  2 2  
GEVIC.  OUR R E S U L T S  APE C C N S I S T E h T  W I T *  A  S P I N  ASSIGNMENT OF 1 / 2  FOR THE 1450-MEV EFFECT I F  T H E  DELTA++ P l -  BRPNCHING 
OF T H I S  EFFECT 1 5  ASSUMED TO BF S W I L L .  WE ASSOCIATE T H I S  EFFECT W I T H  THE P L l l 1 4 1 0 1  STATE I N F E R R E D  FRO3 P H A S E - S H I F T  
ANALYSES. I h l  THE CASE OF T k E  1700-MEV FEATURE. WE FAVOR STRONG C O N T R l a U T l C h S  FROM A J  = 5 / 2 4  STATE WHICH CAN BE 
R E b S O N b 6 L Y  A S S O C I A T E C  WITW THE F 1 5 1 1 6 5 0 1  STATE REPORTEO I N  THE PHASE S H I F T  WORK. 

CLCSELY RELATEC REFERENCES 
C O t ~ T l h U b T l O l i  OF  P R E V I C U S  EXPERIMENT I N  PHYS. REV. L E T T E R S  2 1 .  1 3 6 8  ( 1 9 6 8 1 ,  AND PTHEhS CONFEREhCE 1 1 9 6 7 1 .  

* * * l * t * * * l * t * * * * . * t  

* NO DATA PUhCHEL FCR T b 1 S  A R T I C L E  * 
* * * l . . l * * t . * l * * * * * *  

LAB., BERKELEY.  CAL IF . .  U S A 1  

ABSTRACT THE P O L A R I Z A T I O N  PARAMETER I N  PROTON-PROTON SCATTERING HAS B E E N  PEASUREO AT I N C I D E N T  PROTOh K I N E T I C  E N E R G I E S  
OF 1.7. 2.85. 3.5, 4.0, 5 .05 ,  PhC 6 .15  BEY AND FOR FOUP-MOMENTUC TRANSFER SQUARED BEThEFN 0.1 AND 1.0 
l B E V / C l - S Q U A R E D .  T H E  E X P E R I V E N T  WAS DONE W I T H  b N  UNPOLARIZEO PROTON BEAM FROV THE BEVATRON S T R I K I N G  A  P O L b R I Z E O  
PROTON TARGET. 8 O T P  F l N A L - S T A T E  PROTONS WERE DETECTED I N  C O I N C I O E N C E  AND THE ASSYWMETRY I N  COUNTING RATE FOR TARGET 
PROTONS P O L A R I Z E D  P A R A L L E L  AND A N T I P A R A L L E L  TO THE S C A T T E R I N G  NORMAL U b S  MEASURED. THE V A X I M U H  P O L A R l Z A T l O N  WAS 
OBSERVED TO DECREASE FPOP 0.4 AT 1.7 BEY 1 0  0.2 AT 6 .1  BEY. THE PAXIMUM CF THE P D L A P I Z A T I O N  AT ALL  ENERGIES S T U D I E O  
OCCURS AT b  FOUR-VCVEhTUV TRAUSFER SQUARE0 O F  0.3 TO 0.4 I B E V I C I - S Q U A R E O .  

C l T b T I O N S  
ANNALS OF P H Y S I C S  7. 4 0 4  1 1 9 5 9 1 ,  ANNUAL REV. OF NUCLEAR S C I E N C E  6 .  4 3  1 1 9 5 6 1 ~  PHIS .  REV. 1 4 8 .  1 2 8 9  1 1 9 6 b l .  UCRL 1 6 0 7 0  
UCRL 1 1 1 4 9 ,  PROG. NUCL. TECH. I N S T P .  1 1 7 3  ( 1 9 6 4 1 .  ANNALS OF P H Y S I C S  59 2 2 9  ( 1 9 5 8 1 .  PHYS. REV. 1 2 4 ,  8 9 0  1 1 9 6 1 1 .  UCRL 
1 1 9 2 6 .  PHYS. REV. 1 0 5 ,  2 8 8  1 1 9 5 7 1 .  PHYS. REV. 9 5 1  1 6 9 4  1 1 9 5 4 1 .  PHYS. REV. 1 3 7 .  0 6 2 0  1 1 9 6 5 1 .  PHYS. REV. L E T T E R S  1 6 .  
5 3 6  1 1 9 6 6 1 ,  hUOVC C I M E N T C  2 3 .  6 9 0  1 1 9 6 2 1 .  NUOVO C I M E N T O  2 0 .  1 0 4 9  1 1 9 6 1 1 ,  MOSCOW I N S T .  FOR THEOR. AND EXPTL. P H Y S I C S  
N - 2 5 8 .  J E T P  1 8  8 7 4  1 1 9 6 4 1 ,  PHYS. REV. 1 2 1 .  1 5 3 4  ( 1 9 6 1 1 ,  PHYS. REV. 1 3 0 ,  1 5 7 1  1 1 9 6 3 1 ,  PHYS. REV. 1 3 1 ,  2 2 2 6  ( 1 9 6 3 1 ,  
hUCVC CIMENTO 2 0 .  2 5 0  1 1 9 6 3 1 .  PHYS. REV. L E T T E R S  9.  4 7 5  1 1 9 6 2 1 .  PROGR. THEORET. PHYS. I K Y O T O l  2 8  L O 4 8  ( 1 9 6 2 1 .  PHYS. ~ - - -  -~ 

REV. L E T T E R S ~ I Z .  5 0 2  1 1 5 6 5 1 .  ANO PHYS. REV. 1 4 8 ,  1 4 9 1  119661; 

A R T l C L E  READ BY OCETTE eENARY I h  4 / 6 7 .  AND V E R l F l E C  BY LEROY PRICE.  

