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ABSTRACT - We compile 181 papers reporting pp, pn, Fd, np, nn, and Kd reactions in flight for 

beam momenta up to 50 ~ e V / c .  We display, a s  a function of incident momentum, total and channel 

c ross  sections, elastic and two-body inelastic differential c ross  sections, and polarization in elas-  

tic scattering, a s  well a s  our fits to the elastic differential c ros s  sections. We also provide in- 

dices to the papers ,  a s  well a s  a complete listing of the selected data. The approximate cutoff 

data for the l i terature search for this report  was September 1. 1971. 
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Section I. 

GENERAL PROCEDURES 



Introduction 

This i s  the fifth in a continuing se r i e s  of 

reports  on cross-sect ion data compiled by the 

Par t ic le  Data Group. (The f i r s t  three reports  

were labeled UCRL-20 000, but the fourth and 

all  subsequent reports  a r e  labeled LBL-50 

through LBL-59. ) In this s e r i e s  we collect 

and display total and channel c ross  sections, 

differential c ros s  sections, polarizations, 

and other data. Each report i s  devoted to a 

particular incident channel. The present 

volume concerns RN reactions in flight (the 

previous four reports  dealt with K'N, YN, 

NN, and K O ~ N  interactions). In the near fu- 
t ture we expect to issue the a N compilation; 

other channels will follow eventually. The 

reports  will be updated periodically. 

The system f rom which these reports 

a re  derived i s  a computerized one, having at  

its nucleus a computer-searchable data tape 

containing information encoded f rom various 

articles. Sometime in  the future we hope to 

be able to answer specific user  requests for 

information f rom our data tape. 

Listed below are  the names of the many 

physicists who a r e  working on, o r  have 

recently worked on, these reports: 

I. System Development (LBL) 

Alan Rittenberg 

Arthur Rosenfeld 

11. Encoding and Verifying Data, Editing 

Reports,  Fitting Data 

James Enstrom (LBL) 

Zaven Guiragossi'an (Stanford) 

Victor Henri (LBL) 

Thomas Lasinski (LBL) 

Thomas Trippe (LBL) 

Fumiyo Uchiyama (LBL) 

111. Reading and Evaluating Art icles ,  and 

Analyzing Compiled Data in: 

a-N Interactions 

' k ~ l a n  Thorndike (BNL) 

*" Chairman" 

Thomas Trippe (LBL) 

Frank Turkot (BNL) 
+ 

a N Interactions 

Victor Henri (LBL) 

Thomas Lasinski (LBL) * 
Henry Lubatti (Univ. of Wash. ) 

Thomas Trippe (LBL) 

F red  Winkelmann (SLAC) 

James Wolfson (M. I. T. ) 

K-N Interactions -below 2.0 G ~ V / C  

k l a u d e  Bricman (CERN) 

Thomas Lasinski (LBL) 

K-N Inter actions -above 2.0 G ~ V / C  

J. Badie r (Ecole Polytechnique ) * 
Enzo Flaminio (BNL) 

G. Kayas (Ecole Polytechnique) 

Thomas Lasinski (LBL) 

Brian Musgrave (ANL) 

KLN Interactions 

James Loos (SLAC) 

" ~ u r n i ~ o  Uchiyama (LBL) 
t 

K N Interactions 

Odette Benary (Tel-Aviv) 
;F: 
Roger Bland (Ecole Polytechnique) 

Victor Henri (LBL) 

LeRoy P r i ce  (U. C. Irvine) 

Naomi Schmidt (Brandeis ) 

Charles Wohl (Oxford) 

NN Interactions 

Gideon Alexander (Tel -Aviv) * 
Odette Benary (Tel-Aviv) 

LeRoy P r i ce  (U. C. Irvine) - 
NN Interactions 

James Enstrom (LBL) * 
Tom Ferbel  (Rochester) 

Zaven Guiragos si'an (Stanford) 

Paul Slattery (Rochester) 

Y oshio Sumi (Hiroshima) 

Bar ry  Werner (Rochester) 

Toshihiro Yoshida (Fukushima) 

YN Interactions 

Gideon Alexander (Tel -Aviv) 
9 
Odette Benary (Tel-Aviv) 

LeRoy P r i ce  (U. C. Irvine) 



If you have any suggestions for  improving 

these reports ,  please let  us know. Our 

address i s :  

Part icle  Data Center 
Lawrence Berkeley Laboratory 
B_e_r_k_el?y~ Caiikr?i? - 9 4 2 E  - - - - - - - - - - 
(415) 843-2740, Ext. 6301 or  5885; 
nights, weekends, and holidays, cal l  
642-0807. 

Scope of Compilation Series  

1. We collect all experimental high- 

energy physics results that can be r ep re -  

sented by simple tables or  graphs, i. e. , o , 
do / d ~ ,  polarizations, etc. 

We leave i t  to Data Summary Tape 

Librar ies  to s tore Dalitz plots o r  other 

1 2 -dimensional displays (although the pres  - 
ence of such data i s  indicated on our 

KEYWORDS). In any case our printed com- 

pilations should serve a s  a necessary table 

of contents" to a DST Library. 

2. The data come primarily f rom 

published journals, e. g. , Physical Review, 

Physical Review Letters ,  Nuclear Physics,  

Physics Let te rs ,  Nuovo Cimento, etc. 

We do also compile unpublished theses 

and conference reports  - if the reports  give 

enough information to permit  a valid evaluation 

of the experiment and analysis. 

We do not record data that appear in 

abstract fo rm only, nor do we generally accept 

preprints unless the article has already been 

accepted for  publication. 

3. The compilation i s  to be complete 

f rom no la te r  than January 1968. Before 

that time we enter  data that a re  particularly 

- .' important. 

Data Handling 

In order  to make this compilation a s  

accurate and complete a s  possible, a la rge  

number of s teps,  involving several physicists 

and a secretary/assis tant ,  a re  necessary.  

The l i s t  below indicates the most  important 

steps that every article must go through in  

order  to have its information entered onto 

the DATA TAPE (the magnetic tape that con- 

tains all  of our data). 

a )  The I '  reader ,  a physicist, finds a 

relevant article, reads it ,  marks  the data to 

be encoded, and records on a special fo rm 

certain additional information. 

b)  The article i s  logged in by the 

secretary/assistant,  who also transcribes 

the bibliographic information, such as tit le,  

authors, abstract,  etc. , onto encoding forms.  

c )  A physicist, usually different f rom 

the reader ,  t ranscribes the data selected by 

the reader  onto encoding forms. Additional 

data may be added at  the discretion of this 

second physicist. Data contained in  figures, 

such a s  differential c ross  sections, a re  con- 

verted into tabular form by using a " graph- 

pen, " which i s  an x-y digitizing plane and 

electronic pen with automated read-out. 

d )  The data on encoding forms a r e  key 

punched onto computer cards and graph pen" 

data a r e  also outputted onto computer cards.  

e )  The resulting deck i s  entered onto a 

temporary DATA TAPE by the program 

DATAPE. Gross e r r o r s  (such a s  missing 

cards o r  information) a r e  detected immedi- 

ately by DATAPE. If there a re  such e r r o r s ,  

the deck i s  corrected and processed. 

f )  When the data deck has been success-  

fully processed, the temporary DATA TAPE 

is  read by the program SKELM, which makes 

a listing of all  the information stored for each 

article. This listing i s  examined carefully 

by the secretary/assis tant  and the encoding 

physicist. Any e r r o r s  found are  corrected 

and steps e )  and f )  repeated. 

g)  When no more  e r r o r s  can be found, 

the SKELM output i s  examined by the original 

reader  and compared again with the article. 

Any further e r r o r s  a re  corrected. 

h )  Finally the encoding physicist makes 

a last  check and marks the article to indicate 

i t  has had i ts  final verification. 



i)  The art icle  i s  entered onto a perma-  

nent DATA TAPE. 

All the above i s  just to get the data onto 

the DATA TAPE. When preparing a report  

such a s  this,  many additional tasks a re  in- 

volved. A few typical ones are:  

a )  Collecting all the data on a particular 

set of reactions - plotting them, looking at 

systematic e r r o r s ,  and removing obviously 

bad data. 

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 (if any) 

should be fit to  certain classes of data. 

Collaboration with Other Groups 

Some physicists in Europe have formed 

a group called HERA (High Energy Reactions 

Analysis) to also compile cross-section data. 

We are  trying to keep in close contact with 

one another in  order  to minimize duplication 

of effort both in programming and data collec- 

tion. 

We also cooperate with HERA on report  

distribution: LBL prints and distributes both 

HERA and our reports  for  the Western Hemi- 

sphere and Japan, and CERN does the same 

for the res t  of the world. 

Other Cross -Section Compilations 

We present below (in chronological 

order )  al l  of the previous large cross-section 

compilations that we know of. In addition to 

just listing data, some of them have nice 

reviews, perform various fits to the data, 

etc. 

s V. S. Barashenkov and V. M. Maltsev. 

Cross Sections for  Elementary Part icle  In- 

teractions, Fortsch.  Physik 9, 549 (1 961). 

0 V. S. Barashenkov and J. Pa tera ,  

Cross Sections for  Antinucleon Production, 

Fortsch. Physik 11, 469 (1963). 

0 V. S. Barashenkov and J. Patera,  

Strange Part icle  Production, Fortsch. Physik 

11, 479 (1963). 

0 M. N. Focacci and G. Giacomellio 

Pion Proton Elastic Scattering, CERN 

66-18 (1966). 

0 J. T. Beale. S. D. Ecklund, and R. L. 

Walker, Pion Photoproduction Data Below 

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

0 H. Yukawa, ed. , Experimental Data 

on Hadron Interactions in GeV Region, Supple - 
ment of the P rogres s  of Theoretical Physics 

(Kyoto), Ext ra  Number (1967). 

0 P. K. Williams, D. M. Levine, J. A. 

Koschik, References and Some Two-Body 

Data for High Energy Reactions, University 

of Michigan, 1967 (unpublished). 

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

Maor, Data Compilation of Proton-Proton 

Interactions 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. (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. Maor, Data Compilation of Baryon- 

Baryon Interactions. (111) Hyperon-Proton 

Collisions, Nucl. Phys. 554 (1969). 

W. Galbraith, Hadron-Nucleon Total 

Cross Sections at  High Energies, Rep. 

Progr.  Phys. 32, 547 (1969). 

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

A Compilation of Pion-Nucleon Scat ter ing 

Data, CERN/HERA 69-1 (1969). 

B. Sadoulet, Data Compilation of 

Antiproton-Proton Reactions into Antihyperon- 

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

0 G. Giacomelli. A Compilation of Total 

and Total Elast ic  Cross  Sections, CERN/KERA 

69-3 (1969). 



0 P a r t i c l e  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 t of K N Reactions,  UCRL-211 (! )n K N (1969). 

l P a r t i c l e  Data Group (1:). J. Herndon, 

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

rrN P a r t i c l e  Wave Amplitudes; A Compila- 

t ion, UCRL-20 030 .rrN(1970). 

0 P a r t i c l e  Data Group (0. Benary,  N. 

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

Rosenfeld, G. Alexander),  A Compilation of 

YN React ions ,  UCRL-20 000 YN (1970). 

0 G. C. F o x  and C. Quigg. Compilation 

of E las t i c  Scattering Data,  UCRL-20 001 

(Jan. 1970). 

0 P. Spillantini and V. Valente,  A Col- 

lect ion of P i o n  Protoproduction Data.  

I- F r o m  the Threshold to  1 .5  GeV, 

CERN/HERA 70-1 (1970). 

l J. D. Hansen, D. R. 0. Morr i son ,  

N. Tovey, E. Flaminio, Compilation of C r o s s  

Sections. I - Pro ton  Induced Reactions,  

CERN/HERA 70 -2 (1 970). 

l E.  Flaminio,  J. D. Hansen, D. R. 0. 

Morr i son ,  N. Tovey, Compilation of C r o s s  

Sections. I1 - Antiproton Induced Reactions,  

CERN/HERA 70-3 (1970). 

t o  E. Flaminio,  J. D. Hansen, D. R. 0. 

Morr i son ,  N. Tovey, Compilation of C r o s s  
t Sections. 111 - K Induced Reactions,  CERN/ 

HERA 70-4 (1970). 

t o  E. Flarninio,  J. D. Hansen, D. R. 0. 

Morr i son ,  N. Tovey, Compilation of C r o s s  

Sections. IV - nt Induced Reactions,  CERN/ 

HERA 70-5 (1970). 

t o  E. Flaminio,  J. D. Hansen, D. R. 0. 

Morr i son ,  Compilation of C r o s s  Sections. 

V - K -  Induced Reactions,  CERN/HERA 

70-6 (1970). 

l E. Flaminio,  J. D. Hansen, D. R. 0. 

Morr i son ,  N. Tovey, Compilation of C r o s s  

Sections.  VI - a Induced Reactions.  

CERN/HERA 70-7 (1970). 

l 0. Benary,  L .  R. P r i c e ,  G. Alexander,  

NN and ND Interactions (above 0.5 G ~ V / C )  - 
A Compilation, UCRL-20 000 NN (August 

1970). 

0 P. Joos, Compilation of Photoproduc- 

tion Data  above 1.2 GeV, DESY/HERA 70-1. - 
l G. Giacomelli ,  Total C r o s s  Section 

Measurements ,  P r o g r e s s .  in  Nuclear Phys ics  

12, p a r t  2, Oxford; Pergomon P r e s s  Ltd. - 
(1 970). 
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Section I I .  

N AND KID REACTIONS 



Scope of This Compilation 

The present compilation presents 5000 

points of channel c ross  section, differential 

c ross  section, and polarization data contained 

in  181 papers dealing withpp,  pn, 'i;d, zp, b ,  

or  Ed interactions in flight. We include all 

papers published before September 1, 1971, 

and a few selected papers after that date. 

The art icles  that we use have been located 

through a manual search  of Nuclear Science 

Abstracts as  well as  recent volumes of 

physics journals. In addition, we have a s -  

certained that we have included all  relevant 

references given in other compilations and 

original articles. The journals that we have 

examined in our literature search  are: 

Australian Journal of Physics 
Helvetica Physica Acta 
Nuclear Physics 
Nukleonika 
Nuovo Cimento 
Nuovo Cimento Letters  
Physical Review 
Physical Review Letters  
Physics Letters  
Reviews of Modern Physics 
Soviet Journal of Nuclear Physics 

Organization and Treatment of Data 

The organization of data i s  indicated in 

the Table of Contents. Fo r  the cross-sec-  

tion data, each final state has been given a 

unique reaction number, which i s  specified 

in a l is t  given at the beginning of the data 

presentation. The l is t  proceeds from the 

simplest to the most complicated categories 

of final states. Within a given category the 

final states a re  listed in order  of increasing 

number of pions in the final s tate ,  with 

single - and double -resonance production 

coming at the end. Also, within a given cate - 
gory the resonances a re  listed alphabetically, 

with pion resonances coming before kaon 

resonances. Whenever data a r e  given sep- 

aretly for a reaction and its charge conju- 

gate,we also give the sum 
t f 

[ e .  g. ,o(Fnrr t c .  c )  = o(Fnrr ) f ~ ( F n r r - ) ] .  

We assume C P  invariance in calculating the 

sum if the charge conjugate reaction i s  not 

measured. 

The interaction of antiprotons with pro-  

tons i s  distinguished by a rich variety of final 

states. These final states can be categorized 

according to the following reaction types, a s  

given in the Table of Contents: 

1. Total 

2. Elastic 

3. Topological prongs 

4. Production of antileptons and leptons 

5. Annihilation into pions 

6. Annihilation into kaons (and pions) 

7. Charge exchange 

8. Pion production without annihilation 

9. Production of antihyperons and 

hyperons 

10. Associated production of hyperons 

and kaons 

The presence of many competing reac - 
tions and the exothermic nature of the annihil- 

ation process make it experimentally r a the r  

difficult to obtain large and unbiased samples 

of bubble chamber data for any one specific 

channel. This i s  particularly true for final 

states contained in categories 6 ,  9, and 10. 

Also, the paucity of antiproton flux and of 

separated antiproton beams at present -day 

accelerators ,  especially when compared with * * 
the intensities available for y, e , rr , K*, 

and proton beams,  has until recently tended 

to deter extensive studies of RN interactions 

through counter and/or spark chamber 

techniques. It i s  therefore not surprising 

that the quality of much of the available RN 
data i s  relatively poor. 

The data contained in this compilation 

have, to a certain extent, been edited a s  well 

a s  compiled by us. For example, when an 

experimental group reported somewhat dif - 
ferent  resul ts  from the same experiment i n  

two or  more  separate publications without 



specifying which part of the data was being 

superseded, we chose to present  the results 

that seemed to us to be more  final. Our 

editing has also extended to exclude obviously 

repeated o r  superseded data. Furthermore,  

we .have excluded data that we thought to be 

unreliable or  not presented in a clear  enough 

manner. We have chosen to l i s t  upper limits 

to production cross  sections for  only the 

simplest final states. In general ,  cross sec-  

tions given without e r r o r s  have not been used. 

Also, c ros s  sections for the s u m  of various 

final s tates  (e. g. , pp -, RKTT, independent of 

charge)  have not been compiled. We have de- 

cided to show plots of c ross  section versus 

beam momentum for reactions with at least 

five data points. 

Following the cross -section data, we give 

the differential c ross  sections for  antiproton- 

proton elastic scattering. All of the data 

have been converted to the invariant square 

of the momentum transfer.  F o r  the elastic 

c ross  section data, we have presented the 

authors'  fits to their data, whenever given, 

along with our fits to all  the data. We have 

assumed a simple exponential form for  the 

differential c ross  sections, i. e. , 
do /dt = du /dt ) t=O ebt a e -b  1 1 . We have 

f i t  the data over various t -ranges f rom 
2 / t 1 = 0.0 (G~v /c )  to 0.4 (G~v/c) .  2 

Next, we present differential c ross  sec-  

tions for two-body final s tates  in antiproton- 

proton inelastic scattering. Again, all of the 

data have been converted to the invariant 

square of the momentum t ransfer  between the 

antiproton and the antiparticle in the final 

s tate  (this often requires the approximation 

of a narrow width for a resonance). In addi- 

tion, we have always normalized the two-body 

inelastic differential c ross  sections to the 

c ros s  section for the given channel. At t imes 

this required a certain amount of intelligent 

prec ise  in their content. We have excluded 

differential c ross  section spectra that we felt  

to be of poor statistical quality. 

Finally, we give measurements of polari- 

zation in antiproton-proton elastic scattering. 

These data have also been converted to a de-  

pendence on the invariant square of the mo- 

mentum transfer.  

Following the tables and figures of data 

described above, we have a section listing the 

181 original sources from which the data a r e  

derived. Fo r  each article we give the basic 

bibliographic information, which includes the 

authors , the title, the abstract,  the journal 

reference, other closely related ar t icles ,  the 

beam momentum, the target,  the type of de-  

tector ,  the number of events taken, and key- 

words describing the basic data content of the 

article. Also we give all the compiled data 

in the f o r m  in which i t  appeared in the article. 

Comments pertinent to the methods used by 

the authors for  the extraction of the data, 

such as special systematic e r r o r s ,  types of 

f i ts ,  and resonance mass cuts, have been 

provided to aid the reader  in the evaluation 

of the results.  We urge the users  of the p r e s -  

ent volume to re fer  to these comments for  

clarification of the compiled data. We t rus t  

that authors who detect any e r r o r s  in their 

displayed resul ts  will report the problems to 

the Par t ic le  Data Group. Also we would 

appreciate receiving any improved but un- 

published data that the authors would be 

willing to send us. 

We conclude our report with several  in- 

dices: an  index of references by beam mo-  

mentum; a keyword index of references; the 

l is t  of references,  alphabetical by f i r s t  author; 

the reference l is t  titles; and a l is t  of related 

reveiw articles. A l is t  of previous compila- 

tions i s  given in Section I. 

guessing, because the papers were  not always 
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Reaction 

1 2  

Numerical L i s t  of All Reactions 

pp total cross section 
11 Pp-total 

pp elastic cross section 
21 pp+elastic 

prongs 
31 Fp-0 prong 
41 pp-2 prong 
51 Pp+4 prong 
61 pp46 prong 
71 pp-+8 prong 

production of antileptons 
and leptons 

81 j$-+e+e- 

91 PP-+P+P- 

annihilation into pions 

Reaction 







Reaction 

associated prochction - - &. 
hyperms- and kaond , 

[ZOO] pp+Aa+ 
~ ~ J M A ~ P  + C.C. 

pp-tzOpK+ + C.C. 

p p + m o  + C.C. 

pp+z+p* + C.C. 

j jp+hf jKfr rO + C.C. 

@ + A ~ K O ~ +  + C.C. 

pp+zOpK%+ + C.C. 

pp+z+ijK"rrO + C.C. 

jjp+Ai=lK+7r- + C.C. 

pp+z+*m- + C.C. 

pp-+ApX+n+n- + C.C. 

pp+AilKorr+w- + C.C. 

pp+total hyperon production 

pN(I=O) total cross Section 
[$I 41 pN-+ total, 

gn total cross section 
[215] p+'total 

pn elastic cross section; 
[216] m+lelastic 

pd total cross section 

I 
[222] W-total ' - 

pd elastic cross sectim- 
[223] pc%+lelastic 

prohg- eross sectdam 
[224] pi 4 prong 
[225] pd+e prong 
[226] p3-d prong 
12271 pd-6 prong 

Q total and elastic 
. cross sections 

12431 fip +total 
[244] iipjelastic 

and ild 
total cross sections 

[245] im +total 
, [246] iidptotal 





total cross section 

A Regge pole parametrization of the & elastic scattering amplitudes contains t e rms  with 
asymptotic energy dependence so where, at  t = 0, a = I for Pomeron exchange, a = 1/2 for 
vector and tensor meson exchange, and cu " 0 for pion exchange. The energy dependence of 
Regge cut t e rms  is  the same, apart  from factors of lo s. The asymptotic form of the amplitudes 
at t = 0 is  thus a proximately M(s ,  0) " Cps + CVT $s + C,. Each amplitude contributes a 
t e r m  Irn M(s.O)Ac m, 6 " Im M(S.O)/S to the total cross section. So the leading energy de- 
pendence of utot is' C4 + c~/& f rom Pomeron exchange plus vector and tensor meson ex- 
change. Since s " 2 Mp pbeam at high energy,it i s  expected that a lot of utot versus %/- 
asymptotically becomes approximately linear. The variable I/& is chosen rather than 
1/<s because i t  gives a smoother plot a t  low energies where utot diverges as I/Pbeam due to the 
exothermic nature of the pp interaction. 



pp elastic cross section 

Reaction f 21 m-wkstic 

SPENCER 

SPENCER 

SPENCER 

CORK 

SPENCER 
SPENCER 
CONFORTO 

SPENCER 
CONFORTO 

CORK 

CONFORTO 
CONFORTO 
CONFORTO 
COOMBES 

CONFORTO 
CORK 

CONFORTO 6 8  NC 54A 4 4 1  
CONFORTO 68 NC 54A 441 
CONFORTO 6 8  NC 54A 441 
COOMBES 58 PR 112 1303 

CORK 62 NC 2 5  497 
COOMBES 58 PR 112 1303 

COOMBES 58 PR 112 1303 

KALBFLEISC 
ELIOFF 
BACON 
COOPER 
BACON 
COOPER 
KALBFLElSC 
ELIOFF 
BACON 
BACON 
ELlOFF 
PARKER 
KALBFLEISC 
COOPER 
LYNCH 
COOPER 
ELIOFF 
PARKER 
ARHENTEROS 
ELIOFF 
PARKER 
PARKER 
ARWENTEROS 
PARKER 
PARKER 
PARKER 
OOHlNGO 
PARKER 

2.784 0.095 2.697 25.00 4.00 ARWENTEROS 60 PR 119 2060 
2- 900 2.735 24.50 1.00 PARKER 7 1  NP 032 2. 
3.280 0.066 2.857 21.90 1.10 FERBEL 65 PR 13781250 
3 -  600 2.957 20.90 0.80 OEHNE 64 PR 136 8843 
4.000 3.077 19.75 0.73 CZYZEWSKI 65 PL 1 5  180 
5.700 0.057 3.550 16.30 0.60 BOECKMANN 66 NC 42A 9% 
6.9 i0  0.104 3.860 14.20 1.20 FERBEL 68 PR 173 1307 
7.200 3.922 13.79 1 - 0 0  L FOLEY 63 PRL 11 503 
8.900 4.307 13.89 0.35 S FOLEY 63 PRL 11 503 

4 - 5 4 0  14.60 3.30 1 FOLEY 63 PRL 11 103 
4.934 11.59 0.41 S FOLEY 63 PRL 11 503 

OATA READ FROM GRAPH * SEE OATA L ISTING FOR ADDITIONAL CONHEIRS 
S SEE OATA L ISTING FOR POSSIBLE S V $ l U A T t C  M R O I S  
I 1  CALCULATED DY US FIOI( OATA IN THIS U T l U C  
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elastic cross smction 

Following the Regge pole theory previously discussed for the total cross section, the con- 
tribution of each amplitude to the integrated elastic cross section is  

where factors of log s coming from the integration have been ignored. Thus the leading energy 
dependence of uel is Cg + c4/& from Pomeron exchange plus interference between Pomeron 
and meson exchan e Again, since s = 2 M  - at high energhit is  expected that a plot of 
eel versus i/&k, asymptotically b e c o ~ e ~ ~ p p r o d m a t e l y  linear. 



2 0 

prongs 

Reaction [ m-+O prong 

+-3.40 LOKEN 63 PL 3 3 3 4  

2.40 LOKEN 63 PL 3 334 

1.90 AMALDI 66 NC 46A 171 

2.50 LOKEN 63 PL 3 334 

1.60 AMALDI 66 NC 46A 1 7 1  

3.00 *5 CLINE 
1.70 AHALDI 
3.00 *S CLINE 
1.60 AMALDI 
1.20 AMALDI 
1.20 AMALDI 
2.40 *S CLINE - - . - - . - 
1.50 AMALDI 
1.50 AMALOI 
1.40 AHALDI 
4.40 *S CLlNE 
1.10 AMALDI 
1.40 AMALDI 
1.40 AMALOI 
7.00 *$ CLlNE 
1.40 AMALDI 
1.30 AMALDI 
1.30 AHALDI 
0.21 * KALBFLEISC 
0.32 * COOPER 
0.37 * COOPER 
0.34 * COOPER 
0.13 * KALBFLEISC 
0.31 * COOPER 
0.38 * COOPER 
0.53 * COOPER 
0.18 * KALBFLEISC 
0.25 8 COOPER 
o. lo  FERBEL 
0.40 FERBEL 
0.30 t BOECKMANN 
0.25 KITAGAKI 
0.30 FERBEL 

7 1  PRL 27 7 1  
66 NC 46A 1 7 1  
7 1  PRL 27 7 1  
66 NC 46A 171 
66 NC 46A 171 
66 NC 46A 171 
7 1  PRL 27 7 1  
66 NC 46A 1 7 1  
66 NC 46A 1 7 1  
66 NC 46A 1 7 1  
7 1  PRL 27 7 1  
66 NC 46A 171 
66 NC 46A 1 7 1  
66 NC 46A 1 7 1  
7 1  PFL 27 7 1  
66 NC 46A 1 7 1  
66 NC 46A 1 7 1  
66 NC 464 171 
69 PL 298 259 
68 PRL 20 1059 
68 PRL 20 1059 
68 PRL 20 1059 
69 PL 298 259 
68 PRL 20 1059 
68 PRL 20 1059 
68 PRL 20 1059 
69 PL 298 259 
68 PRL 20 1059 
65 PR 13781250 
65 PR 13781250 
66 NC 42A 954 
68 PRL 2 1  175 
68 PR 173 1307 

0 LOKEN 
FERBEL 

COOPER > FERBEL 
X KITACAKI 6 8  
X KALBFLEISC 6 9  

7 1  

+ DATA READ FROM GRAPH 
t SEE DATA LISTING FOR ADOlTlONAL COMMENTS 
I SEE OATL LISTING FOR POSSIBLE SYSTEMATIC ERRORS 
I 1  CALCULATED BY US FROM DATA I N  THIS ARTICLE 

Reaction [ 

(mb) References 

26.90 +- 4.90 *$ CLINE 7 1  
40.60 6.70 *1 CLlNE 7 1  
38.50 7.40 *$ CLINE 7 1  
27.10 5.80 *$ CLlNE 7 1  
27.00 12.00 *1 CLINE 7 1  
65.10 1.00 * COOPER 68 
66.70 1.30 * COOPER 68 
64.90 0.80 * COOPER 68 
63.00 1.00 * COOPER 68 
60.90 1 . 1 0 *  COOPER 68 
59.00 1.40 * COOPER 68 
59.80 0 . 7 0 *  COOPER 68 
56.80 0 . 9 0 *  COOPER 68 
41.50 1.30 FERBEL 65 
37.30 1.30 FERBEL 65 
33.70 0.80 t BOECKHANN 66 
32.30 1.60 KITAGAKI 68  
32.60 2.00 FERBEL 68 

PRL 27 71 
PRL 27 71 
PRL 27 7 1  
PRL 27 7 1  
PRL 27 71 
PRL 20 1059 
PRL 20 1059 
PRL 20 1059 
PRL 20 1059 
PRL 20 1059 
PRL 20 1059 
PRL 20 1059 
PRL 20 1059 
PR 13781250 
PR 13781250 
NC 42A 954 
PRL 2 1  175 
PR 173 1307 

0 FERBEL 6 5  
13 BOECKMANN 6 6  
A COOPER 6 8  
7 FERBEL 6 8  
\ KITACAKI 6 8  
/ CLINE 7 1  



2 1 

prongs 

Reaction [ 

(mb) References 

m-+4 prong 

CLlNE 
CLINE 
CLINE 
CLINE 
BURNS 
KALBFLEISC 
OONALD 
COOPER 
COOPER 
COOPER 
KALBFLEISC 
COOPER 
COOPER 
COOPER 
KALBFLEISC 
COOPER 
COOPER 
FERBEL 
FERBEL 
ALLES-BORE 
BOECKMANN 
KITAGAKl 
FERBEL 

PRL 27 7 1  
PRL 27 7 1  
PRL 27 7 1  
PRL 27 71 
NP 827 109 
PL 290 259 
NP 86 174 
PRL 20 1059 
PRL 20 1059 
PRL 20 1059 
PL 298 259 
PRL 20 1059 
PRL 20 1059 
PRL 20 1059 
PL 298 259 
PRL 20 1059 
PRL 20 1059 
PR 13781250 
PR 13781250 
NC 46A 438 
NC 42A 954 
PRL 2 1  175 
PR 173 1307 

D 0 NALD 
FERBEL 
KITAGAKI 
KALB PLE I SC 

Reaction [ 61 m46 prong 

0.375 0.025 1.912 2.70 1.50 *S  CLINE 7 1  PRL 27 7 1  
0.425 0.025 1.922 1.16 1.16 *S  CLINE 7 1  PRL 27 71 
1.110 2.118 4.31 0.10 * KALBFLEISC 69 PL 298 259 
1.230 2.160 3.91 0.25 * COOPER 68 PRL 20 1059 
1.270 2.173 3.45 0.27 * COOPER 68 PRI 70 1059 - - . . -. - . - . 

2.191 4 - 0 2  0.23 * COOPER 68 PRL 20 1059 
2.194 4.31 0.05 * KALBFLEISC 69 PL 298 259 
2.208 3.83 0.27 * COOPER 68 PRL 20 1059 

0.32 * COOPER 68 PRL 20 1059 
0.37 * COOPER 68 PRL 20 1059 
0.09 * KALBFLEISC 69 PL 290 259 
0.22 * COOPER 68 PRL 20 1059 
0.27 * COOPER 68 PRL 20 1059 
0.40 FERREL 6 5  P R  177R1750 - ..- .. - - - - - - - 

3.590 0.054 2.954 7.26 0.27 ATHERTON 70 NP 818 221 
3.660 0.073 2.975 7.70 0.40 FERBEL 65 PR 13781250 
5.700 0.057 3.550 7.20 0.40 t BOECKHANN 66 NC 42A 954 
5.700 3.550 6.21 0.10 FRIDMAN 68 PR 167 1268 
6.900 0.034 3.851 7.60 0.50 KITAGAKI 6 8  PRL 2 1  175 
6.940 0.104 3.860 6-90 0.80 FERBEL 68 PR 173 1307 

t SEE DITA LISTING FOR ADDITIONAL CDUHENTS 
S SEE DATA LISTING FOR POSSIBLE SYSTEMATIC ERRORS 
[ I  CALCULATED BY US FROM DPTA I N  THIS ARTICLE 

Ptmsm E c . ~ .  bb) References 
:GeV/c) (GeV) 

- 
ERBEL 6 5  

IJ BOECKMANN 6 6  - 
a COOPER 6 8  

FERBEL 6 8  
\ F R I D W  6 8  - 
/ KITAGAKI 6 8  
X KALBFLEISC 6 0  
X ATHERTON 70  
hl CLINE 7 1 

........................................................................ 

Reaction [ 71 *-+a Prong 

3.280+-0.066 2.857 0.44 +- 0.10 FERBEL 65 PR 13781250 
3.660 0.073 2.975 0.60 0.10 FERBEL 65 PR 13781250 
5.700 3.550 0.96 0.03 FRIOHAN 68 PR 176 1595 
6.900 0.034 3.851 2.00 0.22 KITAGAKI 68 PRL 21 175 
6.940 0.104 3.860 1.20 0.50 FERBEL 68 PR 173 1307 

0 FERBEL 6 5  
FERBEL 6 8  
F R I D U  6 8  " MTAGAKI 68 



production of antileptons and leptons 

Pbaam &.Y. u (mb) References 
(GeV/c) (CeV) 

Reaction [ 81 @+e+e- 

2 . 5 0 0  2 . 6 0 2  < 0 . 0 0 0 0 0 1 6  t CONVERSI  6 5  NC 4OA 6 9 0  

* OATA READ FROM GRAPH 
t SEE OATA L I S T I N G  FOR A O D l T l O N A L  COMMENTS 
S SEE OATA L I S T I N G  FOR P O S S I B L E  SYSTEMATlC ERRORS 
1 1  CALCULATED BY US FROM DATA I N  T H I S  A R T I C L E  



LOEI E L I  Yd 89 138133 L 0000'1 0000'0K1 098'E fOI'O 0*6'9 
%6 VZ'r 3N 99 NNVHH3308 L 0000'1 000S'f I OSS'E LSO'O 00L'S 
9601 €111 I d  99 138833 C 000Z.Z 000Z'L I LS8'Z OZO.0 O8Z'E 

UOQQ~~tQTIUW U O F ~  

LOEI ELK Yd 89 13813 j  0000'K 0000'01 098'E fOI'O Of6'9 
CS6 V7f 3N 99 NNVW13308 000Z:I 000S'f OSS'E LS0.0 00L'S 
9601 €31 I d  99 138133 0007'Z OOOL'9 LS8'Z 020'0 OBZ'E 
6 W 1  871 I d  29 9NOflX 0000'E 0001'11K E67'Z 019'1 

LOCI EL1 I d  89 338834 0062'0> 098'E f01'0 Of6'9 
CSb VZC 3N 99 NNVWH3308 000E'O> OSS'E LSO'O ^ OOL'S 
960T Ef1 I d  99 130133 0002'0 0005'0 LS8'7 OZ0'0-+08ZeE 
9L71 TET I d  £9 H3NAl OOSZ'O -+ 0085'1 £62'7 019 '1  

LOEI EL1 )Id 
6 6  VZC 3N 
$92 61 1 I d  
9601 £91 I d  
98, 8SZ l d  
£09 EZ l a d  
B I L I  17 2nd 
£09 EZ 1Yd 
81L1 1Z 1 I d  
8 I L I  I Z  l a d  
81L1 12 1 I d  
B I L I  1Z l a d  
E09 EZ l a d  
8111 1Z 1Xd 
LBZ1 1E1 I d  
€09 £2 1 I d  
£09 EZ 1 I d  
E09 E l  l d d  

63L 1 13N 

SEOO'O 

0600 ' 0  
8 f1OO.O 
I 0800'0 
8 9100'0 
s OOIO'O 
'I 0110'0 
I oz10-0 
I 01110'0 
* 0Z00'0 
0 0910'0 

OOEO'O 
* 01100'0 
* 0S00'0 
8 0110'0 
8 0080'0 

OZIO'O> 
ooso-o> 
9900'0 
osz0'o> 
08ZO'O 
811Z0'0 
OZEO'O 
E6S0'0 
OESO'O 
OC80'0 
09L0'0 
0601'0 
ZLLO'O 
OLET'O 
0611'0 
OLEI'O 
0967'0 
Of6Z'O 
OOCE'O 

OO6E'O 

000L'O 

0089'0 

O98'E 
OSS'E 
SL6'Z 
LS8'Z 
699'2 
895.7 
OOS'Z 
LZC'Z 
EI'I'Z 
16E.7 
ILE'Z 
6fE'Z 
ZEE'Z 
962.2 
E6Z'Z 
9EZ.Z 
8LO'Z 
686'1 
156.1 

8E6.1 

SZ6'1 

1116'1 

1101'0 036'9 
LSO'O OOL'S 
080'0 099'E 
020-0 O8Z.E 

00L'Z 
t z o - 0  OOC'Z 

OOZ'Z 
OZO'O 066'1 

056'1 
068'1 
OE8'1 
OLL'I  

L I0 ' 0  OZL'I 
029 -1  
o w - 1  

SIO'O o s 3 - I  
010'0 066'0 
LOO'O 0OL.O 
fZO'b+6LS'O 
BEO'O- 
9EO'O+ ZOS'O 
SZO'O- 
czo 'oT o w . o  
EEO'O- 
IEO'O+ f8E'O 
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annihilation into pions 

Reaction [ I41 m+n+n+n-n- 
3.6000 +- 0.4000 BURNS 7 1  NP 827 109 
3.6700 0.2100 * KALBFLEISC 69 PL 298 259 
2.9000 0.2000 DONALD 68 NP 86 174 
3.0000 0.1200 8 KALBFLEISC 69 PL 298 259 
2.4900 0.1900 * KALBFLEISC 69 PL 290 259 
1.4000 0.3000 XUONG 62 PR 128 1849 
1.8000 0.1000 CHAPMAN 70 NP 824 445 
1.3500 0.1000 CLAYTON 70 NP 822 85 
0.8000 0.1000 FERBEL 66 PR 143 1096 
0.1730 0.0160 ACCENSI 66  PL 20 557 
0.1100 0.0300 BOECKMANN 66 NC 42A 954 
0.0540 0.5200 FERBEL 68 PR 173 1307 

XUORC 

Reaction [ 151 

0.3700 * KALBFLEISC 69 PL 298 259 
1.0000 DONALD 69 NP 811 551 
0.2200 * KALBFLEISC 69 PL 298 259 
0.2800 * KALBFLEISC 69 PL 298 259 
1.0000 XUONG 62 PR 128 1849 
0.1000 CLAYTON 7 1  NP 830 605 
0.6000 FERBEL 66 PR 143 1096 
0.1100 BOECKHANN 66 NC 42A 954 - .  
0.1000 ALLES-BORE 67 NC 50A 776 
0.1000 FERBEL 68 PR 173 1307 

* DPTA READ FROM GRbDH 
t SEE DATb LISTING FOR ADDITIONAL COMMENTS 
S SEE DATA LISTING FCR POSSIBLE SYSTEMATIC ERRORS 
C I CALCULATED BY US FROM DATA I N  THIS ARTICLE 

* )qh 

* + 
XUORC 6 2  
BOECKMANI 8 6  
FERBEL 6 6  
N U S - B O R E  6 7  
FERBEL 6 8  
DONALD 6 9  
KALBFLEISC 6 9  
C U Y T O I  7 1 

*88*88**********'t*****f**t************************************************ 

0 0 Reaction [ 161 m+n+n+n-n-n n 

1.176+-0.050 2.141 8.9000+-1.5000 t DONALD 69 NP 811 5 5 1  
2.500 2.602 7.8000 0.1000 1 CLAYTON 7 1  NP 830 605 
3.280 0.020 2.857 I 5.5000 0.700011 FERBEL 66 PR 143 1096 

***8f8****8*+8********8*8****8***8***8***8***********8************8***** 

0 0 0 Reaction [ 171 pp+n+n+rr-n-n n n 

1.176 0.050 2.141 5.4000 1.4000 1 DONALD b9 NP 811 551 
2.500 2.602 5.0000 0.1000 t CLAYTON 7 1  NP 030 605 
3.280 0.020 2.857 C 3.4000 0.60001t FERBEL 66 PR 143 1096 

2.500 2.602 1.4000 0.1000 t CLAYTON 7 1  NP 030 605 
3.280 0.020 2.857 1 2.3000 0.60001t FERBEL 66 PR 143 1096 

******8****8***88*****8***t**********8******a*8*8*********--************ 

Reaction [ 191 
+ + pp+n n n-n-nOmOmO## 

2.500 2.602 0.3000 0.1500 1 CLAYTON 7 1  NP 830 605 
3.280 0.020 2.857 1 0.8000 0.40001t FER8EL 66 PR 143 1096 

***888*88**~*4f* f f ***** t8***8f*88tt t**8**8888*8**8**8**~**8*~***88*8**8~ 

Reaction [ 201 pp+n+n+n-n-~~22# 

1.110 2.118 15.7000 0.2800 * KALBFLEISC 69 PL 290 259 
1.176 0.050 2.141 14.3000 1.0000 DDYALD 69 NP 011 5 5 1  
1.330 2.194 15.5000 0.2200 * KALBFLEISC 69 PL 298 259 
1.520 2.261 16.3000 0.2900 * KALRFLEISC 69 PI 79R 76-3 -. . -. . . . - - - - - . 
1.610 2.293 12.0000 1.5000 XUONG 62 PR 128 1849 
3.200 0.020 2.857 12.0000 1.2000 FEReEL 66 PR 143 1096 
5.700 0.057 3.550 8.3000 1.4000 BOECKMANN 66 NC 42A 954 
6.940 0.104 3.860 10.5000 1.5000 FERREL 68 PR 173 1307 



annihilation into pions 

Reaction [ 211 &+4 Prong 
pion annihilation 

1.110 2.118 132.7000 +-0.5000 I KALBFLEISC 69 PL 298 25' 
l . l76+-0.050 2.141 130.8000 1.5000 I DONALD 69 NP 8 1 1  55. 
1.330 2.194 [30.9000 0.3000 1 KALBFLEISC 69 PL 298 25' 
1.520 2.261 128.8000 0.5000 I KALBFLEISC 69 PL 290 25' 
1.610 2.293 L23.8000 1.8000 I XUDNG 62 PR 128 184' 
2.500 2.602 [21.9000 0.3000 I CLAYTON 71 NP 830 60! 
3.280 0.020 2.857 117.3000 1.4000 I FERBEL 66 PR 143 109r 
5.700 0.057 3.550 1 9.2000 1.4000 I BDECKMANN 66 NC 42A 95' 
6.940 0.104 3.860 111.0000 1.5000 1 FERBEL 68 PR 173 130' 

xu OAC 
BOECKMANIO 
IlERBEL 
FERBEL 
DONALD 
KALBlZEISC 
CUYTOA 

........................................................................ 