BEAM I S  PROTON ON HYORCGEN COMPOUNO FROM 2 .465  TO 7.C26 G E V I C .  TARGET I S  P C L A P I Z E D  4 5  PER C E h T  (NORMAL TO THE BEbM 
D I H E C T I O N I .  

T H I S  EXPERIMENT USES COUNTERS. 

K E Y  YOROS - P O L A R I Z A T I O N  



E L A S T I C  P O L b R I Z A T l O h  FOR PROTCh PROTGN. [ T A B L E  1 1  

LABORATORY BEAP ENERGY = 1.7 GEY. 

THETA 
DEGREES 

23 .3  r- 1.0 
2 6 . 0  1.9 
28.7 1.0 
31.4 1.0 

THETA I S  T H E  ANGLE T + b T  THE PPOTOh MAKES W I T ?  THE BEAM I N  THE GRANO C.M. 
THE P O L A R I Z b T I O N  I S  OF THE PROTCh A L G h G  T H E  N O R r A L  TO T b E  PROOUCTION PLANE I N  T+E GRANC C.M. 

I l l  PLUS P O S S I B L E  S Y S T E F A T I C  ERRCR OF 1- 12 PER CEhT.  

E L A S T I C  P O L A R I L A T I C N  FCR PROTCh PRCTCN. I T A B L E  2 1  

LABORATORY eEAM E N E R C I  = 2 - 8 5  GEV. 

THETA 
OEGREES 

16.h +- 1.0 

THETA I S  T H E  ANGLE THPT THE PROTON MAKES U l T H  THE BEAH I N  THE GRANO C.M. 
T H E  P O L A R I Z A T I O N  I S  OF THE PROTCN ALONG T H E  NORMAL TO T h E  PRODUCTION P L 4 h E  l h  THE GRbNC C.M. 

Ill PLUS P O S S I B L E  S Y S T E I A T I C  ERRCR CF +- 1 2  PER CENT. 

E L A S T I C  P O L A R I Z A T I O N  FOR PROTCh PRCTCh. I T A B L E  3 1  

LABORATORY BEAM EhERGY = 3.5 CEV. 

THETA P C L b R l Z b T l O N  I 1 1  
OEGREES 

T H E T A  IS THE ANGLE T r a i  THE PRO TO^ W A K E S  Y I T ~  THE B E A P  IN THE GRAND C.W. 
T Y E  P O L A R l L A T l O N  I S  CF THE PROTON ALONG THE NORMAL TO THE PROOUCTION PLANE I N  THE GRAND C.N. 

I 1 1  PLUS P O S S I B L E  S ' l S T E I b l I C  ERROR OF *- 1 2  PER CENT. 

E L A S T I C  P O L b R l Z A T l C N  FCR PROTCh PRCTCN. I T A B L E  4 1  

LA8CRATORY e E A P  ENERGY = 4. GEV. 

TI.ETA 
OEGREES 

15.6 +- 1.0 
17.6 1.0 
15.7 1.0 
21.7 1.0 

P O L D R I Z A T I D N  Ill 

THETA I S  T H E  ANGLE T b A T  THE PROTON WAKES W I T H  THE BEAM I N  THE GRANO C.N. 
T H E  P O L A R I Z l T l O N  I S  OF THE PRDTCh ALOhG THE NORMAL TO TPE PROCUCTlON P L A N E  I h  THE GRAND C.M. 

I 1 1  P L U S  P O S S I B L E  S Y S T E P A T I C  ERROR OF +- 1 2  PER CENT. 



E L A S T l L  P O L A R I I A T I C V  F C R  P R O T C h  P R C T C N .  I T A B L E  5 1  

L A E O R P T O R Y  B E A M  E N E R G Y  = 5 . 0 5  GEV. 

T V E T A  
C E G R E E S  

1 2 . 5  +- 1.0 
14.3 1 . 0  

THETA IS THE A ~ G L E  T n A T  THE PRO TO^ M A K E S  W ~ T +  THE B E A M  IN THE G R A ~ D  C.M. 
T H E  P O L A R l Z A T I O N  1 5  C F  T H E  P R C T C N  A L O N G  T H F  N O R M A L  T O  T H E  P R O O U C T I O N  P L b M E  I N  T h E  G R A N C  C.M. 

I 1 1  P L U S  P O S S I B L E  S Y S T E P A T L L  E R R C R  O F  t- 1 2  P E R  C E N T .  

E L A S T l C  P O L A R I Z A T I C h  F C R  P R O T C h  P R C T C h .  I T A B L E  6 1  

L A B O R A T O R Y  8 E A Y  E N E R C Y  = 6.15 G E V .  

T H E T A  
D E G R E E S  

T H E T A  I S  T H E  A N G L E  T H A T  T H E  P R O T C h  Y A K E S  k I T H  T H E  B E A M  I N  T H E  G R A N D  C.M. 
T H E  P O L A R I I A T l O h  I S  O F  T H E  P R O T C N  A L O N G  T H E  N O P M A L  T O  T H E  P R O D U C T I O N  P L A h E  I N  T H E  G R A N D  C-M. 

Ill P L U S  P O S S I B L E  S Y S T E M A T I C  ERROR C F  +- I 2  P E R  CENT. 

T H E  H A X l V U F  P O L A Q l Z A T l O h  I h  P R C T O h  P R O T O N  E L b S T l C  S C A T T E R I N G .  Ill [ F I G U R E  7 1  

L A B C R A T C R Y  
B E A M  E N E R G Y  

G F V  

1 1 1  T A K E N  F R O M  A  R E V I E W  A R T I C L E .  

T H E  M A X I M U P  P O L A R l l A T I O h  1 h  P R O T C N  P P O T C U  E L A S T I C  S C A T T E R I N G .  I F I G U R E  1 1  

................................... . T H I S  D A T A  H A S  R E A D  F R O "  b G R A P H  . ................................... 
L A B C R A T C R Y  

B E A V  E N E R G Y  
6 F Y  



Section IV. 