Reaction [ 221 @ +n+rr+n+n-T-n- 

XUDNG 
DANYSZ 
FERBEL 
ATHERTDN 
BOECKMANN 
FRIDMAN 
FERBEL 
ALEXANDER 

........................................................................ 

* DATA READ FROM GRAPH 
) SEE DATA LISTING FDR AODITIONAL COMMENTS * SEE DATA LISTING FOR POSSIBLE SYSTEMATIC ERRORS 
1 1  CALCULATED BY US FROM ObTA I N  THIS ARTICLE 

Reaction [ 

XUDNG 
DANYSZ 
FERBEL 
ATHERTON BDECKMANN 

FRIDMAN 
FERBEL 
ALEXANDER 

i 0 XDOlPC 6 2  
0 B O E C K U N R  6 6  

I'ERBEL 6 6  
DANYSZ 6 7  

\ FERBEL 6 8  

t / FRIDHAIP 6 8  
X ALEXANDER 70 
X ATHERTOR 70 

1.610 2.293 1.0500 0.2500 XUONG 62 PR 128 1849 
3.000 0.015 2.768 2.6000 0.1000 t DANYSZ 67 NC 51A 8 0 1  
3.280 0.020 2.857 1 1.4000 0.300011 FERBEL 66 PR 143 1096 

Reaction [ 251 
+ + +  m + n  n n n-m-n-nOnOno 

3.000 0.015 2.768 0.5200 0.0600 t DANYSZ 67 NC 51A 8 0 1  
3.280 0.020 2.857 I 0.8000 0.20001t FERBEL 66 PR 143 1096 

........................................................................ 

Reaction [ 261 
+ n + n + n + n - n - n - ~ ~ ~ n ~ ~ ~ ~ ~  

3.280 0.020 2.857 I 0.2000 0.10001t FERBEL 66 PR 143 1096 

3.280 0.020 2.857 2.4000 0.5000 FERBEL 66 PR 143 1096 
5.700 0.057 3.550 4.9000 0.4000 BOECKMANN 66 NC 42A 954 
6.940 0.104 3.860 3.9000 0.5000 FERBEL 68 PR 173 1307 
6.940 3.860 3.6500 0.2400 ALEXANDER 70 NP 823 557 
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annihilation into pions 

Reaction [ 281 pp+6 prong pion 
annihilation 

3.000+-0.015 2.768 7.1000+-0.2000 OANYSZ 67 NC 51A 8 0 1  
3.280- 0.020 2.857 C 6.0000 0.6000 I FERBEL 66 PR 143 1096 
5.700 0.057 3.550 [ 6.6000 0.5000 I BOECKMANN 66 NC 42A 954 
6.940 0.104 3.860 I 5.3000 0.5000 1 FERBEL 60 PR 173 1307 
6.940 3.860 5.4700 0.2700 ALEXANDER 70 NP 023 557 

t 0 BOECKMANR 6 6  
0 FERBEL 6 6  
A DANYSZ 6 7  

FERBEL 6 8  
\ ALEXANDER 7 0  

1.610 2.293 0.0250 0.0100 XUONG 62 PR 128 1849 
2.700 0.070 2.669 0.0650 0.0110 FISHER 70 NP 016 450 
3.000 0.015 2.768 0.1100 0.0200 OANYSZ 67 NC 51A 801 
3.280 0.020 2.057 0.1000 0.0300 FERBEL 66 PR 143 1096 
3.600 0.018 2.957 0.1300 0.0200 DANYSZ 67 NC 51A 801 
5.700 3.550 0.1200 0.3100 FRIDMAN 68 PR 176 1595 
6.940 0.069 3.860 0.1500 0.0200 BAR-NIR 70 NP 820 45 

XUONC 
FERBEL 
DANYSZ 
F R I D W  
BAR-NIR 
FISHER 

t SEE OATA L I S T I N G  FOR ADDITIONAL COMMENTS 
5 SEE OATA L ISTING FOR POSSIBLE SYSTEMATIC ERRORS 
1 1  CALCULATED BY US FROM OATA I N  THIS ARTICLE 

Reaction [ 301 
.+n+n-n-n-n-nO 

XUONG 62 PR 128 1849 
FISHER 70 NP 816 450 
DANYSZ 67 NC 51A 801 
FERBEL 66 PR 143 1096 
OANYSZ 67 NC 516 801 
FRIORAN 68 PR 176 1595 
BAR-NIR 70 NP 020 45 

FERBEL 
A DANPSZ 

F R I D W  
\ BAR-NIR 

Reaction [ 311 
~+n+n+T+T+n-n-n-rr-~~omo 

3.000 0.015 2.768 0.1000 0.0200 t DANYSZ 67 NC 514 801 
3.600 0.018 2.957 0.1300 0.0300 t OANYSZ 67 NC 51A 801 

........................................................................ 

Reaction [ 321 
~+n+n+n+n+n-rr-n-m-nOnOTF~ 

3.600 0.018 2.957 0.0200 0.0300 t OANYSZ 67 NC 51A 8 0 1  

........................................................................ 

Reaction [ 331 
~+n+n+n+n+n-n-n-~-~~~2~0 

2.700 0.070 2.669 0.0170 0.0060 FISHER 70 NP 816 450 
3.280 0.020 2.857 0.1000 FERBEL 66 PR 143 1096 
6.940 0.069 3.860 0.9600 0.0700 BAR-NIR 70 NP 820 45 



annihilation into pions 

Pbe- Ec.Y. Q (mb) References 
(GeV/c) (GeV) 

Reaction [ 341 m+8 prong pion 
annihilation 

XUONG 
FISHER 
DANYSZ 
FERBEL 
OANYSZ 
BAR-NIR 

0 morc 
O FERBEL 
A D W S Z  

BAR-NIR 70  "3 
\ FISBER 70 

Reaction [ 351 
m+rr+n+n+rr+n+rr-n-n-rr-n- 

2.700 0.070 2.669 <0.0040 FISHER 70 NP 816 450 
6.940 0.069 3.860 0.0130 0.0070 BAR-NIR 70 NP 820 45 

-0.0040 

........................................................................ 

Reaction [ 361 
m+m+~+n+rr+n+rr-n-~-~-~-*o 

2.700 0.070 2.669 0.0017 0.0017 FISHER 70 NP 816 450 
6.940 0.069 3.860 0.0600 0.0130 BAR-NIR 70 NP 820 45 

m+rr+sr+n+n+n+?r-rn-n-n-n-~~127~~ 
6.940 0.069 3.860 0.0680 0.0140 BAR-NIR 70 NP 820 45 

........................................................................ 

Reaction [ 381 @+I0 prong 
pion annihilatior 

3.000 0.015 2.708 0.0060 0.0040 DANYSZ 67 NC 51A 801 
3.600 0.018 2.957 0.3130 0.0050 OANYSZ 67 NC 51A 801 
6.940 0.069 3.860 0.1400 0.0200 BAR-NIR 70 NP 820 45 

* DATA READ FROM GRAPH 
t SEE DATA LISTING FOR AODITIONIL COMMENTS 
S SEE DATA LISTING FOR POSSIBLE SYSTEMATIC ERRDRS 
[I CALCULATED BY US FROM DATA IN  THIS ARTICLE 

Ptm+m Ec.u. (mb) References 
(GeV/c) (GeV) 

Reaction [ 391 *+total pion 
annihilation 

3.280+-0.066 2.857 30.9000 +-3.0000 FERBEL 65 PR 13781250 
6.940 0.104 3.860 25.0000. 5.0000 FERBEL 68 PR 173 1307 

Reaction [ 401 &+Grr- + C.C. 

9p07T+ 
0.943 2.063 1 0.4000 0.20001t BURNS 71 NP 827 109 
1.176 0.050 2.141 1 0.6100 0.15001t DONALD 68 NP 86 174 

Reaction [ 411 &+Gn-rnO + c-c. 
%On+ 

1.176 0.050 2.141 <0.2200 t DONALD 69 NP 811 551 

Reaction [ 421 m+.@n+rr- 
+p+n- + C.C. 

1.116 0.050 2.141 <0.2500 t DONALD 69 NP 811 551 

***************************************#*P**************************** 

Reaction [ 431 m+B+n' + C.C. 

+n+ 
1.176 0.050 2.141 <0.1260 t DONALD 69 NP 811 551 

Reaction [ 441 @ + ~ r r O  
b p 0 7 T + 7 T -  

1.176 0.050 2.141 <0.1100 t OOYALO 69 NP 811 551 

1.176 0.050 2.141 I 0.1500 0.03001t DONALD 69 NP 811 551 
3.280 0.020 2.857 <0.0300 t FERBEL 66 PR 143 1096 
5.700 3.550 0.0040 0.0020 t ALLES-BORE 67 NC 50A 776 

Reaction [ 461 p ~ + ~ n + n + ~ - ~ -  

'-+r+n-rro 
3.280 0.020 2.857 <0.2000 t FERBEL 66 PR 143 1096 
3.590 0.054 2.954 1 0.0320 0.00501t ATHERTON 70 NP 818 221 



28  

annihilation into pions 

React ion [ 471 pp+fm+n- 
++n- 

2.063 I 1.4000 +-0.20001t BURNS 7 1  NP 827 109 
-0.050 2.141 1 0.8700 0.15001t DONALD 68 NP 86 1 7 4  

2.602 0.5500 0.0400 t CLAYTON 70 NP 022 85 
0.020 2.857 0.1000 0.1000 t FERBEL 66 PR 143 1096 

3.550 0.0430 0.0120 t ACCENSI 66 PL 20 557 

0 ACCEHSI 6 6  
0 FERBEL 6 6  

DONALD 6 8  
Q c u ~ ~ o n  7 0  
\ B U R I S  7 1 

React ion [ 481 m+fm+n-no 
I-+,- 

1.176 0.050 2.141 1 0 . 9 5 0 0  0.09001t DONALD 69 NP 811 551 
2.500 2.602 1 1.0000 0.30001t CLAYTON 7 1  NP 830 605 
3.280 0.020 2.857 0.6000 0.3000 t FERBEL 66 PR 143 1096 
5.700 3.550 0.0800 0.0400 t ALLES-BORE 67 NC 50A 776 

React ion [ 491 ~+fn+n+n-~- 

++n- 
3.280 0.020 2.857 0.2000 0.1000 t FERBEL 66 PR 143 1096 
3.590 0.054 2.954 1 0.1660 0.02BO14 ATHERTON 70 NP 018 2 2 1  

React ion  [ SO] m+on+m- 
++n-no 

0.2500 * KALBFLEISC 69 DL 290 259 
0.30001t DONALD 69 NP E l l  551 
0.1200 * KALBFLEISC 69 PL 290 259 
0.2300 * KALRFLEISC 69 PL 29R 259 - . - - - - -  ~ - -  - 

0.20001t CLAYTON 7 1  NP 830 605 
0.1000 t FERBEL 66 PR 143 1096 

5.700 3.550 0.0840 0.5260 t ALLES-BORE 67 NC 50A 776 
b.940 0.104 3.860 C0.0400 FERBEL 68 PR 173 1307 

* ObTA READ FROM GRAPH 
t SEE DATA LISTING FOR ADDITIONAL COMMENTS 
S SEE DATA LISTING FOP POSSIBLE SYSTEMATIC ERRORS 
[ I  CALCULATE0 BY US FROM DATA I N  THIS ARTICLE 

Pbeun &.at. (mb)  References 
(GeV/c) (GeV) 

0 BOECKlsANI 6 6  
6 6  

ALES-BORE 6 7  
FERBEL 6 8  

\ DONALD 6 0  
/ KALBFLEISC 6 0  
x c u v ~ o r  7 1  

-. .. ..... . . .- ~~ --.- 
6.940 0.104 3.860 0.1000 0.0300 F E R ~ E L  60 PR 173 i307 
6.940 3.860 [ 0.4240 0.14101t ALEXANDER 70 NP 823 557 

0 0 React ion  [ 521 pp+p 

3.280 0.020 2.857 <0.0500 

++n- 
t FERBEL 66 PR 143 1096 

6.940 0.104 3.860 <0.0250 FERBEL 68 PR 173 1307 



29  

annihilation into pions 

0 + Reaction [ 531 @+p n n- 
km+n- 

0.943 2.063 1 2 .7000+-0 .3000 l t  BURNS 7 1  NP 027 109 
1.176+-0.050 2.141 1 2.0000 0.30001t OOHALO 68 NP Bb 174 
2.500 2.602 0.6700 0.0400 t CLAYTON 70 NP 822 85 
3.280 0.020 2.857 0.2000 0.1000 t FERBEL 66 PR 143 1096 
5.700 3.550 0.0420 0.0130 t ACCENSI 6 6  PL 20 557 

0 ACCENSI 6 6  
IJ TERBEL 6 6  
A D O W  6 8  

CLAYTON 7 0  
\ BURNS 7 1  

Reaction [ 541 ~~p+pOn+n-rrO 

1.110 
1-+n- 

2.118 3.9100 0.5900 * KALBFLEISC 6 9  PL 298 259 
1.176 0.050 2.141 [ 4.9000 0.90001t DONALD 69 NP 811 551 
1.330 2.194 3.4100 0.3600 * KALBFLEISC 6 9  PL 29R 259 
1.520 2.261 2.2100 0.5300 * KALBFLEISC 69 PL 298 259 
2.500 2.602 [ 3.1000 0.50001t CLLYTON 7 1  NP 830 605 
3.280 0.020 2.857 1.3000 0.3000 t FERBEL 66 PR 143 1096 
5.700 0.057 3.550 0.1400 0.0500 t BOECKMANN 66 NC 42A 954 
5.700 3.550 0.2400 0.0700 t ALLES-BORE 67 NC 50A 776 
6.940 0.104 3.860 0.0700 0.0300 FERBEL 68 PR 173 1307 

&.ha. (GeV) 

* DATA READ FROM GRAPH 
t SEE DATA LISTING FOR ADDITIONAL COMMENTS 
S SEE DATA LISTING FOR POSSIBLE SYSTEMATIC ERRORS 
1 1  CALCULATED BY US FROM DATA I N  THIS ARTICLE 

References 

%+n- 
3.0001-0.015 2.768 1.1000+-0.1000 t OANYSZ 67 NC 51A 8 0 1  
3.280 0.020 2.857 0.9000 0.3000 t FERREL b6 PR 143 1 0 9 6  
3.590 0.054 2.954 1 1.2400 0 .3200 l t  ATHERTON 70 NP 818 2 2 1  
5.700 0.057 3.550 0.2300 0.0600 1 BOECKMANN 66 NC 42A 9 %  
6.940 0.104 3.860 0.0900 0.0300 FERBEL 68 PR 173 1 3 0 7  
6.940 3.860 1 0.2500 0.080Olt ALEXANDER 70 NP 823 5 5 7  

0 BOECKKANN 6 6  
0 FERBEL 6 6  
A DA?T%SZ 6 7  

FERBEL 68 
\ ALExrUJDER 7 0  
/ ATHERTON 7 0  

Reaction [ 561 m+pOn+n+n-n-no 
%+n- 

DANY SZ 
FERBEL 
ATHERTON 
BOECKHANN 
FRIDMAN 
FERBEL 

0 BOECMdANN 6 6  
FERBEL 6 6  
DANYSZ 67 
FERBEL 6 8  - \ F R I D W  6 8  

n / ATHERTOR 70 z 



30 

annihilation into pions 

Pbe- Ec.at. o b b )  References 
(GeV/c) (GeV) 

Reaction [ 571 ijp+p+rr- + c.c. 

3.280+-0.020 2.857 <0.0500 

h + n O  
t FERBEL 66 PR 143 1096 

1.110 2.118 6.1500+-0.9100 * KALBFLEISC 69 PL 298 259 
1.176 0.050 2.141 [ 5.4000 0 . 5 0 0 0 l t  DONALD 69 NP 011 5 5 1  
1.330 2.194 7.2800 0.5700 * KALBFLEISC 69 PL 298 259 
1.520 2.261 7.6100 0.8000 * KALBFLEISC 69 PL 298 2 5 9  
2.500 2.602 ( 2.9000 0.500Olt CLAYTON 7 1  NP 830 605 
3.280 0.020 2.857 1.0000 0.3000 t FERBEL 66 PR 143 1096 
5.700 3.550 0.4200 0.1000 t ALLES-BORE 67 NC 50A 776 
6.940 0.104 3.860 0.2100 0.0900 FERBEL 68 PR 173 1307 

Pberm E ~ . ~ .  (mb) References 
(GeV/c) (GeV) 

Reaction [ 59]pp+p+n+n+n'n-m- + c-c. 
++no 

3.000+-P.015 2.768 0.2000t-0.0500 t OANYSZ 67 NC 51A 801 
3.280'-'0.020 2.857 0.2000 0.2000 t FERBEL 66 PR 143 1096 
3.590 0.054 2.954 L 0.6700 0.08001t ATdERTON 70 NP 818 221 
6.940 0.104 3.860 0.1000 0.0300 FERBEL 68 PR 173 1307 

....................................................................... 

Reaction [ 601 pp+fpO 

QZ-- 
0.943 2.063 I 1.1000 0.20001t BURNS 7 1  NP 827 109 
5.700 3.550 <0.0220 t ACCENSI 66 PL 20 557 

Reaction [ 611 w-+up0lr+rr- 

+n-no 
3.590 0.054 2.954 I 0.5400 0.11001t ATHERTON 70 NP 818 2 2 1  

...................................................................... 

Reaction [ 621 m+pOpO 
e+rr- 

0.943 

+n- 
2.063 I 0.4000 0.20001t BURNS 7 1  NP 827 1 W  

5.700 3.550 <0.0100 t ACCENSI 66 PL 2 0  557 

0 0 0  Reaction [ 631 m+p p n 

1.330 0.020 2.194 0.5000 0.1000 KALBFLEISC 69 PL 298 259 

r*********************************************************************** 

Reaction [ 641 pp+popOn+n-no 
1 y- 

+n- 
i. 700 3.550 0.0200 0.0100 FRIOHAN 68 PR 167 1268 

* DITA REAn F R n M  C R A D U  
t SEE ~ ~ i n - ~ l s f r k  ;OR AODITIONAL COHHENTS 
I SEE OATA LISTING FOR POSSIBLE SYSTEMATIC ERRORS 
1 1  CALCULATE0 BY US FROM OATA I N  THIS ARTICLE 



annihilation into kaons (and pions) 

Reaction [ 651 pp+KOi(O 
1.880 2.388 0.0055 +-0.0020 S CHAPMAN 68 PRL 2 1  1718 
2.700 2.669 <0.0100 DOMING0 67 PL 258 486 
3.66w-0.073 2.975 <0.0020 BALTAY 66 PR 142 932 
6 . 9 3 M . 0 6 9  3.859 <0.0200 YEH 67 PR 158 1275 

1.180 0.010 2.142 0.0059 0.0023 BARLDW 67 NC 50A 701 
2.500 2.602 0.0120 0.0050 BADIER 70 NP 822 512 

Reaction [ 671 pp+@@n0 

1.180 0.010 2.142 0.0590 0.0070 BARLOW 67 NC 50A 701 
2.500 2.602 0.0110 0.0020 BADIER 70 NP 822 512 
5.700 0.057 3.550 0.0020 0.0020 ATHERTON 70 NP 816 416 

Reaction [ 681 pp-r~~ld22nO 

2.500 2.602 0.0450 0.0010 BADlER 70 NP 022 512 
5.700 0.057 3.550 0.0320 0.0040 ATHERTON 70 NP 816 416 

........................................................................ 

Reaction [ 691 m+I@&+n- 

1.180 0.010 2.142 0.2080 0.0200 BARLOW 67 NC 50A 701 
2.500 2.602 0.0810 0.0070 BAOlER 70 NP 822 512 
2.700 0.070 2.669 0.0360 0.0160 SCHROEDER 69 PR 188 2 0 8 1  
3.660 0.073 2.975 0.0100 0.0030 BALTAY 66 PR 142 932 
5.700 0.057 3.550 0.0180 0.0030 ATHERTON 70 NP 816 416 

0 BALTAY 
0 BARLOW 

ATHERTOR 7 0  

n 0.1 BADUR 7 0  
s 

T 

OATA READ FROM GRAPH 
SEE OATA LISTING FOR ADDITIONAL COMMENTS 
SEE DATA LISTING FOR POSSIBLE SYSTEMATIC ERRORS 

1 CALCULATED BY US FROM OATA I N  THIS ARTICLE 

Reaction [ 701 f rp+@K&~+n-srO 

1.180+70.010 2.142 O.l86O+- 0.0170 D'ANDLAU 68 NP 85 693 
2.500 ' 2.602 0.1360 . 0.0090 BADlER 70 NP 822 512 
2.700 0.070 2.669 0.0690 0.0210 SCHROEDER 69 PR I 8 8  2081 
3.660 0.073 2.975 0.0340 t0 .0050 BALTAY 66 PR 1 4 2  932 

-0.0110 
5.700 0.057 3.550 0.0570+-0.0050 ATHERTON 7 0  NP 816 416 

2.500 2.602 0.0570 0.0060 BAOIER 70 NP 822 512 
5.700 0.057 3.550 0.1250 0.0100 ATHERTON 70 NP 816 416 

2.500 2.602 0.0130 0.0020 BADIER 7 0  N P B Z Z  512 
3.660 0.073 2.975 0.0110 O.DO30 BALTAY 66 PR 142 932 
5.700 0.057 3.550 0.0250 0.0040 ATHERTON 70 NP 816 416 

2.500 2.602 0.0100 0.0020 BADIER 70 NP 022 512 
5.700 0.057 3.550 0.0760 0.0070 ATHERTON 70 NP 016 416 

........................................................................ 
Reaction [ 741 

@+K$gn+n+n-n-~~~~n~ 
2.500 2.602 <0.0010 BADIER 70 NP 022 512 
5.700 0.057 3.550 0.0400 0.0050 ATHERTON 70 NP 816 416 



kaons (and pions) annihilation into 

Pixam Ec.M. Q (mb) References  
(GeV/c) (GeV) 

P b e a m  Ec.M. Q (mb) References  
(GeV/c) (GeV) 

Reaction [ 
PRL 27 
PRL 27 
PRL 27 
PRL 27 
PRL 27 
PRL 27 

0.0800 +- 0.0500 * BlZZARRI 69 NCL 1 749 

0.3400 0.0900 * BIZZARRI 69 NCL 1 7+9 

0.1200 0.0600 * SIZZARRI 69  NCL 1 749 -. - - . . . . . . . - - - - - 

0.0770 0.0060 * BENVENUTI 71  PRL 27 283 BIZZARRI 
NICHOLSON 
NICHOLSON 
NICHOLSON 
LYNCH 
CHAPMAN 
NICHOLSON 
CHAPMAN 
CHAPMAN 
CHhPMAN 
CHAPMAN 
NICHOLSON 
CHAPMAN 
NICHOLSON 
DOWINGO 

NCL 1 749 
PRL 23 603 
PRL 23 603 
PRL 23 603 
PR 131 1287 
PRL 2 1  1718 
PRL 23 603 
PPL 21 1718 
PRL 2 1  1718 
PRL 2 1  1718 
PRL 2 1  1718 
PRL 23 603 
PRL 2 1  1718 
PRL 23 603 
PL 258 486 

- - - - -  
0.0270 0.0050 BARLOW 67 NC 50A 701 

KATZ PRL 19 265 

LYNCH 6 3 
DOMING0 67 
KATZ 67 
CHAPMAN 68 
B I Z U R R I  69 
NICHOLSON 69 

o + -  Reaction [ 761 lFrp+K&n n 

2.500 2.602 0.2040 0.0130 BADIER 70 NP 822 512 
5.700 0.057 3.550 0.0250 0.0050 L ATHERTON 70 NP 816 416 

Pb,,, (GeV/c) 
......................................................................... 

Reaction [ 811 w+K+K-m+n- 

Reaction [ 771 m-P~~@%+n- 

2.700 0.070 2.669 0.2000 +0.0450 SCdROEDER 69 PR 188 2001 
-0.0300 

3.660 0.073 2.975 0.0610 i0 .0630 t BALTAY 66 PK 142 932 
-0.0430 

1.200 2.149 0.2600 +-0.0400 FROOESEN 69 NP 810 307 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * f t * a * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Reaction [ 821 pp+K+K-rr+m-mo 
1.200 2.149 0.2900 +0.0400 FRODESEN 69 NP 810 307 

-0.0600 

................................................................. 

Reaction [ 831 m+~+&- 

2.500 2.602 0.0290+- 0.0040 8ADIER 70 NP 822 512 
5.700 0.557 3.550 0.0680 0.0060 6 ATHERTON 70 NP 816 416 

2.700 0.070 2.669 0.0700 +0.0240 SCHROEDER 69 PR 188 2081 
-0.0160 

3.660 0.073 2.9-5 0.0750 rO.1100 + BALTAY 66 PR 142 932 
-0.0640 

1.180 0.010 2.142 0.1280 +-0.0100 BARLOW 67 NC 501 7 0 1  
2.500 2.602 0.0370 0.0030 BADIER 70 NP 822 512 

*********4****4******************************************************** 

Reaction [ 841 ~ + K - K ! ~ T +  
1.180 0.010 2.142 0.1240 0.0100 BAPLOW 67 NC 50A 7 0 1  4 SEE DATA LISTING FOR ADDITIONAL COMMENTS 

S SEE DATA LISTING FOP POSSIBLE SYSTEHATIC ERRORS 
[ I  CALCULATED BY US FROM DATA I N  THIS ARTICLE 



annihilation into kaons (and pions) 

Pbcarn E ~ . ~ .  (mb) References 
(GeV/c) (GeV) 

Reaction [ 851 @-i~+@n- + c.c. 

1.180+-0.010 2.142 1 0.2520 +-0.0140 I BARLOW 67 NC 50A 701 
2.500 2.602 [ 0.0740 0.0060 I BADIER 70 NP 822 512 
2.700 0.070 2.669 0.G320 0.0130 SCHROEOER 69 PR 188 2081 
3.660 0.073 2.975 0.0110 0.0060 BALTAY 66 PR 142 932 
5.700 0.057 3.550 0.0050 0.0010 ATHERTON 70 NP 816 416 

b 0 BALTAY 6 6  
0 D'ANDLAU 68 

SCHROEDER 6 8  
ATHERTON 70 

\ BADIER 7 0  

Reaction [ 861 jip+~+@n-no 
2.500 2.602 0.1440 0.0080 BADIER 7 0  NP B22 512 

Reaction [ 871 j5p-+K+l@n-rro + c.c. 

1.180 0.010 2.142 0.5940 0.0240 D'ANDLAU 68 NP 85 693 
2.500 2.602 I 0.2880 0.0160 I BADIER 70 NP 822 512 
2.700 0.070 2.669 0.1750 t 0 . 0 4 0 0  SCHROEOER 69 PR 188 2081 

-0.0200 
3.660 0.073 2.975 0.0740 +0.0480 BALTAY 6 6  PR 142 932 

-0.0360 
5.700 0.057 3.550 0.0670 +-0.0060 4 ATHERTON 70 NP 816 416 

0 BALTAY 

* DATA RFAn FRnH C O A D U  . . -..-. ,, 
t SEE DATA LISTING FOR AOOITIONAL COMMENTS 

SEE DATA LISTING FOR POSSIBLE SYSTEMATIC ERRORS 
1 1  CALCULATED BY US FROM DATA I N  THIS ARTICLE 

2.500 2.602 0.0840+- 0.0050 BAOIER 70 NP 822 512 

........................................................................ 

Reaction [ 891 
~ - + K + @ ~ - M M L Z ~ ~  + c.c. 

1.180+-0.010 2.142 0.0750 0.0090 O'ANDLAU 68 NP 85 6 9 3  
2.500 2.602 1 0.1680 0.0100 1 BADIER 7 0  NP 822 512 
5.700 0.057 3.550 0.2500 0.0200 S ATHERTON 70 NP 816 416 

2.500 2.602 0.1050 0.0100 BADIER 70 NP 822 512 

................................................................. 

Reaction [ 911 
@-r~+@n'n-n- + C.C. 

1.180 0.010 2.142 0.1050 0.0100 D'ANDLAU 68 NP 85 693 
2.500 2.602 1 0.2100 0.0200 1 BADIER 70 NP 822 512 
2.700 0.070 2.669 0,1510 0.0260 SCHROEOER 69 PR 188 2 0 8 1  
3.660 0.073 2.975 0.0970 i0 .0410 BALTAY 66 PR 142 9 3 2  

-0.0140 
5.700 0.057 3.550 0.0800+-0.0060 J ATHERTON 70 NP 816 416 

b 0 BALTAY 6 6  
D'ANDLAU 6 8  
SCHROEDER 69 

$ ATHERTON 7 0  
\ BADlER 70 

2.500 2.602 0.1050 0.0070 BADIER 70 NP 822 512 



annihilation into 

Pbenm E ~ . ~ .  (mb) References 
(GeV/c) (GeV) 

Reaction [ 931 
ijp+~+@n+n-n-RO -k C.C. 

1.180+-0.010 2.142 0.0460 +-0.0060 D'ANDLAU 68 NP 85 693 
2.500 2.602 [ 0.2100 0.0140 I BADIER 70 NP 822 512 
2.700 0.070 2.669 0.1820 +0.0320 SCHROEDER 69 PR 188 2081 

-0.0170 
3.660 0.073 2.975 0.2010 +0.0470 BALTAY 66 PR 142 932 

-0.0750 
5.700 0.057 3.550 0.2300 +-0.0150 $ ATHERTON 70 NP 016 416 

0 BALTAY 
0 D ' A N D W  

SCHPOEDER 
ATHERTON 7 0  

\ W I E R  70 

Reaction [ 941 
~ ~ ~ + K + K & T + ~ - R - M M L ~ ~ Q  

2. 500 2.602 0.0210 0.0030 BADIER 70 NP 022 512 

88****8*****8***88***tff***8**88*88***88**8**88*8****8*8*88*88***8**8*~* 

Reaction [ 951 
pp+~+~&~+~-~-m&zrrO + C.C. 

2.500 2.602 [ 0.0420 0.0060 I BADlER 70 NP 822 512 
5.700 0.057 3.550 0.2500 0.0200 S ATHERTON 70 NP B l b  416 

1.180 0.010 2.142 0.1980 0.0150 D'ANDLAU 68 NP 85 693 
2.500 2.602 0.2240 0.0160 BAOIER 70 NP 022 512 
5.700 0.057 3.550 0.1400 0.0080 5 ATHERTON 70 NP 816 416 

+ DATA READ FROM GRAPH 
+ SEE DATA LISTING FOR ADDITIONAL CWMENTS 
S SEE DATA LISTING FOR POSSIBLE SYSTEMATIC ERRORS 
1 1  CALCULATED BY US FRON DATA I N  THIS ARTICLE 

kaons (and pions) 

Reaction [ 981 %+total kaon 
annihilation 

1.610 2.293 [ 5.2600+- 0.4000 I XUONG 62 PR 128 1849 
2.700+-0.070 2.669 4.1000 0.6000 t SCHROEDER 69 PR 188 2 0 8 1  
3.000 2.768 5.1000 0.4000 t FRENCH 67 NC 526 438 
3.660 0.073 2.975 2.9000 0.4000 BALTAY 66 PR 142 932 
5.700 0.057 3.550 3.5000 0.3000 bTHERTON 70 NP 816 416 
6.935 0.069 3.859 2.5000 0.5000 t YEH 67 PR 158 1275 

Reaction [ 991 j3p4otal annihilation 

0.195 +0.023 1.886 200.0000 30.0000 SPENCER 70 NP 819 501 
-0.026 

0.239 +0.020 1.891 184.0000 22.0000 SPENCER 70 NP 819 5 0 1  
-0.021 

0.249 +O.OZR 1.893 192.0000 34.0000 LOKEN 63 PL 3 3 3 4  
-0.031 

0.277 +0.017 1.896 142.0000 18.0000 SPENCER 70 NP 819 5 0 1  
-0.018 

0.302 +0.024 1.900 155.0000 27.0000 LOXEN 63 PL 3 3 3 4  
-0.025 

0.362 +0.033 1.910 118.0000 26.0000 LOKEN 63 PL 3 3 3 4  
-0.036 

3.280+-0.066 2.857 C33.8000 3.0000 1 FERBEL 6 5  PR 13701250 
5.700 0.057 3.550 22.0000 2.0000 t BOECKMANN 66 NC 42A 954 

0 LOYEN 63 
0 FERBEL . B.. C,N :: 3 SPENCER 7 0  



annihilation into kaons (and pions) 

Reaction [ loo] 
I + n - n o  

1.18qtb .010 2.142 0.0820 +-!0.0050 t O'ANDLAU 68 NP 05 693 
3.700L0.057 3.550 1 0.0023 0 .0012I t  ATHERTON 7 0  NP B l 6  416 

Reaction [ l o l l  pp+uI@@m+n- 
I + - - - n o  

5.700 0.057 3.550 1 0.0170 0.00301t ATHERTON 70 NP 016 416 

1.180 0.010 2.142 0.0087 0.0030 t O'ANDLAU 68 NP 05 693 
2.700 0.070 2.669 1 0.0550 0.0180 I SCHROEOER 69 PR 188 2081 

Reaction [I031 +C&f 
Reaction [I 041 pp-rp0m 

b + m -  

........................................................................ 

Reaction [lo51 

1.180 0.010 2.142 0.0260 0.0090 t O'ANDLAU 68 NP 85 693 

Reaction [1 061 pp-+p+K-@ + C.C. 

'-*+no 
1.180 0.010 2.142 0.1190 0.0220 9 BARLOU 67 NC 506 701 

Reaction [107] j5p+Dn0 
4K+@n- + C.C. 

1.180 2.142 0.0070 0.0020 t BARLOU 67 NC 506 701 
1.180 0.010 2.142 0.0112 0.0030 t O'ANDLAU 68 NP 85 693 

* OATA READ FROM GRAPH 
t SEE DATA LISTING FOR ADDITIONAL COMMENTS 
S SEE OAT& LISTING FOR POSSIBLE SYSTEMATIC ERRORS 
( 1  CALCULATE0 BY US FROM OATA I N  THIS ARTICLE 

Reaction [l 081 ~ + D w O  

1.176+-0.050 2.141 <0.0440 

'-@On+*- 
t DONALD 69 NP 811 5 5 1  

Reaction [I 091 @+Drr+n' 
'+K+@n- + C.C. 

1.180 0.010 2.142 0.0032 +- 0.0020 t D'ANOLAU 68 NP 85 6 9 3  

....................................................................... 
Reaction [I 101 

@-+K'(890)%+n- + C.C. 

+@no 
1.180 0.010 2.142 0.1130 0.0180 t BARLOW 67 NC 50A 7 0 1  

Reaction [l 1 1 ] @-+~*(890)~@ 
+K+,- + C.C. 

1.180 0.010 2.142 0.0350 0.0060 t BARLOW 67 NC 5 0 1  7 0 1  

Reaction [ 1 1 21 pp-rK'(1420)W 
b P n -  + C.C. 

Reaction [I131 
pp+lf(890)+~' + c-c. 

U********************************************************************** 

Reaction [I 15) 
m+K'(890)+K-no + C.C. 

h @ m +  
1.180 0.010 2.142 0.2200 0.022U 1 BARLOW 67 NC 50A 7 0 1  

Reaction [l 161 
pp+K"(890)+~-n+n- + c.c. 

L3@7r+ 
5.700 0.057 3.550 1 0.0450 0.00601t ATHERTON 70 NP 016 416 
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annihilation into kaons (and pions) 

Reaction [I 171 jjp-rK'@90)@ 
+@no 

PRL 27 
PRL 27 
PRL 27 
PRL 27 
PRL 27 
PRL 27 

2 
10 I I I I 8 1 1 1 3  

0 BENVENUTI 71 : - 

Reaction [ 1 1 81 pp+K'(890)o@r+n- 
b a n o  

5.700 0.057 3.550 [ 0.0140 0.00401t ATHFRTON 70 NP 816 416 

*f8l8**+**88**88******88*f**+**888*******8****8**8**8******888*8*8***8*** 

Reaction [1 19]~p+K'(89~)o@m+n- 
4 P n -  + C.C. 

5.700 0.057 3.550 I 0.0160 0.00401t ATHERTON 70 NP 016 416 

*L88**8888*8**8888****88***8*88*****I**t********f********88*****8****88* 

Reaction [I  2 1 ] 
*+K'(890)+@n- + c.c. 

'-+K&+ 
1.180 0.010 2.142 0.1180 0.0180 t 0ARLOY 67 NC 50A 701 
5.700 0.057 3.550 I 0.0027 0 .002Ol t  ATHERTON 70 NP 016 416 

* DATA READ FROM GRAPH 
t SEE DATA LISTING FOR ADDITIONAL COMMENTS 
S SEE DITA LISTING FOR POSSIBLE SYSTEMATIC ERRORS 
C I CALCULATED BY US FROM DATA I N  THIS ARTICLE 

Reaction [I 221 
~+f(890)+@n-no + C.C. 

b a n +  - 
5.700C--0.057 3.550 1 O.OZbO+-0.0050lt ATHERTON 70 NP 616 416 

**8*8**********8******8***8*****8*8**8*****8**88**88******88************ 

Reaction [ I  25]*+gt) 

1.180 0.010 2.142 0.0005 0.0005 t D'ANDLAU 60 NP 85 693' 

**8***8******888*********************8*******8*****8***8*8*8******8***8* 

Reaction [126] m+Dq 
- - 

1.180 0.010 2.142 0.0026 0.0011 t D'ANDLAU 68 NP 85 693 

Reaction [ 1 271 pp+Dw 

1.180 0.010 2.142 0.0210 0 . 0 0 3 0 t  D'ANDLAU 68 NP 8 5  693 

*******8**888******8********88***8*8********8****************8**8*8***** 

Reaction [I  28]*,go 

1.180 0.010 2.142 0.0017 0.0008 t D'ANDLAU 68 NP 85 693 

$***88i***8*i*88****8*4**88*I8*********8*******8*8*******8*88******8**** 

Reaction [I301 pp-*gpO 

12&;Q 
1.180 0.010 2.142 0.0040 0.0020 + D'ANDLAU 68 NP 85 693 



charge exchange 

Reaction [I311 m+fm 
LOKEN 6 3  P L  3 3 3 4  

L O K E N  6 3  P L  3 3 3 4  

L M E N  6 3  P L  3 3 3 4  

LOKEN 6 3  P L  3 3 3 4  

B l Z Z A R l  6 8  NC 5 4 6  4 5 6  

COOMBES 5 8  PR 1 1 2  1 3 0 3  

COOMBES 5 8  PR 1 1 2  1 3 0 3  

COOMBES 5 8  PR 1 1 2  1 3 0 3  

COOMBES 5 8  PR 1 1 2  1 3 0 3  
E L I O F F  6 2  PR 1 2 8  8 6 9  
E L I O F F  6 2  PR 1 2 8  8 6 9  
E L l O F F  6 2  PR 1 2 8  8 6 9  
E L I O F F  6 2  PR 1 2 8  8 6 9  
ARMENTEROS 6 0  PR 1 1 9  2 0 6 8  

E L l O F F  6 2  PR 1 2 8  8 6 9  
ARMENTEROS 6 0  PR 1 1 9  2 0 6 8  
ARHENTEROS 6 0  PR 1 1 9  2 0 6 8  

CZYZEWSKI 6 6  P L  2 0  5 5 4  
ASTBURY bb  PL 2 3  1 6 0  
ASTBURY 6 6  P L  2 3  1 6 0  
ASTRURY 6 6  P L  2 3  1 6 0  
ASTBURY 6 6  P L  2 3  1 6 0  

* D A T A  READ FROM GRAPH 
t S E E  DATA L l S T l N G  FOR A O O I T I O N A L  COMMENTS 
I SEE DATA L I S T I N G  FOR P O S S I B L E  S Y S T E M A T I C  ERRORS 
1 1  CALCULATED BY US FROM DATA I N  T H I S  A R T I C L E  
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.pion production without annihilation 

BACON 
BACON 
BACON 
BACON 
LYNCH 
SEARS 
HOFMOKL 
FERBEL 
DEHNE 
BOECKMANN 
FERBEL 

7 1  NP 032 6 6  
7 1  NP 032 66 
71 NP 032 6 6  
7 1  NP 832 66 
63 PR 131 1276 
69 PL 298 700 
64 NUKE 9 1 2 1  
65 PR 13781250 
64 PR 136 0843 
66 NC 42A 954 
68 PR 173 1307 

2.375 0.075 2.560 1.5000 0.0730 JESPERSON 70 PR 0 1 2483 
2.500 2.602 1.3700 0.0700 MASON 71 NP 030 617 
2.700 2.669 1.9300 0.lbOO CRAWLEY 67 PR 154 1264 
2.885 0.080 2.730 2.5700 0.1000 JESPERSON 70 PR 0 1 2483 
3.280 0.066 2.857 3.4300 0.2300 FERBEL 65 PR 13701250 
3.600 2.957 3.8000 0.2000 OEHNE 64 PR 136 8843 
3.660 0.073 2.q75 3.6700 0.3000 FERBEL 65 PR 13781250 
5.700 0.057 3.550 3.1800 0.1600 BOECKMANN 66 NC 42A 954 
5.700 3.550 [ 3.3110 0.1600 I ALLES-BORE 67 NC 47A 232 
6.940 0.104 3.860 2.7000 0.3000 FERBEL 68 PR 173 1307 

* DATA READ FROM GRAPH 
+ SEE DATA LISTING FOR ADDITIONAL COMMENTS 
S SEE DATA LISTING FOR POSSIBLE SYSTEMATIC ERRORS 
[ I  CALCULATED BY US FROM DATA I N  THIS ARTICLE 

Reaction [132] m+ijnn+n- 

........................................................................ 

Reaction [I  331 m-r@no 

I 
LYICB 
DERNE 
HOFYOKL 
FERBEL 
BOECKUANN 
FERBEL 
SEARS 
BACON 

0 DEHNE 64 
0 FERBEL 86 

BOECKMANIJ 6 6  e U S - B O R E  6 7  
\ CRAWLEY 6 7  
/ FERBEL 6 8  
X JESPERSON 7 0  
X W O N  

....................................................................... 

Reaction [135] @+mn+m-no 
JESPERSON 
MASON 
JESPERSON FERBEL 

DEHNE 
FERBEL 
ALLES-BORE 
BOECKMANN 
FERBEL 

DIRIJL 
n a B E L  
ALLES-BORE 
BOECUANIJ 
FERBEL 
JESPEBSOH 

.001 : I I I I I l l 1  

10 

p,,, (GeV/c) 

........................................................................ 

Reaction [I  361 m+mn+7F+n-n- 
3.280 0.066 2.057 20.0100 FERBEL 65 PR 13781250 
5.700 0.057 3.550 0.1300 0.0300 BOECKMANN 66 NC 42A 954 
5.700 3.550 0.1800 0.0500 BRAUN 7 1  NC 4A 703 
6.940 0.104 3.860 0.2600 0.0400 FERBEL 68 PR 173 1307 
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pion production without annihilation 

?beam E ~ . ~ .  (mb) R e f e r e ~ c e s  
(GeV/c) (GeV) 

6.940+-0.104 3.860 0.1400t-0.0300 FERBEL 68 PR 173 1307 

1.230 0.020 2.160 0.2000 0.0210 BACON 7 1  NP 032 66 
1.300 0.020 2.184 0.2790 0.0200 BACON 71 NP 832 66 
1.360 0.020 2.205 0.3880 0.0330 BACON 7 1  NP 832 66 
1.430 0.020 2.229 0.5860 0.0390 BACON 7 1  NP 032 66 
1.610 2.293 1.0000 0.1600 LYNCH 63 PR 131 1276 
2.700 2.669 2.6500 0.0900 SEARS 69 PL 290 700 
3.boo 0.045 2.768 2.0700 0.2700 HOFMOKL 64 NUKE 9 121 
3.600 2.957 2.2000 0.4000 OEHNE 64 PR 136 0843 
5.700 0.057 3.550 1.8200 0.3400 BOECKMANN 66 NC 42A 954 

I 
LYNCH 

0.1 1 I I 1 I I l l 1  

10 

(GeV/c) Pbeam 

........................................................................ 

Reaction [I401 i j p + ~ n +  + c.c. 

[ 0.4070+- 0.0310 1 BACON 
1 0.6340 0.0430 1 BACON 
1 0.8470 0.0490 I BACON 
t 1.2320 0.0580 1 BACON 
1 2.1900 0.2300 1 LYNCH 
1 5.3700 0.1300 1 SEARS 
[ 4.0300 0.3800 I HOFHOKL 

4.0000 0.6000 FERBEL 

NP 832 66 
NP 032 66 
NP 032 66 
NP 832 66 
PR 131 1276 
PL 298 700 
NUKE 9 121  
PR 13181250 
PR 136 8843 
NC 421 954 

0 LYRCH 
0 DEEINE 

HOFMOM 
8 B O E C M U N H  66 
\ SEARS 69 

[ 4.8000 0.6000 I DEHNE 
I 3.5900 0.5100 I BOECKHANN 
[ 2.2000 0.6000 1 FERBEL 

Reaction [I 391 
LYNCH 
DEHXE 0.0220 BACON 

0.0320 BACON 
0.0360 BACON 
0.0420 BACON 
0.1600 LYNCH 
0.0900 SEARS 
0.2600 HOFMOKL 
0.4000 OEHNE 
0.3700 BOECKMANN 
0.3000 FERBEL 

71 NP 032 66 
71 NP 832 66 
71 NP 832 66 
71 NP 032 66 
63 PR 131 1276 
69 PL 298 700 
64 NUKE 9 121 
64 PR 136 8843 
66 NC 42A 954 
68 PR 173 1307 

- -. - 
BOFMOgZ 
FERBEL 
BOECKYANI 
FERBEL 
SEARS 
BACON 

4 DATA READ FROM GRAPH 
t SEE DATA LISTING FOR AOOITIONAL COMMENTS 
$ SEE DATA LISTING FOR POSSIBLE SYSTEMATIC ERRORS 
I 1  CALCULATED BY US FROM DATA IN THIS ARTICLE 
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pion production without annihilation 

P b ~ ~  &.Y. Q (mb) References 
(GeV/c) (GeV) 

+ + Reaction [141] ~ + W ? T  n n- 

JESPERSON 
MASJN 
JESPERSON 
DEHNE 
BOECKMANN 
ALLES-BORE 

0 DEENE 
BOEC-N 

+ ALLES-BORE 67 
JESPERSON 7 0  

\ W O N  

Reaction [I421 pp+mn+n-n- 
2.375 0.075 2.560 0.0170 0.0100 JESPERSON 70 PR D 1 2483 
2.500 2.602 0.0020 0.0020 MASON 7 1  NP 830 617 
2.885 0.080 2.730 0.1270 0.0700 JESPERSON 70 PR 0 1 2483 
3.600 2.957 0.5000 0.3000 DEHNE 64 PR 136 8843 
5 - 7 0 0  0.057 3.550 0.6000 +0.4000 BOECKMANN 66 NC 42A 954 

-0.2000 
5.700 3.550 I 0.8630 +-0.0900 1 ALLES-BORE 67 NC 47A 232 

0 DERNE 
0 BOECKUANA 

ALLES-BORE 67 
3ESPERSON 7 0  

7 1  

-001 / 1 1  I I I I  

10 

* DATb READ FROM GRAPH 
t SEE DATA L ISTING FOR ADDITIONAL COMMENTS 
I SEE DATL L ISTING FOR POSSIBLE SYSTEMATIC ERRORS 
I 1  CALCULATED BY US FROM DATA I N  THIS ARTICLE 

P ~ c a m  E c . ~ .  (mb) References 
(GeV/c) (GeV) 

+ + Reaction [143] pp+fmn n n- + C.C. 

JESPERSON 
MASON 
JESPERSON 
FERBEL 
DEHNE 
FERBEL 
BOECKMANN 

..-... 
5.700 3.550 I 1.8200 +-0.1400 I ALLES-BORE 67 NC 47A 232 
6.940 0.104 3.860 <1.6000 FERBEL 68 PR 173 1307 

f 
0 DBIINE 
0 FlrRBEL 

\ FERBEL 
/ JESPEBSON 7 0  
X W O N  7 1 

.001 : I  I  1 I  I I I I  

10 

.............................................................. 

Reaction [144] 
i4p-+mm+rr+n+n-n- + c.c- 

6.940 0.104 3.860 <2.0000 FERBEL 68 PR 173 1307 

........................................................................ 

Reaction [145] pp+mp 

6.940 0.104 3.860 <0.0150 FERBEL 68 PR 173 1307 

Reaction [146] irp-*qirp 
++m-no 

5.700 3.550 0.0430 0.0080 t ALLES-BDRE 66 NC 46A 438 

Reaction [147] m-+opp 
L + m - n o  

5.600 2.957 0.0600 0.0200 DFHNE 64 PR 136 8843 
i. 7 0 0  3.550 0.2330 0.0360 9 ALLES-BORE 66 NC 466 438 
i.700 0.057 3.550 <0.0400 t BOECKHANN 66 NC 42A 954 
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pion production without annihilation 

Pbe- Ec.Y. (mb) References 
(GeV/c) (GeV) 

Reaction [ 1 481 m+A( 1 238)++m- 
b p n +  

5.700+%.057 3.550 0.7400 +-0.1500 t BOECKMANN 66 NC 42A 954 
5.700 3.550 0.3300 0.0700 t ALLES-BORE 67 NC 48A 3 6 0  

Reaction [ I  491 @+h(l 238)--pm+ 
4p.- 

5.700 0.057 3.550 0.7400 0.1500 t BOECKMANN 66 NC 42A 9 5 4  
5.700 3.550 0.3300 0.0700 t ALLES-BORE 67 NC 4BA 360 

....................................................................... 

Reaction [ I  501 
m+A(1238)++~-.  + C.C. 

b p n +  
5.700 0.057 3.550 I 1.4800 0.300011 BOECKMANN 66 NC 42A 954 
5.700 3.550 I 0.6600 0.140011 ALLES-BORE 67 NC 4BA 360 
6.940 0.104 3.860 0.5400 0.3000 FERBEL 68 PR 173 1307 

Reaction [I  5 1 ] W+A(l 238)++pr-m0 
b p n +  

5.700 3.550 0.1450 0.0800 t ALLES-BORE 66 NC 46A 438 
5.700 0.057 3.550 0.3000 0.0600 t BOECKMANN 66 NC 42A 9 5 4  

Reaction [I  521 iip-.B(l 238)--P&mo 

5.700 

b p n -  
3.550 0.1450 0.0800 t ALLES-BORE 66 NC 46A 438 

5.700 0.057 3.550 0.3000 0.0600 t BOECKMANN b 6  NC 42A 954 

........................................................................ 
Reaction [153] 

pp+A(l 238)++pr-no + C.C. 

5.700 3.550 I ~ ? ~ o o l t  ALLES-BORE 66 NC 46A 438 
5.700 0.057 3.550 I 0.6000 0 .1200 l t  BOECKMANN 66 NC 42A 9 5 4  
6.940 0.104 3.8b0 0.4400 0.2000 FERBEL 68 PR 173 1307 

Reaction [154] 
PP-*A(i 238)++~+n-m- + cp. 

+ P n +  
6.940 0.104 3.860 0.2100 0.0600 FERBEL 68 PR 173 1307 

* OATA READ FROM GRAPH 
t SEE DATA LISTING FOR ADOlTlONAL COMMENTS 
I SEE OATA LISTING FOR POSSIBLE SYSTEM4TIC ERRORS 
I 1  CALCULATED BY US FROM OATA I N  THIS ARTICLE 

References 

Reaction [I551 

JESPERSON 
MASON 
JESPERSON 
DEHNE 
ALLES-BORE 
FERBEL 

0 D E a l E  6 4 
0 &US-BORE 67 

FERBEL 68 
Q JESPERSON 70 

Reaction 1156) 
@+H(1 238)--A(I 2 3 ~ ) + + ~ 0  

L- q p n +  

5.700 3.550 0.5800 0.0950 t ALLES-BORE 66 NC 46A 438 
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production of antihyperons and hyperons 

Ptmarn &.Y. ff (mb) References 
(GeV/c) (GeV) 

Reaction [IS?] pp-& 
1.610c-0.020 2.293 0.0570 +-0.0180 BUTTON 6 1  PR 121 1788 
1.990 0.030 2.427 0.0550 0.0400 BUTTON 61 PR 121 1786 
2.190 2.496 0.1263 0.0126 KWAK 69 PR 186 1392 
2.434 0.030 2.5RO 0.1270 0.0090 BAOlER 67 PL 258 152 
2.700 0.070 2.669 0.1130 0.0150 FISHER 67 PR 161 1335 
3.000 0.015 2.768 0.1170 0.0180 MUSGRAVE 65 NC 35 735 
3.280 0.049 2.857 0.0870 0.0130 BALTAY 65 PR 14061027 
3.600 0.016 2.957 0.0770 0.3200 MUSGRAVE 65 NC 35 735 
3.660 0.055 2.975 0.0620 0.0060 BALTAY 65 PR 14061027 
4.000 0.020 3.077 0.0390 0.0120 MUSGRAVE 65 NC 35 735 
5.700 0.057 3.550 0.0460 0.0040 ATHERTON 69 PL 306 4 %  
6.935 0.139 3.859 0.0400 0.0060 CHIEN 66 PR 152 1171 

Pbeam (GeV/c) 
**********:**;lt*****************************#************************t+ 

Reaction [ 1 581 pp+XhnO 

BAOIER 
FISHER 
MUSGRAVE 
MUSGRAVE 
MUSGRAVE 
ATHERTON 

0 MUSCRAYE 
fJ BADlgR 

FISHER 
Q ATHPRTOR 7 1 

* DATA READ FROM GRAPH 
9 SEE OAT& LISTING FOR ADOtTlONAL COMMENTS 
S SEE DATA LISTING FOR POSSIBLE SYSTEMATIC ERRORS 
11 CALCULATED BY US FROM OITA I N  THIS ARTICLE 

Pbt- c . .  b b )  References 
(GeV/c) (GeV) 

Reaction [I591 m-+&W~22nO 

3.000+-0.015 2.768 0.0170+- 0.0070 MUSGRAVE 65 NC 35 735 
3.600.' 0.018 2.957 0.0160 0.0090 MUSGRAVE 65 NC 3 5  735 
4.000 0.020 3.077 0.0300 0.0110 MUSGRAVE 65 NC 3 5  735 

Reaction [I 601 m-+Khn+n- 

2.700 0.070 2.669 0.0030 0.0020 FISHER 67 PR 161 1335 
3.000 0.015 2.768 0.0220 0.0090 MUSGRAVE 65 NC 35 735 
3.280 0.049 2.857 0.0150 0.0060 BALTAY 65 PR 14061027 
3.600 0.018 2.457 0.0540 0.0160 MUSGRAVE 65 NC 35 735 
3.660 0.055 2.975 0.0270 0.0040 BALTAY 65 PR 14061027 
4.000 0.020 3.077 0.0460 0.0090 MUSGRAVE 65 NC 35 735 
5.700 0.060 3.550 0.0360 0.0040 ATHERTON 7 1  NP 629 477 
6.935 0.139 3.859 0.0590 0.0120 CHIEN 66 PR 152 1171 

W T A Y  
MUSCRAVE 
CHIEN 
FISKER 
ATHERTOI 

Reaction [161] f5p+&ln+n-n0 
3.280 0.04Q 2.857 <0.0050 BALTAY 65 PR 14081027 
3.660 0.055 2.975 0.0030 0.0010 BALTAY 65 PR 14061027 
4.000 0.020 3.077 0.0015 0.0015 HUSGRAVE 65 NC 3 5  735 

Reaction [I621 pp-+Xhn+n+n-n- 
6.935 0.139 3.859 0.0080 0.0040 CHIEN b 6  PR 152 1171 

....................................................................... 

Reaction [I631 m-+Xg0 

Reaction [ 1 641 pp-rZoh 

2.434 0.030 2.580 0.0330 0.0050 BAOIER 67 PL 258 152 
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production of antihyperons and hyperons 

Reaction [I651 pp&? + c.c. 
KWAK 
8AOl ER 
FISHER 
UUSGRAVE 
BALTAY 
UUSGRAVE 
BALTAY 
MUSGRAVE 
ATHERTON 

0.01 ; I I 1 1  I I I I  

10 

Reaction [I 661 m+FOT0 
2.434 0.030 2.580 0.0110 0.0050 BAOlER 67 PL 258 152 
2.700 0.070 2.669 <0.0150 FISHER 67 PR 1 6 1  1335 
3.000 0.015 2.768 C0.0180 MUSGRAVE 65 NC 35 735 
3.600 0.018 2.957 <0.0220 UUSGRAVE 65 NC 35 735 
4.000 0.020 3.077 C0.0170 MUSGRAVE 65 NC 35 735 
5.700 0.060 3.550 0.0150 0.0050 ATHERTON 7 1  NP 829 477 

Ec.M. (GeV) 
3 4 

1 I I I I I I I I  

o MOSCBAM: 66 
BADIER 67 

I MSEER 67 
ATHERTON 7 1 

* OATA READ FROU GRAPH 
t SEE DATA LISTING FOR AOOlTlONAL COUUENTS 
5 SEE DATb LISTING FOR POSSIBLE SYSTEMATIC ERRORS 
t 1  CALCULLTEO BY US FROU DATA I N  THIS ARTICLE 

Reaction [I 671 ~+F-Z+ 
2.700*-0.070 2.669 0.0307 +-0.0094 FISHER 67 PR 161 1335 
3.000 0.015 2.768 0.0360 0.0060 UUSGRAVE 65 NC 35 7 3 5  
3.280 0.049 2.857 0.0360 0.0130 BALTAY 65 PR14081027 
3.600 0.018 2.957 0.0300 0.0080 MUSGRAVE 65 NC 35 735 
3.660 0.055 2.975 0.0440 0.0090 BALTAY b5 PR 14081027 
4.000 0.020 3.077 0.0240 0.0060 MUSGRAVE 65 NC 3 5  7 3 5  
5.700 0.057 3.550 0.0330 0.0040 ATHERTON 69 PL 308 494 

3 4 
1 I I I 1  I I I I  

Reaction [I 681 ~ + P + T  
2.700 0.070 2.669 0.0010 0.0054 FISHER 67 PR 161 1335 
3.000 0.015 2.768 0.0100 0.0040 MUSGRAVE 65 NC 35 735 
3.280 0.049 2.857 0.0020 +0.0080 BALTAY 65 PR 14001027 

-0.0070 ..-.- 
3.600 0.018 2.957 0.0140 +-0.00b0 UUSGRAVE 65 NC 35 735 
3.660 0.055 2.975 0.0080 0.0040 BALTAY 65 PR 14001027 
4.000 0.020 3.077 0.0100 0.0050 MUSGRAVE 65 NC 35 735 
5.700 0.057 3.550 [ 0.0019 0.0010 I ATHERTON 69 PL 300 494 
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production of antihyperons and hyperons 

Pbcarn E ~ . ~ .  0 ( m b )  References 
(GeV/c) (GeV) 

Reaction [I701 m--+X~+rr- + C.C. 

FISHER 
MUSGRAVE 
HUSGRAVE 
BALTAY 
MUSGRAVE 
BDECK 
ATHERTON 
CHI EN 

i 0 BALTAY 66 
0 BOECK 66 

LLUSCRAVE 65 
CRIEN 66 

\ FISHER 67 

Reaction [I711 @J+E%+~c- + cr .  
2.700 0.070 2.669 0.0029 0.0029 FISHER 67 PR 161 1335 
3.000 0.015 2.768 0.0080 0.0040 MUSGRAVE 65 NC 35 7 3 5  
3.600 0.018 2.957 0.0130 0.0050 HUSGRAVE 65 NC 35 735 
3.660 0.055 2.975 0.0110 0.0030 BALTAY 65 PR 14081027 
4.000 0.020 3.077 0.0240 0.0070 MUSGRAVE 65 NC 35 735 
5.700 3.550 0.0185 0.0030 BOECU 65 PL 17 166 
6.935 0.139 3.859 0.0050 0.0050 CHI EN 66 PR 152 1 1 7 1  

* OATA READ FROM GRAPH 
t SEE OATA LISTING FOR ADDITIONAL COMMENTS 
S SEF DATA LISTING FOR POSSRLE SYSTEMATIC ERRORS 
[ 1 CALCULITED BY US FROM DATA I N  THIS ARTICLE 

BALTAY 
BOECK 
L[VSCRAVE 
CHIEI 
FISHER 

Reaction [I 721 pp+ET+m0 
2.700'-0.070 2.669 <0.0036 FISHER 67 PR 161 1335 
3.000 0.015 2.768 0.0036 +-0.0015 MUSGRAVE 65 NC 35 735 
3.600 0.018 2.957 0.0046 0.0020 HUSGRAVE 65 NC 35 735 
4.000 0.020 3.077 0.0080 0.0030 MUSGRAVE 65 NC 35 735 

3.280 0.049 2.857 0.0070 0.0050 BALTAY 65 PR 14081027 
3.660 0.055 2.975 0.0120 0.0030 BALTAY 65 PR 14081027 

Reaction [I741 m+xZ'n+ + c.c. 
FISHER 
MUSGRAVE 
MUSGRAVE 
BALTAY 
MUSGRAVE 
BOFCK .. .. - - - - - - - 

3.700 0.060 3.550 0.0350 0.0060 ATHERTON 7 1  NP 829 477 



production of antihyperons and hyperons 

Pbcrm Ec.M. c (mb) References 
(GeV/c) (GeV) 

Reaction [I751 pp+z%-n+ + C.C. 

2.700+-0.070 2.669 0.0037 +-0.0026 FISHER 67 PR 161 1335 
3.000 0.015 2.768 0.0140 0.0060 MUSGRAVE 65 NC 35 735 
3.600 0.018 2.957 0.0050 0.0030 MUSGRAVE 65 NC 35 735 
3.660 0.055 2.975 0.0040 0.0020 BALTAY 65 PR 14081027 
4.000 0.020 3.077 0.0160 0.0060 MUSGRAVE 65 NC 35 735 
5.700 3.550 0.0150 0.0030 BOECK 65 PL 17 I 6 6  
6.935 0.139 3.859 0.0020 0.0020 CHIEN 66 PR 152 1171 

BALTAY 
BOECK 
UVSOIlAYE 
CEIEI 
FISHER 

Reaction [I761 w+zo~n+n- + C.C. 

HUSGRAVE 
BALTAY 
MUSGRAVE 
BALTAY 
MUSGRAVE 
CHI EN 

0 BALTAY 66 
MUSGBAVE 66 

A CZUEN 66 

* DATA READ FROM GRAPH 
t SEE DATA LISTING FOR AODITIONAL COHNENTS 
$ SEE DATA LISTING FOR POSSIBLE SYSTEMATIC ERRORS 
11 CALCULATED BY US FROM DATA I N  THIS ARTILLE 

Pbcmn Ec.M. 4 (mb) References 
(GeV/c) (GeV) 

Reaction [I771 @+xZ+n-rro + C.C. 

3.000+-0.015 2.768 O.qOZO+- 0.0020 MUSGRAVE 65 NC 35 735 
3.600 0.018 2.957 0.0200 0.0120 HUSGRAVE 65 NC 35 735 
4.000 0.020 3.077 0.0110 0.0040 MUSGRAVE 65 NC 35 735 
5.700 3.550 0.0400 0.0060 BOECK 65 PL 17 166 

Reaction [I781 @+XZ-nfno + C.C. 

3.000 0.015 2.768 0.0020 0.0020 MUSGRAVE 65 NC 35 735 
3.600 0.018 2.957 0.0200 0.0120 MUSGRAVE 65 NC 35 735 
4.000 0.020 3.077 0.0110 0.0040 MUSGRAVE 65 NC 35 735 
5.700 3.550 0.0270 0.0040 BOECK 65 PL 17 l b 6  

........................................................................ 
Reaction [I 791 

pp+Xz+n-no + Xz-n+rrO + c . c .  
3.280 0.049 2.857 0.0060 0.0060 BALTAY 65 PR 14081027 
3.660 0.055 2.975 0.0190 0.0030 BALTAY 65 PR 140B1027 

....................................................................... 
Reaction [I 801 

*+f-Z+,r+rr- + f+z-n+m- 
6.935 0.139 3.859 0.0120 0.0050 CHIEN 66 PR 152 1171 

........................................................................ 
Reaction [I 811 

@+E-Pn+n- + E+~+n-n- + C.C. 
5.700 3.550 0.0150 0.0030 BOECK 65 PL 17 166 

6.935 0.139 3.859 0.0240 0.0080 CHIEN 66 PR 152 1171 

Reaction [I831 m+XZ-n+n+n- + C.C. 

6.935 0.139 3.859 0.0120 0.0040 CHIEN 66 PR 152 1171 

Reaction [I841 pp-+z0~O 
2.700 0.070 2.669 CO.0028 FISHER 67 PR 161 1335 
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production of antihyperons and hyperons 

Reaction [I851 m + f + ~ -  
FISHER 
MUSGRAVE 
8ALTAY 
MUSGRAVE 
BALTAY 
MUSGRAVE 

0 BALTAY 85 
0 MUSCRAVE 66 
p M S E R  67 

. . 

Reaction [I861 m+f08'n+ + C.C. 

Reaction [I871 m + ~ y ( 1 3 8 5 ) ~  + C.C. 

4 x n o  
3.000 0.015 2.768 0.0200 0.0060 t MUSGRAVE 65 NC 35 735 
5.700 0.060 3.550 0.0320 0.0070 t ATHERTON 71 NP 829 477 

Reaction [188] pp+V(l405)~ + C.C. 
\E+,- + E-n+ 

3.000 0.015 2.768 0.0240 0.0080 t MUSGRAVE 65 NC 35 735 
3.660 0.055 2.975 0.0280 0.0100 t BALTAY 65 PR 14081027 

Reaction [ I  691 i ~ p + y ( l 5 2 0 ) ~  + c.c. 
h o t 8 1  

3.660 0.055 2.975 0.0370 0.0180 t BALTAY 65 PR 14081027 

Reaction [ i 90 ] m-rY(1520)A + -c.c. 
L-)E+n- + z-n+ 

3.000 0.015 2.768 0.0400 0.0100 4 RUSGRAVE 65 NC 35 735 

....................................................................... 
* DATA READ FROM GRAPH 
t SEE DATP LISTING FOR ADDITIONAL COMMENTS 
$ SEE ObTA LISTING FOR POSSIBLE SYSTEMATIC ERRORS 
I I CALCULATED BY US FROM DATA I N  THIS ARTICLE 

PI,,- Ec.sr. b b )  References 
(GeV/c) (GeV) 

Reaction [I911 &+y(1385)'Z+ + C.C. 

b X 7 r -  
3.000+-0.015 2.768 0.0210 +-0.0040 t HUSGRAVE 65 NC 35 735 
3.660 0.055 2.975 0.0360 0.0110 t BALTAY 65 PR 14081027 
5.700 0.060 3.550 0.0460 0.0090 t ATHERTON 7 1  NP 829 477 

......................................................................... 

Reaction [I 92]@+P(1385)+Z- + C.C. 

'+.Tr+ 
3.000 0.015 2.768 0.0020 0.0020 t MUSGRAVE 65 NC 35 735 
3.660 0.055 2.975 <0.0090 t 8ALTAY 65 PR 14081027 
5.700 0.060 3.550 <0.0036 t ATHERTON 7 1  NP 829 477 

3.000 0.015 2.768 <0.0050 t MUSGRAVE 65 NC 35 735 

3.000 0.015 2.768 0.0090 0.0030 t HUSGRAVE 65 NC 35 735 

Reaction [I  95]pp-ry(15~0)~~  +- C.C. 
'E+n- + z-n+ 

Reaction [196] pp+y(l385)+&r' 
 AT^+ 

5.700 0.060 3.550 1 0.0047 0 .0024 l t  ATHERTDN 7 1  NP 829 477 

Reaction 11 973 pp+Y(i 3 6 5 ) - ~ ~ +  
4 . n -  

5.700 0.060 3.550 I 0.0054 0.00211t ATHERTON 7 1  NP 829 477 

........................................................................ 

Reaction [I  981 pp+y(1385)-~*(1385)+ 

L n -  
+An+ 

3.000 0.015 2.768 0.0080 0.0030 t MUSGRAVE 6 5  NC 35 735 
3.660 0.055 2.975 0.0050 0.0020 t BALTAY 65 PR 14081027 
5.703 0.060 3.550 I 0.0119 0 .0025 l t  ATHERTDN 7 1  NP 829 477 

Reaction [i g ~ ] p ~ + P ( i  385)7(1385)- 

L T r +  
4 . n -  

3.000 0.015 2.768 0.0050 0.0020 t MUSGRAVE 65 NC 35 735 
3.660 0.055 2.975 0.0080 0.0030 t 8ALTAY 65 PR 14081027 
5.700 0.060 3.550 <0.0045 t ATHERTON 7 1  NP 829 477 
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associated production of hyperons and kaons 

k c a m  Ec.Y. 0- (mb) References 
(CeV/c) (GeV) 

Reaction [ZOO] @-+Am+ 

2.700+4.070 2.669 0.0023 +-0.0023 FISHER 67 PR 161 1335 

***ht******************************O***********************************~ 

Reaction [201] pp-+~pK+ + c-c. 

3.000 0.015 2.768 0.0230 0.0080 MUSGRAVE 65 NC 35 735 
3.600 0.018 2.957 0.0170 0.0060 MUSGRAVE 65 NC 35 735 
3.660 0.055 2.975 0.0290 0.0050 BALTAY 65 PR 14081027 
4.000 0.020 3.077 0.0420 0.0140 MUSGRAVE 65 NC 35 735 
5.700 3.550 0.0290 0.0040 BOECK 65 PL 17 166 
6.935 0.139 3.859 0.0710 0.0140 CHlEN 66 PR 152 1 1 7 1  

0 BALTAY 66 
0 BOECK 66 

MUSCPAVE 66 
CEIEI 66 

Reaction [202] iip-+z0ijK+ + C.C. 

3.660 0.055 2.975 0.0130 0.0040 BALTAY 65 PR 14081027 
5.700 3.550 0.0150 0.0030 BDECK 65 PL 17 1 6 6  
6.935 0.139 3.859 0.0510 0.0130 CHIEN 6 6  PR 152 1171 

* 04TA REP0 FROM GRAPH 
1 SEE DATA LISTING FOR ADDITIONAL CONSENTS 
$ SEE DATA LISTING FOR POSSIBLE SYSTEMATIC ERRORS 
I 1  CALCULATED BY US FROM DATA 1N THIS ARTICLE 

Reaction [203] m+Ai@ + C.C. 

3.000f~0.015 2.768 0.0300 +-0.0110 HUSGRAVE 65 NC 35 735 
3.600 0.018 2.957 0.0420 0.0180 MUSGRAVE 65 NC 35 7 3 5  
3.660 0.055 2.975 0.0350 0.0070 BALTAY 65 PR 14081027 
4.000 0.020 3.071 0.0610 0.0200 MUSGRAVE 65 NC 35 7 3 5  
5.700 3.550 0.0700 0.0110 BOECK 65 PL 17 1 6 6  
6.935 0.139 3.859 0.0690 0.0170 CHlEN 66 PR 152 1171 

t 0 BALTAY 66 
0 BOECK 66 

YUSCBAYE 65 e CRIER 66 

Reaction [204] jjp+~+w + c.c. 

1.660 0.055 2.975 0.0140 0.0040 BALTAY 65 PR 14081027 
8.700 3.550 0.0200 0.0050 BOECK 65 FL 17 166 
,.935 0.139 3.859 0.0150 0.0080 CHlEN 66 PR 152 1171 

Reaction [205] m-rfl@+n0 + c-c. 
i.700 3.550 0.0300 0.0030 BOECK 65 PL 17 166 

Reaction [206] @-rh@@fl+ + c-C. 

5.700 3.550 0.0390 0.0040 BOECK 65 PL 17 166 
1.935 0.139 3.859 0.0+60 0.0140 CHIEN 66 PR 152 1171 



associated production of hyperons and kaons 

Reaction [207] p p + ~ ~ & r r +  + C.C. 

5.700 3.550 0.0080 t-0.0040 BOECK 65 PL 17 166 
6.935+-0.139 3.859 0.0070 0.0050 CHlEN 6 6  PR 152 l l 7 l  

........................................................................ 

Reaction [ZOB] @+Z+~*~FO + c-c. 

5.100 3.550 0.0190 0.0040 BOECK 65 PL 17 166 

........................................................................ 

Reaction [209] m+AZK+rr" + C.C. 
5.700 3.550 0.0180 0.0030 BOECK 65 PL 1 7  166 

....................................................................... 

Reaction 121 01 pjwPH@rr- + C.C. 

5.700 3.550 0.0250 0.0050 BOECK 65 PL 17 166 

....................................................................... 

Reaction [211] @-+A@Prr+rr' + C.C. 

6.935 0.139 3.859 0.0080 0.0030 CHlEN 66 PR 152 1171 

................................................................ 

Reaction [212] pp+@m+m- + C.C. 