INDICES 



With al l  of the information for  each ar t i -  

cle stored in a computer - searchable fashion, 

one could generate numerous types of indices; 

two types that we have found most  useful a r e  

included in this section. 

1. MOMENTUM INDICES-Here we l is t  

a l l  of our NN articles classified by input 

channel (pp, pn, or  np) and then ordered 

according to increasing beam momentum. If 

a particular paper reports resul ts  at more  

than one energy, that paper i s  listed once fo r  

each momentum value reported. The refer -  

ence number in  the last  column i s  the article 

number in Section 111. 

2 .  KEY WORDS CLASSIFICATION-AS 

stated in Section 111, each art icle  i s  assigned 

certain KEY WORDS. These words (or  

phrases)  a re  intended to indicate the contents 

of the article. As our l is t  of KEY WORDS 

has grown, we generally have not yet gone 

back to older ar t icles  and inserted the appro- 

priate new words. Thus references may be 

missing from some of the categories. We 

hope to have this remedied by our next edition 

of NN. 

If you have any suggestions for other use-  

ful indices, please let  us know. We believe 

that a good set  of indices will make this re - 
port much more valuable. 



Momentum Index (pp) 
REAM MOMENTUM 1 S T  AUTHOR JOURNAL VOLUME.PAGE I N S T I T U T I O N S  DETECTOR YEAR P U B L I S H E D  R E F - N R .  

GRANN I S 
RYAN 
G R A N N I S  
GRANNIS 
GRANNIS 
GRANNI  S 
CHENG 
RYAN 
B E T Z  
RYAN 
GRANNIS 
CHENG 
G R A N N I S  
RYAN 
G R A N N I S  
C O Z Z I K A  
CHENG 
GRANN I S 
BUGG 
RYAN 
B A L O O N I  
COIGNET 
M A R T E L L I  
CHENG 
C O Z Z I K A  
8 ETZ 
RYAN 
KAZAR INOV 
BUGG 
OUTTON 
BYSTR I C K Y  
AZHGI  R E 1  
8 ETZ 
CHENG 
RYAN 
C O Z Z I  KA 
MCMAN I G A L  
C ENC E 
B E T Z  
DUTTON 
NEAL 
BUGG 
LONG0 
RYAN 
MORRIS 
C O Z Z I K A  
BRABSON 
OUTTON 
DUTTON 
RYAN 
L ONGO 
BUGG 
C O Z Z I K A  
RYAN 
BUGG 
MCFARLANE 
BUGG 
CHAPMAN 
MURRAY 
DUTTON 
M A R T E L L I  
H E  I NZ 
DOWELL 
C O Z Z t K L  
LONG0 
N E A L  
RYAN 
BUGG 
BUGG 
LONG0 
C O Z Z I K A  
BUGG 
BUGG 
H E I N Z  
LONG0 
NEAL 
BUGG 
K R U C H I N I N  
BUGG 
E I S N E R  
FOWLER 
H E I N Z  
BUGG 
NEAL 
BUGG 
BUGG 
GRANN I S 
H E I N Z  
LONG0 
BUGG 
BUGG 

PR 
PPPA 
PR 
PR 
PR 
PR 
PR 
PPP t, 
PR 
PPPA 
PR 
PR 
PR 
PPPA 
PR 
PR 
P R 
PR 
P R 
PPPA 
NC 
NC 
NC 
PR 
PR 
PR 
PPP A 
RMP 
PA 
P L  
P L  
SJNP 
PR 
PR 
PPPA 
PR 
PR 
PR 
PR 
P L  
PR 
PR 
PR 
PPPA 
PR 
PR 
PRL 
P L  
P L  
PPPA 
PR 
PR 
PR 
PPPA 
PR 
NC 
P P. 
P L  
NC 
P L  
NC 
PR 
P L  
PR 
PR 
PR 
PPPA 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
S J N P  
PR 
PR 
P R 
PR 
P R 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 

L E H l  P R I N  
L R L  
L R L  
L R L  
L R L  
L R L  UCLA SPC 
L E H I  P R I N  
L R L  
L E H I  P R l N  
L RL 
L R L  UCLA SPC 
L R L  
L E H I  P R I N  
L R L  
SACL CAEN 
L R L  UCLA SPC 
L R L  
RHEL CAVE 
L E H I  P R I N  
BGNA HSNA P A D 0  ROHA 
I P N  SACL 
B l R M  
L R L  UCLA SPC 
SACL CAEN 
L R L  
L E H I  P R I N  
J I N R  
RHEL CAVE 
B I R M  
J I N R  
J I N R  
L R L  
L R L  UCLA SPC 
L E H l  P R I N  
SACL CAEN 
L R L  
L R L  
L R L  
B I R M  
ANNA 
RHEL CAVE 
L R L  
L E H I  P R I N  
Y A L E  
SACL CAEN 
I NO 
8 1  RM 
B I R M  
L E H l  P R I N  
L R L  
RHEL CAVE 
SACL CAEN 
L E H l  P R I N  
RHEL CAVE 
B I R M  
CAVE B I R M  
B I R R  
8 l R M  
B I R M  
B I R M  
ANNA STAN 
B I R M  
SACL CAEN 
L RL 
ANNA 
L E H l  P R I N  
RHEL CAVE 
RHEL C A V E  
L R L  
SACL CAEN 
RHEL CAVE 
RHEL CAVE 
ANNA STAN 
L RL 
ANNA 
RHEL CAVE 
J 1 NR 
RHEL CAVE 
8 N L  
BNL 
ANNA STAN 
RHEL CAVE 
ANNA 
RHEL CAVE 
RHEL CAVE 
L R L  
ANNA STAN 
L R L  
RHEL CAVE 
RHEL CAVE 