6.935 0.139 3.859 0.0060 0.0030 CHlEN b 6  PR 152 1171 

........................................................................ 
Reaction [2 1 33 

m+total hyperon production 
3.280 0.049 2.857 0.4380 0.0520 BALTAY 65 PR 14001027 
3.660 0-055 2.975 0.7200 0.0300 BALTAY 65 PR 14081027 
6.935 0.139 3.859 1.3100 0.1050 CHIEN 66 PR 152 1171 

8 OAT* REAO FRCM GRAPH 
I SEE DATA LISTING FOR AOOITIONAL COMMENTS 
L SEE DbTP LISTING FOP POSSIBLE SYSTEMATIC ERRORS 
[I CALCULATED 9Y US FROM DATA I N  THIS ARTICLE 
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pn total cross section 

References 
( ~ e V / c )  (GeV) 

Reaction 12151 pn+total 
110.1700 +-0.3000 +$ ABRAMS 
107.7800 0.2600 +L ABRAMS 
107.4100 0.2500 +$ ABRAMS 

8.0000 + ELIOFF 
0.1900 +$ ABRAMS 
o. 1700 +$ AmAns 
0.1600 +$ ABRAMS 
0.1600 + I  ABRAMS 
7.0000 + ELIOFF 
0.1600 +$ ABRAMS 
0.1500 +S ABRAMS 
0.1300 +$ ABRAMS 
8.0000 + ELIOFF 
0.1100 +$ ABRAMS 
0.1000 +$ ABRAMS 
0.1000 +$ ABRAMS 
6.0000 + ELIOFF 
0.1000 +S ABRAMS 
0.1000 +$ A8RAHS 
0.1000 +$ ABRAMS 
4.0000 + ELIOFF 
0.0900 +$ ABRAMS 
0.1100 +$ ABRAMS 
0.0900 +S ABRAMS 
0.0900 +S ABRAMS 
0.0900 +$ ABRAMS 
0.0900 +I ABRAMS 
0.0700 +$ ABRAMS 
0.0900 +$ ABRAMS 
0.0900 +$ ABRAMS 
0.0900 +$ ABRAMS 
0.0900 +$ ABRAMS 
0.0900 +$ ABRAMS 
0.0900 +S ABRAMS 
0.0900 +$ ABRARS 
0.0900 +$ ABRAMS 
0.0900 +$ ABRAMS 
0.0600 +$ ABRAMS 
0.0900 +$ ABRAMS 
0.0900 +$ ABRAMS 
0.0800 +5 ABRAMS 
0.0800 +$ ABRAMS 
0.0900 +$ ABRAMS 
0.0800 +5 ABRAMS 
0.0800 +5 ABRAMS 
o.oeoo +$ AsRnns 
0.0800 +$ ABRAMS 
0.0800 +$ ABRAMS 
0.0800 +$ ABRAMS 
0.0800 +$ ABRAMS 
0.0800 +$ ABRAMS 
0.0800 +$ ABRAMS 
0.0800 +S ABRAMS 
0.0800 +$ ABRAMS 
3.1000 + REYNOLDS 
4.0000 + t  GALBRAITH 
2.4000 + DENISOV 
3.9000 + t  GALBRAITH 
3.7000 + t  GALBRAITH 
3.7000 + t  GALBRAITH 
3.7000 + t  GALBRAITH 
9.0000 + t  GALBRAITH 
1.7000 +$ ALLABY 
1.1000 +I ALLABY 
1.1000 +$ ALLABY 
1.2000 +$ ALLABY 
1.1000 +$ ALLABY 
1.1000 +L ALLABY 
1.2000 +$ ALLABY 

* DATA READ FROM GRAPH 
+ GLAUBER CORRECTION APPLIED 
t SEE DATA L ISTING FOR AODITIONAL CONMENTS 
S SEE OAT4 L ISTING FOR POSSIBLE SYSTEMPTIC ERRORS 
[ I  CALCULATED BY US FROM DATA I N  THIS ARTICLE 

0 ELIOFF 

* ALLABY 
7 ABRAMS 
\ REYNOLDS 70 
/ DENISDV 7 1 



Hn elastic cross section 

P b o m  E ~ . ~ .  Q (mb) References 
(GeV/c) (GeV) 

Reaction [216] m-, elastic 

E L I O F F  
E L I O F F  
E L I O F F  
E L I O F F  
EL l OFF 
REYNOLDS 

* OATA READ FROM GRAPH 
+ GLAUBEP CORRECTION APPLIED 
t SEE OATA L I S T I N G  FOR ADDITIONAL COMMENTS 
$ SEE OATA L I S T I N G  FOR POSSIBLE SYSTEMATIC ERRORS 
C 1 CALCULATED BY US F R W  DATA I N  T H I S  ART ICLE  



Hn+other channels 
Pbcam EC.IY. (mb) References 

(GeV/c) (GeV) 

Reaction 121 71 m+n+n-n- 

Reaction [Z 1 81 pn+ppn' 

Reaction [Z  1 91 238)--p 
b p n -  

1.960 0.025 2.417 5.1000 0.5000 t BACON 65 PR 13981420 
5.550 0.054 3.511 C 0.8600 0.07001t BRAUN 70 PR 0 2 488 

Reaction [220] jin-+x(i 238)--A(i 238)' 

L m -  b n w +  

2.790 0.035 2.700 0.7800 0.0800 t BACON 70 PR D 2 463 

*****************a****************************************************** 

Reaction [221] pn+A(1238)-x(1238)0 

Lnn- 
b p r +  

?.790 0.035 2.700 0.7800 0.0800 t BACJL: 7 0  PR n 2 463 

......................................................................... 
* DATA READ FROM GRAPH 
+ GLAUBER CORRECTION APPLIED 
9 SEE DATA LISTING FOR ADDITIONAL CWHENTS 
$ SEE DATA LISTING FOR POSSIBLE SYSTEMATIC ERRORS 
[ I  CALCULATED B Y  US FROM DATA I N  THIS ARTICLE 





Hd elastic cross section 
Pbcam EC.Y. u (mb) References 
(GeV/c) (GeV) 

Reaction [223] w-+ elastic 

1.135+-0.032 3.149 80.0000 +-6.0000 t ELIOFF 
1.343 0.040 3.247 67.0000 5.0000 t ELlOFF 
1.482 0.044 3.313 78.0000 5.0000 t ELIOFF 
1.600 3.369 37.9000 1.6000 t HA 
1.636 0.048 3.387 71.0000 5 . 0 0 0 0 t  ELIOFF 
1.750 3.441 37.3000 2.7000 t UA 
1.773 0.052 3.453 68.0000 4.0000 t ELIOFF 
1.850 3.489 32.7000 2.5000 t MA 
2.000 3.561 32.4000 3.2000 t MA 

62 PR 128 869 
62 PR 128 869 
6 2  PR 128 869 
7 1  PRL 27 344 
62 PR 128 869 
7 1  PRL 27 344 
6 2  PR 128 869 
7 1  PRL 27 3 4 4  
7 1  PRL 27 344 

* DATA READ FROM GRAPH 
t SEE DATA LISTING FOR ADDITIONAL COMUENTS 
S SEE DATA LISTING FOR POSSIBLE SYSTEMATIC ERRORS 
I 1  CALCULATED BY US FROM DATA I N  THIS ARTICLE 



Reaction [224] p d + O  

prong 
References 

t BURROWS 
t BUPROWS 
t BURROWS 
t BURPOWS 
t BURROWS 
t BURROWS 
t BURROWS 
t BURROWS 
t BURROWS 
t BURROWS 
t BURROWS 
t BURROUS 
t BURROUS 

7 0  AUJP 2 3  8 1 9  
7 0  AUJP 2 3  8 1 9  
7 0  AUJP 2 3  8 1 9  
7 0  AUJP 2 3  8 1 9  
7 0  AUJP 2 3  8 1 9  
7 0  AUJP 2 3  8 1 9  
7 0  AUJP 2 3  8 1 9  
7 0  AUJP 2 3  8 1 9  
7 0  AUJP 2 3  8 1 9  
7 0  AUJP 2 3  8 1 9  
7 0  AUJP 2 3  8 1 9  
7 0  AUJP 2 3  8 1 9  
7 0  A U J P  2 3  8 1 9  

100 I I 1  1  I 1 1 1  I I 1 I l l 1 1  

0 0 BURROWS 70 

cross sections 

Pbeam &.Y. Q (mb) References 
(GeV/c) (GeV) 

* DATA READ FROM GRAPH 
t S E E  DATA L I S T I N G  FOR A D D I T I O N A L  COMMENTS 
1 SEE DATA L I S T I N G  FOR P O S S I B L E  SYSTEMATIC ERRORS 
L 1  CALCULATED BY US FROY DATA I N  T H I S  A R T I C L E  

Reaction [225] w-*2 prong 

t BURROUS 
t BURROWS 
t BURROWS 
t BURROWS 
t BURROWS 
t BURROWS 
t BURROWS 
t BURRIIWS 
t BURROWS 
t BURROWS 
t BURROMS 
t BLIPROWS 
t BURROWS 

70 A U J P  2 3  8 1 9  
7 0  AUJP 2 3  8 1 9  
7 0  A U J P  2 3  8 1 9  
7 0  A U J P  2 3  8 1 9  
7 0  A U J P  2 3  8 1 9  
7 0  A U J P 2 3  8 1 9  
7 0  A U J P  2 3  8 1 9  
70 A U J P  23 8 1 9  
7 0  A U J P  2 3  8 1 9  
7 0  A U J P 2 3  8 1 9  
70 A U J P  23 8 1 9  
7 0  A U J P  2 3  8 1 9  
7 0  A U J P  2 3  8 1 9  

1000 t I I I I I I l l  
I 

I I 1 1 1 1 1 1  - - - 0 BURROWS 70 - 0 - 



j3d prong 

56 

cross sections 

Pbeam E ~ . ~ .  (mb) References 
(GeV/c) (GeV) 

Reaction 12261 w+4 prong 
t BURROWS 
t BURROWS 
t BURROWS 
t RURROWS 
t BURROWS 
t BURROWS 
t BURROWS 
t BURROWS 
t BURROWS 
t BUPROWS 
t BURROHS 
t BURROWS 
t BURROWS 

7 0  AUJP 2 3  
7 0  AUJP 2 3  
7 0  AUJP 23 
7 0  AUJP 23 
70 AUJP 23 
70 AUJP 2 3  
7 0  AUJP 2 3  
7 0  AUJP 2 3  
7 0  AUJP 23 
70 AUJP 2 3  
70 AUJP 2 3  
7 0  AUJP 23 
7 0  AUJP 2 3  

t DATA READ FROM GRAPH 
t SEE OATb L I S T I N G  FOR ADDITIONAL COMMENTS 
I SEE DATA L ISTING FOR POSSIBLE SYSTEMATIC ERRORS 
[I CALCULATED BY US FROM DATA I N  THIS ARTICLE 

Pbeam &.M. (mb) References 
(GeV/c) (GeV) 

Reaction [227] fjd+6 prong 
t BURROWS 
t BURROWS 
t BURROHS 
t BURROWS 
t BURROWS 
t BURROWS 
t RURROWS 
t BURROWS 
t BURROWS 
t BURROWS 
t BURROWS 
t BURROWS 
t RURROWS 

70 AUJP 2 3  819 
7 0  AUJP 23 819 
70  AUJP 2 3  819 
7 0  AUJP 23 819 
7 0  AUJP 2 3  819 
70  AUJP 2 3  819 
70  AUJP 23 819 
7 0  AUJP 2 3  819 
70  AUJP 23 819 
70  AUJP 2 3  819 
70  AUJP 2 3  819 
70 AUJP 2 3  819 
7 0  AUJP 23 819 

3 



Hd+other channels 

5.050 0.2200 t-0.0200 t BRAUN 70 PR 02 1212 
5.557 0.2600 0.0250 t ANTlCH 7 1  NP 829 327 

........................................................................ 

Reaction [229] w+sn+n-mo 

7.000 5.557 0.1800 0.0320 t ANTICH 7 1  NP 829 327 

....................................................................... 

Reaction [230] w-+~nrr+n' 

7.000 5.557 1.1200 0.0900 t ANTlCH 7 1  NP 829 327 

................................... 

Reaction [23 1 ] fid+m~F#(~,) 

2.790+-0.035 3.929 0.9000 0.1000 t BACON 7 0  PR 0 2 463 

........................................................................ 

Reaction [232] pd+mm+n-(ps) 

2.790 0.035 3.929 1.5000 0.2000 t BACON 7 0  PR 0 Z 463 

........................................................................ 

Reaction [233] pd+iipn-n-(p,) 

2.790 0.035 3.929 0.3000 0.0400 t BACON 70 PR D 2 463 

........................................................................ 

Reaction [234] m+fiu(n,) 
1.135 0.032 3.149 3.3000 1.3000 ELIOFF 62 PR 128 869 
1.343 0.040 3.247 5.4000 1.4000 ELlOFF b 2  PR 128 869 
1.482 0.044 3.313 6.5000 1.5000 ELIOFF 62 PR 128 869 
1.636 0.048 3.387 4.4000 1.1000 ELIOFF 62 PR 128 869 
1.773 0.052 3.453 5.6000 1.0000 ELIOFF 62 PR 128 869 

Pbeam (GeV/c) 
........................................................................ 
* DATA READ FROM GRLPH 
I SEE OATA L ISTING FOR WJDlTlONAL COMMENTS 
S SEE OATA L ISTING FOR POSSIBLF SYSTEMATIC EKKORS 
1 1  CALCULATED BY US FROM OATA I N  THIS APTICLE 

Pbcwn E ~ . ~ .  tmb) References 
(GeV/c) (GeV) 

Reaction [235] w+ww 
i + n - d '  

7.000 5.557 0.0060 +0.0100 t ANTICH 7 1  NP 829 327 
-0.00ZO 

Reaction [236] w-t h (I 238)--dm+ 
-- 

7.000 5.557 0.1850 +-0.0200 t ANTICH 7 1  NP 829 327 

Reaction [237] w+K(1 238)--dm+mo 
'+m- 

7.000 5.557 0.1100 0.0240 t ANTICH 7 1  NP 829 3 2 7  

*************************************************w********************* 

Reaction [238] w+m-d0(2200)++ 
b d n +  

7.000 5.557 0.0550 0.0100 t ANTlCH 7 1  NP 829 3 2 7  

........................................................................ 

Reaction [239] w+ )-'de(2200)++ 
+dm+ 

7.000 5.557 0.0450 0.0100 t ANTICH 7 1  NP 829 3 2 7  

Reaction [240] w + x d ~ -  
7.000 5.557 0.0030 0.0020 t ANTlCH 7 1  NP 829 3 2 7  

........................................................................ 

Reaction [241] w + x d ~ ' d  
7.000 5 . 5 5 1  0.0020 0.0020 t ANTICH 7 1  NP 829 3 2 7  

f***f*********************L*********f*********************************** 

Reaction [242] w+xp< 
7.000 5.557 0.0130 0.0040 t ANTICH 7 1  NP 829 3 2 7  



fip total and elastic 
cross sections 

Reaction [243] fip+ total 
0.800 +0.200 2.020 io4.ooo~+-~~.oooo FRANKLIN 69 PR 184 1415 

-0.300 
1.270 +0.230 2.174 86.0000 31.0000 FRANKLIN  69 PR 184 1413 

-3.270 
1.750+-0.250 2.343 121.0000 28.0000 FRANKLIN  69 PR 184 1413 
2.250 0.250 2.518 81.0000 21.0000 FRANKLIN  69 PR 184 1413 
6.650 3.790 59.0000 3.0000 + DENISOV 7 1  PL 348 167 

Reaction [244] Ep-, elastic 
0.800 +0.200 2.020 72.0000 36.0000 FRANKLIN  69 PK 184 1413 

-0.300 
1.270 +0.230 2.174 46.0000 23.0000 FRANKLIN  69 PR 184 1413 

-0.270 
1.750+-0.250 2.343 74.0000 22.0000 FRANKLIN  69 PR 184 1413 

2.250 0.250 2.518 24.0000 12.0000 FRANKLIN 69 PR 184 1413 

* DATA READ FROV. GRAPH 
+ ~ L A U ~ E R  CCURECTION APPLIED 
t SEE DATA L I S T I N G  FOR ADDITIONAL COMMENTS 
I SEE DATA L I S T I N G  FOR POSSIBLE SYSTEMATIC ERRORS 
[ I  CPLCULATED BY US FROM DPTA I N  T H I S  ART ICLE  



pp Elast ic  D i f f e r e n t i a l  C r o s s  Sect ions 
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pp elastic du/dt 

BEAM MOMENTUM= . 1 9 5  t . 0 2 3  r - . 0 2 6  BEAM MOMENTUM= . 2 9 4  + . O b i  , - . 0 7 6  BEAM MOMENTUM= . 3 4 9  + . 0 3 7  , - . 0 4 0  

-T D S I G M A I O  T 
I G E V I C  l * * 2  I I M B I I G E V / C ) * * Z I  

M I N  MAX 

SPENCER 70.....NP 819 5 0 1  H 8C 

D A T A  READ FROM GRAPH 

CDRK 62.....NC 2 5  4 9 7  t i81 
BEAM MOMENTUM- . 2 3 9  + . 0 2 0  r - . O 2 l  

-T D S I G M A I D  T 
( G E V I C  ) * *2  1 l M B / I G E V / C ) * * 2 1  

BEAM MOMENTUM= . 3 1  + . 0 1 6  I - - 0 1 6  

D S I G M A I D  T 
1 ( M B / I G E V I C I * * 2 1  

CONFORTO 68.....NC 5 4 A  4 4 1  

BEAM MOMENTUM= .35 +- .05 

D S I G M A I O  T 
[ ( H B I ( G E V I C ) * * 2 1  

SPENCER 70.....NP 8 1 9  5 0 1  HBC 

SPENCER lO.....NP 8 1 9  5 0 1  
BEAM MOMENTUM= . 2 7 7  + . 0 1 7  , - . 0 1 8  

BEAM MOMENTUM= . 3 4 1  + . 0 1 4  

-T  D S I G M A I D  T 
( G E V / C ) + * Z  1 I M 8 I I G E V / C I * + 2 1  

* D A T A  R E A J  FROM GRAPH 
$ S E E  D A T A  L I S T I N G  FOR P O S S I B L E  SYSTEMATIC ERRORS 

C L I N E  68.....PRL 2 1  1 2 6 8  HBC 

SPENCER 70.....NP 0 1 9  5 0 1  

SPENCER 70.....NP 8 1 9  5 0 1  H 01 
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pp elastic da/dt 

SPENCER 70 i l o  I CONFORTO 68 1 

100 

10 
SPENCER 70 

1 
SPENCER 7 0  

- 
C - - - - - SPENCER 70 - 
- = Pbenm= . I95 

)tl,,,= .038 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~ 1  

0 0.05 0.1 0 0.1 5 

/= SPENCER 7 0  4 
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pp eelastic du/dt 

BEAM MOMENTUM= . 3 6 9  + . 0 1 3  r - . 0 1 4  BEAM nOHENTUM= . 4 4 4  + . 0 2 1  r - .O22 BEAM NOMiNTUMr . 4 6 7  + , 0 1 9  r - - 0 1 9  

BEAM MOMENTUM= .405 + . 0 2 6  r - . 0 2 7  

CONFORTO 68.....NC 5 4 1  4 4 1  HBC CONFORTO 68. .  . . .NC 5 4 A  4 4 1  HBC 

BEAM MOMENTUM= . 4 5  +- - 0 5  BEAM HOMEMUME . 4 9 9  + .015 1 - .015 

-T D S I G M A I D  T 
I GEVIC I + * 2  I l M B I I G E V I C ) * * 2 1  

CONFORTO 6R.....NC 5 4 A  4 4 1  
DATA READ FROM GRAPH 
S E F  DATA L I S T I N G  FOR P O S S I B L E  S Y S T E M A T I C  ERRORS 

C L I N E  68.....PRL 2 1  1 2 6 8  HRC 

BEAM MOMFNTUM= .421 + . 0 4 7  - . 0 5 2  

-1 0 SIGMA/D T 
l G E V / C I * * 2  I l M B I l G E V / C l * * Z l  

M I N  MAX 

CONFORTC 68.....NC 5 4 A  4 4 1  

47.06 8 

4 7 . 0 6  * 
7 0 . 5 9  * 

HBC 

DATA READ FROM GRAPH 

CORK 62.....NC 2 5  4 9 7  
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pp elastic du/dt 

CONFORTO 68 
Pbea,= .444 

Jtl,,,= .I87 

CORK 62 
Pbeam= .421 

Jtl,,,= A69 

CONFORTO 68 
Pbaam= .405 

It/,,,= .I 57 

SPENCER 70 
Pbsam= .369 

ltlmax= -131 

CONFORTO 68 
P,,,,= .499 

Itlm,,= .233 

CONFORTO 68 

CLINE 68 
Pbram= .450 
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Pp elastic du/dt 

B E A M  MOMENTUM= . 5 2 5  + . 0 1 3  . - . 0 1 3  

-T 0 S I G M A I D  T 
i G E V I C ) * * 2  L l M B / I G E V / C ) * * 2 1  

B E A M  MOMENTUM= . 5 5  +- . 0 5  

-T D S I G M A I D  1 
l G E V / C ) * * 2  I l M B / I G E V / C 1 * * 2 1  

BEAM MOMENTUM= . 5 7 7  + . 0 1 2  - . 0 1 2  

I D A T A  READ FROM GRAPH 
L S E E  D A T A  L I S T I N G  FOR P O S S I B L E  S Y S T E M A T I C  ERROR! 

C L I N E  68.....PRL 2 1  1 2 6 8  HBC 

0 . 1 9 6  
0 . 2 0 2  
0 . 2 0 9  
0 . 2 1 5  
0 . 2 2 1  
0 .228 
0 . 2 3 4  
0 . 2 4 1  
0 . 2 4 7  
0 . 2 5 3  

CONFORTO 68... . 

BEAM MOMENTUM= . 5 5 3  + . 0 1 3  - - 0 1 3  

HBC CONFORTO La.... .NC 5 4 6  4 4 1  

BEAM MOMENTUM; . 5 9 9  + . 0 1 1  r - . 0 1 1  

-T D S I G M A / O  T 
I GEVIC ) * * 2  1 ~ M B / i G E V / C l * * 2 I  

BEAM MOMENTUM- . 5 4 1  + . 0 3 3  , - . 0 3 5  

-T D S I G M A l O  T 
i G E V I C ) * * 2  1 l M B / i G E V / C ) * * Z I  

M I N  MAX 

* DATA READ FROM GRAPH 

CORK 62.....NC 2 5  4 9 7  CONFORTO 68.... .NC 5 4 A  4 4 1  

LONFORTO b8.....Nt 5 4 A  4 4 1  



pp elastic du/dt 

CONFORTO 68 

CONFORTO 68 

CONFORTO 68 CONFORTO 68 
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pp elastic dc/dt  

BEAM rOMENTUMs 1.125 BEAM MOMENTUM= .65 +- .05 BEAM MOMENTUY= 1.11 

-T 
I GEVIC 1882 

D SIGMAIO T 
I lMB/ lGEV/Cl* *21 

-T 
IGEVIC L*W 

0 SIGMAIO T 
I IMBI lGEVICl* *21 

-T 0 SIGMAIO T 
I GEVIC I **2 I lMBI lGEV/C~*+21 

MIN 

0.010 
0.020 
0.030 
0.040 
0.050 
0.060 
0.370 
0.080 
0.090 
0.100 
0.110 
0.120 
0.130 
0.140 
0.150 
0.160 
0.170 
0.180 
0.190 
0. ZOO 
0.210 
0.220 
0.230 
0.240 
0.250 
0.260 
0.270 
0.280 
0.290 
0.300 
0.310 
0.320 
0.330 
0.340 
0.350 
0.360 
0.370 
0.380 
0.390 
0.400 
0.410 
0.420 
0.430 
0.440 
0.450 
0.460 
0.470 
0.480 
0.490 
0.500 
0.510 
0.520 
0.530 
0.540 
0.550 
0.560 
0.570 
0.580 
0.590 
0.600 
0.610 
0.620 
0.630 
0.640 
0.650 
0.660 
0.670 
0.680 
0.690 

MAX 

0.020 
0.030 
0.040 
0.050 
0.060 
0.070 
0.080 
0.090 
0.100 
0.110 
0.120 

,0.130 
0.140 
0.150 
0.160 
0.170 
0.180 
0.190 
0.200 
0.210 
0.220 
0.230 
0.240 
0.250 
0.260 
0.270 
0.280 
0.290 
0.300 
0.310 
0.320 
0.330 
0.340 
0.350 
0.360 
0.370 
0.380 
0.390 
0.400 
0.410 
0.420 
0.430 
0.440 
0.450 
0.460 
0.470 
0.480 
0.490 
0.500 
0.510 
0.520 
0.530 
0.540 
0.550 
0.560 
0.570 
0.580 
0.590 
0.600 
0.610 
0.620 
0.630 
0.640 
0.650 
0.660 
0.670 
0.680 
0.690 
0.700 

SEE nATA LISTING FOR POSSIBLE SYSTEMATIC ERRWS 

8ARISH 66.....PRL 17 720 C NTR 

BEAM MOMENTUM= 1.23 +- .02 

-T D SIGMAID T 
I GEVIC I**2 1 lMB/IGEVICl**21 

MIN 

0.030 
0.040 
0.050 
0.060 
0.070 
0.080 
0.090 
0.100 
0.110 
0.120 
0.130 
0.140 
0.150 
0.160 
0.170 
0.180 
0.190 
1.200 
0.210 
0.220 
0.230 
0.240 
0.260 
0.280 
0.300 
0.320 
0.340 
0.360 
0.380 
0.400 
0.440 
0.480 
0.520 
0.560 
0.600 
0.640 
3.680 
0.720 
0.760 
0. 800 
0.880 
0.960 
1.040 
1.120 

MAX * DATA READ FPOM GRAPH 
I SEE OATA LISTING FOR POSSIBLE SYSTEMATIC ERROR 

CLINE 68.....PRL 2 1  1268 H BC 

BEAM MOMENTUM= .721 

MIN MAX 

8 OATA REAO FROM GRAPH 

CORK 62.....NC 25 497 

0 SIGHAIO T 
C lM8I(GEVICI**21 

SEE DATA LISTING FOP POSSIBLF SYSTEMATIC ERRCRS 

BACON 71.....NP 832 66 H BC OATA REAO FROM GRAPH 

KALBFLEISC 71.....NP 830 466 

S SEE OATA LISTING FOR POSSIBLE SYSTEMATIC ERRW! 

8ARISH 66.....PRL 1 7  720 CNTF 



pp elastic da/dt  
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pp elastic du/dt 

KALBFLEISC 

BACON 

Pbeam= 

BARISH 

Pbeam= 

BARISH 

Pbs.m= 

BACON 
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pp elastic do/dt 

BEAM MOMENTUM- 1.43 c .02 BEAM MOMENTUM= 1.52 

MIN MAX 

0.030 
0.040 
0.050 
0.060 
0.070 
0.080 
0.090 
0.100 
0.110 
0 . l20  
0.130 
0.140 
0.150 
0.160 
0.170 
3.180 
0.190 
0.200 
0.210 
0.220 
0.230 
0.240 
0.250 
0.260 
0.270 
0.280 
0.290 
0.300 
0.310 
0.320 
0.330 
0.340 
0.350 
0.360 
0.370 
0.380 
0.390 
0.400 
0.410 
0.420 
0.430 
0.440 
0.450 
0.460 
0.470 
0.480 
0.490 
0.500 
0.510 
0.520 
0.530 
0.540 
0.550 
0.560 
0.570 
0.580 
0.590 
0.600 
0.610 
0.620 
0.630 
0.640 
0.650 
0.660 
0.670 
0.680 
0.690 
0.700 

MIN MAX 

DATA READ FROM GRAPH 
SEE DATA LISTING FOR ADDITIONAL COMMENTS 

BERRYHILL 68.. . . .PRL 2 1  7 7 0  DBC 

BEAM MOMENTUM= 1.5 

-1 0 SIGMAID T 
(GEV/Cl**Z I (MB/(GEV/Cl**Zl 

SEE OATA LISTING FOR POSSIBLE SYSTEMATIC ERROR 

BARISH 66.....PRL 1 7  720 C NTl 

S SEE DATA LISTING FOR POSSIBLE SYSTEMATIC ERR0 

BACON 71.....NP 832 66 HE 

MIN 

0.000 
0.032 
0.063 
0.095 
0.126 
0.158 
0.189 
0.221 
0.252 
0.284 
0.315 
0.347 
0.378 
0.410 
0.441 
0.473 
0.504 
0.536 
0.567 
0.599 
0.630 
3.662 
0.693 
3.725 
1.756 
3.788 
1.851 
1.914 
).977 
1.040 
1.103 
. -229 
..355 
1.481 

PARKER 

MAX BEAM MOMENTUM- 1.43 +- .19 

OATA READ FROM GRAPH 

KALBFLEISC 71. .. . .NP 830 466 

BEAM MOMENTUM= 1.61 

* OATA READ FROM GRAPH 

COOPER 70.....NP 816 155 H 81 

DATA READ FROM GRAPH 

LYNCH 63.....PR1311276 H8C 



Fp elastic 

* * 
* *"' BARISH 
* 

.be"= "0" 

Itlmax= 1.559 

COOPER 
Pbeam= 1.430 

Itlma,= 1.449 

0.1 

KALBFLEISC 71 

Pbeam= 1.520 1 
PARKER 

Itl,,,= 1.575 



pp elastic da/dt 

BEAM MOMENTUM* 1.13 BEAM MOMENTUM- 1.8 

-T 0 S l  GMAIO T 
IGEVICl**2 I lMB/ lGEVICl* *2 l  

BEAM WMENTUM- 1.62 

0 SIGMAID T 
C lHBI IGEVICl* *21 

MIN 

0.000 
0.041 
0.082 
0.123 
0.164 
0.205 
0.246 
0.287 
0.328 
0.369 
0.410 
0.451 
0.492 
0.533 
0.574 
0.615 
0.655 
0.696 
0.737 
0.778 
0.819 
0.860 
0.901 
0.942 
1.024 
1. l o b  
1.270 
1.434 
1.598 
1.762 
1.926 

MAX 

0.041 
0.082 
0.123 
0.164 
0.205 
0.246 
0.287 
0.328 
0.369 
0.410 
0.451 
0.492 
0.533 
0.574 
0.615 
0.655 
0.696 
0.737 
0.778 
0.819 
0.860 
0.901 
0.942 
1.024 
0.942 
1.270 
1.434 
1.598 
1.762 
1.926 
2.048 

* DATA REAO FROM GRAPH 

COOPER 70.....NP 816 155 HBI 
I SEE DATA LISTING FOR POSSIBLE SYSTEMATIC ERR@ 

DAUM 68.....NP 86 617 C N1 

BEAM MOMENTUM- 1.62 +- .016 

-T 0 ClGMAlD T 
lGEVlCl**2 C IMB/IGEVICI+*ZI 

MlN MAX 

BEAM MOMENTUM- 1.75 
PARKER 71.....NP 832 29 HBC 

BEAM MOMENTUM= 1.83 +- .Ol8 

-T D SIGMAIO T 
I GEVIC I **2 C l M ~ / l G E V / C l * * 2 l  

* DATA READ FROM GRAPH 
I SEE DATA LISTING FOR POSSIBLE SYSTEMATIC ERROli 

S SEE DATA LISTING FOR POSSIBLE SYSTEMATIC ERROF 

BEAM MOMENTUM- 1.65 
OATA REAO FROM GRAPH 
SEE OATA LISTING FOR POSSIBLE SYSTEMATIC ERRORS 

LYS 68 .e - . .PRL  2 1  1116 HBC 

-T D SIGMAIO T 
IGEVIC )**2 I lMB/IGEV/CI**21 

BEAM MOMENT1 

D SIGMAIO T 
C IMBIIGEVICI**ZI MIN MAX 

MIN MAX 

BEAM MOMENTUM= 

MIN MAX 

* OATA READ FROM GRAPH 
S SEE OATA LISTING FOR PJSSIBLE SYSTEMATlt ERROI 

LYS 68.....PRL 2 1  l l l b  HB[ 

OAT4 READ FROM GRAPH 
SEE OATA LISTING FOR POSSIBLE SYSTEMATIC ERRORS 

LYS 68.....PRL 21 1116 HBC 

PARKER 71.....NP 832 2 9  HRC 



j5p elastic du/dt 

BARISH 66 1 
LYS 

Pbe.m= 1.83" "1 
DAUM 
Pb,,= 1.730 

Itl,,,= 1.932 PARKER 7 1 

\ 
P PARKER 
E - 1000 

;t; '11 Itl,,= 1.801 LYS 68 4 

LYS 

Itl,,,= 1.752 

COOPER 

Itlm,,= 1.752 
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Pp elastic du/dt 

BEAM MOMENTUM= 1.95 +- - 0 1 9  BEAM MOMENTJM= 2.25 BEAM MOMENTUM= 2.13 

* DATA READ FROM GRAPH 
$ S E E  OATA L I S T I N G  FOR P O S S I B L E  S Y S T E M A T I C  ERROR 

L Y S  68.....PRL 2 1  1 1 1 6  H8C 

i SEE OATA L I S T I N G  FOR P O S S I B L E  SYSTEMATIC ERRORS 

B A R I S H  66.....PRL 1 7  7 2 0  CNTR 

I SEE DATA L I S T I N G  FOR P O S S I B L E  SYSTEMATIC ERROR 
BEAM MOMENTUM- 1 . 9 5  BEAN MOMENTUM= 2.37 

DAUM 6 8 . . .  .NP 8 6  6 1 7  C NT 

M l N  MAX 

BEAM PKIMENTUM= 2.15 

-T 0 S I G M A I D  T 
I G E V I C I * * Z  I I M B / l G E V / C ) * * Z I  

M l N  MAX 

i SEE DATA L I S T I N G  FOR P O S S I B L E  SYSTEMATIC ERRORS 

OAUM 68.....NP 8 6  6 1 7  CNTR 

BEAM MOMENTUM= 2 . 4 5  

PARKER 71.....NP 8 3 2  2 9  H 8C 

M I N  MAX 

PARKER 71... . .NP 8 3 2  2 9  HBC 
BEAM MOMENTUM= 2. 

BEAM MOMENTUM= 2.2  + . 0 2 2  

M I N  MAX 

HBC PARKER 71.....NP 8 3 2  29 

S SEE DATA L I S T I N G  FOR P O S S I B L E  S Y S T E M A T I C  ERR01 

B A R I S H  66.....PRL 1 7  7 2 0  C N1 

DATA RFAD FROM GRAPH 
SEE DATA L I S T I N G  FOR P O S S I B L E  SYSTEMATIC ERRffl! 

L Y S  68.....PRL 2 1  1 1 1 6  HBC 



pp elastic dg/dt 

T 
PARKER 71 
Pb,,= 2.1 50 

Iff f r f I t I m a  2.641 

DAUM 68 

Pbs am= 2.1 30 

n Itlma,= 2.607 
N, 
0 100 '. * 
e, 

PARKER 

be am= 1.95" ' 
LYS 

Itlma,= 2.300 

PARKER 

looo 

rff f Itlm,,= 3.1 62 
T 

DAUM 
Pbeam= 2.37; 1 T 1tImax= 3.023 

LYS 
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Pp elastic da/dt 

BEAM MOMENTUM= 2.75 

-T 0  S I G M A I D  T  
l G E V / C ) * * 2  [ I M B I I  G E V / C I * * Z I  

U I N  MAX 

BEAU UOUENTUM= 2.5 BEAM MOMENTUM= 3.  

-T 
I G E V I C  I **2 

0  S I G U A I O  T 
[ l U B / I G E V / C l * * 2 1  

PARKER 71.....NP 0 3 2  2 9  

S SEE DATA L I S T I N G  FOR P O S S I B L E  S Y S T E U A T l C  ERR( 
ESCOUBES 63.....PL 5  1 3 2  

B A R I S H  66.....PRL 1 7  7 2 0  C  h 

H  08 

HBC 

BEAM MOMENTUU= 2.9 

-T D  S I G M A I D  T 
( G E V I C ) * * 2  t I M B I I G E V / C l * * 2 1  BEAM MOMENTUM= 3.28 +- . a 6 6  

B E A U  WUENTUM= 2.6 

-T 0  S I G M A I D  T  
I G E V I C l * * 2  I l U B / l G E V / C I * * 2 1  

M l N  UAX 

M l N  MAX -T 0  S I G M A I D  T  
I G E V I C  I **2 [ l U B I l G E V / C l * * 2 I  

M I N  MAX 

PARKER 71.....NP 8 3 2  2 9  

' D A T A  READ FROM GRAPH 
' SEE DATA L I S T I N G  FOR A O O I T I O N A L  COMMENTS 

F E P A E L  65.....PR 1 3 7 8 1 2 5 0  BEAM MOUENTUM- 2.97 

-T 0  S I G M A I D  T  
l G E V / C l * * 2  t l M B / I G E V I C l * * 2 I  PARKER 71.....NP 0 3 2  2 9  

BEAM MOMENTUM= 3 . 5 5  +- . 0 5  

BEAM HOMENTUM= 2.69 +- . 0 5  

-T 0  S I G U A I O  T  
I G E V I C ) * * Z  I I M B / I G E V I C ) * * 2 1  

M I N  MAX 

M I N  UAX 

6AKER 69.....NP 8 1 2  5 S PRK 

SEE DATA L I S T I N G  FOR P O S S I B L E  SYSTEMATIC ERROR 

OAUM be... . .NP 8 6  6 1 7  C  N1 
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Pp elastic do/dt 

PARKER 71 
Pbe,,= 2.900 

PARKER 71 
Pbe,= 2.600 

BARISH 66 
Pbeam= 2.500 

BAKER 6 9 
Pbeam= 3.550 

Itl,,== 5.130 

ESCOUBES 63 
Pbenm= 3.000 1 
DAUM 68 



BEAM MOMENTUM= 3.6  

78 

j3p elastic 

BEAM MOMENTUM= 5.8 

BEAM MOMENTUM- 3 . 6 6  +- . 0 8  

-T D S I G M A I D  T 
I G E V I C  t * *2  I I M B / I G E V I C l * * Z I  

K A T Z  67.....PRL 1 9  2 6 5  

BEAM '4OMENTUH= 4. 

-T 
I GE V I C  t **2 

+ DATA READ FROM GRAPH 
t SEE D A T A  L I S T I N G  FOR A D D I T I O N A L  COMMENTS 

C Z Y Z E W S K I  65.....PL 1 5  1 8 8  HBC 

BEAM MOMENTUM= 5.7 +- . 0 5 7  

-T D S I G M A l D  T 
l G E V I C I * * 2  I l M 8 / I G E V / C ~ * + 2 1  

* D A T A  READ FROM GRAPH 

BOECKMANN 6&.....NC 4 2 A  9 5 4  

-T D S I G M A I D  T 
I G E V l C ) * * Z  I l M d / I G E V / C t * * 2 1  

H l N  MAX 

I SEE DATA L I S T I N G  FOR P O S S I B L E  SYSTEMATIC ERRORS 

OWEN 69.....PR 1 8 1  1 7 9 4  SPRK 

BEAM MOMENTUM= 5.9 

M I N  MAX 

I SEE DATA L I S T I N G  FOR P O S S I B L E  SYSTEMATIC ERRORS 

OWEN 69.....PR 1 8 1  1 7 9 4  SPRK 

BEAM MOMENTUM= 6.9 +- . 0 3 4  

-1 D S I G M A l O  T 
( G E V I C  )**2  I I M 8 I I G E V I C ) * * 2 1  

M I N  MAX 

+ SEE PATA L I S T I N G  FOR A D D I T I O N A L  COMMENTS 

k l T A G A K 1  68.....PRL 2 1  1 7 5  HBC 

BEAM MOMENTUM= 7.2 

-T D S I G M A l O  T 
I G E V I C ) * * 2  L ( M R / i G E V I C l * * 2 I  

0 . 0 2 6  1 3 1 . 0 0 0  2 0 . 0 0 0  L 
0 . 0 3 1  8 4 . 0 0 0  1 8 . 0 0 0  I 
0.052 1 1 3 . 0 0 0  1 8 . 0 0 0  I 
0 . 0 7 0  7 2 . 0 0 0  1 4 . 0 0 0  $ 
0.089 3 9 . 0 0 0  1 1 . 1 0 0  1 
0 . 1 0 9  4 7 . 9 0 0  8 . 2 0 0  1 
0.272 4 . 9 5 0  0 .440 I 
0 . 3 4 9  2 .010 0 .250 I 
0.434 0 .420 0 . 1 2 0  $ 
0 . 5 2 4  0 . 2 4 0  0 . 0 9 0  $ 

I SEE DATA L I S T I N G  FOR P O S S I B L E  SYSTEMATIC ERRORS 

FOLEY 63.....PRL 11 5 0 3  CNTR 



pp elastic da/dt 

OWEN 
Pbeam= 5.900 

FOLN 
Pbeam= 7.200 

Itlmax= 1 1.864 

I 
KATZ 

Pbeam= 

KITAGAKI 68 
Pbefim= 6.900 

OWEN 

BOECKMANN 66 
Pbe,= 5.700 

CZYZEWSKI 65 
Pbeam= 4.000 

ESCOUBES 63 
Pbeam= 3.600 

Itlmax= 5.220 

1 2 3 



80 

elastic 

BEAM UOHENTUH= 8. +- . 0 2 4  BEAM MOMENTUM= 1 0 .  

0  S I G M A I O  T 
I I H B / l G E V / C l * * 2 1  

$ SEE DATA L I S T I N G  FOR P O S S I B L E  S Y S T E M A T I C  ERRORS 

FOLEY 63.....PRL 11 5 0 3  CNTR 

B E A U  MOMENTUM= 1 1 . 8  

D S I G M A I O  T 
[ I M B / l G E V / C l * * 2 1  

S SEE OATA L I S T I N G  FOR P O S S I B L E  S Y S T E M A T I C  ERRORS 

F O L E Y  65... . .PRL 1 5  4 5  CNTR 

BEAM MOMENTUM= 1 2 .  