CNTR 
SPRK 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
SPRK 
CNTR 
SPRK 
CNTR 
CNTR 
CNTR 
SPRK 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
SPRK 
HBC 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
SPRK 
CNTR 
CNTR 
SPRK 
SPRK 
CNTR 
CNTR 
CNTR 
SPRK 
CNTR 
CNTR 
CNTR 
CNTR 
SPRK 
CNTR 
CNTR 
CNTR 
SPRK 
CC 
CNTR 
SPRK 
SPRK 
SPRK 
SPRK 
CNTR 
CNTR 
CNTR 
SPRK 
CNTR 
CNTR 
HBC 
CNTR 
CNTR 
SPRK 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
SPRK 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
HL8C 
CNTR 
HBC 
CC 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 



BUGG 
K I R I L L O V A  
H E I N Z  
BACON 
P I C K U P  
F I C K I N G E R  
BUGG 
B L A I R  
B L A I R  
BUGG 
BUGG 
LONG0 
ANKENBRANO 
BUGG 
ABRAMS 
NEAL 
BUGG 
BUGG 
BUGG 
BUGG 
ANDERSON 
REEO 
OIDOENS 
BUGG 
ANOERSON 
BUGG 
H E I N Z  
HOGAN 
BUGG 
BRABSON 
ANOERSON 
BUGG 
BLOCK 
L O N G 0  
H E I N Z  
NEAL 
HART 
L O U T T I T  
S M I T H  
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C C L L E R P I N E  ET b L . ,  P+VS. HEY. 1 6 1 .  1 3 8 7  I 1 9 0 1 1  
C O L E T T I  E l  AL . ,  NUOVO C l Y E N l C  4 9 L .  4 1 9  1 1 9 6 7 1  
4LEX4NOEC E l  LL.. PPYS. OEV. 1 5 % .  1 2 8 4  I 1 9 6 7 1  
K A Y 4 8  E l  4L. ,  hUC. PHYS. 8 5 ,  1 6 F  1 1 9 6 6 1  
G I N E S T E T  C T  e ~ . ,  ~ u c .  p r r s .  8 1 3 ,  2 ~ 3  1 1 9 b r 1  
S H A P I R I  E l  GL., H L I Z M A N I ~  I N S 7  REPORT 1 1 9 1 0 l  
OEHNE E l  l L . ,  NUOVO C l Y E h l C  5 3 A ,  2 3 2  1 1 9 6 8 1  
B I C O h  ET  4L.. PHYS. WEV. 1 6 2 .  1 3 2 0  1 1 9 6 7 1  

C O L L E R A I N E  E l  4L.v PHYS. REV. 1 6 1 .  1 3 8 7  1 1 9 6 7 1  
BUG6 ET AL., P t l i .  REV. 1 3 3 ,  0 1 0 1 1  1 1 5 6 4 1  
C O L E T T I  ET  AL.. hUCV0  C I V E N T C  4 9 6 .  4 7 9  1 1 9 6 7 1  
? - " C c  ? c r 7 , " h ,  
L"">., > L - ,  .u,. 

L P R S E h ,  hUOVO C l P E h T C  l a ,  l C 3 5  I 1 9 6 0 1  
8 E L L E T T l N l  E l  4 L . 9  PHYS. L E l l E R S  1 9 ,  3 4 1  1 1 9 6 5 1  
CHAPMAN ET AL., P H Y i .  L E T T E R 5  1 1 .  2 5 3  ( 1 9 6 4 1  
F O L t l  E i  AL.. PHYS. RE \ .  L E T T E R S  15 .  4 5  1 1 9 6 5 1  
BLOCK ET AL., PHYS. RE \ .  1 0 3 ,  1 4 8 4  1 1 9 5 6 1  
OOWELL E l  DL., PbYS .  L E T T E R S  1 2 ,  2 5 2  1 1 9 6 4 1  



LOHRMINN E l  4L.v PHYS. LETTERS 1 3 ,  7 8  1 1 9 6 4 1  
B R E I T E N L C H N E R  ET  4L.. PHYS. L E T T E R S  7 1  7 3  1 1 9 6 3 1  
C O L E V b h  E l  4L.s PHYS. PEV. 1 6 4 9  1 6 5 5  1 1 9 6 7 1  
P L L A B Y  E l  AL., PHYS. L E T T E R S  2 8 8 1  6 1  1 1 9 6 8 I  
4 L L A B Y  ET  4L.. PFYS .  L E T T E R S  2 9 8 .  1 9 8  1 1 9 6 9 1  
K A Z ~ R I N ~ V  E l  AL., JETP 1 6  2 4  1 1 9 6 3 1  
P P L E V S K Y  ET  AL.,  PHYS. REV. L E T T E R S  9 ,  5 0 9  1 1 9 6 2 1  
M O R R I S  ET  AL., PhYS .  REV. 1 0 3 ,  1 * 7 2  1 1 9 5 b l  
H C G I N  E T  AL., P H I S .  PEV .  1 6 6 ,  1 4 7 2  I 1 9 6 8 I  
l L L b 8 Y  E l  4L.. PCYS. L E T l E R S  2 3 ,  3 8 5  1 1 9 6 6 1  
P Y d N  ET  l L . ,  P R l h C E T n N - P E N N  ACCELEQATOU P P 4 R - 1 1  I 
A L L I R Y  ET  PL., PWYS. L i l T E R S  2 5 e 1  1 5 6  1 1 9 6 1 1  
I L F X I N D E R  E l  4L., P W S ,  REV. 1 7 3 1  1 3 2 2  1 1 9 6 8 1  
AKERLOF F T  bL. .  P H I S .  REV. 1 5 9 ,  1 1 3 E  1 1 9 6 7 1  
8UGC E T  4L .+  PFYS. REV. 1 3 3 ,  R 1 0 1 7  1 1 9 6 4 1  
A N < S h R R A N O l  E l  4L.. PHYS. REV. 1 7 0 .  1 2 2 3  1 1 9 6 8 1  