* SEE DATA L I S T I N G  FOR A D D I T I O N A L  COMMENTS 

BEAM MOMENTUM= 8.9  

S SEE DATA L I S T I N G  FOR P O S S I B L E  S Y S T E M A T I C  ERRORS 

FOLEY 63.... .PRL 11 5 0 3  CNTR 

BEAM MOMENTUM= 1 5 . 9 1  

S S E E  DATA L I S T I N G  FOR P O S S I B L E  S Y S T E M A T I C  ERRORS 

F O L E Y  63.....PRL 11 5 0 3  CNTR 

1 S E E  DATA L I S T I N G  FOR P O S S I B L E  S Y S T E M A T I C  ERRORS 

F O L E Y  65.. . . .PRL 1 5  4 5  CNTR BEAM MOMENTUM= 9 . 7 1  

0  S I G M A I O  T 
1 l M B / l G E V / C l * * 2 I  

BEAM MOMENTUM= 

S S E E  OATA L I S T I N G  FOR P O S S I B L E  S Y S T E M A T I C  ERRORS 

OWEN 69.....PR 1 8 1  1 7 9 4  SPRK 

t SEE OATA L I S T I N G  FOR A O O I T I O N A L  COMMEhITS 

B I R N B A U M  69.....PRL 2 3  6 6 3  CNTR+SPRK 



8 1 

pp elastic d ~ / d t  

OWEN 
Pbcam= 9.710 

FOLEY Itlmax= 16.545 

Pbe,= 1 1 B O O  

Itlm,,= 20.452 

FOLEY 

Pbeam= 

Itlma,= 

FOLEY 

Pbeam= BIRNBAUM 69 
Pbeam= 16.000 

, -,ma, 28.3 1 5 



Authors' fits to the Hp elastic scattering data 

du/d@=0] SLOPE 
mb/(GeV/c)' (Gev/c)" 

References 

PARKER 
PARKER 
PARKER 
PARKER 
PARKER 
PARKER 
PARKER 
DOMING0 
PARKER 
PARKER 
FERBEL 
CZYZEUSKI 
BOECKMANN 
KITAGAKI 
FOLEY BIRNBAUM 

FOLEY 
FOLEY 
FOLEY 
FOLEY 
FOLEY 
BIRNPAUM 

NP 0 3 2  
NP 8 3 2  
NP 8 3 2  
NP 8 3 2  
NP 8 3 2  
NP 0 3 2  
NP 032  
PL 248  
NP 0 3 2  
NP 0 3 2  
PR 137E 
PL 15  
NC 42A 
PRL 21  
PRL 11 
PPL 23  
PRL 11 
PRL 11 
PRL 15 
PRL 1 1  
PRL 15  
PRL 23  

+ SEE DATA L I S T I N G  FOR ADDITIDNAL COMMENTS 

I )  CALCULATED BY US FROM DATA I N  THIS  ARTICLE 

o FOLEY 63 

ITRBEL 
FOmY 

\ BOECZMANX 66 
8 DOMING0 67 

o FOLLY 
n CRPLEWSH . m R B n  



Our fits to the Hp elastic scattering data 

min max 
0.195 0.00 0.10 
0.239 0.00 0.10 
0.277 0.00 0.10 
0.294 0.00 0.10 
0.310 0.00 0.10 
0.341 0.00 0.10 
0.349 0.00 0.10 
0.350 0.00 0.10 
0.369 0.00 0.10 
0.405 0.00 0.10 
0.421 0.00 0.10 
0.444 0.00 0.10 
0.450 0.00 0.10 
0.467 0.00 0.10 
0.499 0.00 0.10 
0.525 0.00 0.10 
0.541 0.00 0.10 
0.553 0.00 0.10 
0.577 0.00 0.10 
0.599 O.DO 0.10 
0.721 0.00 0.10 
1.110 0.00 0.10 
1.230 0.00 0.10 
1.300 0.00 0.10 
1.330 0.00 0.10 
1.360 0.00 0.10 
1.430 0.00 0.10 
1.510 0.00 0.10 
1.520 0.00 0.10 
1.620 0.00 0.10 
1.650 0.00 0.10 
1.800 0.00 0.10 
1.950 0.00 0.10 
2.150 0.00 0.10 
2.450 0.00 0.10 
2.690 0.00 0.10 
3.000 0.00 0.10 
3.280 0.00 0.10 
3.600 0.00 0.10 
4.000 0.00 0.10 
5.700 0.00 0.10 
7.200 0.00 0.10 
8.000 0.00 0.10 
8.900 0.00 0.10 

10.000 0.00 0.10 
12.000 0.00 0.10 

2 2.6 3 . 0  3.6 4 . 0  4.6 6 .O 

o CORK 62 
n ESCOUBES 
A TOLEY 

FERBEL 

x DOMING0 
x CLINE 
s CONFORTO 
0 BIRNBAUN 
b COOPER 

SPENCER 
0 BACON 

s PARKER 

0 2.5 5.0 7.5 10.0 12.5 

SLOPE 
(GeV/c)- 

SPENCER 
SPENCER 
SPENCER 
CORK 
SPENCER 
SPENCER 
CONFORTO 
CLINE 
SPENCER 
CONFORTO 
CORK 
CONFORTO 
CLl  NE 
CONFORTO 
C ONFORTO 
CONFORTO 

References 

BACON 
BACON 
KALBFLEISC 
BACOlu 
BACON 
PARKER 
KALBFLElSC 
COOPER 
PARKER 
PARKER 
PARKER 
PARKER 
PARKER 
DOH INGO 
ESCOUAES 
FERBEL 
ESCOUBES 
CZYZEWSKl 
BnEtKMANN 
FOL EY 
BlRNBAUM 
FOLEY 
FOLEY 
FOLEY 

NP 819 501 
NP 819 501 
NP 019 501 
NC 2 5  497 
NP 019 501 
NP 819 5 0 1  
NC 544 441 
PRL 21 1268 
NP 819 501 
NC 54A 441 
NC 2 5  497 
NC 54A 441 
PRL 21 1268 
NC 54A 441 
NC 54A 4 4 1  
NC 54A 441 
NC 2 5  497 
NC 54A 441 
NC 54A 4 4 1  
NC 54A 441 
NC 25 497 
NP 830 466 
NP 832 6 6  
NP 832 66 
NP 830 466 
NP 832 66 
NP 832 6 6  
N P 0 3 2  2 9  
NP 030 466 
NP 816 155 
N P 0 3 2  2 9  
NP 832 29 
NP 832 29 
NP 032 29 
NP 032 29 
PL 248 642 
PL 5 132 
PR 13701250 
PL 5 132 
PL 1 5  188 
NC 42A 954 
PRL 11 503 
PRL 23 663 
PRL 11 503 
PRL 11 503 
PRL 11 503 

x culm 
s CONFORTO 
s BIBNBAUM 

COOPER 
SPENCER 

0 BACON 
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the jiip elastic scattering data Our fits to 

FORMULA References SLOPE 
(GeV/c)-2 

min max 
0.00 0.20 
0.00 0.20 
0.00 0.20 

SPENCER 7 0  
SPENCER 7 0  
SPENCER 7 0  
CORK 6 2  
SPENCER 7 0  
SPENCER 7 0  
CONFORTG 6 8  
CLINE 6 8  
SPENCER 7 0  
CONFORTO 6 8  
CORK 6 2 
CONFORTO 6 8  
CLINE 6 8 
CONFORTO 6 0  
CONFORTO 6 8  
CONFORTO 6 8  
CORK 6 2 
CLINE 6 8  
CONFORTO 6 8  
CONFURTO 6 8  
CONFCRTO 6 8  
CLINE 6 8 
CORK 6 2  
KALBFLEISC 7 1  
BACON 7 1 

NP 819  5 0 1  
NP 8 1 9  5 0 1  
NP 019  5 0 1  
NC 2 5  4 9 7  
NP 019 5 0 1  
NP 8 1 9  5 0 1  
NC 54A 4 4 1  
PRL 2 1  1 2 6 8  
NP 819  5 0 1  
NC 54A 4 4 1  
NC 2 5  4 9 7  
NC 54A 4 4 1  
PRL 21  1 2 6 8  
NC 54A 4 4 1  
NC 54A 4 4 1  
NC 5 4 1  4 4 1  
NC 25  4 9 7  
PRL 2 1  1 2 6 8  
NC 546 4 4 1  
NC 54A 4 4 1  
NC 54A 4 4 1  
PPL 21  1 2 6 8  
NC 2 5  497  
NP 830  4 6 6  
NP 832 6 6  
NP 032 6 6  
NP 830  4 6 6  
NP 832 6 6  
NP 832  6 6  
PRL 2 1  7 7 0  
NP 8 3 2  2 9  
NP 8 3 0  4 6 6  
NP 816  1 5 5  
NP 8 3 2  2 9  
NP 8 6  617  
NP 8 3 2  2 9  
NP 8 3 2  29  
NP 8 3 2  2 9  
NP 0 6  617 
NP 8 3 2  29  
NP 8 3 2  2 9  
PL 248 642  
NP 8 3 2  2 9  
NP 8 3 2  2 9  
PL PR 5 13781250  1 3 2  

PL 5 1 3 2  
PL 1 5  1 8 8  
NC 4 2 1  954  
PRL 21  1 7 5  
PRL 11 503 
PRL 23 663 
PRL 11 503 
PPL 11 503  
PRL 11 503 
PRL 23  663  

BACON 7 1 
KALBFLEISC 7 1  
BACON 7 1  
BACON 7 1  
REPRYHILL 6 8  
PARKER 7 1  
KALBFLEISC 7 1  
COOPER 7 0  
PARKER 7 1  
DAUM 6 8 
PARKER 7 1  
PARKER 7 1  
PARKER 7 1  
OAUM 6 8 
PARKER 7 1  
PARKER 71 
DOMINGO 6 7  
PARKER 7 1  
PARKER 7 1  
ESCOUBES 6 3  
FERBEL 6 5  
ESCOUBES 6 3  
CZYZEWSKI 6 5  
BOECKMANN 6 6  
KITAGAKI 6 8  
FOLEY 6 3  
8IRN8AUM 6 9  
FDLEY 6 3  
FOLEY 6 3  
FOLEY 6 3  
BIPNBAUM 6 9  

CORK 
ESCOUBES 
FOLEY 
CZYZE W SKI 
FERBEL 
BOECKldANN 
DOMINGO 
BERRYHILL 
CLINE 
CONTORT0 
DAUM 

o CORK 
o ESCOUBES 

FOLEY - n a E w s n r  
\ FERBEL 
/ BOECglUNN 
x DOYINCO 
x BERRYBllL 
s CLINE 
ia CONFOBTO 
R D A W  
r MTAGAKI 

BIRNBAUM 
COOPER 

E SPENCER 
a BACON 
v KllLBFLEISC 
k PARKER 

BACON 
KALE FLE I SC 
P A R E R  



Our fits to the elastic scattering 
du/dt[t=O] 

I I 
1 1 " ' 1 1 1 1 1 1 " ' 1 1  

o CORK 62 
0 ESCOUBES 
A FOLEY 

LYNCH 

FERBEL 
x FOLEY 6 5  
x BARISH 6 6  
E BOECKMANN 6 6  
a DOMING0 67 
P U T Z  6 7  

BERRYHILL 
0 CLINE 
a CONFORTO 
a DAUM 
* KITAGAKI 
V BAKER 
r BIRNBAUM 
r COOPER 
r SPENCER 7 0  

BACON 7 1 
9 KALBFLEISC 71 + PARKER 7 1 

SLOPE 
(~eV/c)-' 

data 
References 

SPENCER 
SPENCER 
SPENCER 
CORK 
SPENCER 
SPENCER 
CONFORTO 
CLINE 
SPENCER 
CONFGRTO 
COllK 
CONFORTO 
CLINE 
CONFORTO 
CONFORTO 
CONFORTO 
CORK 
CLINE CONFORTO 

CONFORTO 
CONFDRTO 
CLINE 
CCRK 
BARlSH 
KALBFLElSC 
BAR ISH 
BACON 
BARISH 
BACON 
KALBFLElSC 
BACON 
BAR ISH 
BACON 
COOPER 
BERRYHILL 
BARISH 
PARKER 
KALBFLEISC 
LYNCH 
COOPER 
PARKER 
DAUM 
BAR 1 SH 
PARKER 
PARKER 
BAP ISH 
DAUM 
PARKER 
BAP ISH 
OAllM 
PARKER 
BARISH 
PARKER 
DOMING0 
PARKER 
PARKER 
DAUM 
ESCOUBES 
FERBEL 
BAKER 
ESCOUBES 
KATZ 
CZYZEWSKI 
BOECKHANN 
KITAGAKI 
FDLEY 
BIPNBAUM 
FOLEY 
FOLEY 
FOLEY 
FOLEY 
FOLEY 
BlRNBAUH 

NP 8 1 9  5 0 1  
NP 8 1 9  5 0 1  
NP 8 1 9  5 0 1  
NC 2 5  4 9 7  
NP 8 1 9  5 0 1  
NP 819  5 0 1  
NC 54A 4 4 1  
PRL 2 1  1 2 6 8  
NP 8 1 9  5 0 1  
NC 54A 4 4 1  
NC 2 5  4 9 7  
NC 54A 4 4 1  
PRL 2 1  1 2 6 8  
NC 54A 4 4 1  
NC 54A 4 4 1  
NC 54A 4 4 1  
NC 2 5  4 9 7  
PRL 2 1  1 2 6 8  
NC 54A 4 4 1  
NC 54A 4 4 1  
NC 54A 4 4 1  
PRL 2 1  1 2 6 8  
NC 2 5  497  
PRL 1 7  7 2 0  
NP 8 3 0  466  
PRL 1 7  7 2 0  
NP 8 3 2  6 6  
PRL 1 7  7 2 0  
NP 8 3 2  6 6  
NP 8 3 0  466 
NP 832  6 6  
PRL 17  7 2 0  
NP 8 3 2  6 6  
NP 8 1 6  1 5 5  
PRL 2 1  7 7 0  
PRL 1 7  7 2 0  
NP 8 3 2  2 9  
NP 8 3 0  4 6 6  
PR 1 3 1  1 2 7 6  
NP 8 1 6  1 5 5  
NP 8 3 2  2 9  
NP 8 6  617  
PRL 17 7 2 0  
NP 8 3 2  2 9  
N P 8 3 2  2 9  
PRL 1 7  7 2 0  
NP 8 6  617  
NP 8 3 2  2 9  
PRL 1 7  7 2 0  
NP 8 6  617  
NP 8 3 2  2 9  
PRL 1 7  7 2 0  
NP 8 3 2  2 9  
PL 248  642  
NP 8 3 2  2 9  
NP 8 3 2  2 9  
NP 8 6  617 
PL  5 1 3 2  
PR 13781250  
NP 8 1 2  5 
PL 5 1 3 2  
PRL 19  265  
PL 1 5  188  
NC 42A 9 5 4  
PRL 2 1  1 7 5  
PRL 1 1  503 
PRL 23  663  
PPL 11 503  
PRL 11 503  
PRL 1 5  4 5  
PRL 11 503  
PRL 1 5  4 5  
PRL 2 3  663  

o CORK 
0 ESCOUBES 

FOLEY - LYNCH 
\ C m Z E w s g l  
/ FERBEL 
x FOLEY 
x BARISH 
s B O E C n U N l I  

DOKINGO 
KATZ 

i BERRYHUL 
0 nm 

CONTORTO 
a DAUM 

ICnncAKI 
V BAKER 
r B I B N B A W  
r COOPER 
7 SPENCER 

BACON 
@ KALBFLEISC + PARKER 

+ x 



Our fits to the i'ip elastic scattering data 

SLOPE 
(GeV/c)-' 

References 

min max 
A = 711.20 +-30.72 0 = 16.40 +-0.46 KbLBFLEISC 7 1  NP 830 466 
A 684.84 15.36 B 15.85 0.23 BACON 7 1  NP 832 6 6  
A 642.16 15.97 8 16.11 0.26 BACON 7 1  NP 832 6 6  
A 679.89 19.78 8 16.26 0.32 KALBFLEISC 7 1  NP 830 466 

0.26 BACON 
0.25 BACON 

11.15 BERRYHILL 
0.39 PARKER 
0.46 KALBFLElSC 
0.58 COOPER 
0.32 PARKER 
2.55 onun 
0.41 PARKER 
0.52 PARKER 
0.62 PARKER 

15.79 DAUM 
0.39 PARKER 
0.37 PARKER 
0.39 DOMING0 
0.39 PARKER 
0.39 PARKER 
1.08 ESCOUBES 
0.78 FERBEL 
1.54 ESCOUBES 
0.81 CZYZEWSKI 
0.73 BOECKMANN 

7 1  NP R32 6 6  
7 1  NP 832 6 6  
68 PRL 2 1  770 
7 1  NP 832 2 9  
7 1  NP 830 466 
7 0  NP 816 155 
7 1  NP 832 2 9  
68 NP 86 617 
7 1  NP 832 29 
7 1  NP 832 2 9  
7 1  NP 832 2 9  
68 NP 86 617 
7 1  NP 832 2 9  
7 1  NP 832 2 9  
67 PL 240 642 
7 1  NP 832 2 9  
7 1  NP 832 2 9  
63 PL 5 132 
65 PF 13781250 
63 PL 5 132 
65 PL 15 188 
66 NC 42A 954 
68 PRL 21 175 
63 PRL 11 503 
6 9  PRL 23 663 
63 PRL 11 503 
63 PRL 11 503 
63 PRL 11 503 
69 PRL 23 663 

3.01 FOLEY 
0.05 BIRNBAUM 
0.53 FOLEY 
2.56 FOLEY 
0.58 FOLEY 
0.25 BIRNBAUM 

o ESCOUBES 
n FOLBY 
r CZYZEWSKI - FERBEL 
\ B O E C g l W R  

DOMINCO 
x mACm 
I BIBNBAUN 

COOPEP 
a BACON 

K K 5 r n I S C  
PARKER 



to the elastic scattering data 
SLOPE 
(GeV/c)-' 

References 

min max 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 
0.05 0.25 

BARISH 
KALBFLEISC 
BARISH 
BACON 
BARISH 
BACON 
KALBFLEISC 
BACON 
BARISH 
BACON 
BERRYHILL 
BARISH 
PARKER 

PRL 17 720 
NP 830 466 
PRL 17 720 
NP 832 66 
PRL 1 7  720 
NP 832 6 6  
NP 830 466 
NP 832 6 6  
PRL 17 720 
NP 832 6 6  
PRL 21 770 
PRL 17 720 
NP 832 2 9  
NP 830 466 
NP 816 155 
NP 832 2 9  
NP 86 617 
PRL 17 720 
NP 832 29 
NP 832 2 9  
PRL 17 720 
NP 86 617 
NP 832 2 9  
NP 86 617 
NP 832 2 9  
NP 832 2 9  
PL 248 642 
NP 832 29 
NP 832 2 9  
PL 5 1 3 2  
PR 13781250 
NP 812 5 
PL 5 132 
PL 15 188 
NC 42A 954 
PRL 21 175 
PRL 11 503 
PRL 23 663 
PRL 11 503 
PRL 11 503 
PRL 11 503 
PRL 23 663 

KALBFLEISC 
COOPER 
PARKER 
OAUM 
BARISH 
PAPKER 
PARKER 
BARlSH 
OAUM 
PARKER 
DAUH 
PARKER 
PARKER 
DOMING0 
PARKER 
PARKER 
ESCOUBES 
FERBEL 
RAKER 
ESCOUBES 
CZYZEWSKI 
BOECKMANN 
KlTAGAKI 
FOLEY 
BIRNBAUM 
FOLEY 
FOLEY 
FOLEY 
BIRNBAUM 

ESCOUBES 6 3  
FOLEY 

FERBEL 
BARISH 
BOECKUNX 6 
DOYINCO 
DAUM 
ICITACAII 68 
BAKER 
BXRNBAW 69 
COOPER 7 0  
BACON 7 1  
KALBS'LEISC 7 1  
PARPER 7 1 

MUM 
ICITAGAII 
BAKER 
BIENBAUY 
COOPER 
BACON 
KALBIZGISC 
PARPER 
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t o  the elastic scattering data Our fits 

FORMULA SLOPE 
(~eV/c)-" 

References 

mb max 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.J5 0.40 
0.05 0.40 
0.05 D.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 
0.05 0.40 

BARISH 66 
KALBFLEISC 7 1  
BAP lSH 66 
BACON 7 1  
BARISH 66 
8ACGN 7 1  
KALBFLEISC 7 1  
BACON 7 1 
BARISH 66 
BACON 7 1 
COOPER 7 0  
BERRYHILL 68 
BARISH 66 

PRL 17 720 
NP 830 466 
PRL 1 7  720 
NP8'32 6 6  
PRL 17 720 
NP 832 6 6  
NP 830 466 
NP 832 6 6  
PLL 17 720 
NP 832 64 - - .. 
NP 516 155 
PRL 21 770 
PRL 17 720 
Nu 832 29 
NP 830 466 
PR 131 1276 
NP 816 155 
NP 832 2 9  
NP 86 617 
PRL 17 720 
~ ~ a 3 2  2 9  
NP 832 2 9  
PRL 17 720 
NP 86 617 
NP 832 2 9  
PRL 17 720 
NP 86 617 
NP 832 29 
PRL 17 720 
NP 832 2 9  
PL 248 642 
NP 832 2 9  
NP 832 2 9  
NP 86 617 
PL 5 132 
PR 13781250 
NP 012 5 
PL 5 132 
PRL 19 265 
PL 15 188 
NC 42A 954 
PRL 21 175 
PRL 11 503 
PRL 23 663 
PRL 1 1  503 
PRL 11 503 
ORL 15 45 
PRL 11 503 
PRL 15 45 
PRL 23 663 

- .. 
PARKER 7 1  
KALBFLEISC 7 1  
LYNCH 63 
COOPER 70 
PARKER 7 1  
OAUM 6 8 
BARISH 66 
PARKER 7 1  
PARKFR 7 1  
BARISH 66 
OAUM 6 8 
PARKER 7 1  
BARISH 66 
OAUH 68 
PARKER 7 1  
BARISH 66 
PARKER 7 1  
OOMINGO 67 
PARKER 7 1  
PARKER 7 1  
DAUM 6 8 
ESCOUBES 63 
FERBEL 65 
BAKER 69 
ESCOUBES 63 
KATZ 67 
CZYZFWSKI 65 
BOECKHANN 66 
KITAGAKI 68  
FOLEY 63 
8lRNBAUM 69 
FOLEY 63 
FOLEY 63 
FOLEY 65 
FOLEY 63 
FOLEY 65 
BIRNBAUM 69 

0 E S ~ O U B E S  6 3  
0 l 0 U Y  6 3  
A LYNCH 6 3  
* RYZEWSH 6 6  
\ FERBEL 6 6  
I FOLEY 6 6  
x BARISB 6 8  
x BOECKMANX68 
e DOMING0 6 7  
sK4lz 6 7  

BEREYEILL 6 8  * 

0 ESCOUBES 
0 FOLEY - LYNCH - CzpzgWsKt 

FERBEL 
F O X Y  

X BARISB 
2 BOECIWNli  
e DOMIXGO 
a ~ T z  

BERRYBILL 
+ MUM 
0 XITAG- 
9 BAKER 
a BIBNBAW 

COOPER - 

T 
BACON 
ItALBrLEISC 

4 PARKER 



- 
pp T w o - B o d y  Inelast ic  Di f ferent ia l  Cross Sections 



BEAM MOMENTUM= 

D A T A  READ FROM GRAPH 
$ S E E  DATA L I S T I N G  FOR P O S S I B L E  S Y S T E M A T I C  ERRORS 

N I C H O L S O N  69.....PRL 2 3  6 0 3  CNTR 

BEAM MOMENTUM- . 9 9  +- - 0 1  

* D A T A  READ FROM GRAPH 
$ S E E  D A T A  L l S T l N G  FOR P O S S I B L E  S Y S T E M A T I C  ERRORS 

N I C H O L S O N  69.....PRL 2 3  6 0 3  CNTR 

BEAM MOMENTUM- 1 . 4 5  +- - 0 1 5  

+ D A T A  READ FROM GRAPH 
L S E E  O b T 4  L I S T I N G  F O k  P O S S I B L E  SYSTEMATIC ERRORS 

N I C H O L S O N  69... ..PRL 23 6 0 3  CNTR 

M I N  MAX 

n O A T 4  READ FROM GRAPH 

L Y N C H  63.....PR 1 3 1  1 2 8 7  HBC 

for 

8 DATA READ FROM GRAPH 
s SEE DATA L I S T I N G  FOR P O S S I B L E  SYSTEMAT ERRORS 

N I C H O L S O N  69.. . . .PRL 2 3  6 0 3  CNTR 

BEAM MOMENTUM= 1.9 +- .3 

M I N  MAX 

* OATA READ FROM GRAPH 

CHAPMPN 68.....PRL 2 1  1 7 1 8  

BEAM MOMENTUM= 1 . 9 9  +- .O2 

* OATA REAO FROM GP4PH 
L SEE OATA L l S T l N G  FOR P O S S I B L E  SYSTEMATIC ERRORS 

N I C H O L S O N  69.....PQL 2 3  6 0 3  CNTR 

* O A T 4  REAO FROM GRAPH 
$ SEE DATA L I S T I N G  FOR P O S S I B L E  SYSTEMATIC ERRORS 

N I C H C L S O N  69.....PRL 23  6 0 3  CNTR 



do/dt for pp+n-srf 

Pbeam= 2.400 

NICHOLSON 6 9  
NICHOLSON 6 9  1 

NICHOLSON 6 9  4 CHAPMAN 

NICHOLSON 6 9  4 



for 

BEAM MOMENTUM= 1 . 7 2  +- . 0 1 7  

-T 
I G E V I C  1*+2 

* DATA REAO FROM GRAPH 
S SEE DATA L I S T I N G  FOR P O S S I B L E  SYSTEMATIC ERRORS DATA READ FROM GRAPH 

$ SEE DATA L I S T I N G  FOR P O S S I B L E  SYSTEMATIC ERRORS 

NICHOLSON 69.....PRL 2 3  6 0 3  CNTR 

NICHOLSON 69.....PRL 2 3  6 0 3  CNTR 

BEAM MOMENTUW 1.9 +- - 3  

-T 0  SIGMA/O T 
l G E V / C l * * Z  [ I M B / I G E V / C I * * Z I  -1 

I G E V I C  1**2 
M I N  MAX 

* DATA REAO FROM GRAPH 
S SEE DATA L I S T I N G  FOR P O S S I B L E  SYSTEMATIC ERRORS 

NICHOLSON 69.....PRL 2 3  6 0 3  CNTR 

* OATA REAO FROM GRAPH 

CHAPMAN baa... .PRL 2 1  1 7 1 8  
BEAM MOWENTUM- 1.45 +- . 0 1 5  

-1 0 SIGMA/O T 
I G E V I C  I * * 2  C l M 8 / I G E V I C l * * 2 1  

BEAM MOMENTUM- 1. 

-T 
I G E V I C  I **2 

* OATA REAO FROM GRAPH 
S SEE OATA L I S T I N G  FOR P O S S I B L E  SYSTEMATIC ERRORS 

NICHOLSON 69..-..PRL 2 3  6 0 3  CNTR 

* O A T 4  REAO FROM GRAPH 
S SEE DATA L I S T I N G  FOR P O S S I B L E  SYSTEMATIC ERRORS 

NICHOLSON 69.... .PRL 2 3  6 0 3  CNTR 

BEAM MOMENTUM= 2.4 +- . 0 2 4  W I N  MAX 

* OAT* READ FROM GRAPH 
$ SEE DATA L I S T T N G  FOR P O S S I B L E  SYSTEMATIC ERRORS 

NICHOLSON 69.....PRL 2 3  6 0 3  CNTR OATA P E A 0  FROM GRAPH 

L Y N C H  63.....PR 1 3 1  1 2 8 7  HBC 



du/dt for P ~ + K - K +  

LYNCH 63 

NICHOLSON 69 

Pbeam= 1.450 

NICHOLSON 69 1 

NICHOLSON 69 3 

NICHOLSON 69 

0.0 1 Pbemm= 2.400 

CHAPMAN 68 1 

NICHOLSON 69 

Pbe-= 1.720 



9 4 

for 

BEAM MOMENTUM- 6. +- .O6 

-T 0 SIGMA/O T 
I G E V I C  I * * 2  l I M 8 / i G E V / C I * * 2 1  

BEAM MOMENTUM- . 4 2 8  

BEAM MOMENTUM' - 5 4 9  

ASTBURY SPRK 

BEAM MOMENTUM= 7. t . 0 7  

-T 
I G E V I C  **2 

BEAM MOMENTUM- 1.8 +- - 0 4 5  

S S E E  OATA L I S T I N G  FOR P O S S I B L E  S Y S T E M A T I C  ERRORS 

ATWOOD 70. . . .  .PR 0 2 2 5 1 9  SPRK 

ASTBUQV 66.....PL 2 3  1 6 0  S PRK 

* O A T A  READ FROM GRAPH 

-1 0 S I G H A / O  T 
I G E V I C  I **2 C I M W  i G E V / C l * * Z I  

ASTRURY 66.a.. .PL 2 3  1 6 0  SPRK 

ASTBURY 66. . .  .PL 2 3  1 6 0  5 P R K  
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do/dt for Pp+iin 

CZYZEWSKI 66 

ASTBURY 66 1 

BIZZARI 

Pb..m= 

BIZZARI 

Pb.*m= 

ASTBURY 66 

Pbarm= 6.000 

ASTBURY 66 

Pbe-= 5.000 



for j3P+a(1238)--A(1 238)" 
I - 4 p 7 - r +  

BEAM MOMENTUM- 2.375 +- .075 

-5 0 SIGMAID T 
ilGEV/C )**2 [ IU8f  lGEV/CJ**21 

I ndx 

BEAV MOMENTUMS 5.7 BEAM MOMFNTUM= 2.7 

-T 0 SIGMAID T 
I GE VIC I **2 I lMB/iGEV/CI**Zl 

MlN MAX 

r OATA READ FROM GRAPH 
I SEE DATA LISTING FOR ADDITIONAL COMMENTS 

8 DATA READ FROM GRAPH 
t SEE DATA LISTING FOR ADDITIONAL COMMENTS 

CRAYLEY 67.... .PR 1 5 4  1264 d8C + IMP r E L FROM GRAPH 
SEi P 7, LISTING FOR AODITIONAL COMMENTS 

JE% i R W h  70.....PR 0 1 2 4 8 3  HBC 
BEAM MOMENTUM= 5.7 +- .051 

MlN MAX 

JFAU WMENTUM= 2.5 

- i  D SIGMAID T 
I C E ' I I C  $'*? I lMD/IGEV/C>**Zl 

0 SIGMAID T 
I IMB/lGEV/C)**Pi 

MlN MAX 
NZR 

0,050 
0,1'20 
0.150 
0.200 
0.250 
0 ,300 
0.350 
0.400 
0.450 
1.500 
0,550 
O., 600 
0,65(1 
0 .  700 
0 . 7 5 0  
O.b3J 
o* 959 
a..son 
0 .95n 
1.000 
1,OJS 
i .100 
1.150 
1.200 
1.,250 
1.300 
1.350 
1 - 400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.100 
1.750 
1.800 
1.850 
1.900 
1.950 
2.000 
2.050 
2.100 
2.150 
2. zoo 

0.400 1.342 
0.450 1.705 
0.500 1.311 
0 550 1.497 
0 , & 0 l  1.311 
C.650  0.543 
0,700 0.722 
0.750 0.632 
C . R W  0.632 
0.050 0.849 
0.900 0.601 
0 950 0.381 
1 COO 0.406 
1 050 0.251 
1 1LvO 0.471 
1 .150 0.437 
1.200 0.285 
l . 2 5 0  0.158 
1.300 0.127 
1.356 0.248 
1.400 0.102 
1.450 0.127 
1.500 0.158 
1.550 0,037 
1.600 0.065 
1.650 0.065 
1.700 0.037 
1.750 0. 
1.800 0.068 
1.850 0.037 
1.900 0.130 
1.950 0.034 
2.000 0.068 
2.050 0.037 
2.100 0. 
2.150 0.037 
2.200 0. 
2.250 0. 

i DATA READ FROM GRAPH 
' SEE DATL LISTING FOR AODITlONAL COMMENTS 

BOECIWANN 66... . .WE 42A 954 HBC 

MIN M A X  

* DATA READ FROM GPAPH 
t SEE DATA LISTING FOR ADDITIONAL COMMENTS 

JESPERSON 70.....PP 0 1 2483 HE( 

* DATA READ FROM GRAPH 
I SEE DATA L ISTING FOR ADDITIONAL COMMENTS 

MASON 71.....NP 830 617 H8C 
+ OATA READ FROM GRAPH 
t SEE OATA LISTING FOR ADDITIONAL CGMMENTS 

' FERBEL 68.....PR 173 1307 H8C 



JESPERSON 70 

Pbs-= 2.885 

0.1 

MASON 71 

Pbe-= 2.500 

1 JESPERSON 70 

Pbsun= 2.375 

BOECWN 66 

PbsBm= 5.700 



BEAM MOMENTUM= 5.7 +- .057 

-1 0 SIGMAIO T 
lGEVICl**Z I lMBIlGEV/C)**21 

BEAV MOMENTUM= 1 - 6 1  

-1 0 SIGMAID T 
lGEV/Cl**2 I lM8/1GEVIC)**ZI 

BEAM MOMENTUM- 2.7 +- .07 

MIN 

0. 
0.050 
0.100 
0.150 
0.200 
0.250 
0.300 
0.350 
0.400 
0.450 
0.500 
0.550 
0.600 
0.650 
0.700 
0.150 
0.800 
0.850 
0.900 
0.950 
1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 
1.400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 

MAX 

0.050 
0.100 
0.150 
0.200 
0.250 

MAX 

0.225 
0.295 
0.365 
0.434 
0.504 
0.573 
0.643 
0.713 
0.782 
0.852 

8 OATA READ FROM GRAPH 

LYNCH 6 1 . ~ .  . .RMP 3 3  3 9 5  nec * OAT6 REAO FROM GRAPH 

FISHER bl. . . . .PR1611335 nsc 

BEAM MOMENTUM- 2.19 

-1 0 SIGMAID T 
IGEV/C)**Z I lMBIIGEVICI**ZI 

MlN MAX 

BEAM MOMENTUM- 3.5 +- .5 

-T 0 SIGMAID T 
lGEV/CI**2 t IMBIIGEVICl**21 

MIN nLix 

OATA REAO FROM GRAPH 

KYAK 69.....PR 186 1392 HBC 
8 OATA READ FROM GRAPH 

ATHERTON 69.... .PL 300 494 

* OATA REAO FROM GRAPH 

MUSGRAVE 65.... .NC 3 5  735 BEAM MOMENTUI1= 2.434 +- -030 
BEAM MOMENTUM- 6.935 +- . I39  

D SIGMAIO T 
I lMBIlGEV/Cl**21 -T D SIGMAIO T 

IGEVIC )**2 I IMBIIGEVICI**21 

BEAM WMENTUH= 3.66 +- .055 

-T D SIGMAID T 
I GE V/C 1 *82 C IMBIlGEV/Cl**21 

I OATA REAO FROM GRAPH 
1 SEE OAT* LISTING FOR ADOITIONAL COMMENTS 

CHIEN 66.....PR 152 1171 H8C OATA READ FROM GRAPH 

BAOIER 67.....PL 2 5 8  1 5 2  HBC 

8 DATA READ FROM GRAPH 

EALTAY 65.... .PR 14081027 
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do/dt for ppjp-rx~ 

FISHER 

Pbo.m= 

BADIER 

Pbe.m= 

CHIEN 

Pbeun= 

ATHERTON 69 

Pb,,= 5.700 

BALTAY 65 

Pbramz 3.660 



BEAM MOMENTUM- 2.19 

-1 0 S lGWIO T 
lGEVIC)**2 C lMBIIGEV/C)**Zl 

#IN MAX 

8 DbTA READ FROM GPAPH 

K Y I K  69.....PR 186 1392 H ~ C  

BEAM MOMENTUM= 2.434 +- .030 

100 

da/dt for jjp+K,jo + C.C. 

-T 
I GEVIC )**2 

8 DITA REAO FROM GRAPH 

8ADIER 67,....PL 258 1 5 2  

BEAM MOMENTUM= 3.5 +- - 5  

MIN MAX 

* DATA READ FROM GRAPH 

MUSGRAVE 65.....NC 35 735 H ~ C  

t DATA REAO FROM GRAPH 

BALTAY 65.. . . .PR 14081027 

MIN 

0. 
0.050 
0.100 
0.150 
0.200 
0.250 
0.300 
0.350 
0.400 
0.450 
0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0. 800 
0.850 
0.900 
0.950 
1.000 
1.050 
1.100 
1.150 
1.200 
1.250 
1.300 
1.350 
1.400 
1.450 
1.500 
1.550 
1.600 
1.650 
1.700 
1.750 
1.800 
1.850 
1.900 
1.950 

MAX 

* OATA REAO FROM GRAPH 

ATHERTON 69.....PL 308 494 

BEAM MOMENTUM= 

-T 
IGEV/C)**Z 

MIN nnx  

0.019 0.123 
0.123 0.228 
0.228 0.332 
0.332 0.436 
0.436 0.540 
0.540 0.645 
0.645 0.749 
0.749 0.853 
0.853 0.958 
0.958 1.062 
1.062 1.166 
1.166 1.270 
1.270 1.375 
1.375 1.479 
1.479 1.583 

* OATA REAO FROM GRlPH 
( SEE OATA LISTING FOR ADDITIONAL COMMENTS 



dc/dt for pp+Xzo + C.C. 

MUSGRAVE 65 

Pbslm= 3.500 

BALTAY 



BEAM MOMENTUM= 3.5 +- .5 

-1 0 SIGMAID T 
IGEVIC l * * 2  t iMBIIGEV/CI**21 

OATA P EAO FROM GRAPH 

MUSGRAVE 65.....NC 35 735 H8C 

BEAM MOMENTUM= 3.66 +- -055 

DATA READ FROM GRAPH 

BALTAY 6s... . .PR 14081027 n a c  

BEAM MOMENTUM- 5.7 +- .057 

-1 0 SIGMAID T 
I GEVIC I **2 I IMB/lGEV/CI**21 

MAX 

* DATA READ FROM GRAPH 

ATHEPTON 69.....PL 30R 494 

-T 
IGEVIC 1*82 

MIN MAX 

0.100 0.150 
0.150 0.200 
0.200 0.300 
0.300 0.400 
0.400 0.500 
0.500 0.600 
0.600 0.700 
0.700 0.800 
0.800 0.900 
0.900 1.000 
1.000 1.100 
1.100 1.200 
1.200 1.300 
1.300 1.400 
1.400 1.500 
1.500 1.600 
1.600 1.700 
1.700 1.800 
1.800 1.900 
1.900 2.000 
2.000 2.100 
2.100 2.200 
2.200 2.300 
2.300 2.400 

* OATA READ FROM GRAPH 

MUSGRAVE 65.m.. .NC 35 735 n s c  

BEAM IWMENTUM= 3.66 +- .055 

-T 0 SIGMAID T 
lGEV/C)**Z I iMB/iGEVICl**Zl 

MlN MAX 

* OATA READ FROM GRAPH 

BALTAY 65...-.DR 14081027 HBC 



du/dt for ijp+E+z- 



for pP+y*(l 385)Oh 
I K 7 T 0  

C.C. 

BEAM MOMENTUM= 5.7 +- .06 

-T 0 SIGMAID T 
IGEV/C)**2 I IMB/IGEV/CI**21 

MlN MAX 

* DATA READ FROM GRAPH 
t SEE DATA LISTING FOR ADDITIONAL COMMENTS 

ATHERTON 71.....NP 829 477 HBC 

for pp+P*(l 385)-~*(1385)+ 
I _ +AX+ 

BEAM MOMENTUM= 5.7 +- .O6 

-1 D SIGMA/D T 
IGEV/C)*+2 I IMB/lGEV/CI**21 

MIN nnx  

* DATA READ FROM GRAPH 
t SEE DATA LISTING FOR ADDITIONAL COMMENTS 

ATHERTON 71.....NP 829 477 HBC 

for jjp+y*(1385)-~+ + C.C. 

I K 7 T -  
BEAM MOMENTUM= 3.66 +- .055 

MIN MAX 

8 DATA READ FROM GRAPH 
t SEE OATA LISTING FOR ADDITIONAL COMMENTS 

BALTAY 65.....PR 14081027 HBC 

BEAM MOMCNTUM- 5.7 +- - 0 6  

MlFl MAX 

0.050 0.100 
0.100 0.150 
0.150 5.200 
0.200 0.250 
0.250 0.300 
0.300 0.350 
0.350 0.400 
0.400 0.450 
0.450 0.500 
0.500 0.550 
0.550 0.600 
0.600 0.650 
0.650 0.700 
0.700 0.900 
0.900 1.200 
i .200 1.600 
1.600 2.501 

* OATA PEAC FPOtJ GRAPH 
r SEF DATA L l c T l h G  FOR ADDITIONAL CLMMENTS 



da/dt  for do/dt for 
pP+Y*(l385)-2++ C.C. 

I\*~T- 

da/dt for 

4 . n -  

ATHERTON 71 
Pbaam= 5.700 0.00 1 

BALTAY 65 



Polar i za t ion  in pp Elastic Scatter ing 

The measurements  of polarization we have presented have made use of the following 

theorem based on time reversa l  invariance: P ( 8 )  = [NL(8)-NR(0)]  / [ N ~ ( ~ ) s N ~ ( ~ ) ]  , as  explained 

below. Consider an antiproton beam incident in the z direction on a hydrogen target polarized in 

the y direction. Define NL(@) to be the number of antiprotons scattering elastically through an 

angle 8 into the x > 0 half of the xz plane (to the left if y i s  vert ical) ,  and define N (8) R 
similarly. Then P ( 0 )  is the polarization in the y direction of a proton recoiling from an unpo- 

lar ized target  after an elastic collision in which an antiproton i s  scattered through an angle 8 

to the left. This theorem was f i r s t  proven in slightly different form by L. Wolfenstein and 

J. Ashkin, Phys. Rev. 85, 947 (1952). It i s  also true for a beam of arbi trary spin. 
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pp elastic polarization 

BEAM MOMENTUM= . 9 1  

-T P O L A R I Z A T I O N  
l G E V I C  l * * Z  

S S E E  OATA L I S T I N G  FOR P O S S I B L E  S Y S T E M A T I C  ERRORS 

ALBROW 72.....NP 8 3 7  3 4 9  C N T P  

B E A M  MOMENTUM= 1 . 0 0 5  

-T  P O L A R I Z A T I J N  
I G E V I C I * + Z  

S S E E  DATA L I S T I N G  FOR P O S S I B L E  S Y S T E M A T I C  ERRORS 

ALBROW 72.....NP 8 3 7  3 4 9  CNTR 

B E A M  MOMENTUM= 1 . 0 4 8  

-T P O L A R I Z A T I O N  
I G E V I C  1**2  

S SEE OATA L I S T I N G  FOR P O S S I B L E  S Y S T E M A T I C  ERRORS 

ALBROW 72.. . . .NP 8 3 7  3 4 9  CNTR 

BEAM MOMENTUM- 1 . 1 7 5  

P O L A R I Z A T I ' I N  
* 2  

S S E E  OATA L I S T I N G  FOR P O S S I B L E  S Y S T E M A T I C  ERRORS 

ALBROW 72.... .NP 837 349  CNTR 

BEAM MOMENTUM= 1 . 2 5 5  

-T P O L A R I Z A T I O N  
I G E V I C  I * * 2  

S S E E  D A T A  L I S T I N G  FOR P O S S I B L E  S Y S T E M A T I C  ERRORS 

ALBROW 72.. . . .NP 0 3 7  3 4 9  CNTR 

BEAM WMENTUM- 1 . 3 3  

-T P O L A R I Z A T I  3N 
l G E V / C l * * 2  

S SEE DATA L I S T I N G  FOR P O S S I B L E  S Y S T E M A T I C  ERRORS 

ALBROW 72... . .NP 8 3 7  3 4 9  CNTR 
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pp elastic polarization 

ALBROW 72 

1 1 1 1 1 1 l I I I I I / l  

0 0.2 0.4 0.6 0.8 

ALBROW ALBROW 
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pp elastic polarization 

BEAM MOMENTUM- 1.73 

POLAR1 Z A T I O N  

1 SEE OATA L I S T I N G  FOR P O S S I B L E  SYSTEMATIC ERRORS 

DAUM 68.....NP 8 6  6 1 7  CNTR 

BEAM HOHENTUM= 1.74 

-T P O L A R I Z A T I O N  
I G E V I C I * * Z  

$ SEE OATA L I S T I N G  FOR P O S S I B L E  SYSTEMATIC ERRORS 

ALBROW 72... . .NP 8 3 7  3 4 9  CNTR 

BEAM MOMENTUM= 2.13 

P O L A R I Z A T I O N  

1 SEE DATA L I S T I N G  FOR P O S S I B L E  S Y S T E M A T I C  ERRORS 

DAUM 68.....NP 0 6  6 1 7  CNTR 

BEAM MOMENTUM= 2.37 

-5 P O L A R I Z A T I O N  
l G E V / C l * * 2  

S SEE OATA L I S T I N G  FOR P O S S I B L E  SYSTEMATIC ERRORS 

OAUM 68.....NP 8 6  6 1 7  C  NTR 

BEAM MOMENTUM= 2.5  

1 SEE DATA L I S T I N G  FOR P O S S I B L E  S Y S T E N A T I C  ERRORS 

ALBROW 72... . .NP 8 3 7  3 4 9  CNTR 

SEAM MOMENTUM= 2.97 

P O L A R I Z A T I O N  

S SEE DATA L I S T I N G  FOR P O S S I B L E  SYSTEMATIC ERRORS 

OAUM 68.....NP 8 6  6 1 7  CNTR 



pp elastic 

L " " I " " I " " l l ' " ' 4  

polarization 



pp elastic polarization 

BEAM MOMENTUM= 6. 

M I N  MAX 

P O L A R I Z A T I O N  

S SEE DATA L I S T I N G  FOR P O S S I B L E  SYSTEMATIC ERRORS 

B O R G H I N I  70.....PL 3 1 8  4 0 5  CNTR 

M l N  MAX 

BEAM HOMENTUM- 1 0 .  

P O L A R I Z A T I O N  

S S E E  DATA L I S T I N G  FOR P O S S I B L E  S Y S T E M L T I C  ERRORS 

B O R G H I N I  Tl.....PL 3 6 0  497 CNTR 

BEAM MOMENTUM- 1 4 .  

-1 P O L A R I Z A T I O N  
I G E V / C I * * E  

M I N  MAX 

S SEE DATA L I S T I N G  FOR P O S S I B L E  SYSTEMATIC ERRORS 

B O R G H I N I  71.... .PL 3 6 8  4 9 7  CNTR 

PLOT 1 L E V E L  1 KBDX 1 NSPECS 1 



pp elastic polarization 



Section I l l .  

ARTICLE DATA LISTINGS 



In this section we present a listing of 

all  the RN and RD articles 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 article-by- 

article, just a s  we store it. These listings 

contain a certain amount of information not 

included in the previous section. In particu- 

l a r  there a re  several  articles for  which we 

have punched no data but have punched the 

bibliographic information, keywords, and 

some comments. 

In addition we have also punched the 

title and abstract  for  every article, to a s s i s t  

you in your selection of ar t icles  for  further 

reading. 

Also in this section you will find com- 

ments on many pieces of data-it i s  in general 

not practical to present these comments in 

Section 11. 

Many art icles  give data that we feel 

we cannot meaningfully compile at  present  

(only partially corrected, integrated only 

over a certain interval, etc).  These data 

have in many cases been punched and will be 

found in this section. 

You will also find in this section 

data reported a s  upper and lower l imi ts ,  

approximate values, etc. 

Occasionally we do not use the data 

as  originally given in the article. This sec-  

tion tells exactly where our data came f rom 

(private communications, unpublished com- 

panion report ,  e t ~ .  ). 

The size of an experiment is f r e -  

quently indicated by the total number of pic - 
tures taken, o r  by the number of events in 

various distributions. 

To give you an idea of the scope of a 

particular ar t icle ,  KEY WORDS are  included 

for  each article. These words can also be 

used to form classified indices (see Section 

IV). 

To repeat,  the above items are  some of 

the things you will find in this section that 

a re  not presented in Section 11. 

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 

article (i. e. , the figure, table, or  page 

number). If you find any e r r o r s  or misinter- 

pretations, please let  us know as soon as 

pos sible. 

As for the organization of the informa- 

tion in this section, we should mention that 

the order  of the ar t icles  i s  alphabetical by 

f i rs t  author and chronological within the same 

f i r s t  author. 

Above the double dotted line in each 

article you will find the title,  authors and 

institutions, abstract  (if the article had one) 

related citations, beam information, com- 

ments, KEYWORDS, e t ~ .  

Below the double line in each article 

appear the data. We generally enter the data 

in exactly the same units a s  given by the 

authors. (This i s  done primari ly to facilitate 

the verification of the data. ) If we do alter 

the data in any way, we indicate this fact by 

an appropriate comment. 



Occasionally authors give the same 

data in two different forms. We usually punch 

only the form we feel i s  most  useful. Fur ther -  

more,  some of the data in this section i s  d is -  

played in a different form in Section 11. 

We have tr ied to be particularly careful 

about including systematic e r r o r s ,  whenever 

given by the authors. In some cases it is 

quite unclear f rom 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 re  unable 

to get tables f rom an author, o r  if the article 

i s  more  than a couple of years  old, we read 

the data off the published graph, and then 

include the warning that " these data were read 

f rom a graph. ' I  (In some cases the tables we 

received have been more up to date than the 

published graphs. ) 



~STRy~::R7~ I N  THE P B A R P  AND PEAR 0 TgTAI. CROSS S E C T I O N S  BETWEEN 1.0 AN0 3.3 G E V l C  IPHYS.  REV. LETTERS 1 8 .  1 2 0 9  

R.J.ABRAMS, R.L.COOL, G . G I A C O M E L L I r  T.F.KYC1A. B.A.LFONTIC1 K.K.L I t  D.N. M I C H A E L  IBROOKHAVEN NAT. LAB.. UPTON* L.1.r N. 
Y., U S A 1  

ABSTRACT THREE STRUCTURES ARE OBSERVED I N  PEAR P AN0 PBAR D TOTAL CROSS S E C T I O N S  I N  A T R A N S M I S S I O N  EXPERIMENT. TWO 
STRUCTURES, AT CENTER-OF-MASS E N E R G I E S  2 1 9 0  + / -  5 AN0 2 3 6 5  + / - l o  MEV R E S P E C T I V E L Y *  &RE FOUND I N  THE ISOSPIN-ONE STATE. 
THE T H I R D  STRUCTURE, AT 2 3 8 0  + / - l o  MEV, I S  FOUND I N  THE ISOSPI t+ZERG STATE.  

CLOSELY RELATEO REFERENCES 
DATA SUPERSEDED BY PHYS. REV. 0 1 ,  1 9 1 7  1 1 9 7 0 1 .  

BEAM NO. 1 I S  ANTIPROTON ON PROTON FROM 1.0 TO 3 . 3  GEVIC.  
NO. 2 I S  ANTIPROTON ON DEUTERON FROM 1.0  TO 3.3 GEVIC.  

T H I S  EXPERIMENT USES COUNTERS. 
K E Y  WORDS * CROSS S E C T I O N  RESONANCE PRODUCTION .................................................................................................................... ........................................................................................................................ 

NO DATA PUNCHED FOR T H I S  A R T I C L E  

m T O T A L  CROSS SECTICINS OF K t -  MESONS AND ANTIPROTONS DN NUCLEONS UP TO 3.3 GEV/C I P H Y S .  REV. D l .  1 9 1 7  1 1 9 7 0 1 1  - R.J.ABRAMS, R.L.COOL. G.GIACOMELL1, T . F . K Y C I A ,  B.A.LEONTIC, K.K.L l r  O.N. M I C H A E L  IBROOKHAVEN NAT. LAB., UPTON, L.1.. Y 
Y.9 U S A 1  

ABSTRACT T O T A L  CROSS SECTIONS OF K + I -  A N 0  PEAR ON HYDROGEN A N 0  DEdTERIUM WERE MEASURED I N  A STANDARD T R A N S M I S S I O N  
EXPERIMENT W I T H  S T A T I S T I C A L  P R E C I S I O N S  OF THE ORDER OF 0.05-0.25 PERCENT. DATA HERE O B T A I N E D  I N  THE MOMENTUM RANGE 
2.45-3.30 G E V l C  FOR K I M I N U S I N ,  1 .55-3.30 G E V l C  FOR K I P L U S I N .  AN0 1.00-3.30 G E V I C  FOR PBAR-N. CROSS SECTIONS FOR THE 
PURE I S O T O P I C  S P I N  S T A T E S  ARE O B T A I N E D  U S I N G  A PROCEDURE FOR T H E  OEUTERIUM DATA WHICH TAKES I N T O  ACCOUNT F E R M l  MOTION 
A N 0  THE SHADOW EFFECT.  E V I D E N C E  FOR THE F O L L D H I N G  NEW STRUCTURES HAS FOUNO - Y I S U B  1 1 * 1 2 4 5 5 1 ,  Y l S U B  1 1 * 1 2 6 2 0 1 ~  Y I S U B  
0 1 * 1 2 5 8 5 1 .  Z I S U B  1 I * 1 2 1 5 D l 7  Z I S U B  1 1 * ( 2 5 3 0 1 ,  P I I S U B  l l * i 2 1 9 0 1 ~  P I I S U B  1 1 * l 2 3 5 0 l r  AND P I I S U B  0 ) * 1 2 3 7 5 1 .  

CLOSELY RELATEO REFERENCES 
SEE A L S O  PHYS. REV. D l r  1 8 8 7  1 1 9 7 0 1 .  
T H I S  A R T I C L E  SUPERSEDES PHYS. REV. LETTERS 1 8 ,  1 2 0 9  1 1 9 6 7 1 .  

B E A M  NO. i IS ANTIPROTON ON PROTON FROM 1.0 T O  3.3 GEVIC. 
NO. 2 I S  ANTIPROTON ON DEUTERON FROM 1.0  TO 3.3 GEVIC.  

T H I S  E X P E R I M E N T  USES COUNTERS. 
GENERAL COMMENTS ON T H I S  A R T I C L E  

1 ABSOLUTE UNCERTAINTY I N  BEAM M3MENTUM +I -0 .5  PERCENT; R E L A T I V E  U N C E R T & I N T Y + I - 0 . 1  PERCENT. 
KEY WORDS * CROSS S E C T I O N  RESONANCE PRODUCTION 

ANTIPROTON PROTON T O T A L  CROSS SECTION.  [ T A B L E  4 1  

LABORATORY 
BEAM MOMENTUM 

G E V l C  
1 . 0 0 0  
1 . 0 5 0  

ill ERRORS ARE S T A T I S T I C A L  ONLY. 
I 2 1  ADD P O S S I B L E  SYSTEMATIC ERROR OF +- 1 PER CENT. .................................................................... 



120 

ANTIPROTON DEUTERON TOTAL CROSS SECT13N. ITABLE 4 1  

HILLIBARNS 1 1 ~ 2 1  
208.18 +- .21 
203.37 .20 
199.84 .19 
197.14 .15 
195.21 - 1 3  
193.77 .13 
191.71 .12 
190.17 .12 
186.19 .12 
183.51 .10 
181.47 .09 

1 1 1  ERRORS ARE STATISTICAL ONLY. 
1 2 1  ADD POSSIBLE SYSTEMATIC ERROR OF +- 1 PER CENT. ............................................................... 

I = 0 ANTIPROTON NUCLEON TOTAL CROSS SECTION. ITABLE 7 1  

GLAUBER + FERMI MOTION CORRECTIONS MADE 

LABORATORY 
BEAM MOMENTUM 

GEVlC MILLIBARNS 11921 
1.000 124.67 +- .66 
1.050 121.40 .55 
1.100 115.87 - 5 2  
1.150 113.45 .39 
1.200 111.19 .35 
1.250 108.31 - 3 3  
1.300 106.45 .32 

1 1 1  ERRORS ARE STATISTICAL ONLY. 
I 2 1  ADO POSSIBLE SYSTEMATIC ERROR OF +- 6 PER CENT. ...................................................................................................................... 



ANTIPROTON NEUTRON TOTAL CROSS SECTION.  I T A B L E  7 1  

T H l S  CROSS S E C T I O N  I S  I D E N T I C A L  T O  THE 111 ANTIPROTON NUCLEON TOTAL LRDSS S E C T I O N  ' 

GLAUBER + F E R M I  M O T I O N  CORRECTIONS W O E  

C 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 2 1  A 0 0  P O S S I B L E  SYSTEMATIC ERROR OF +- 4 PER CENT. 

 ANNIHILATIONS OF 5.7 G E V l C  ANTIPROTONS I N  HYDROGEN I N T O  FOUR CHARGED P I O N S  [PHYS.  L E T T E R S  20,  5 5 7  1 1 9 6 6 1 1  

u ~ ~ ~ ~ ~ ~ ~ ~ l r V . P L L E S - B O R E L L I ~ 8 . F R E N C H . l . F R I S K J . M . H O W I E U . K R I S C H E R L . M C H E J D A  W . G . M C O R H E A D ~ B . W . P O W E L L ~ P P S E Y 8 0 T H ~ P P V I L L E M O E S  
CCERN, GENEVA. S W I T Z E R L A N D 1  

ABSTRACT A N N I H I L A T I Q N S  OF 5.7 G E V l L  ANTIPROTONS I N  HYDROGEN I N T O  FOUR CHARGED P I O N S  HAVE BEEN STUDIED. PRODUCTION OF 
RHO0 AND FO MESONS AND A P O S S I B L E  ENHANCEMENT I N  BOTH P I + -  P I + -  AND P I *  P I -  MASS D I S T R I B U T I O N S  AT 1 . 5 4  GEV I S  SEEN. 
UPPER L I M I T S  F 3 R  Q U A S I -  2-BODY A N N I H I L A T I O N S  ARE GIVEN.  

BEAM I S  ANTIPROTON ON PROTON AT 5.7 GEVIC. 
T H l S  EXPERIMENT USES THE SACLAY 8 1  CM HYDROGEN BUBBLE CHAMBER. 
KEY WORDS r A N N I H I L A T l O N  CROSS S E C T I O N  P I O N  PRODUCTION R H O 1 7 6 5 1  F 1 1 2 6 0 1  
COMPOUND KEY WORDS + A N N I H I L A T I O N  CROSS S E C T I O N  P I O N  PRODUCTION 

CROSS S E C T I O N  FOR ANTIPROTON PROTON - P I +  P I +  P I -  PI - .  [PAGE 5 5 7 1  

Ill ERRORS ARE S T A T I S T I C A L  ONLY. ........................................................................................................................ 
I P A G E  5 5 9 1  

LABORATORY BEAM MOMENTUM = 5.7 GEVIC.  

R E A C T I O N  
ANTIPROTON PROTON - 

R H O 1 7 6 5 1 0  R H O 1 7 6 5 1 0  
R H O 1 7 6 5 1 0  - P I +  P1- t l l  
R H O 1 7 6 5 1 0  - P I +  P I -  1 1 1  

F 1 1 2 6 0 1  F 1 1 2 6 0 1  
F 1 1 2 6 0 1  - P I +  P I -  ill 

R H O 1 7 6 5 1 0  F 1 1 2 6 0 1  
R H O 1 7 6 5 1 0  - P I +  P I -  Ill 
F l l 2 6 0 1  + P I +  P I -  C11 

R H O 1 7 6 5 1 0  P I +  P1-  
R H 0 1 7 6 5 l G  - P I +  P I -  C 1 1  

F l 1 2 6 O l  P I *  P l -  
F 1 1 2 6 0 1  P I *  P I -  C 1 1  

MICROBARNS 

< 1 0 . 0 0  1.95 CONF L E V E L 1  

< 3 1 . 0 0  1 . 9 5  CONF L E V E L 1  

< 2 2 . 0 0  1 .95 CDNF L E V E L )  

Ill F I T T E D  D l S T R l B U T l O N  W I T H  F I X E D  MASS AND W I D T H t  AND THEN TOOK ONLY EVENTS ABOVE I F I T T E O I  BACKGROUND. 
I 2 1  ERRORS I N C L U D E  SYSTEMATICS.  



u ~ . ~ ~ ~ l ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ l  J.BARLOW, L.D.JACOBS. P.HALECK1, L.MONTANETv M.TOMAS [ C E R N *  GENEVA' SWITZERLAND1 
M-DELLA NEGRA? J.COHEN-GANOUNA. B.LDERSTAD [COLLEGE DE FRANCE, P A R I S *  F R A N C E 1  
N.WEST [ L I V E R P O O L  UNIV. ,  L I V E R P O O L ,  ENGLANOI 

ABSTRACT E V I D E N C E  FROM T H E  K KBAR D E U Y  MODE F J R  THE S P L I T T I N G  OF THE A 2  MESON I S  PRESENTED. 

CLOSELY RELATEO REFERENCES 
SEE ALSO NUC. PHYS. 0 3 ,  4 6 9  1 1 9 6 7 1 .  
C O N T I N U A T I O N  OF P R E V I O U S  EXPERIMENT I N  PHYS. L E T T E R S  2 5 8 ,  294 1 1 9 6 7 1 .  AND NUOVO CIMENTO 5 0 ,  7 0 1  1 1 9 6 7 1  

BEAM I S  ANTIPROTON ON PROTON FROM -7  TO 1.2 GEV/C. 
T H l S  EXPERIMENT USES B U B B L E  CHAMBERS. 
K E Y  WOROS - A N N I H I L A T I O N  MESONS RESONANCE PRODUCTION A 2 1  1 3 0 0 1  
COMPOUND KEY WORDS - MESONS RESONANCE PRODUCTION ........................................................................................................................ ........................................................................................................................ 

NO D A T A  PUNCHED FOR T H l S  A R T I C L E  

m K O L  K O 1  ENHANCEMENTS AS OBSERVE0 I N  A N N I H I L A T I O N S  OF SLOW ANTI-PROTONS I N  HYDROGEN. [PHYS. LETTERS 298.  2 4 1  I 1 9 6 9 1 1  

ABSTRACT 
PRESENCE 

EXPERIMENTAL 
OF THE S* A N 0  

RESULTS ARE PR 
T H E  FO MESONS. 

ESENTEO D I S C U S S E D  FOR THE 

CLOSELY RELATEO REFERENCES 
C D 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 M E N T  I N  NUOVO CIMENTO 5 0 .  7 0 1  1 1 9 6 7 1 .  

BEAM NO. 1 I S  ANTIPROTON ON PROTON AT - 7  GEVIC. 
ANTIPROTON ON PROTON AT 1.2 GEVIC.  

I T  USES T H E  SACLAY 8 1  C H  HYDROGEN &I .--. .-,. ..-"-..- 
i MESONS RESONAI 

SYSTEM THRESHOLD, WITH EVIDENCE FOR THE 

NO DATA PUNCHED FOR T H I S  A R T I C L E  

IEttYloENcE FOR A NON-STRANGE I = 1 MESON OF MASS 1 5 4 0  MEV. [PHYS. L E T T E R S  2 9 0 1  3 7 9  1 1 9 6 9 1 1  

-M.AGUILAR-BENITEZ, J.BARLCW, L.O.JACOBS, P.MALECKI, L-WNTANET [CERN, GENEVA. SWITZERLANDI 
C.OakNOLAUr A.&STlER. J.COHEN-GANOUVA. M.0ELLA-NEGRA, B.LDERSTAO [COLLEGE OE FRANCE* P A R I S *  F R A N C E I  

ABSTRACT E V I D E N C E  I S  PRESENTED FOR THE E X I S T E N C E  OF A NON-STRANGE I S O S P l N  1 MESON WITH MASS MO APPROX. = 1 5 4 0  REV AN0 
U I D T H  GAMMA0 APPRDX = 4 0  MEV D E C A Y I N G  I N T O  K*KBAR AN0 KBAR* K. S P I N - P A R I T I E S  PREFERRED ARE 2-  A4D 1+ Ill. 

BEAU f S ANTIPROTON ON PROTON AT .7 GEVIC.  
T H I S  EXPERIMENT USES THE SACLAY 8 1  CM HYDROGEN BUBBLE CHAMBER. 
KEY  WOROS - A N N I H I L A T I O N  MESONS RESONANCE PRODUCTION 
COMPOUND K E Y  WOROS - MESONS RESONANCE PRODUCTION 

NO D A T A  PUNCHED FOR T H I S  A R T I C L E  

AN A N A L Y S I S  OF THE R E A C T I O N  PBAR P * KO KOBAR P I +  P I -  AT 0.7 G E V I C  AND THE S P I N - P A R I T Y  OF THE F l  MESON. INUC.  PHYS. 
8 1 4 .  1 9 5  1 1 9 6 9 1 1  

M.AGUILAR-BENITEZ,  J-BARLOWI L.O.JACOBSI P.MALECKII L.MONTANET I C E R N ,  GENEVA. S W I T Z E R L A N D ]  
C.DaANDLAU1 A . A S T I E R r  J.COHEN-GANOUNA. M.DELLA-NEGRA. B.LOERSTA0 [COLLEGE DE FRANCE, P A R I S ,  FRANCE1 

ABSTRACT E X P E R I M E N T A L  RESULTS ARE PRESENTED ON THE R E A C T I O N S  PBAR P * K O 1  K O 1  P I +  P I -  AND PBAR P * K O 1  K O 1  P I +  P I -  AT 
0.7 G E V I C .  THE P R O D U C T I O N  OF K*,S*. FOI P H I ,  RHO I S  OBSERVED. AS #ELL AS THE RECENTLY PROPOSED F 1  MESON - I T S  
S P I N - P A R I T Y  QUANTUM NUMBERS ARE DISCUSSED. 

CLOSELY RELATEO REFERENCES 
SEE ALSO PHYS. L E T T E R S  2 9 8 .  3 7 9  1 1 9 6 9 1 .  

BEAM I S  ANTIPROTON ON PROTON AT .7 G E V I C .  
T H I S  EXPERIMENT USES THE SACLAY 8 1  CM HYDROGEN BUBBLE CHAMBER. A TOTAL OF 3 6 0 0 0 0  P I C T U R E S  &RE REPORTED ON. 
K E Y  WOROS - A N N I H I L A T I O N  MESONS PRODUCTION 
COMPOUNO K E Y  WORDS r MESONS PRODUCTION ........................................................................................................................ ........................................................................................................................ 

NO DATA PUNCHED FOR T H I S  A R T I C L E  



P O L A R I Z A T I O N  I N  E L A S T I C  ANTIPROT3N-PROTON SCATTERING BETdEElJ  0.9 AN0 2.5 GEVIC.  INUC.  PHYS. 8 3 7 .  3 4 9  1 1 9 7 2 1 1  

H.G.ALBROW9 S.ANDERSS~N/ALMEHEOI B . B O S N J A K O V I C ~  C - O A U d r  F.C.ERNE, Y-KIMURA,  J.P.LAGNAUXv J.C.SENSv F-UOO ICERN, GENEVA, 
S W I T Z E R L A N D 1  

ABSTRACT P O L A R I Z A T I O N  AND D I F F E R E N T I A L  CROSS-SECTIOU D A T A  ARE PRESENTED FOR E L A S T I C  SCATTERING OF ANTIPROTONS ON 
P O L P R I Z E D  PROTDNS AT E I G H T  MOMFNTA BETWEEN 0.9 AND 2 . 5  G E V I C .  THE DATA ARE F I T T E D  W I T H  A D I F F R A C T I O N  MODEL. 

BEAM I S  ANTIPROTON ON HYDROGEN FROM .9 T O  2.5 GEVIC.  
T H I S  E X P E R I M E N T  USES COUNTERS. 
K E Y  WORDS - E L A S T I C  S C A T T E R I N G  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 ANTIPROTON PROTON. I T A B L E  

LABORATORY BEAM MOMENTUM = . 9 1  GEVIC.  

C O S I T H E T A I  1 1 1  
. 7 3  
- 6 8  

P O L A R I Z A T I O N  1 Z r 3 1  
. 3 6  +- . l o  
- 3 5  . 1 5  
. 3 0  . 0 9  
- 2 8  . 0 8  
. 3 7  .ll 

THETA I S  T H E  ANGLE THAT THE ANTIPROTON MAKES W I T H  THE BEAM I N  THE GRAND C.M. 
T H E  P O L A R I Z A T I O N  I S  OF THE PROTON ALONG THE NORMAL TO THE PRODUCTION PLANE I N  T H E  GRAND C.M. 

1 1 1  MEAN VALUES. 
1 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 3 1  A 0 0  P O S S I B L E  S Y S T E M 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 ANTIPROTON PROTON. [ T A B L E  2 1  

LABORATORY BEAM MOMENTUM = 1.005 GEVIC.  

THETA 1 5  THE ANGLE THAT THE ANTIPROTON MAKES W l T H  THE BEAM I N  THE GRAND C.M. 
THE POLARIZATION IS OF THE PROTON ALONG THE NORMAL TO THE PRODUCTION PLANE IN THE GRAND c.n. 

111 WEAN VALUES. 
1 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 3 1  ADD P O S S I B L E  SYSTEMATIC 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 ANTIPROTON PROTON. [ T A B L E  3 1  

LABORATORY BEAM MOMENTUM = 1 . 0 4 8  GEVIC.  

C O S I T H E T A )  111 P O L A R I Z A T I O N  1 2 . 3 1  

. 5 2  - 2 2  - 1 6  
- 5 0  - 1 3  .2O 
. 4 6  . 2 5  .23 
. 4 3  . 5 4  .26 
. 4 0  .22 . 3 8  
- 3 7  . 4 2  . 3 9  
- 3 2  - 6 2  - 6 5  
. 2 9  -.76 - 3 8  
. 2 0  . 7 6  . 5 3  
. 1 2  . 0 9  . 3 7  
. 0 5  - 4 7  .32 

- .04 - 5 1  . 4 5  
- . I 5  . 3 3  . 2 8  
-.25 .OO . 3 3  
-.33 .4* . 5 9  
-.41 - . I 5  . 5 6  
-.50 .32 . 5 9  
- .63 - .19 . 7 T  
-.b9 .05 1 .13 

T H E T A  I S  THE ANGLE THAT THE ANTIPROTON MAKES W l T H  THE BEAM I N  THE GRAND C.M. 
T H E  P O L A R l Z A T l O N  I S  OF THE PROTON ALONG THE NORMAL TO THE PRODUCTION PLANE I N  T H E  GRAND C.M. 

Ill MEAN VALUES. 
1 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 3 1  ADD P O S S I B L E  S Y S T E M 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 A N T I P R O T O N  PROTON. [ T A B L E  4 1  

LABORATORY BEAM MOMENTUM = 1 . 1 7 5  GEVIC.  

C O S I T H E T A I  C 1 1  P O L A R I Z A T I O N  1 2 , 3 1  
. 8 2  - 1 4  +- . 0 9  
-77  - 2 1  - 0 6  
. 7 0  . 3 6  . 0 7  
.65 - 2 9  . 0 9  
. 5 7  - 3 3  . 0 9  . 4 9  . 3 2  . 1 9  
. 4 3  -.20 . 2 9  
. 3 6  . 2 8  . 3 6  
. 2 9  - 0 9  . 3 2  
.20 -.05 . 2 4  
.ll -.06 . 2 4  
.02 . 4 3  . 1 7  

-.07 - 2 5  - 3 6  
- . I 6  . 3 9  . 2 3  
-.31 . 2 7  . 2 0  
-.42 - 2 8  . 3 6  
-.54 - 0 4  . 4 1  
-.69 -.35 . 4 7  

THETA I S  THE ANGLE T H A T  THE ANTIPROTON MAKES W I T H  THE BEAM I N  THE GRANO C.M. 
THE P O L A R I Z A T I O N  I S  OF T H E  PROTON ALONG THE NORMAL TO THE PRODUCTION PLANE I N  THE GRANO C.M. 

111 MEAN VALUES. 
C 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
( 3 1  ADD P O S S I B L E  S Y S T E H 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 A N T I P R O T O N  PROTON. [ T A B L E  5 1  

LABORATORY BEAM MOMENTUM - 1 . 2 5 5  GEVIC. 

THETA I S  THE ANGLE THAT T H E  ANTIPROTON MAKES W I T H  THE BEAM I N  THE GRANO C.M. 
T H E  P O L A R I Z A T I O N  I S  OF T H E  PROTON ALONG THE NORMAL TO THE PRODUCTION PLANE I N  THE GRAND C.M. 

1 1 1  MEAN VALUES. 
C 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 3 1  A 0 0  P O S S I B L E  S Y S T E M A T I C  ERROR OF +- 5 PER CENT. ................................................................................................. 

E L A S T I C  P O L A R l Z A T l O N  FOR A N T I P R O T O N  PROTON. [ T A B L E  6 1  

LABORATORY BEAM MOMENTUM = 1 . 3 3  G E V I C .  

COS(THETA1 1 1 1  P O L A R I Z A T I O N  1 2 1 3 1  
.B3 . 1 6  +- . 0 8  
. 7 7  . 2 3  - 0 5  
. 7 2  . 1 2  . 0 8  
. 6 7  . 5 1  - 1 3  
. 6 4  . 5 7  . 1 2  
.57 . 2 0  . 1 7  

5 1  - 3 0  . 1 8  
. 4 4  -.07 - 2 5  
. 3 8  - . l o  - 2 6  
. 3 1  - . 0 1  . 1 9  
. 2 1  -.08 - 1 6  
. 1 3  . 4 5  - 2 3  

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES 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  OF T H E  PROTON ALONG T H E  NORMAL TO THE PRODUCTION PLANE I N  THE GRAND C.M. 

Ill MEAN VALUES. 
1 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
L 3 1  ADD P O S S I B L E  S Y S T E M A T I C  ERROR OF +- 5 PER CENT. ................................................................................................. 



ELASTIC  POLARIZATION FOR ANTIPROTON PROTON. [TABLE 7 1  

LABORATORY BEAM MOMENTUM = 1 . 7 4  GEVIC.  

COSITHETAI  C11  POLARIZATION L2 .31  

THETA IS THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM IN THE GRAND c.n. 
THE POLARIZATION I S  OF THE PROTON ALONG THE NORMAL TO THE PROOUCTION PLANE I N  THE GRAND C.M. 

Ill MEAN VALUES. 
1 2 1  ERRORS ARE STAT IST ICAL  ONLY. 
1 3 1  ADO POSSIBLE SYSTEMATIC ERROR OF t- 5 PER CENT. ............................................. ........................................................................... 

ELASTIC  POLARIZATION FOR ANTIPROTON PROTON. [TABLE 0 1  

LABORATORY BEAM MOMENTUM = 2.5 GEVIC. 

POLARIZATION 1 2 9 3  1 
-11 +- .03  
.20 . 0 5  
- 2 6  . 05  
. 3 2  - 1 9  
- 0 1  . 1 7  
. 03  . 17  
- 0 2  . I 3  
.03 . 1 4  
. 05  . 22  
. 10  . 1 2  
.07 . 1 7  
. 0 4  . 1 5  
.26 .19 
. 08  . 21  

-.50 . 32  
-.20 . 4 4  
-.a3 . 43  

- 2 1  . 3 6  
. 0 4  . 5 0  
. 08  . 39  
- 7 3  . 38  

-1.03 . 47  
-.B5 . 4 2  
-.05 .97 
-.49 .65 
-.69 .77 
-.76 . 93  

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRANO C.M. 
THE POLARIZATION I S  OF THE PROTJN ALONG THE NORMAL TO THE PRODUCTION PLANE I N  THE GRANO C.M. 

I 1 1  MEAN VALUES. 
1 2 1  ERRORS ARE STAT IST ICAL  ONLY. 
[ 3 1  A00  POSSIBLE SYSTEMATIC ERROR OF +- 5 PER CENT. 

HEAVY-BOSON PRODUCTION I N  PBAR P MULT lP ION A N N I H I L A T I O N  AT 6.94 GEVlC IPHYS.  REV. LETTERS 25.  6 3  I 1 9 7 0 1 1  

G.ALEXANDER, I.BAR-NIRI S.OAGANv G.GlOAL, J.GRUNHAUS, A.LEVY. Y.OREN. J.SCHLESINGER I T E L - A V I V  UNIV.. RAMAT AVIV,  I S R A E L I  

ABSTRACT PRODUCTION OF HEAVY BOSONS I S  STUDIED I N  PBAR P SIX-PRONG ANNIH ILAT IONS AT 6.94 GEVIC. EVIDENCE I S  PRESENTED 
FOR THE EXISTENCE OF A HEAVY BOSON WITH A MASS OF 3 .035  GEV AND A FULL  U l D T H  OF 0 .200  GEV DECAYING INTO FOUR AND S I X  
PIONS. THE POSSIBLE EXISTENCE OF ANOTHER BOSON AT 3.4 GEV I S  ALSO OISCUSSEO. 

CLOSELY RELATED REFERENCES 
DATA SUPERSEDED BY NUC. PHYS. 623 ,  5 5 7  1 1 9 7 0 1 .  
T H I S  ARTICLE SUPERSEDES PART OF PHYS. REV. 1 7 3 ,  1 3 0 7  119681 .  

BEAM I S  ANTIPROTON ON PROTON AT 6.94 GEVIC.  
T H I S  EXPERIMENT USES THE BNL 8 0  I N .  HYMlOGEV BUBBLE CHAMBER. A TOTAL OF 2 5 0 0 0  PICTURES ARE REPORTED ON. 
KEY WOROS r A N N l H l L A T I O N  MESONS PRODUCTION 
COMPOUND KEY WOROS - MESONS PRODUCTION 

NO DATA PUNCHED FOR T H I S  ARTICLE 



Ð GENERAL FEATURES 3F PEAR P A N N I H l L A T l O N  I N T O  S I X  CHARGED P I O N S  AT 6 . 9 4  G E V l C  I N C I D E N T  MOMENTUM. LNUC. PHYS. 8 2 3 ,  5 5 7  
097011  
I 

G.ALEXANOER, I.BAR-NIR, S.OAGAN. A.FRIOMAN, G.GIDAL7 J.GRUNHAUSI A.LEVY, Y-OREN [ U N I V E R S I T Y  OF T E L - A V I V *  TEL-AVIV,  I S P A E L 1  

ABSTRACT THE R E A C T I O N S  PBAR P - 3 P I +  3 9 1 -  M P I 0  I M  2 0 1  HAVE BEEN S T U D I E D  AT AN I N C I D E N T  MOMENTUM OF 6.94 GEVIC.  THE 
FOLLOWING CROSS S E C T I O N S  HAVE BEEN OBTAINED.  

S I G H A  I P B A R  P r 3 P I +  3 P I - I  = 0.25 t 0 . 0 3  M B t  
S I G M A  I P B A R  P r 3 P I +  3 P I -  P I O )  = 1 . 5 7  +- 0 . 1 1  MB, 

S I G M A  I P B A R  P + 3 P I +  3 P I -  M P I 0 1  = 3 . 6 5  +- 0 . 2 4  MBv I M  r 21.  
THE ANGULAR D I S T R I B U T I O N S  AND THE TRANSVERSE AND L O N G I T U D I N A L  MOMENTUM O I S T R I B U T I O N S  FOR THE OUT GOING P I O N S  ARE 

PRESENTED A N 0  COMPARE0 W I T H  T H E  LORENTZ I N V A R I A N T  PHASE SPACE. THE C O L L I M A T I O N ~  ASYMMETRY AND TWO-PARTICLE CORRELATION 
PARAMETERS ARE G I V E N .  T H E  ROLE OF BOSON RESONANCE PROOUCTION HAS BEEN I N V E S T I G A T E D .  

CLOSELY RELATEO REFERENCES 
SEE ALSO PHYS. REV. 1 7 3 9  1 3 0 7  1 1 9 6 8 1 .  
T H I S  A R T I C L E  SUPERSEDES PHYS. REV. L E T T E R S  25.  6 3  ( 1 9 7 0 1 .  

BEAM I S  ANTIPROTON ON PROTON AT 6.94 GEVIC.  
T H I S  EXPERIMENT USES THE B N L  8 0  I N .  HYDROGEN BUBBLE CHAMBER. A T O T A L  OF 2 5 0 0 0  P I C T U R E S  ARE REPORTED DN. 
K E Y  WORDS - A N N I H I L A T I O N  CROSS S E C T I O N  MESONS PRDOUCTlON 
COMPOUND K E Y  WORDS - A N N I H I L A T I O N  CROSS S E C T I O N  MESONS PRODUCT I O N  

[ T A B L E  1 1  
LABORATORY BEAM MOMENTUM = 6 . 9 4  GEVIC.  

R E A C T I O N  
ANTIPROTON PROTON - 

P I +  P I +  P I +  P I -  P I -  P I -  
P I +  P I +  P I +  P I -  P I -  P I -  P I 0  
P I +  P I +  P I +  P I -  P1-  P I -  Mf422PIO 
S I X  PRONG P I O N  A N N I H I L A T I O N  

M I L L I B A R N S  I 1  1 NO. EVENTS 

I11 ERRORS I N C L U O E  SYSTEMATICS.  ........................................................................................................................ 
CROSS S E C T I O N  FOR ANTIPROTON PROTON - R H O 1 7 6 5 1 0  P I +  P I +  P I -  PI-. 1 1 1  [PAGE 5 7 1 1  

R H D l 7 6 5 1 0  - P I +  P1- 

BREIT-WIGNER F I T  Y I E L D S  A PROOUCTlON RATE OF (1 .0  +- 0.31 RHO MESON PER EVENT FOR S I X - P I O N  CHANNEL [MASS = . 7 3 1  GEV; 
W I D T H  = . 0 4 6  G E V I  

LABORATORY 
BEAM MOMENTUM 

G E V I C  M I L L I B A R N S  [ 2 1  
6 . 9 4  . 2 5  +- .OB 

111 CALCULATEO BY US FROM DATA I N  T H I S  ARTICLE.  
I.? 1 ERRORS I N C L U D E  SYSTEMATICS.  ................................................................................................. 

CROSS S E C T I O N  FOR ANTIPROTON PROTON - OMEGA17831 P I +  P I +  P I -  PI - .  t l l  [PAGE 5 7 3 1  
OMEGA17831 - P I +  P I -  P I 0  

F I T  Y I E L D S  A PROOUCTION R A T E  OF 10.27 +- 0 . 0 9 1  OMEGA MESONS PER EVENT FOR SEVEN-PION CHANNEL [MASS = .785:  W l O T H  = 
. O l B l  

LABORATORY 
BEAM MOMENTUM 

G E V l C  M I L L I B A R N S  1 2 1  
6 . 9 4  . 4 2 4  *- - 1 4 1  

1 1 1  CALCULATEO BY US FROM OATA I N  T H I S  A R T I C L E .  
I 2 1  ERRORS I N C L U O E  SYSTEMATICS.  

TOTAL CROSS S E C T I O N S  OF P I - .  K-. AND P B A R  ON PROTONS AND DEUTERONS I N  THE MOMENTUM RANGE 2 0 - 6 5  G E V I C  I P H Y S .  L E T T E R S  
3 0 8 ,  5 0 0  1 1 9 6 9 1 1  

J.V.ALLABY, Y.B.BUSHNIN, S.P.0ENISOV. A.N.DIDOENS7 R.Y.OOBINSONI S.V. OONSKOVT G.GIACOMELLI I  Y.P.GORIN7 A.KLOVNING9 
A.I.PETRUKHIN9 Y.D.PROKOSHKIN. R - S S H U V A L O V .  C-A-STAHLBRANOTI  D.A.ST0YANDVA I C E R N ,  GENEVA. SUITZERLAND, AN0 I N S T .  OF 
H I G H  EN. PHYS.. SERPUKOV. U S S R 1  

ABSTRACT T O T A L  CROSS-SECTION OATA ARE PRESENTED FOR N E G A T I V E  PIONS,  KAONI A N 0  ANTIPROTONS ON PROTONS AND DEUTERONS I N  
T H E  MOMENTUM RANGE 2 0  G E V l C  TO 6 5  G E V l C  I N  5 G E V l C  STEPS. 

CLOSELY RELATEO REFERENCES 
SEE ALSO S O V I E T  J N P  1 2 ,  2 9 5  1 1 9 7 1 1 .  

BEAM NO. 1 I S  ANTIPROTON ON PROTON FROM 2 0  TO 5 0  GEVIC.  
NO. 2 I S  ANTIPROTON ON DEUTERON FROM 2 0  TO 5 0  G E V I C .  