F l R E 8 4 U G H  E l  1 L . .  PHYS. REV. 1 7 2 ,  1 3 5 4  1 1 9 6 8 1  
ALEXANDER E l  4L . ,  hLOVO C I P E N T C  5 3 6 ,  4 5 5  1 1 9 6 8 1  
4 L M E l O l  E l  PL., hUOVO C l Y E N l O  5 0 4 .  1 0 0 0  1 1 9 6 1 1  
dl  FXdNOER C T  4L.. PPVS. REV. 1 7 3 .  1 3 2 2  1 1 9 6 8 )  .- - -  . - 

8 O C l N l  E l  4L19  NUOVC CIMENTC 3 8 4 9  1 7 5  1 1 9 6 8 1  
C O L L E R A I N E  ET 4L.v PFYS .  REV. 1 6 1 ,  1 3 8 7  1 1 9 6 7 1  
BUGG E T  4L.v PHYS. REV. 1 3 3 ,  8 1 0 1 7  1 1 9 6 4 1  
4 N K E N R R I N D l  ET  AL., PWYS. REV. 1 7 0 1  1 2 2 3  1 1 9 6 8 1  
E l S N E R  E T  4L., PbYS. REV. 1 3 8 ,  8 6 7 0  1 1 9 6 5 1  
E R L I C H  F l  4L.v PPYS. REV. L E T T E R S  2 1 1  1 8 3 9  l L 9 6 8 1  
C O L E T T I  ET 4L.1 hUCVO C I U E W O  4 9 4 s  4 7 5  1 1 9 6 7 1  
A L E X I N O E R  E l  4L .7  PHYS. REV. 1 5 4 ,  1 2 8 4  I 1 9 6 7 1  
GDETHER, U N I V .  O F  I L L I N C I S  C O O 1 1 9 5 1 2 5  1 1 9 6 8 1  
8 0 G G l L D  F T  4L.. PHYS. LETTERS 3 0 8 .  3 6 5  1 1 9 6 9 1  

- - -  

E I S N E R  ET  41.. P t Y S .  REV. 1 3 8 s  0 6 7 0  1 1 9 6 5 1  
O U T l C h  ET  AL., P t Y S .  L F T T E P S  2 5 8 ,  2 4 5  1 1 9 6 7 1  
DUTTCN ET  4L.. DHYS. L E T T E R S  2 6 8 1  6 7 9  1 1 9 6 8 1  
C l C O E N S  ET  AL., PHYS. REV. L E T T E R S  9 ,  I 1 1  1 1 9 6 2 1  
n U T l n l 4  E l  AL.. PHYS. REV. L E T T E R S  2 1 .  1 4 1 6  1 1 9 6 8 1  -. -~ - - 

C O L E T T L  ET 4L. .  NUOVO C l P E N T P  4 9 4 s  4 7 9  I 1 9 6 7 1  
ALEXAND€ '  ET  4L. .  PPYS.  REV. L5+. 1 2 8 4  I 1 9 6 7 1  
B L A I R  E l  4L. ,  NUOVO C I Y E h l C  6 3 1 .  5 2 9  1 1 9 6 9 1  
G l R n P F C  E l  AL., PHYS. REV. L i T T F R S  21 ,  2 2  1 1 9 7 0 1  
BYTSO# l  E T  4L.. PP IC .  CF THE RCYAL S O C l E T I  O F  LONOON 2 5 1 ,  2 3 3  1 1 9 5 9 1  
P L  ET  4L .9  PHYS. REV. L E T T E R S  2 3 1  3 4 2  1 1 9 6 4 1  
V C F A R L I N E  E l  4 L . t  hUOVC C I Y E N l O  2 8 1  9 4 3  1 1 9 6 3 1  
s w , r T r  E T  LL., PHIS. R E V .  1 2 3 ,  2160  1 1 9 6 1 1  
H E I N Z  E T  dL.. PHYS. REV. 1 6 1 ,  1 2 3 2  1 1 5 6 8 I  
F D L E Y  E l  PL. ,  PHYS. PEV. L E T T E P S  1 1 ,  4 2 5  1 1 9 6 3 1  
E L L I S  E T  4L.. BNL  1 3 0 1 1  1 1 9 6 9 1  
F I C K I Y G E l  E l  AL., PCYS. REV. 1 2 5 1  2 0 8 2  I 1 9 6 2 I  
F C d L E R  E T  DL., PbYS .  REV. 1 0 3 .  I 4 1 9  I 1 9 5 6 1  
L A Y A S  E T  h i . ,  NUC. PWS.  8 5 .  169  1 1 5 6 8 1  
F P I E D E S  ET 4L.2 PHYS. PEV. L E T T E R S  1 5 1  3 8  1 1 9 6 5 1  
ENGLEP ET  bL., PHYS. L E T T E R S  29R ,  3 2 1  1 1 9 6 9 1  
PERL  ET 4L., SLAC P U C - t 2 2  I 1 9 6 5 1  
J E Z P E P S E N  ET  AL.. P t Y S .  REV. L E T T E R S  2 1 .  1 3 6 8  1 1 9 6 8 1  
CONhOLLY  ET  4L.. 8 h L  1 1 9 E O  1 1 9 6 7 1  
S H E P I P C  E l  4L. .  PPAR 1 0  1 1 9 6 9 1  
P A N N I N G  E l  AL., hUCVO C I C E N l C  4 1 4 ,  1 6 7  1 1 9 6 6 1  
H I R T I N G  ET Ai.. hUOVO C I N E N T C  38 .  6 C  1 1 9 6 5 1  