T H I S  EXPERIMENT USES COUNTERS. - .  
K E Y  WORDS - CROSS S E C T I O N  



ANTIPROTON PROTON T O T A L  CROSS SECTION.  

LABORATORY 
BEAM MOMENTUM 

2 0 .  *- r 
2 5 .  1 
3 0 .  1 
3 5 .  1 

M I L L I B A R N S  

127 

[ T A B L E  11 

c 11 

I 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. 

ANTIPROTON DEUTERON TOTAL CROSS SECTION.  [ T A B L E  1 1  

LABORATORY 
BEAM MOMENTUM 

G E V l C  
PER CENT 

2 0 .  +- 1 
25.  1 
3 0 .  1 
3 5 .  1 
40. 1 
4 5 .  1 
5 0 .  1 

M I L L I B A R N S  Ill 

E l 1  ERRORS ARE S T A T I S T I C A L  ONLY. ........................................................................................................................ 
ANTIPROTON NEUTRON TOTAL CROSS SECTION.  [ T A B L E  1 1  

T H I S  CROSS S E C T I O N  I S  I D E N T I C A L  TO THE 1 = 1  ANTIPROTON NUCLEON TOTAL CROSS S E C T I O N  

GLAUBER + F E R M I  MOTION CDRRECTIONS MADE 

LABORATORY 
BEAM MOMENTUM 

G E V l C  
PER C E N l  

20.  +- 1 
25.  1 
30. 1 
3 5 .  1 
4 0 .  1 
4 5 .  1 
5 0 .  1 

M I L L I B A R N S  L 1 . 2 1  

E l 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
t 2 1  ADO P O S S I B L E  SYSTEMATIC ERROR OF t- 3 PER CENT. 

T O T A L  I N T E R A C T I O N  CROSS SECTIONS AND ABSORPTION CROSS SECTIONS OF P I -  AN0 K- MESONS AND ANTIPROTONS I N  THE MOMENTUM R E G I O N  I 12 1 FROM 2 0  TO 6 5  B E V I C .  t S O V I E T  J N P  1 2 ,  2 9 5  C l ' 2 7 l l l  

J.C.ALLABY, Y.B.BUSHN1Nv Y.P.GORIN, S.P.DENISOV1 G.GIACOMELLIr  A.N.OIOOENSI R.W.DOBINSONI S.V.DONSKOVI A.KLOVNINGv 
A.I.PETRUKHIN, Y.O.PROKOSHKIN, C.A.STAHLBRAN0T. O.A.STOYANOVA, R.S.SHUVAL0V [CERN. GENEVA. SWITZERLAND, AND I N S T .  OF 
H I G H  EN. PHYS., SERPUKOV. USSR1 

ABSTRACT TOTAL CROSS SECTIONS HAVE BEEN MEASUREO FOR INTERACTION OF P I -  A N 0  K- MESONS A N 0  ANTIPROTONS WITH PROTONS A N 0  
DEUTERONS I N  THE MOMENTUM REGION 2 0 - 6 5  B E V l C  I N  5 - B E V I C  STEPS. THE ABSORPTION CROSS S E C T I O N S  FOR THE SAME P A R T I C L E S  
HAVE BEEN MEASUREO FOR THE N U C L E I  HE, L I r  BE, C *  AL,  CUI SNI P B r  AN0 U. 

CLOSELY R E L A T E D  REFERENCES 
C O N T I N U A T I O N  OF PREVIOUS EXPERIMENT I N  PHYS. L E T T E R S  3 0 8 .  5 0 0  1 1 9 6 9 ) .  

JNTERS. 

I = 0 ANTIPROTON NUCLEON T O T A L  CROSS SECTION.  [ T A B L E  7 1  

GLAUBER + F E R M I  MOTION CORRECTIONS W O E  

LABORATORY 
BEAM MOMENTUM 

G E V l C  
PER CENT 

20.  +- 1 
2 5 .  1 
3 0 .  1 
3 5 .  1 
4 0 .  1 
4 5 .  1 
5 0 .  1 

M I L L I B A R N S  [ 1 1 2 1  

1 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
C 2 1  ADO P O S S I B L E  SYSTEMATIC ERROR W +- 3.5 PER CENT. 



OBSERVATION OF S P I N  ALIGNMENT OF RESONANCES PRODUCED I N  THE 3-BODY REACTIONS PBAR P - PBAR P OMEGAO AND PBAP P r NBARI- 

................................... 

V.ALLES-BORELLI. B.FRENCH9 A - F R I S K *  L.MICHEJ0A [CERNI GENEVA, SWITZERLAND1 

ABSTRACT THE REACTION PBAR P * PBAR P P I -  P I +  P I 0  HAS BFEN STUDIED AT 5.7 GEVIC I N  THE 8 1  CM SACLAY HYOROGEN BUBBLE 
CHAMBER. PRODUCTION OF OMEGAO AN0 ETA0 MESONS HAS BEEN OBSERVEO. THE OMEGAO MESONS ARE COLLIMATED I N  THE FORWARD AND 
BACKWARD DIRECTIONS I N  THE C.M.S. THE DECAY ANGULAR D lSTRIBUT lON OF THE OMEGAO INDICATES THAT I T  I S  PROOdCEO WITH THE 
S P I N  ALIGNED I N  THE PLANE PERPENDICULAR TO THE INCIDENT PEAR IOR P I  MOMENTUM TRANSFORMED TO THE OMEGAO REST FRAME, AN 
EFFECT WHlCH I S  ENHANCED WHEN THE FOUR-MOMENTUM TRANSFER T I S  L IMITED TO / T I  < 0 .5 lGEVIC l * *2 .  I T  HAS BEEN FOUND THAT OF 
THE OBSERVEO N*112381++ AND NBAR*112381-- ISOBARS ABOUT 80  PERCENT ARE PRODUCED I N  PAIRS I N  THE 3-BOOY REACTION PBAR P - NBAR*-- N*++ PIO. I N  T H I S  REACTION THE N* ISOBARS ARE PRODUCED I N  ALIGNED STATES WITH THE S P I N  DIRECTIONS OF THE N* 
AN0 NBAR* BEING STRONGLY CORRELATED SUCH THAT THERE ARE FEW EVENTS I N  WHICH BOTH THE N* AND NBAR* OECAY WITH THE P AN0 
PBAR FROM THE ISOBARS MAKING LARGE ANGLES RELATIVE TO I N I T I A L  P OR PBAR OIRECTlON TRANSFORMED INTO THE ISOBAR REST 
FRAME. 

BEAM I S  ANTIPROTON ON PROTON AT 5.7 GEVIC. 
T H I S  EXPERIMENT USES THE SACLAY 8 1  CM HYOROGEN BUBBLE CHAMBER. 
KEY WORDS - CROSS SECTION RESONANCE PRODUCTION OELTA l123B l++  ........................................................................................................................ ........................................................................................................................ 

[PAGE 4 4 0 1  
LABORATORY BEAM MOMENTUM = 5.7 GEVIC. 

REACTION 
ANTIPROTON PROTON - 

4 PRONGS 
ANTIPROTON PROTON P I +  P I -  P I 0  

M l  L L I  BARNS C 11 

I 1 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 
LABORATORY BEAM MOMENTUM - 5.7 GEVIC. 

REACTION 
ANTIPROTON PROTON - 

ANTIPROTON PROTON OMEGA17831 
OMEGA17831 P I +  P I -  P I 0  1 2 1  

ANTIPROTON PROTON ETA15481  
ETA15481  * P I +  P I -  P I 0  1 2 1  

MlCROBARNS ill 

233. +- 36. 

43. 8. 

I 1 1  ERRORS INCLUDE SYSTEMATICS. 
I 2 1  F ITTED FOR MASS AND/OR WIDTHt AND THEN TOOK ONLY EVENTS ABOVE ( F I T T E D )  BACKGROUND. 

I PAGE 4 4 9 1  
LABORATORY BEAM MOMENTUM = 5.7 GEVIC. 

REACTION 
ANTIPROTON PROTON - 

ANTIOELTA l12381- -  OELTA112381++ P I 0  
ANTIDELTA l12381- -  * ANTIPROTON P I -  
OELTA l l2381++  . PROTON P I +  

ANTIDELTAl12381--  PROTON P I +  P I 0  
A N T I O E L T A l l 2 3 B l - -  + ANTIPROTON P I -  

ANTIPROTON P I -  OELTA112381++ P I 0  
O E L T A l l 2 3 8 1 + +  * PROTON P I +  

ANTIPROTON P I -  OELTA l12381++  P I 0  + CHARGE 
CONJUGATE 
DELTA1 12381++ - PROTON P I +  

MICROBARNS I11 

500 .  +- 95. 1 2 1  

Ill ERRORS INCLUDE SYSTEMATICS. 
I 2 1  MADE DVERALL F I T  TO F I N A L  STATE. 
1 3 1  CALCULATED BY US FROM OATA I N  THIS  ARTICLE. 

~ P R O ~ ~ : : : ~ ~ F ~ ~ ~ ~ ~ : I  AN0 N * l l 6 8 0 1  ISOBARS I N  P B A R P  INTERACTIONS AT 5.7 GEV/C. DETERMINATION OF THEIR MOTHS AN0 DECAY 
INUDVO CIRENTO 47A1 2 3 2  1 1 9 6 7 1 1  

V.ALLES-BORELLII 0-FRENCH. A.FRISK, AN0 L.MICHEJ0A ICERNI GENEVA. SWITZERLAND1 

ABSTRACT THE NUCLEON ISOBARS N * l 1 5 1 8 I  AND N*116881  ARE OBSERVED I N  INELASTIC  INTERACTIONS OF 5.7 GEVIC ANTIPROTONS I N  
HYDROGEN. THE WIDTHS OF BOTH OF THEM ARE FOUND TO BE SMALL 1 1 5 5  +/- 1 5 1  MEV AN0 1 7 0  + I -  2 0 1  MEV RESPECTIYELYI,  I N  
AGREEMENT WITH RECENT PHASE-SHIFT OATA. THE 2-BODY TO +BODY BRANCHING RATIOS ARE ESTIMATED (BEING 1.25 + 0.44 OR -0.71 
I N  THE CASE OF THE W 1 1 5 1 8 1  AND LESS THAN 1.26 WITH 95 PERCENT CONFIDENCE FOR THE N * l 1 6 8 8 1 1  AM0 SHOW THAT THE 
I N E L A S T I C I T I E S  OF BOTH RESONANCES I N  P I ( - I P  SCATTERING ARE HIGH. A DETAILED STUDY OF THE +BODY N P I  P I  DECAYS PROVIDES 
NO EVIDENCE I N  EITHER CASE FOR,THE CASCADE OECAY INTO N*112381  + P I .  DEVIATIONS FROM UNIFORM POPULATION OF THE OALITZ 
PLOTS FOR THE 3-BODY DECAYS ARE OBSERVEO AND ARE STUDIED I N  TERMS OF THE 3-BODY OECAY MATRIX ELEMENTS. UPPER L I M I T S  FOR 
OECAY OF THE N I l l b 8 8 1  INTO N ETA AND LAMBDA K F I N A L  STATES ARE ESTIMATED. 

CLOSELY RELATED REFERENCES 
CONTINUATION OF PREVIOUS EXPERIMENT I N  NJOVO ClMENTO 461 ,  4 3 8  119661.  
ANALYSIS OF THESE OATA I N  P W S .  LETTERS 1 7 1  1 6 6  119651.  

BEAM I S  ANTIPROTON ON PROTON AT 5.7 GEVIC. 
T H I S  EXPERIMENT USES THE SACLAY 0 1  CM HYDROGEN BUBBLE CHAMBER. 
KEY WORDS * CROSS SECTION RESONANCE PRODUCTION N*115201013  *N*116881*  

LABORATORY BEAM MOMENTUM - 5.7 GEVIC. 

REACTION 
ANTIPROTON PROTON - 

ANTIPROTON PROTON P I +  P i -  
ANTIPROTON NEUTRON P I +  P I +  P I -  
PROTON ANTINEUTRON P I -  P I -  P I +  
ANTIPROTON NEUTRON P I +  P I +  P I -  + CHARGE 

CONJUGATE 

I PAGE 2 3 3  1 

1 1 1  ERRORS INCLUDE SYSTEMATICS. 
1 2 1  CALCULATED BY US FROM OATA I N  THIS  ARTICLE. 

M I  LLIBARNS 1 1  1 



THE REACTION P PBAR N * l 3 , 3 1  ANT I  N*13.3)  AT 5.7 GEVIC. [NUOVO CIMENTO 48A, 3 6 0  1 1 9 6 7 1 1  

V.ALLES-BORELLI ,  B.FRENCH1 A.FRISK9 L.MICHEJ0A CCERNI GENEVA* SWITZERLAND1 

ISTRACT A STUDY OF 3 6 3 8  EVENTS OF THE REACTION P PEAR - P PBAR P I +  P I -  AT 5.7 GEV lC  I N  THE 8 1  CM SACLAY HYOROGEN 
BUBBLE CHAMBER I S  REPORTED. THE MEASUREMENTS WERE MADE WITH THE CERN HPO SYSTEM. THE CROSS SECTION FOR THE CHANNEL P 
PEAR r P PBAR P I +  P I -  WAS FOUND TO BE 13 .31  + / -  0 .161  MB. ABUNDANT ASSOCIATED PROOUCTION OF N*13 ,31112381  ANT I -N* l3 ,31  
1 1 2 3 8 1  HAS BEEN OBSERVED. THE CROSS SECTION FOP THE PROCESS P PBAR - N*13,31 ANTI-N* l3.31 I S  12.08 +/- 0.141 MB WHICH 
CORRESPONDS TO 163  +/- 3 )  PERCENT OF THE TOTAL CROSS SECTION FOR THE STUDIED CHANNEL. THE PRODUCTION MECHANISM OF 
N*13.31 A N T I - N * l 3 t 3 1  HAS BEEN INVESTIGATED AND THE EXPERIMENTAL RESULTS COMPARED WITH VARIOUS PREDICTIONS OF THE 
ONE-PION EXCHANGE MODEL MODIF IED TO TAKE INTO ACCOUNT ABSORPTION I N  THE I N I T I A L  AN0 F I N A L  STATES IABSORPTION MOOELI. 
THE SLOPE OF THE O IFFERENTIAL  CROSS SECTION I S  RATHER WELL REPRODUCED BY T H I S  MODE* THE EXPERIUENTAL VALUE I S  HOWEVER 
EXCEEDED BY A FACTOR OF ABOUT THREE. THE DECAY PARAMETERS OF THE JOINT  DECAY D I S T R I B U T I O N  HAVE BEEN MEASURED AND FOUNO 
TO BE  I N  REASONABLE AGREEMENT WITH THE THEORETICAL PREDICTIONS. A SMALL CORRELATION BETWEEN THE DECAY ANGLES OF THE 
N*13.31 AND ANTI -N* l3 ,3 )  RESPECTIVELY OF 0.10 +/- 0.04 HAS BEEN FOUNO AND I S  I N  AGREEMENT WITH THE PREDICTION OF 0.05 
FROM THE ABSORPTION MODEL. 

CLOSELY RELATE0  REFERENCES 
CONTINUATION OF PREVIOUS EXPERIMENT I N  PHYS. LETTERS 2 0 1  5 5 7  119661 .  NUOVO CIMENTO 4 6 A r  4 3 8  119661 .  AND NUOVO CIMENTO 

47A .  2 3 2  1 1 9 6 7 ) .  

BEAM I S  ANTIPROTON ON PROTON AT 5.7 GEV/C. 
T H I S  EXPERIMENT USES THE SACLAY 8 1  CM HYDROGEN BUBBLE CHAMBER. 
KEY WORDS * CROSS SECTION OIFFERENTIAL  CROSS SECTION O E L T A l 1 2 3 B )  RESONANCE PRODUCTION 
COMPOUND KEY WORDS - O E L T A l 1 2 3 8 )  RESONWCE PROOUCTION ........................................................................................................................ ........................................................................................................................ 

I PAGE 3 6 6 1  
LABORATORY BEAM HDHENTUU = 5.7 GEVlC (MEAN VALUE). 

REACTION 
ANTI DPnTnN DRnTnN r - ....... - . - ..... - . - .. 

A N T I O E L T A l 1 2 3 8 ) - -  OELTA(1238 )++  
A N T I D E L T A l 1 2 3 8 ) -  - ANTIPROTON P I -  C 2 1  
DELTA112381++  r PROTON P I +  I Z I  

~ ~ ~ ~ o i ; f ~ i i i i i i - -  PROTON PI; - 
A N T I D E L T A i l Z 3 8 1 - -  - ANTIPROTON P I -  C 2 l  

DELTA112381++  ANTIPROTON P I -  .-- 
O E L T A l l 2 3 8 ) + +  PROTON P I +  1 2 1  

O E L T A ( l 2 3 8 ) + +  ANTIPROTON P I -  + CHARGE 
CONJUGATE .66 .14 ( 3 1  
D E L T A I l Z S B ) + +  PROTON P I +  I 2 1  

1 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
t 2 1  F I T T E D  FOR MASS AND/OR WIDTH [MASS = 1.224 GEV; WIDTH = . I 1 7  GEV l ,  AND THEN TOOK ONLY EVENTS ABOVE I F I T T E D I  

BACKGROUND, 
1 3 1  CALCULATED BY US FROM DATA I N  T H I S  ARTICLE. 

D I F F E R E N T I A L  CROSS SECTION FOR ANTIPROTON PROTON - A N T I D E L T A l 1 2 3 8 ) - -  DELTA(12381++.  I F I W R E  3 1  
ANTIDELTA112381--  - ANTIPROTON P I -  Ill 
DELTA11238 )++  - PROTON P I +  t 1 1  

LABORATORY BEAM MOMENTUM = 5.7 GEVIC. 

NORMALIZED TO 2.08 MB 

***THESE DATA WERE READ FROM A GRAPH.** 

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE I INCOMING ANTIPROTON] AN0 THE IPNT IOELTA l12381 - -1 .  

t 11 PARENT PARTICLE DEFINED AS FOLLOHS IMASS CUT FROM 1.150 TO 1.350 GEVI.  
L 2 1  MEAN VALUES. 
t 3 1  ERRORS INCLUDE SYSTEMATICS. 



m ANTIPROTON-PROTON ANNIH ILAT IONS INTO F I V E  P IONS AT 5.7 GEVIC. [NUOVO CIMENTO 5 0 A r  7 7 6  1 1 9 6 7 1 1  

V.ALLES-BORELLI, B.FRENCH. A.FRISK. L.MICHEJDA [CERN, GENEVA, SWITZERLANOI 
E.PAUL LUNIV .  BONN* BONN* GERMANY] 

ABSTRACT A STUDY OF 8 7 2  EVENTS DF THE REACTION PEAR P - P I +  P I +  P I -  P I -  P I 0  I S  REPORTED. THE CROSS-SECTION FOR T k l S  
REACTION I S  FOUND TO BE 10.9 +/- 0 .11  MR. THE P O S I T I V E  PIONS TEND TO BE EMITTED I N  THE D IRECTION OF THE PROTON AN0 THE 
NEGATIVE PIONS I N  THE OIRECTION DF THE ANTIPROTON. THE FORWARD TO BACKWARD AND POLAR TO EQUALTORIAL RATIDS 1 F - B I / I F + B I  
AN0 ( P - E l / i P + E l  ARE FOUND TO BE 0 .17  +/- 0.02 AND 0.27 +/- 0.02 RESPECTIVELY* THE FORMER VALUE CORQESPONJING TO AN 
EXCESS OF TWO-THIRDS OF A P I +  OR A P I -  PER EVENT I N  THE BACKWARD OR FORWARD OIRECTION RESPECTIVELY I N  THE C.M.S. THERE 
I S  A CONSIDERABLE AMOUNT OF RHOOI+/-11 OMEGAO AN0 FO RESONANCE PROOUCTION BUT NO A 1 1 1 ~  6121 ,  OR B MESON PROOUCTION HAS 
BEEN OBSERVED. NO EVIDENCE FOR AY ASSOCIATED PRODUCTION OF RESONANCES HAS BEEN FOUND WHICH MAKES ANY SIMPLE 
INTERPRETATION OF THE A N N I H I L A T I O N  PROCESS I N  TERMS OF THREE-MESON F INAL  STATES D I F F I C U L T .  I N  THE P I +  P I -  P I 0  MASS 
D I S T R I B U T I O N  AN ENHANCEMENT I S  SEEN WITH A MASS 1 2 2 0 7  +/ -  1 3 1  MEV AN0 WIDTH 1 6 2  +I- 5 2 1  MEV WHICH COULD CORRESPOND TO 
THE NEUTRALLY CHARGED STATE OF THE PEAK OBSERVED BY CHIKOVANI ET AL. AT 2 1 9 5  MEV. A SIMPLE MODEL I S  PROPOSED WHICH 
EXPLAINS PART OF THE DATA ON FOUR- AN0 F IVE-P ION ANNIH ILAT IONS.  

CLOSELY RELATED REFERENCES 
CJNTlNUATION OF PREVIOUS EXPERIMENT I N  PHYS. LETTERS 20,  5 5 7  ( 1 9 6 6 1 .  NUOVO CIMENTO 46Av  4 3 8  1 1 9 6 b l .  AN0 NUOVO CIMENTO 

48Av  3 6 0  119671.  

BEAM I S  ANTIPROTON ON PROTON AT 5.7 GEVIC.  
T H I S  EXPERIMENT USES THE SACLAY 8 1  CM HYDROGEN BUBBLE CHAMBER. 
KEY WORDS - ANNIH ILAT ION CROSS SECTION RESONANCE PROOUCTION 
COMPOUND KEY WOROS - A N N I H I L A T I O N  CROSS SECTION 

CROSS SECTION FOR ANTIPROTON PROTON - P I +  P I +  P I -  P I -  PIO.  [PAGE 7 7 9 1  

LABORATORY 
BEAM MOMENTUM 

GEVIC Ill 
5.7 

M ILL IBARNS [ 2 1  
.9 +- .I 

Ill MEAN VALUE. 
C 2 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 

[PAGE 7 8 9 1  
LABORATORY BEAM MOMENTUM - 5.7 GEV lC  IMEAN VALUE). 

REACTION 
ANTIPROTON PROTON 

R H 0 1 7 6 5 l O  P I +  P I -  P I 0  
RHO176510  r P I +  P I -  [ 2 1  

F ( 1 2 6 0 1  P I +  P I -  P I 0  
F 1 1 2 6 0 l  - P I *  P I -  [ 2 1  

R H 0 ( 7 6 5 1 +  P I +  P1- P I -  + CHARGE 
RHD17651+ r P I +  P I 0  I 2 1  

CONJUGATE 
. . . . . .  

0 ~ ~ ~ ~ 1 7 8 3 1  P I +  P I -  
OMEGA(7831 - P I +  P I -  P I 0  C 2 1  

E T A 1 5 4 8 1  P I +  P I -  

MICROBARNS 

2 4 0 .  +- 70.  [ll 

80. 40.  [ 1 1  

420 .  100.  1 1 1  

84. 26.  [ 1 1  

4. 2. 

1 1 1  ERRORS INCLUDE SYSTEMATICS. 
C 2 1  F I T T E D  D ISTRIBUTION WITH F I X E D  MASS AND WIDTH, AN0 THEN TOOK ONLY EVENTS ABOVE ( F I T T E D 1  BACKGROUND. 

j ~ ~ O B S E R V A T I O N  OF RHO-OMEGA INTERFERENCE I N  ANTIPROTON ANNIH ILAT IONS.  [PHYS. REV. LETTERS 24. 6 1 8  1 1 9 7 0 1  1 

W.W.M.ALLISONv W.A.COOPER, T.FIELDSr 0.S.RHINES CARGONNE NAT. LAB., ARGONNE. ILL. .  USA1  

ABSTRACT EVIDENCE FOR STRUCTURE NEAR THE OMEGAO MASS I N  THE ( P I +  P l - 1  MASS SPECTRUM FROM THE REACTION PEAR P * 2 P I +  
ZPI- .  A T  INCIDENT MOMENTA FROM 1.26 TO 1.65 GEVICI I S  PRESENTED. WE INTERPRET T H I S  STRUCTURE AS ARIS ING FROM RHO-OMEGA 
INTERFERENCE I N  THE Z P I  DECAY MOOEI WITH A S T A T I S T I C A L  S IGNIF ICANCE OF ABOUT 3.5 STANDARD DEVIATIONS. THE EFFECT CAN BE 
WELL F I T T E D  BY A PARTIAL  WIOTH GAMMAIOMEGA r Z P I I  I N  THE RANGE 0.18 TO 5.3 MEV 1 9 5  PERCENT CONFIDENCE LEVEL).  
ALTERNATIVELY, I F  GAMMAIOMEGA - 2 P 1 l  I S  TAKEN FROM E+E- COLLIDING-BEAM RESULTS, OUR OATA CAN BE USED TO STUDY BOTH THE 
R E L A T I V E  PHASE AND COHERENCE OF RHO AN0 OMEGA PROOUCTION I N  PEAR P ANNIH ILAT ION.  

NO OATA PUNCHED FOR T H I S  ART ICLE  

I A N T l - P R O T O N  PROTON T W A L  CROSS SECTIONS BETWEEN 0 .575  AND 5.35 G E V K .  [NUOVO CIMENTO 34, 8 2 5  1 1 9 6 4 1 1  

u ~ . ~ M ~ ~ ~ ~ l  T . F A Z Z I N I 1 G . F I O E C A R O I C . C H E S P U I E R E I H . L E G R O S H S T E N E R  [CERNI GENEVA. SWITZERLAND1 

ABSTRACT TOTAL ANTI-PROTONIPROTON CROSS-SECTION MEASUREMENTS HAVE BEEN MADE AT 2 8  MOMENTA, I N  THE RANGE 10.575I5.351 
GEVIC.  THE CROSS SECTION DECREASES MONDTDNICALLY WITH INCREASING MOMENTUM. NO IMPORTANT IRREGULARITY HAS BEEN FOUND. 

CLOSELY RELATED REFERENCES 
T H I S  ART ICLE  SUPERSEDES INT'L.  CONF. ON ELEM. PARTICLES, AIX-EN-PROVENCE 1, 2 8 3  119611 .  

BEAM I S  ANTIPROTON ON PROTON FROM .575 TO 5 .350  GEVIC.  
T H I S  EXPERIMENT USES COUNTERS. 
KEY WOROS - CROSS SECTION 



ANTIPROTON PROTON TOTAL CROSS SECTION. 

131 

[ TABLE 4 1  

LABORATORY 
BEAM MOMENTUM 

GEVIC 
4.015 
3.068 
2.886 

M ILL IBARNS I 1 1  
66.04 +- .32 
75 .24  . 70  
77.82 . 28  
79.33 .25 
78 .04  . 52  
83.76 . 43  
88 .48  .20 
87.83 . 24  
96 .17  . 39  

103.30 . 40  
111.60 . 60  
113 .30  .90 
120.50 . 90  

1 1  1 ERRORS INCLUDE SYSTEMATICS. 

E I A N T I P R O T O N - P R O T O N  ELASTIC  AN0 I N E L A S T I C  TOTAL CROSS-SECTIONS BETWEEN 5 7  AN0 1 1 8  MEV. INUOVO CIMENTO 4 6 l r  1 7 1  1 1 9 6 6 1 1  

IU.AMALOI. B.CONFORTO. G.FIOECARO. H.STEINER ICERN. GENEVA, SWITZERLANOI 
G.BARON1r R.BIZZARR1. P.GUIOON1, V.R@SSI [UNIV .  D E G L l  STUOI 0 1  ROMA, ROME* I T A L Y I  
G.BRAUTTIq E.CASTELL1. M.CESCHlA, L.CHERSOVANI, M.SESSA I U N I V .  OF TRIESTE, TRIESTE. I T A L Y I  

ABSTRACT ABOUT 25 .000  INTERACTIONS OF ANTIPROTONS OF K I N E T I C  ENERGY BETWEEN 5 7  AN0 1 7 8  MEV HAVE BEEN MEASURED I N  A 
HYOROGEN BUBBLE CHAUBER. ELASTIC  AND INELASTIC  TOTAL CROSS-SECTIONS HAVE BEEN DETERMINED AT 1 5  VALUES OF THE ANTIPROTON 
ENERGY. THE RESULTS ARE COMPARE0 WITH THEORETICAL PREDICTIONS. 

CLOSELY RELATED REFERENCES 
PART OF T H I S  ARTICLE SUPERSEDE0 BY NUOVO CIMENTO 5 4 A 1  4 4 1  ( 1 9 6 8 ) .  

BEAM I S  ANTIPROTON ON PROTON FROM .332  TO .605 GEVIC. (BEAM K I N E T I C  ENERGY = . 0 5 7  TO . I 7 8  GEV l  
T H I S  EXPERIMENT USES THE SACLAY 8 1  CM HYOROGEN BUB8LE CHAMBER. A TOTAL OF 2 5 0 0 0  PICTURES ARE REPORTED ON. 
KEY WORDS - E L A S T I C  SCATTERING CROSS SECTION 
COMPOUND KEY WORDS + ELASTIC  SCATTERING CROSS SECTION 

CROSS SECTION FOR ANTIPROTON PROTON * 0 PRONGS. [TABLE 5 1  

LABORATORY 
BEAM ENERGY 

C F V  MILL IBARNS 1 1 1  
24.4 +- 1.9 
18.7 1.6 
20.8 1.7 
19.8 1.6 
19.5 1.2 

C 1 1  ERRORS ARE STAT IST ICAL  ONLY. ........................................................................................................................ 
ANTIPROTON PROTON TOTAL I N E L A S T I C  CROSS SECTION. [TABLE 5 1  

LABORATORY 
BEAM ENERGY 

GEV 
. 0 5 7 5 9  +- .01043  
- 0 7 1 1 4  . 0 0 8 1 7  
. 0 8 2 7 7  . n o 7 7 6  
- 0 9 3 3 7  . 0 0 7 0 6  
. l o 3 0 1  - 0 0 6 5 7  

MILLIBARNS 1 1 1  
157 .4  +- 5.3 
128 .8  5.1 
130.0 4.9 
128 .1  4.6 

1 1 1  ERRORS ARE STAT IST ICAL  ONLY. 





ANTIPROTON PROTON ELASTIC  CROSS SECTION. I T A B L E  2 1  

LABORATORY 
BEAM ENFRGY 

GEV 
1.00 +- .05 
1.25 . 07  
2.00 - 0 9  

M ILL IBARNS [ 1 1  
33. +- 2. 
28. 2. 
25. 4. 

1 1 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................... 
ANTIPROTON PROTON TOTAL I N E L A S T I C  CROSS SECTION. [ 1 1  [TABLE 2 1  

THE TOTAL I N E L A S T I C  CROSS SECTION I S  THE SUM OF THE ' I N E L A S T I C '  AND 'CHARGE EXCHANGE' CROSS SECTIONS 

MILLIBARNS 1 2 1  
6 7 . 0  + 3.2 

- 3.4 

[ 1 1  CALCULATED BY US FROM DATA I N  T H I S  ARTICLE. 
1 2 1  ERRORS INCLUDE SYSTEMATICS. .......................................................................................................... 

CROSS SECTION FOR ANTIPROTON PROTON * ANTINEUTRON NEUTRON. [TABLE 2 1  

LABORATORY 
BEAM ENERGY 

GEV 
1.00 +- .05 

1.25 . 0 7  

2.00 .09 

MILLIBARNS 1 1 1  
5.0 + 1.0 - 1.5 
4.0+ 1.0 - 1.0 
6.0 + 2.0 - 3.0 

[ 1 1  ERRORS INCLUDE SYSTEMATICS. .......................................................................................................... 
E L A S T I C  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [F IGURE 5 1  

LABORATORY REAM ENERGY = 1.00 +- .05 GEV. 

***THESE DATA WERE READ FROM A GRAPH+** 

THETA 
DEGREES 1 1 1  

8. 
10. 
15.  
18.  
25. 
35. 
45 .  

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

[ 1 1  MEAN VALUES. 
1 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. ........................................................................................................... 

E L A S T I C  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [FIGURE 6 1  

LABORATORY BEAM ENERGY = 1.25 +- - 0 7  GEV. 

***THESE DATA HERE READ FROM A GRAPH+** 

THETA 
DEGREES I 1  I 

8. 
12 .  
15. 
19. 
25. 
35.  

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

1 1 1  MEAN VALUES. 
1 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. .......................................................................................................... 

E L A S T I C  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [FIGURE 7 1  

LABORATORY BEAM ENERGY = 2.00 +- .09 GEV. 

***THESE DATA WERE READ FROM A GRAPH+** 

THETA D-SIGMAlD-OMEGA 
DEGREES 1 1 1  MB/SR 1 2 1  

12.  76 .  +- 1 6 .  
1 6 .  27. 13. 
70. 20. 7. 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

C 1 1  MEAN VALUES. 
1 2 1  ERRORS ARE STAT IST ICAL  ONLY. 

.......................................................................................................... 

........................................................................................................ 



I H I G H - E N E R G Y  P1- P. K- P. AN0 PBAR P ELASTIC SCATTERING IPHYS. REV. LETTERS 21 ,  3 8 7  ( 1 9 6 8 1 1  

-A. ASHMOREI C.J.S.DAMERELL9 Y .R.FPISKEN. R.RUBINSTEIN IBROOKHAVEN NAT. LAB.. UPTONI L. I., N. Y., USA1 
J.OREAR9 0.P. OWEN* F.C.PETERSON, A.L.REM9 D.G.RYANp 0.H.WHITE ICORNELL UNIV., ITHACA, N. Y., USA1 

ABSTRACT D IFFERENTIAL  CROSS SECTIONS FOR ELASTIC  SCATTERING OF 6-GEVIC P I - ,  K - Y  AND PBAR FROM PROTONS HAVE BEEN 
MEASURED I N  THE ANGULAR RANGE 2 5 - 1 0 5  DEGREES 1C.M. SYSTEM1 AN0 FOR 8-GEVIC P I -  I N  THE ANGULAR RANGE 75-115 DEGREESIC. 
M. SYSTEM). STRUCTURE I N  THE ANGULAR O lSTR lBUT lONS HAS BEEN OBSERVED. 

BEAM NO. 1 I S  P I -  ON PROTON FROM 5.8 TO 7.9 GEVIC. 
NO. 2 I S  K- ON PROTON FROM 5.8 TO 7.9 GEVIC. 
NO. 3 I S  ANTIPROTON ON PROTON FROM 5.8 TO 7.9 GEVIC. 

T H I S  EXPERIMENT USES SPARK CHAMBERS. 
KEY WOROS - ELASTIC SCATTERING ........................................................................................................................ ........................................................................................................................ 

NO OATA PUNCHED FOR T H I S  ARTICLE 

( X l T H E  CHARGE EXCHANGE ANTI-PROT0N.PROTON . ANTI-NEUTRON,NEUTRON AT 5, 6. 7 AN0 9 GEVIC. IPHYS. LETTERS 22.  5 3 7  119661  1 

u ~ . A S ~ B ~ R Y ~ G . B R A ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ O ~ ~ r ( ~ A R ~ t A . M l ~ H ~ L l ~ 1 0 ~ B ~ 0 ~ ~ ~ ~ d ~ S ~  LCERN? GEhlEVAr SWITZERLPNOI 
E.POLGAR,U.BEUSC~.U.E.FISCHER,B.GOBBI I M .  I ElDENOSSISCHE TECH. HOCH.. ZURICH. SaITZERLANDl 

ABSTRACT THE REACTION ANTI-PROTON,PROTON - ANTI-NEUTRON,NEUTRON HAS BEEN STUDIED WITH A MAGNET SPARK CHAMBER SYSTEM. 
THE RESULTS OBTAINED ON THE TOTAL CROSS SECTION AT 5 .  6.  7 AND 9 GEVIC AND ON THE DIFFERENTIAL CROSS SECTION AT 7 GEVIC 
ARE GIVEN. 

CLOSELY RELATED REFERENCES 
DATA SUPERSEDED BY PHYS. LETTERS 239  1 6 0  119661,  AN0 HELVETICA PHYSICA ACTA 41,  4 5 1  119681.  

BEAM I S  ANTIPROTON ON PROTON FROM 5 TO 9 GEVIC. 
T H I S  EXPERIMENT USES SPARK CHAMBERS. 
KEY WOROS - CHARGE EXCHANGE ........................................................................................................................ ........................................................................................................................ 

NO DATA PUNCHED FOR T H l S  ARTICLE 

RESULTS ON THE CHARGE EXCHANGE ANTI-PROTONIPROTON - ANTI-NEUTRONINEUTRON AT 5, 6, 7 ,  AND 9 GEVIC. [PHYS. 
LETTERS 23,  1 6 0  1 1 9 6 6 1 1  

, P ~ A S T B U R Y ~ G ~ B R A U T T I ~ G . F I N O C C H I A R O O A . H I C H E L I N I O . W E B S O A L E C . H E S T  ICERNt GENEVA, SWITZERLAND1 
E.POLGAR1W.BEUSCHrW.E.F1SCHER~B.GOB811M.PEPIN IEIOENOSSISCHE TECH. HOCH., ZURICH, SWlTZERLANDl 

ABSTRACT OATA ARE PRESENTED ON THE TOTAL AND DIFFERENTIAL  CROSS SECTIONS AT 5, 6. 7 ,  AND 9 GEVIC FOR THE REACTION 
ANTI-PROTON, PROTON * ANTI-NEUTRON, NEUTRON. THE RESULTS ARE COMPARED WITH THE REGGE-POLE AND THE COHERENT DROPLET 
MODELS. 

CLOSELY RELATED REFERENCES 
SEE ALSO HELVETICA PHYSICA ACT& 41. 4 5 1  (19681 .  
T H I S  ARTICLE SUPERSEDES PHYS. LETTERS 22, 537  ( 1 9 6 6 1 .  

BEAM I S  ANTIPROTON ON PROTON FROM 5 TO 9 GEVIC. 
T H l S  EXPERIMENT USES SPARK CHAMBERS. 
KEY WOROS - CROSS SECTION OIFFERENTIAL CROSS SECTION CHARGE EXCHANGE 

CROSS SECTION FOR ANTIPRDTON PROTON - ANTINEUTRON NEUTRON. [TABLE 1 1  

LABORATORY 
BEAM WMENTUM 

GEVIC MlCROBARNS 1 1 1  
5. 598.  +- 86. 
6. 563.  82. 
7. 373. 54. 
9. 284 .  41.  

Ill ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 
DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON * ANTINEUTRON NEUTRON. [TABLE 1 1  

LABORATORY BEAM MOMENTUM = 5. GEVIC +- 1 l P E R  CENT). 
NUMBER OF EVENTS = 988 .  

D-SIGMAID-T 
HB/ lGEV/CI**2 I 2 1  
2 .572  +- . 1 9 7  
1.846 . I 6 7  
1.740 . I 6 2  
1.513 - 1 5 1  
1.135 - 1 3 1  

.B01 - 1 1 0  

.938 . I 1 9  

.923  . I 1 8  

. 6 5 1  - 0 9 9  

.469  . 0 8 4  
- 4 1 4  - 0 6 4  
.212  .046  
. I 8 1  .037 
.212  .036  
.043  - 0 1 6  
.048  .012  
.012 .OD6 
.OD6 - 0 0 4  

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE 

1 1 1  MEAN VALUES. 
1 2 1  ERRORS INCLUDE SYSTEMATICS. .................................................................... 

[INCOMING ANTIPROTON1 AN0 THE IANTINEUTRONI.  

..................................................... 



DIFFERENTIAL CROSS SECTION FOR ANTlPROTON PROTON - ANTINEUTRON NEUTRON. [TABLE 1 1  

LABORATORY BEAM MOMENTUM = 6. GEV/C +- 11PER CENT). 
NUMRER OF EVENTS = 844 .  

D-SI GMA/0-T 
B / l G E V I C l * * 2  1 2 1  
. I 8 5  +- - 1 9 2  
. 0 5 1  . 1 8 5  
.784  . I 7 3  
. 4 3 4  . I 5 5  
. l o 1  . 1 3 5  
. O W  - 1 3 4  
.650  . I 0 4  
.684  . l o 7  
- 5 0 0  . 0 9 1  
- 4 0 0  . 0 8 2  
- 4 1 1  .068  
- 1 8 9  . 0 4 6  
.208  .042  
. l o 0  . 0 2 6  
- 0 8 7  . 0 2 4  
- 0 3 7  . 0 1 1  
- 0 2 0  .008  
.007  . 0 0 4  

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETYEEN THE [ INCOMING ANTIPROTON1 AND THE [ANTINEUTRON]. 