U 4  ET-AL;. PHYS. REV. L E T T E R S  2 3 1  3 4 2  1 1 9 6 9 1  
S M I T H  ET  4L.. PPYS. REV. 1 2 3 s  2 1 6 0  1 1 9 6 l l  
G E L L E R T  E T  4L.s PHYS. REV. L E T T E R S  17 ,  8 8 4  1 1 9 6 6 1  
L O U T T I T  E l  AL., PHYS. REV. 1 2 3 1  1 6 6 5  1 1 9 6 1 1  
HOI HGREN FT  A t . .  NUCVP C I N E N T C  51A .  3 0 5  1 1 9 6 7 1  - . ~ -  - 

E L L I S  E T  A L L ,  8NL  1 ? 6 7 1  1 1 9 6 9 )  
F I C U I N G E R  ET bL., PCYS. REV. 1 2 5 ,  2 C 8 2  1  I 9 6 2 1  
H 4 R T  E T  AL., PHYS. REV. 1 2 6 ,  7 4 7  1 1 9 6 2 1  
HOLMGREN ET 4L., NUOVO C I M E N T C  5 7 4 .  2 0  1 1 9 6 8 1  
P I C K U P  ET  4L.v P t Y S .  REV. 1 2 5 .  2 0 9 1  1 1 9 6 2 1  - - 

K ID11  E l  LL., S I E N N 4  CCNFERENCE 1  3 4 8  1 1 9 6 3 1  
K 4 l 4 S  ET  AL., NUC. PFYS.  8 5 ,  1 6 9  1 1 9 6 8 1  
Y E K U l l E L I  E l  4L.. k E I Z H 4 h h  I N S T  REPORT 1 1 9 6 9 1  
E L L I S  E l  bL.. PHYS. FEY .  L E T T E R S  2 1 .  6 9 7  1 1 9 6 8 1  
JESPERSEN ET 4L.. PCYS. REV. L E T T E R S  2 1 1  1 3 6 8  I L 9 6 8 l  
CONNOLLY ET  AL., B h L  1 1 9 8 0  l L 9 6 7 !  
B O G G I L D  E T  4L.. S U B M l l l E C  TO THE V I E N N A  CONF., 
CUNNOLLY  E l  bL.1 8 h L  1 3 6 5 4  0 5 b 9 1  
NOR02  E T  4L.. J l N V  E I - 1 9 4 0  1 1 5 6 8 1  
COHN ET  AL., PHYS. L E T T E R S  2 6 8 ,  5 9 8  1 1 9 6 8 1  
BERGER ET  4L . v  PHYS. REV. L E T T E P S  2 0 1  9 6 4  1 1 9 6 1  
BANNER E T  4L.. P H I S .  L E T l E R S  2 5 8 ,  5 6 5  1 1 9 6 7 1  
CONNOLLY  E l  4L . v  CERV F P C R C h  CCNFEPENCE 2  2 0 8  I 
RRL IN l  E T  b l . .  PHYS. L E T T E R S  2 6 8 .  3 1 1  1 1 9 6 8 1  

4NOERSON F T  AL., P L Y % .  REV. L E T T E R S  2 1 ;  8 5 3  l l 9 6 8 l  
RUCOICK  ET  PL., PHYS. REV. 1 6 : -  1 4 4 2  1 1 9 6 8 1  
A L L I B Y  €1 4L., PPYS. LETTERS 2 7 8 ,  4 5  1 1 9 6 8 )  
BRAHSON E l  AL., PHYS. REV. L E T T E R S  2 3 1  1 3 6 6  1 1 9 6 9 1  
MURRAY E l  AL.. NUOVO C IMENTO 4 9 1 .  2 6 1  1 1 9 6 1 )  
b l N E S l E T  E T  4L.. MUC. PPVS. 81.3, 2 8 3  1 1 9 6 9 1  
S H I P I P A  E l  4L.. W!IZMPNN I N S T  REPORT 1 1 9 7 0 1  
V I N C E N T  i T  PL., PFYS. REV. L E T T E R S  2 4 1  2 3 6  1 1 9 7 0 1  
T I Y L C C ,  PHYS. L E T T E R S  1 4 ,  5 4  1 1 5 6 5 1  
E Z H E L E P O V  E l  AL.. CEKN CCNFERENCE 2  1 1 5  1 1 9 5 6 1  

~- - - ~ 

C4SO E T  PL., NUCVO C l M E N l C  5 5 4 ,  b 6  1 1 9 6 8 1  
K L E I N .  UCRL 1 8 3 0 t  1 1 9 6 8 1  
8 Q U N T  ET  AL.. PH IS .  REV. 1 8 7 ,  I 8 5 6  1 1 5 6 9 )  
K I N S E Y ,  UCRL 1 7 7 0 1  1 1 9 6 8 1  
E L L I S  E l  6L . t  BNL 1 3 9 1 8  I 1 9 6 9 1  
C INESTET  E T  PL., NUC. P r y s .  8 1 3 .  2 8 3  1 1 9 6 9 1  
S H b P I R I  ET 4L., W E l Z M b l N  l N S T  REPORT 1 1 9 7 C I  
K I D 0  E l  sL. .  PHYS. L E T T E R S  1 6 ,  1 5  I 1 9 6 5 1  
CIILTON. UCLA  I 0 2 5  1 1 9 6 8 1  
T 4 b  ET 4L., PkYS .  L E T T E R S  2 8 8 1  1 9 5  1 1 9 6 5 1  
O ~ H N E  ET  4 ~ . ,  NUOVC C l Y E h T C  5 3 4 .  2 3 2  1 1 9 6 8 1  
4 L H E l 0 4  E l  AL., PHYS. REV. 1 7 4 ,  1 6 3 8  1 1 9 6 8 1  
B O G G I L L  E l  AL . ,  L U h L  COLFERENCE I l % t 9 1  
BACON ET  I L . ,  PHYS. REV .  1 6 2 ,  1 3 2 C  1 1 9 6 7 1  
CHINOWSKY ET 41.. P t Y S .  REV. 1 7 1 1  1 4 2 1  1 1 9 6 8 1  
P D G G I L D  E l  AL., LUC. FFYS. e l 6 ,  5 0 3  1 1 9 7 0 1  
RHCIDE E l  AL., P t l S .  REV .  1 8 7 ,  1 8 6 4  1 1 9 b 9 1  

4 L L 4 B Y  E T  4L., PHYS. LETTERS 2 8 R 1  2 2 9  1 1 9 6 8 1  
8 4 L O C N I  t T  PL.,  hUCVC C I Y E N T C  2 6 ,  1 3 7 6  1 1 9 6 2 1  
COLTON.  u c L e  1025 1 1 9 6 8 1  
l N O E R S O N  ET  4L.v P t Y S .  REV. L E T T E R S  1 6 ,  8 5 5  1 1 9 6 6 1  
4 L L 4 8 I  E l  AL., CERN 6 8 - i  5 8 C  1 1 9 6 8 1  
P E S L l U  ET 4L.. NUl lVO C I * IENTC 5 9 4 s  1  1 1 9 6 9 1  
B E L L E T T l P I l  E T  PL.. P H I S .  LETTERS 1 4 .  1 6 4  1 1 9 6 5 1  
T A N  E l  4L.. PHYS. L E T T E R S  2 8 8 1  1 9 5  1 1 9 6 8 )  
K a F l S L E l  E l  4L . -  PFYS .  REV. L E T T E R S  1 6 ,  1 2 1 7  1 1 9 6 6 1  
O E H i i t  E T  4L. .  NUOVC C l Y E h T C  5 3 d .  2 3 2  1 1 9 6 8 )  
C IODENS ET  AL., P H I S .  REV. L E l l F R S  9,  1 0 8  1 1 9 6 2 1  
h M A G L C S E L 1  E l  4L.s J E T F  3 1  I 1 2 5  1 1 9 6 0 1  
B I C 3 N  ET  4L.s PWYS. R E V  1 6 2 1  1 3 2 0  1 1 9 6 7 1  
B C L N O G I K H  ET  4L.p PPYS.  L E T T E R S  3 0 8 1  2 7 4  I 1 9 6 9 1  
COCCONI  E l  YL., PHYS. RE \ .  1 3 8 1  8 1 6 5  1 1 9 6 5 1  

B I E R M A N  E l  bL., PHYS. REV. 1 4 7 .  9 2 2  1 1 9 6 6 1  
RUSHBROOK5 ET  dL., PWYS. REV. L E T T E R S  2 2 ,  2 4 8  l l 9 6 9 1  
COLENAN ET  AL., PHYS. REV. 1 6 4 ,  1 6 5 5  I 1 9 6 1 1  
SONOHI ,  PHYS. LETTERS 2 6 e v  6 4 5  1 1 5 b P I  
S H I P I R 4  E l  AL. ,  PFYS. REV. L E T T E R S  2 1 ,  1 8 3 5  1 1 9 6 8 1  
C H I N O h S K I  ET  AL.,  PFYS .  9EV. 1 6 5 ,  1 4 6 6  1 1 9 6 8 1  
LONGC E T  AL., PHYS. REV. 1 2 5 ,  7 0 1  1 1 9 6 2 1  
HOGAN E T  4L.. PWYS. LEV .  1 6 6 ,  1 4 7 2  1 1 9 6 8 1  

B O U I N I  E T  4L.. h b 3 V O  C l Y E N l C  5 8 4 1  1 7 5  1 1 9 6 8 1  
C O L L E R A l N t  E l  4L.. PHYS. QEV. 1 6 1 ,  1 3 8 7  1 1 9 6 1 1  
ALEXANDER ET  AL., P t Y S .  REV. 1 5 4 1  1 2 8 4  l l 9 6 7 l  
CGLTCtv E T  b L . ,  UCRL 1 9 3 3 0  1 1 9 6 9 1  
Y E K U T I E L I  E l  4L. .  Y E L Z M 4 h N  I N S 1  REPORT l l P 6 4 1  
( 4 5 0  ET  4L. .  NUOVO C l Y E N T C  5 5 4 1  6 6  1 1 9 6 8 1  
K I N S E Y ,  UCRL 1 7 1 C 7  1 1 9 6 8 1  
C L H E l O A  E l  bL.. PHYS. P E Y  1 7 4 .  1 6 3 E  l I 9 6 8 I  

F l R E 8 4 U G H  E l  4L.. PHVS. REV. 1 7 2 9  1 3 5 4  I l 9 6 B I  
L T K I U T r N  F T  AL.. PCYS. REV. 1 2 3 .  L 8 5 C  1 1 9 6 1 1  - - -  

B O O ~ ~  E T  ;L..-PHYS. R E V .  L E T T E R S  2 1 ,  6 5 1  1 1 9 6 8 1  
bLEX4NOEP ET  4L., h U n V C  C I H E N T C  5 3 4 .  4 5 5  1 1 9 6 8 1  
R Y 4 h  F l  4L . .  P R I h C E T O h - P E N &  4CCELERdTOR P P 4 R - 1 1  1 1 9 6 9 1  
4 L M E l O l  E l  4L., NUOVO C I Y E N T C  5 0 A 1  10CO 1 1 9 6 7 1  
PLEXPNOER ET  4L. .  PCYS. REV. 1 7 3 s  1 3 2 2  1 1 9 6 8 1  

L I R S E N ,  NUOVO C l Y E N T C  1 5 ,  L C 3 5  1 1 9 6 C I  
F O L E Y  E T  ~ L . I  P W S .  REV. L E T T E R S  1 5 1  4 5  1 1 9 6 5 )  
C O L E V b N  ET  4L.v PHYS. REV. 1 6 4 ,  1 6 5 5  1 1 9 6 7 )  
S H P P l R b  E l  4L.. PHYS. I F V .  L E T T E R S  2 1 1  1 8 3 5  1 1 9 6 8 1  
4 L I I 8 Y  E l  4L.. PWYS. L E T T E R S  2 9 R .  1 9 8  1 1 9 6 9 1  

- - 

B O D l N l  F T  4L . ,  NUUVO C I Y E N T C  5 8 4 .  1 7 5  1 1 9 6 8 1  
b X F l l n C  F i  A l  .. PHYS. RFY. 1 5 9 .  1 1 3 8  1 1 9 6 7 1  - - 

L n N G C  E T  PL., PHYS. PEY .  1 2 5 ,  7 0 1  1 1 9 6 2 1  
d L L 4 e Y  E l  4L.9 PFYS. L E T T E R S  2 3 ,  3 8 9  1 1 9 6 6 1  
RY4tJ ET  4L.. P R I N L E T O N - P E N N  I C C E L E P I T O R  P P A R - L I  1 1 9 6 9 1  
ALLPRY E l  AL., P W S .  L E T l E R S  2 5 0 ,  1 5 6  1 1 5 6 1 )  
L L E X I N D E V  E l  AL.. P b Y S .  FEY. 1 1 3 .  1 3 2 2  1 1 9 6 8 1  

- .  . . 
C O L L E R A I N E  E l  AL., PHYS. REV. 1 6 1 .  1 3 8 1  1 1 9 6 1 1  
BUGG E l  AL., P H I S .  REV. 1 3 3 ,  A 1 0 1 7  1 1 9 6 4 I  
ANKEhBRANCT E l  4L.1 P t Y S .  REV. 1 7 0 1  1 2 2 3  I 1 9 6 8 1  
E I S N E P  E l  4L.s PHYS. REV. 1 3 6 ,  8 6 7 0  I 1 9 6 5 1  
G l B a P R D  ET  4 L . r  PHYS. REV. L E l l E R S  2 4 ,  2 2  I l F 7 0 1  
GRETHER, U I I I V .  G F  I L L I h C I S  C O O 1 1 9 5 1 2 5  1 1 9 6 8 1  
8 O G G l L O  E l  4L.. PHYS. L E l l E Y S  3 0 0 1  3 6 5  1 1 9 6 9 1  
P3 ET I L . ,  PI-YS. REV. L E T T E R S  2 3 ,  3 4 2  1 1 9 6 4 1  
N E n L  E T  AL., PHYS.  ~ E V .  1 6 1 .  1 3 7 4  1 1 9 6 7 1  
H E I l l Z  FT  4L.. PUYS. REV. 1 6 7 ,  1 2 3 2  1 1 9 6 8 1  
H4RT  E l  LL. .  PHYS. REV. 1 2 0 1  7 1 1  1 1 9 6 2 1  
r 4 Y 4 S  ET  AL., NUC. P H I S .  8 5 ,  1 6 5  ( 1 5 6 6 1  
Y E I U T I E L I  E l  4L.9 h E l l V 4 h N  I N S T  REPORT 1 1 9 6 9 1  
F R I E O E S  E T  OL., PHIS. R E V .  L E T T E R S  15,  3 e  1 1 9 6 5 1  
E L L I S  ET bL., P t Y S .  REV. L E T T E R S  2 1 .  6 9 7  1 1 9 6 8 1  
PPRKEK E l  li., PYYS. LETTERS 3 1 8 .  2 4 6  1 1 9 7 0 1  
PERL  E T  4L.v 5 L 4 C  P U R - 6 2 2  I 1 9 6 5 1  
W4NNING E l  4L. ,  hUCV0  C I Y E N T C  + L A +  1 6 7  1 1 9 6 6 1  
B O i G I L O  ET  AL., S U B ~ l l l E C  1 C  THE V l E N h 4  CONF., 1 9 b 8  
CONNOLLY E l  4L.. 8 h L  1 3 6 5 4  I 1 5 6 9 1  
H P R T I N G  ET  AL,, hUCVC C l V E N l C  3 8 ,  6 C  1 1 9 6 5 1  
M I  CT 4L. .  PHYS. REV. L E T T E R S  2$ ,  L C 3 1  1 1 9 1 0 >  
RERGE9 E l  4L.. PFYS. REV. L E T T E R S  2 0 1  464 1 1 9 6 8 1  
C 4 5 O  E T  4L. .  NUOVO C l W E N 7 0  5 5 4 ,  6 6  I 1 5 6 8 1  

8 0 i l h l  E l  41.. NUOVO C I V E N T C  5 8 4 .  1 7 5  11'%81 
CHEPlG E T  AL.. P b I S .  REV. l h 3 ,  1 4 7 0  1 1 9 6 7 1  
L N K E N B R I N O T  ET AL., P H I S .  REV. 1 7 0 ,  1 2 2 3  1 1 9 6 8 1  
E I S Y E P  E T  AL., PhYS. REV. 1 3 8 ,  8 6 7 6  1 1 9 6 5 1  
C O L E 1 1 1  E l  a i . ,  hUCVO C I Y E N T O  491, 4 1 5  1 1 9 6 7 1  
A L t X b N O E R  ET 4L. .  PbYS .  REV. 1 5 6 .  1 2 8 4  1196771  
R L l I P  C T  1 L . .  NUCVC C I r E h T O  6 3 A .  5 2 q  1 1 9 6 9 1  
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