1 1 1  MEAN VALUES. 
t 2 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 

DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON - ANTINEUTRON NEUTRON. [TABLE 1 1  

LABORATORY BEAM MOMENTUM = 7. GEVIC +- 1 i P E R  CENT). 
NUMBER OF EVENTS = 597 .  

T 15  THE 

c 1 1  

SQUARE THE INVARIANT MOMENTUM TRANS TUEEN THE C INCOMING ANTIPROTON] AND THE [ANTINEUTRON I. 

I 1 1  MEAN VALUES. 
I 2 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 

DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON - ANTINEUTRON NEUTRON. [TABLE 1 1  

LABORATORY BEAM MOMENTUM = 9. GEVIC +- 1CPER CENT). 
NUMBER OF EVENTS - 892 .  

D-SIGMAID-T 
MB/ lGEVIC l * *Z  ( 2 1  
1.035 +- . 0 9 1  

. 9 2 3  .OB6 
- 6 1 3  . 0 7 0  
. 7 2 4  . 0 7 6  
. 5 6 5  . 0 6 7  
- 5 1 7  - 0 6 4  

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE [ INCOMING ANTIPROTON1 AND THE [ANTINEUTXONI. 

I 1 1  MEAN VALUES. 
' I 2 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 

F I T  TO DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON - ANTINEUTRON NEUTRON. [TABLE 1 1  

LABORATORY BEAM MOMENTUM = 5. GEVIC +- 11PER CENT). 

DATA ARE F I T  OVER -T FROM .O TO - 6  iGEV/Cl**Z.  T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE 
[ INCOMING ANTlPROTONl AN0 THE CANTINEUTRONI. 

NUMBER OF EVENTS = 988 .  
F ITTED FORMULA I S  D-SIGMAID-T = A*EXPIB*TI  

WHERE D-SIGMAID-T I S  I N  HRI lGEV/C l * *2  AN0 -T I S  I N  IGEVIC l * *Z .  
F ITTED VALUE 

A = 2.69 +- .40  
B = 4.42 +- .18 ........................................................................................................................ 



F I T  T O  D I F F E R E N T I A L  CROSS S E C T I O N  FOR ANTIPROTON PROTON ANTINEUTRON NEUTRON. [ T A B L E  11 

LABORATORY BEAM MOMENTUM = 6. G E V I C  +- l l P E R  C E N T I .  

DATA ARE F I T  OVER -T FROM .O TO . 6  l G E V I C ) * + 2 .  T I S  THE SQUARE OF THE I N V A R I A N T  MOMENTUM TRANSFER BETWEEN THE 
1 I N C O M I N G  A N T I P R O T O N I  AND THE I A N T I N E U T R O N I .  

NUMBER OF EVENTS = 8 4 4 .  
F I T T E D  FORMULA I S  D - S I G M A I D - T  = A*EXPIB*T)  

WHERE D - S I G M A I D - T  I S  I N  M B I l G E V / C l * * 2  AN0 -T I S  I N  I G E V I C I * * 2 .  
F I T T E D  VALUES 

A - 2.65 +- - 4 0  
B - 4 . 7 0  +- . 2 1  ........................................................................................................................ 

F I T  TO D I F F E R E N T I A L  CROSS S E C T I O N  FOR ANTIPROTON PROTON + ANTINEUTRON NEUTRON. I T A B L E  1 1  

LABORATORY BEAM MOMENTUM - 7. G E V I C  +- 1 I P E R  C E N T I .  

OATA ARE F I T  OVER - T  FROM - 0  TO - 6  i G E V I C ) * * 2 .  T I S  T H E  SQUARE OF THE I N V A R I A N T  MOMENTUH TRANSFER BETUEEN THE 
I INCOMING A N T I P P O T O N I  AND THE I A N T I N E U T R O N  I. 

NUMBER OF EVENTS = 5 9 7 .  
F I T T E D  FORMULA I S  D-SIGMAIO-T = A * E X P I B * T )  

WHERE 0 - S I G M A I D - T  I S  I N  M B / ( G E V I C I * * Z  AND -T 1 5  I N  I G E V I C I * * Z .  
F I T T E D  VALUES 

F I T  TO D I F F E R E N T I A L  CROSS S E C T I O N  FOR ANTIPROTON PROTON - ANTINEUTRON NEUTRON. [ T A B L E  11 

LABORATORY BEAM MOMENTUM = 9. G E V I C  +- 1 i P E R  C E N T I .  

OATA ARE F I T  OVER - T  FROM - 0  TO .6 i G E V I C ) * * 2 .  T I S  THE SQUARE OF THE I N V A R I A N T  MOMENTUM TRANSFER BETUEEN THE 
[ I N C O M I N G  A N T I P R O T O N I  A N 0  T H E  [ A N T I N E U T R O N I .  

NURBER OF EVENTS - 0 9 2 .  
F I T T E D  FORMULA I S  D - S I G M A I D - T  = A * E X P I B * T )  

WHERE 0 - S I G M A I D - T  I S  I N  MB/ lGEV/C)**Z AND -T I S  I N  I G E V I C l * * Z .  
F I T T E D  VALUES 

A - 1 . 1 5  +- . 1 7  
B = 4 . 0 9  +- . 1 9  

K l F U R T H E R  STUDY OF THE 1-1 K KBAR STRUCTURE NEAR THRESHOLD. [PHYS. LETTERS 2 5 8 ,  2 9 4  ( 1 9 6 7 1 1  

-A.ASTIER, J.CDHEN-GANOUNA,M.OELLA NEGRA [ C O L L E G E  DE FRANCE, PAR]  s. FRANCE]  
B.MARECHAL~L.UONTANET~M.TOMAS ICERN,  GENEVA* S I I I T Z E R L A N D I  
M.BAUB1LLIER.J.DlJBOC I l k S T I T U T E  DU R A D I J H .  P A R I S ,  FRANCE1 

ABSTRACT HE SUMMARIZE T H E  PRESENT EXPERIMENTAL E V I D E N C E  FOR AN I = l  I K  A N T I - K l  ENHANCEMENT I N  P PBAR A N N I H I L A T I O N S  AT 
REST AND AT 1.2 GEVIC.  HE PROPOSE D I F F E R E N T  P O S S I B L E  I N T E R P R E T A T i O N S  FOR THE ENHANCEMENT 

T H I S  I S  A COMPILATION.  

BEAM I S  ANTIPROTON ON PROTON AT 1.2 GEVIC.  
T H I S  EXPERIMENT USES THE CERN BO CM HYOROGEN BUBBLE CHAMBER. 
K E Y  WORDS A N N I H I L A T I O N  K KBAR PROOUCTION ........................................................................................................................ ........................................................................................................................ 

NO D A T A  PUNCHED FOR T H I S  A R T I C L E  

TWO-BODY HYPERON PRODUCTION BY 5.7 G E V I C  ANTIPROTONS ON PROTONS. I P H Y S .  LETTERS 3 0 8 ,  4 9 4  1 1 9 6 9 1 1  

H.Y.ATHERTDNI L .M.CELNIKIER.  B.FRENCH. J.B.KINSONI K.MYKLFBOSTI J.PERNEGR, E.PUERCIGH9 B.SADOULET ICERNI GENEVA, 
S H I T Z E R L A N D I  

ABSTRACT TOTAL AND D I F F E R E N T I A L  CROSS S E C T I O N S  ARE PRESENTED ON THE REACTIONS PEAR P * LAMBDABAR LAMBDA. LAMBDABAR 
S I G M A 0  + C.C.. S I G M A B A R I - I  S I G M A l + l  A T  AN I N C I D E N T  MOMENTUM OF 5.7 GEVIC,  FROM 2 0 0 0 0 0  PHOTOGRAPHS 1 1 3  EVENTSIMU-81 OF 
THE CERN 2 METER HYOROGEN BUBBLE CHAMBER. THE SO-CALLEO FORBIDDEN R E A C T I O N  PEAR P - S I G M A B A R l + l S I G M A I - I  I S  ALSO 
OBSERVED AND I T S  CROSS S E C T I O N  I S  1.3 +- 0.4  MU-0. P O L A R I Z A T I O N  AN0 CORRELATION OF P O L A R I Z A T I O N S  ARE PRESENTED FOR THE 
R E A C T I O N  PBAR P r LAMBOABAR LAMBDA. 

BEAM I S  ANTIPROTON ON PROTON AT 5.7 GEVIC.  
T H I S  EXPERIMENT USES T H E  CERN 2M HYDROGEN BUBBLE CHAMBER. A TOTAL OF 2 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 I O N  HYPERON PROOUCTION 
COMPOUND K E Y  WORDS r HYPERON PROOUCTlON ........................................................................................................................ ........................................................................................................................ 

I T A B L E  1 1  
LABORATORY BEAM W M E N T U M  = 5.7 G E V I C  +- I I P E R  CENT).  

R E A C T I O N  
ANTIPROTON PROTON * 

ANTILAMBDA LAMBDA 
ANTILAMBDA S I G M A 0  + CHARGE CONJUGATE 
A N T I S I G M A -  SIGMA+ 
A N T I S I G M A +  SIGMA- 

I 1 1  ERRORS I N C L U D E  SYSTEMATICS.  
I 2 1  C A L C U L A T E 0  B Y  US FROH D b T A  I N  T H I S  A R T I C L E .  

MICROBARNS I11 



DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON + ANTILAMBOA LAMBOA. [FIGURE 1 A 1  

LABORATORY BEAM MOMENTUM = 5.7 GEV/C +- 1 IPER CENTI.  

**+THESE DATA WERE READ FROM A GRAPH*** 

MIN 
.oo 
.05 
.10  

1 5  
.20 
.25 
.30 
.35 
.40 
.45 

5 0  
.55  
.60  
.65 
.70  
.75 
.80  
.85 
.90  
.95 

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1.50 
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 

MAX 
.05 
.10 
.15 
.20  
. 2 5  
. 30  
.35 
.40 
.45 
.50 
.55 
.60 
.65 
.70  
.75 
.80  
.85 
.90 
.95 

1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.30 
1.35 
1.40 
1.45 
1 . 5 0  
1.55 
1.60 
1.65 
1.70 
1.75 
1.80 
1.85 
1.90 
1.95 

T I S  THE SPUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE [ INCOMING ANTIPROTON] AN0 THE CANTILAMBOAI. ........................................................................................................................ 
DIFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON - ANTILAMBOP. SIGMA0 + CHARGE CONJUGATE. [FIGURE 1 8 1  

LABORATORY BEAM MOMENTUM = 5.7 GEVlC +- l l P E R  CENTI. 

***THESE DATA MERE READ FROM A GRAPW** 

-T 0-SIGMAID-T 
IGEV/C I * *P  UB/ IGEV/C l * *Z  
H I N  M A X  
.oo 
.05 
.10  
- 1 5  

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE [ INCOMING ANTIPROTON1 AND THE IANTILAHB3AI .  



DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON r ANTISIGMA- SIGMA+. [FIGURE 1C1  

LABORATORY BEAM UOMENTUM = 5.7 GEVlC +- 1 i P E R  CENTI.  

***THESE DATA WERE READ FROM A GRAPW** 

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE [INCOMING ANTIPROTON1 AN0 THE [ANTISIGMA-I .  

E 1 A N T I P R O l D N - P R O T O N  ANNIMILATIONS INTO P I -  AN0 K-MESONS AT 5.7 GEV/C. 1NUC. PHYS. 0169 4 1 6  I l 9 l O l l  

-H.Y.ATHERTON~ 0-J-FRANEKv B.R.FRENCH. A -FRISK*  J.B.KINSONv K-MYKLEBOSTI 8-NELLEN, T-NISAR, J.PERNEGR. E.QUERCIGH ICERN, 
GENEVA. SYITZERLANOI 

M.BEDNAR9 V.CHALOUPKAI M.JIRESI J.HERYNEK1 Z.SEKERA. J.SKURA. V.SIUAK. M.VOTRUBA [ INST.  OF PHYSICS - CSAV, PRAGUE. 
CZECHOSLOVAKIA1 

ABSTRACT 1 2 3 5 7  EVENTS FROM ANTIPROTON-PROTON ANNIHILATIONS INTO KAONS AN0 PIONS HAVE BEEN ANALYSEO PARTIAL CROSS 
SECTIONS ARE DETERMINED FOR VARIOUS K KBAR + N PI IN = O.~,Z...I FINAL STATES AND THE TOTAL CROSS S ~ C T I O N  IS FOUND TO 
BE (3.5 +- 0.31 M0. THE ANGULAR AN0 THE MOHENTUM OISTRI8UTIONS ARE PRESENTED AN0 COMPARED WITH THE PREDICTIONS OF 
THEORETICAL UODELS. STRONG PRODUCTION OF K*18901  iK*+- FAVORED) I S  OBSERVED 10.7 K*IEVFNTI.  IN THF r .M. .  THF K*+(K*-I - - . - - , - 
ARE COLLIMATED ALONG THE INCIDENT PROTON IANTIPROTONI DIRECTION. 

BEAU I S  ANTIPROTON ON PROTON AT 5.7 GEV/C. 
T H I S  EXPERIMENT USES BUBBLE CHAMBERS. A TOTAL OF 3 5 0 0 0 0  PICTURES ARE REPORTEO ON. 
KEY WOROS r A N N I H I L A T I W  CROSS SECTION MESONS PROOUCTION 
COMPOUNO KEY WOROS - ANNIHILAT ION CROSS SECTION MESONS PRODUCTION 

[TABLE 2 1  
LABORATORY BEAM PDMENTUU = 5.7 GEVlC +- L i P E R  CENTI. 

REACTION 
ANTIPROTON PROTON - 

KOS K* P I -  + CHARGE CONJUGATE 
KOS KOS P I +  P I -  
KOS K+ P I +  P I -  P I -  + CHARGE CONJUGATE 
KOS KOS P I+  P I +  P I -  P I -  
KOS KOS P I 0  
KOS K+ P I -  P I 0  +, CHARGE CONJUGATE 
KOS KOL P I +  P I -  
KOS KOS P I +  P I -  P I 0  
KOS KOL P I +  P I +  P I -  P I -  
KOS K+ P I +  P I -  P I -  P I 0  + CHARGE CONJUG6 
KOS KOS P I +  P I +  P I -  P I -  P I O  
KOS KOS MM22PIO 
KOS P I +  P I -  M M Z l l P I O + l K O I  
KO5 K+ P I -  MM22PIO + CHARGE CONJUGATE 
KOS KOS P I +  P I -  MMZZPIO 
KOS P I +  P I +  P I -  P I -  UW+i l? IO+ lKO)  
KOS K+ P I +  P I -  P I -  MMLZPlO + CHARGE 

CONJUGATE 

NO. EVENTS 

Ill ADO POSSIBLE SYSTEHATIC ERROR OF AT LEAST +- 3 0  PER CENT. ........................................................................................................................ 
CROSS SECTION FOR ANTIPROTON PROTON - TOTAL KAON ANNIHILAT ICN.  ITABLE 3 1  

LABORATORY 
BEAM UOMENTUM 

GEVlC MILLIBARNS 
PER CENT 

5.7 +- 1 3.5 +- .3 



[ T A B L E  5 1  
LABORATORY BEAM MOMENTUM = 5.7 G E V l C  +- 1 I P E R  C E N T I .  

R E A C T I O N  
ANTIPROTON PROTON * 

K * ( 8 9 0 ) +  K- + CHARGE CONJUGATE 
K * 1 8 9 0 1 +  * KOS P I +  I 2 1  

K * ( 8 9 0 l +  KOS P I -  + CHARGE CONJUGATE 
K * l B 9 0 l +  * KOS P I +  I 2 1  

K * 1 8 9 0 1 +  KOS P I -  P I 0  + CHARGE CONJUGATE 
K * ( B 9 O l +  - KOS P I +  I 3 1  

K * ( 8 9 0 l +  K- P I +  P I -  + CHARGE CONJUGATE 
K * 1 8 9 0 l +  - KOS P I *  1 4 1  

K * 1 8 9 0 1 +  KOS P I +  P I -  P I -  + CHARGE CONJUGATE 
K * I B 9 0 ) +  - KOS P I +  1 5 1  

K * l B 9 0 1 +  KOS P I +  P I -  P I -  P I 0  + CHARGE 
CONJUGATE 
K * 1 8 9 0 1 +  - KOS P I +  1 6 1  

K * ( 8 9 0 1 0  KOS P I +  P I -  
K * 1 8 9 0 1 0  - KOS P I 0  1 3 1  

K * l B 9 0 I 0  KOS P I +  P I -  
K * 1 8 9 0 1 0  r K+ P I -  + CHARGE CONJUGATE I 4 1  

K * 1 8 9 0 l 0  KOS P I *  P I +  P I -  P I -  
K * 1 8 9 D l O  + KO5 P I 0  1 6 1  

KOS KOS O M E G A ( 7 8 3 l  
OMEGA17831 * P I +  P I -  P I 0  I 2 1  

KOS KOS P I +  P I -  O M E G A i 7 8 3 l  

4 7 . 0  10.0 1 1 1  

1 4 . 0  4 .0  I 11  

1 6 . 0  4.0 c 1 1  

2 1 . 0  8.0 1 1 1  

2 .3  1 .2  111 

1 7 . 0  3.0 Ill 
O M E G A l 7 8 3 )  - P I *  P I -  P I 0  1 7 1  

I 11  CALCULATEO BY US FROM OATA I N  T H I S  A R T I C L E .  
I 2 1  F I T T E O  FOR MASS AND/OR WIOTHl AND THEN TOOK ONLY EVENTS ABOVE ( F I T T E D )  BACKGROUNO. 
1 3 1  F I T T E O  FOR MASS AND/OR WIDTH I M A S S  = . 9 0 3  GEV; WIOTH = . 0 5 3  G E V l r  A N 0  THEN TOOK ONLY EVENTS ABOVE I F I T T E O I  

BACKGROUNO. 
1 4 1  F I T T E O  FOR MASS AND/OR WIOTH [MASS = .BE3 GEV; W I D T H  = . 0 6 6  G E V l ,  A N 0  THEN TOOK ONLY EVENTS ABOVE ( F I T T E D 1  

BACKGROUNO. 
I 5 1  F I T T E O  FOR MASS AND/OR WIOTH [MASS = .BE4 L E V ;  W I D T H  = . 0 5 B  G E V l t  A N 0  THEN TOOK ONLY EVENTS ABOVE ( F I T T E D 1  

BACKGROUND. 
I 6 1  F I T T E D  FOR MASS AND/OR WIOTH I M A S S  = . 8 8 4  GEV; W I O T H  = . 0 6 1  GEVI .  A N 0  T H E N  TOOK ONLY EVENTS ABOVE l F l T T E O l  

BACKGROUNO. 
1 7 1  F I T T E O  FOR MASS AND/OR WIOTH I M A S S  - . 7 9 0  GEV; W I O T H  = . 0 2 6  G E V l ,  A N 0  THEN TOOK ONLY EVENTS ABOVE ( F I T T E D )  

BACKGROUND. 

E l G E N E R A L  C H A R A C T E R I S T I C S  OF THE A N N l H l L A T l O N  R E A C T I O N  PEAR P - 3 P 1 +  3 P 1 -  I P I O I  AT 3.6 G E V I C .  INUC.  PHYS. 0 1 8 ,  2 2 1  
I 1 9 7 0 1  I 

I - -  
H.W.ATHERTON, W.M.R.BLAIR, L.M.CECNIKIER, V.DOMING0, B.R.FRENCH, J.B.KINSON, K.MYKLEBOST, B.NELLEN, E.QUERCIGHv 

R.SCHAEFER CCERNI GENEVA. S W l T Z E R L A N O l  
J.BARTKE, J.A.OANYSZ, J.OEBRAY, J.LABERRIGUE FROLOW, G . P I C H ~ N I  M.RUMPF, C.DE L A  V A I S S I E R E ,  T.P.YIOU I I N S T I T U T  OE PHYSIQUE 

NUCLEAIRE.  P A R I S ,  FRANCE1 

ISTRACT I N  THE R E A C T I O N  PBAR P - 3 P I +  3 P I -  2 2 2 7  EVENTS, AN0 I N  THE R E A C T I O N  PBAR P - 3 P l +  3P1-  P I 0  6 5 7 8  EVENTS HAVE 
BEEN ANALYZED. THE GENERAL C H A R A C T E R I S T I C S  OF THE REACTIONS.  SUCH A S  TOTAL CROSS SECTIONSl  ANGULAR AN0 MOMENTUM 
D I S T R I B U T I O N S 1  THE PRODUCTION OF RHO, F t  OMEGA, AN0 E T A  MESONSl AN0 ANGULAR CORRELATlONS ARE PRESENTED. THE WELL-KNOWN 
TENDENCY OF CHARGED P I O N S  T O  FOLLOW THE L I N E  OF F L I G H T  OF BARYONS OF THE SAME CHARGE 1FORUARO P E A K I N G )  I S  OBSERVED. I N  
A D D I T I O N .  THE ANGULAR D I S T R l B U T l O N S  SHOW A S I G N I F I C A N T  BACKWARD PEAK FOR P I O N S  OF H I G H  MOMENTA I N  THE C.M. THESE 
EFFECTS ARE COMPARE0 W I T H  THE RESULTS OF A M U L T I P E R I P H E R A L  MODEL W I T H  NUCLEON EXCHANGE l M O D I F I E 0  C L A I .  COPIOUS RHO(O+-I 
AND OMEGA PRODUCTION I S  FOUNO W I T H  AN AVERAGE OF MORE THAN ONE RESONANCE PER EVENT, R H O 1 0 1  OMEGA ASSOCIATED PRODUCTION 
I S  EVALUATED. THE ANGULAR O l S T R l B U T l O N S  OF THE R H O I O I  AN0 OMEGA ARE G I V E N  AN0 ARE FOUNO TO BE MORE A N I S O T R O P I C  THAN 
FOR THE I N D I V I D U A L  P I O N S .  T H E  ANGULAR CORRELATIONS ARE SUCCESSFULLY D E S C R I B E D  B Y  PHASE SPACE W O l F l E O  FOR THE OBSERVED 
RESONANCE PRODUCTION A N 0  B O S E - E I N S T E I N  SYMMETRIZATION.  

BEAM I S  ANTIPROTON ON PROTON AT 3.6  G E V I C .  
T H I S  EXPERIMENT USES THE CERN 2M HYDROGEN B U B B L E  CHAMBER. 
K E Y  WORDS - A N N I H I L A T I O N  CROSS S E C T I O N  ANGULAR O l S T R I B U T I O N  P I O N  PRODUCTION 
COMPOUND K E Y  WORDS - A N N I H I L A T I O N  CROSS S E C T I O N  P I O N  PRODUCTION ........................................................................................................................ ........................................................................................................................ 

I P A G E  2 2 3 1  
LABORATORY BEAM MOMENTUM = 3 . 5 9  G E V l C  c 1 . 5 I P E R  C E N T I .  

R E A C T I O N  
A N T I P R O T J N  PROTON r 

6 PRDNGS 
P I +  P I +  P I +  P I -  P I -  P I -  
P I +  P I +  P I *  P I -  P I -  P1-  P I 0  

H I L L I B A R N S  C 1 1  NO. EVENTS 

Ill ERRORS INCLUDE SYSTEMATICS.  ........................................................................................................................ 
[ T A B L E  6 1  

LABORATORY BEAM MOMENTUM = 3 . 5 9  G E V l C  + 1 . 5 l P E R  C E N T I .  

R E A C T I O N  
ANTIPROTON PROTON * 

R H 0 1 7 6 5 l O  P I +  P I +  P I -  P 1 -  
R H 0 1 7 6 5 ) O  - P I +  P I -  1 3 1  

F 1 1 2 6 0 1  P I +  P I +  P I -  P I -  
F l 1 2 6 0 1  - P I +  P I -  1 3 1  

R H O 1 7 6 5 1 0  P I +  P I +  P I -  P I -  P I 0  
R H 0 1 7 6 5 ) O  - P I +  P I -  I 3 1  

R H O 1 7 6 5 l +  P I +  P I +  P I -  P I -  P I -  + CHARGE 
CONJUGATE 
R H 0 1 7 6 5 1 +  * P I +  P I 0  1 3 1  

O M E G A l l B 3 )  P I +  P I *  P I -  P I -  
O H E G A l 7 8 3 )  - P I +  P I -  P I 0  1 3 1  

E T A 1 5 4 8 1  P I *  P I *  P I -  P I -  
E T A 1 5 4 8 1  - P I *  P I -  P I 0  1 3 1  

M I L L I B A R N S  1 1 1  

1 . 2 4 0  +- . 3 2 0  I 2 1  

. I 6 6  . 0 2 8  1 2 1  

1 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
I 2 1  CALCULATED BY US FROM OATA I N  T H I S  A R T I C L E .  
1 3 1  F I T T E D  FOR MASS AND/OR WIDTH, AND THEN TOOK ONLY EVENTS ABOVE ( F I T T E D 1  BACKGROUNO. ............................................................................................. 

CROSS S E C T I O N  FOR ANTIPROTON PROTON * R H O 1 7 6 5 1 0  OMEGA17831 P I +  P I - .  1 1 1  [ P A G E  2 3 6 1  
R H O 1 7 6 5 1 0  * P I +  P I -  I 2 1  
OMEGA17831 - P I +  P I -  P I 0  C 2 1  

I 11  CALCULATEO BY US FROM DATA I N  T H I S  A R T I C L E ,  
1 2 1  F I T T E O  FOR MASS AND/OR WIDTH. A N 0  THEN TOOK ONLY EVENTS ABOVE I F I T T E O I  BACKGROUND. 
1 3 1  ERRORS ARE S T A T I S T I C A L  ONLY. 



m Y * I l 3 8 5 1  PRODUCTION I N  PBAR REACTIONS AT 5.7 G E V I C .  CNUC. P W S .  0 2 9 ,  4 7 1  i 1 5 ' 7 1 1 1  

-H.W.ATHERTON, L.M.CELNIKIER, M.J.CLAYTON. B.R.FRENCH, *.FRISK, J.B.KINSON, K.MYKLEBOST, J.PERNEGR, E.QUERCI;H, B.SAOOULET 
ICERN, GENEVA* SWITZERLAND1 

BEAM I S  ANTIPROTON ON PROTON A T  5.7  G E V I C .  
T H I S  EXPERIMENT USES THE CERN 2M HYDROGEN B U B B L E  CHAMBER. A TOTAL OF 2 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 I O N  HYPERON PRODUCTION Y * 1 1 3 8 5 1 +  
COMPOUND K E Y  WORDS - HYPERON PRODUCTION ........................................................................................................................ ........................................................................................................................ 

[ T A B L E  1 1  
LABORATORY BEAM MOMENTUM = 5 . 7 0  +- - 0 6  GEVIC.  

R E A C T I O N  
ANTIPROTON PROTON - MICROBARNS C 1 1  

ANTILAMBDA LAMBOA P I 0  
ANTILAMBOA SIGMA+ P I -  + CHARGE CONJUGATE 
ANTILAMBOA SIGMA- P I +  + CHARGE CONJUGATE 
ANT11 ANRnA I A N R l l A  P I +  P l -  
~ ~ i i ~ ~ * i i ~ s i ' i d - l ~ n s D n  . i CHARGE CONJUGATE 

ANTI-Y*11385l.O - ANTILAMBDA P I 0  1 2 1  
A N T I Y * i 1 3 8 5 1 -  SIGMA+ + CHARGE CONJUGATE 

A N T I Y 1 1 1 3 B 5 1 -  - ANTILAMBDA P I -  [ 2 1  
A N T I Y * l  l 3 8 5 l +  SIGMA- + CHARGE CONJUGATE 

A N T I Y * i 1 3 B 5 1 +  ANTILAMBOA P I +  C 2 1  
Y * 1 1 3 B 5 1 -  A N T I Y * 4 1 3 8 5 1 +  

Y * 1 1 3 8 5 1 -  * LAMBDA P I -  I 2 1  
A N T I Y * i 1 3 8 5 1 +  * ANTILAMBOA P I +  1 2 1  

< 3.60 1 .95 CONF L E V E L 1  

< 4.50 1 .95 CONF L E V E L 1  

C l l  ERRORS I N C L U D E  SYSTEMATICS.  
I 2 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 O  MASS AND WIOTH. AND THEN TOOK ONLY EVENTS ABOVE I F I T T E D I  BACKGROUND. 

CROSS S E C T I O N  FOR ANTIPROTON PROTON - A N T I S I G M A O  SIGMAO. [PAGE 4 8 1 1  

LABORATORY 
BEAM WMENTUM 

G E V I C  
5.70 +- .06 

MICROBARNS C 1 1  
1 5 .  +- 5. 

C 1 1  ERRORS I N C L U D E  SYSTEMATICS.  

[ P A G E  4 8 4 1  
LABORATORY BEAM MOMENTUM = 5 . 7 0  +- . 0 6  G E V I C .  

R E A C T I O N  
ANTIPROTON PROTON - 

ANTILAMBDA P I -  Y * i 1 3 8 5 1 +  
Y * 1 1 3 8 5 1 +  - LAMBDA 

A N T I Y * 1 1 3 8 5 1 -  LAMBDA P I +  
A N T I Y * 1 1 3 8 5 1 -  - AN 

Y * 1 1 3 8 5 1 +  A N T I Y * l 1 3 8 5 1 -  
V * I l B R S I +  + I A N R n A  

c 2 1  

MBOA 

1 9  1 

P I -  I 2 1  

P I -  c 2 1  

MICROBARNS 

4.7  + 2.4 [ 1 1  

5.4 2.1 1 1 1  

1 1 . 9  2.5 [ll 

C 1 1  CALCULATED BY US FROM DATA I N  T H I S  A R T I C L E .  
1 2 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 O  MASS AND WIDTH. AND THEN TOOK ONLY EVENTS ABOVE I F I T T E D I  BACKGROUN3. ........................................................................................................................ 

D I F F E R E N T I A L  CROSS S E C T I O N  FOR A N T I P R O T O N  PROTON - A N T I - Y + i 1 3 8 5 1 0  LAMBDA + CHARGE CONJUGATE. [ F I G U R E  6 A l  
A N T I - Y * i  1 3 8 5 1 0  - ANTILAMBOA P I 0  E l 1  

LABORATORY BEAM MOMENTUM = 5.70 +- . 0 6  GEVIC.  

NORMALIZED TO 3 2 .  MB 

***THESE DATA WERE READ FROM A GRAPH*** 

-T 0 - S I G M A I D - T  
l G E V I C l * * 2  U B l  I G E V I C l * * 2  
M I N  MAX 
.OO .05 5 4 . 0 0  +- 2 2 . 0 0  
.05 .10 1 0 7 . 0 0  3 4 . 0 0  
. 1 0  . 1 5  B 2 . 0 0  2 6 - 0 0  
. 1 5  . 2 0  1 0 8 . 0 0  4 5 . 0 0  
. 2 0  - 2 5  5 8 . 0 0  2 4 . 0 0  
- 2 5  . 3 0  4 7 . 0 0  2 9 . 0 0  
. 3 0  . 3 5  7 6 . 0 0  3 2 . 0 0  
.35 . 5 0  1 8 . 0 0  6 .00 
. 5 0  2 . 5 0  . 6 2  - 3 9  

T ' I S  THE SQUARE OF T H E  I N V A R I A N T  MOMENTUM TRANSFER BETWEEN THE [ I N C O M I N G  A N T I P R O T O N ]  AND THE [ A N T I - Y * i l 3 8 5 1 0 1 .  

C l l  USED S I M P L E  MASS CUT ( N E G L I G I B L E  BACKGROUND1 I M A S S  CUT FROM 1 . 3 2 5  TO 1 . 4 5 5  G E V I .  ........................................................................................................................ 



DIFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON - ANTIY* (13851-  SIGMA+ + CHARGE CONJUGATE. 
ANTIY* (13051-  - ANTILAMBOA P I -  1 1 1  

LABORATORY BEAM MOMENTUM = 5.70 +- .06 GEVIC. 

NORMALIZED TO 46.  MB 

***THESE DATA WERE READ FROM A GRAPW** 

-T D-SIGMAID-T 
IGEVIC I * *2  U B I I  GEVICI**Z 
M l N  MAX 

[FIGURE 6 0 1  

T I S  THE SQUIRE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE [INCOMING ANTIPROTON] AND THE IANTIY* I13851-1 .  

I 1 1  USE0 SIMPLE MASS CUT INEGLIGIBLE BACKGROUND1 IMASS CUT FROM 1.325 TO 1.455 GEVI. ........................................................................................................................ 
DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON * A N T I Y * I l 3 8 5 1 -  Y*(13851+.  [FIGURE 6 C I  

A N T I Y * I 1 3 8 5 ) -  - ANTILAMBDA P I -  I 1 1  
Y* (13851+  - LAMBDA P I +  1 1 1  

LABORATORY BEAM MOMENTUM = 5.70 +- .06 GEVIC. 

NORMALIZED TO 11.9 MB CROSS SECTION GIVEN ON PAGE 4 8 4  

***THESE DATA WERE READ FROM A GRAPW** 

-T 
IGEV/CI**2 
M l N  MAX 
- 1 5  .20  
.20 .30  
- 3 0  .35 
.35 .40  
.40 - 5 0  
.50 1.15 

1.15 2.10 

D-S IGMAID-T 
U B I I  GEV/C)**Z 

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE [INCOMING ANTIPROTON] AND THE t A N T l Y * I l 3 8 5 1 - I .  

Ill USED SIMPLE MASS CUT (NEGLIGIBLE BACKGROUND1 [MASS CUT FROM 1.325 TO 1.455 GEVI. 



( 3 0 ( M E A S U R E M E N T  OF ANTIPROTON-PROTON FLRliARO CHARGE-EXCHANGE SCATTERING. IPHYS. REV. D 2. 2 5 1 9  1 1 9 7 0 l 1  

~ * . A T W O O O ,  B.BARISHI H.W.NICHOLSON, J.PINEI A.V.TOLLESTRUP. J.K.YOH ICALIF. INSTITUTE OF TECH., PASADENA, CALIF.. U S A ]  
A.S.CARROLL IBROOKHAVEN NATT. LAB., UPTON, L .1  . I  N. Y.v U S A l  
F.LOBKOWIC2. Y.NAGASHIMA I U N I V .  OF ROCHESTERv ROCHESTER* N. Y., USA1 

ABSTRACT THERE I S  A WELL-KNOWN FORWARD PEAK I N  THE NP FORWARD CHARGE-EXCHANGE CROSS SECTION. FOR MOMENTUM TRANSFERS 
/ T I  APPROX. 5 n I P I ) * * 2 .  YE HAVE PERFORMED AN EXPERIMENT TO LOOK FOR ANALOGOUS BEHAVIOR I N  THE REACTION PBAR P - NEAR N. 
THE OATA COVER THE KINEMATICAL REGION 0 S / T I  L 1.5 M I P I ) * * 2  AT AN INCIDENT ANTIPROTON MOMENTIH OF 1.60 SEVIC. A 
FORYARD PEAK I S  OBSERVEDl WHICH I S  ESTIMATED (FROM RESULTS OF OTHER EXPERIMENTSI TO RE CONSIDERABLY SMALLER THAN THAT 
FOR NP CHARGE EXCHANGE. T H I S  RESULT CAN BE UNDERSTOOD I N  TERMS OF INTERFERENCE BETYEEN ONE-PION EXCHkNGE AND EXCHANGE 
OF A PARTICLE WITH EVEN G PARITY. 

BEAM I S  ANTIPROTON ON PROTON AT 1.8 GEVlC. 
T H I S  EXPERIMENT USES SPARK CHAMBERS. 
KEY UOROS - CHARGE EXCHANGE OIFFERENTIAL CROSS SECTION 
COMPOUNO KEY YOROS c CHARGE EXCHhNGE OIFFERENTIAL CROSS SECTION 

D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON ANTINEUTRON NEUTRON. [TABLE 1 1  

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE I INCOMING ANTIPROTON] AND THE IANTINEUTRONI. 

Ill MEAN VALUES. 
1 2 1  ERRORS INCLUDE SYSTEMATICS. 
1 3 1  ADD POSSIBLE SYSTEMATIC ERROR OF, +- 5 PER CENT. ........................................................................................................................ 

DIFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON - ANTINEUTRON NEUTRON. [TABLE 2 1  

LABORATORY BEAM MOMENTUM = 1.8 GEVlC +- 2.51PER CENT). 

-T 0-SIGMAID-T 
(GEVICl**Z E l l  MB/IGEV/CJ**2 1 2 1 3 1  

0. 28. +- 2.  

T I S  THE SQUARE OF THE INVARIANT MOMENTUH TRANSFER BETUEEN THE [ INCOMING ANTIPROTON1 AND THE IANTINEUTRONI. 

1 1 1  MEAN VALUE. 
1 2 1  ERRORS ARE STATIST ICAL  ONLY. 
1 3 1  ADD POSSIBLE SYSTEMATIC ERROR OF +- 5 PER CENT. 

131)" BSERVATION OF THE REACTION PBAR + 0 - LAMBDA + SIGMA- + XIBAR+. IPHYS. REV. 134 ,  8 1 3 3 9  ( 1 9 6 4 1 1  

T.C.BACONt H.W.K.HOPKINS1 0.K.R081NSON9 E.O.SALANT IBROOKHAVEN NAT. LAB., UPTON, L.I., N. Y., U S A l  
A.ENGLEP.9 H.E.FISK. C.M.MELTZER, J.0.WESTGAR.Q ICARNEGIE-MELLON UNIV., PITTSSURGH. PA., USA l  

ABSTRACT A PBAR D INTERACTION INVOLVING ALL  THREE NUCLEONS I N  THF PRODUCTION OF THE HYPERONS LAHBDA + SIGMA- + XIBAR+ 
HAS BEEN OBSERVED I N  A DEUTERIUM-FILLED BUBBLE CHAMBER. ALL THE SUBSEQUENT STRANGENESS-CHANGING DECAYS1 AND THE F INAL  
PBAR N ANNIHILAT IONt  APPEARED I N  THE CHAMBER. 

BEAU I S  ANTIPROTON ON DEUTERON AT 2.8 GEVIC. 
T H I S  EXPERIMENT USES THE BNL 2 0  IN .  DEUTERIUM BUBBLE CHAUBER. 
KEY WOROS * HYPERON PROOUCTION 
COMPOUND KEY WOROS - HYPERON PRODUCTION 

NO OATA PUNCHED FOR T H I S  ARTICLE 



132) A N T I - I S O B A R  PROOUZTION I N  ANTI-PROTONt N I N T E R A C T I O N S  CPHYS. REV. 1 3 9 ,  8 1 4 2 0  C 1 9 6 5 1 1  

T I C ~ B A C O N ~ H ~ W ~ K ~ H O P K I N S I D . K . R O B I N S O N ~ E . O . S A L A N T  [BROOKHAVEN NAT. LAB.. UPTON* L.I.,  N. Y.1 U S A 1  
A.ENGLER,H.E.FISK9 C.M.MELTZERIJ.WESTGARO CCARNEGIE-MELLON UNIV., PITTSBURGH9 PA.. U S A 1  

ABSTRACT S I N G L E - P I O N  PRODUCTION I N  ANTI-PROTON, N I N T E R A C T I O N S  HAS BEEN S T U D I E D  I N  THE BNL 2 0 - I N .  DEUTERIUM-FILLED 
BUBBLE CHAMBER AT AN I N C I D E N T  ANTI-PROTON MOMENTUM OF 1.96 GEVlC.  COPIOUS PROOUCTlON OF THE 3 / 2 1  3 / 2  ANTI- ISOBAR WAS 
OBSERVFO. T H E  O I F F E R E N T I A L  C R n t S  S E C T I n N  AS A F L l N C T l n N  n F  MnMFNTUM TRANSFFR HAS A n l S T R l R l l T l O N  C f l N 5 I S T E N T  W I T H  THAT - . . - . - . - . . - - - . . . . . . . . . . . . . . . .  

I C l P E l .  THE EXPERIMENTAL CROSS S E C T I O N  OF 5 . 1  +- 0.5 MB, HOWEVER, I S  ABOUT H A L F  THAT 

BEAM 1 5  ANTIPROTON ON DEUTERON AT 1.96 GEVIC.  
T H I S  EXPERIMENT USES THE BNL 2 0  I N .  DEUTERIUM BUBBLE CHAMBER. A TOTAL OF 2 5 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  O I F F E R E N T I A L  CROSS S E C T I O N  A N T I O E L T A C l 2 3 8 1  RESONANCE PRODUCTION 
COUPOUNO K E Y  WORDS + A N T l D E L T A l 1 2 3 8 I  RESONANCE PRODUCTION ........................................................................................................................ ........................................................................................................................ 

CROSS S E C T I O N  FOR ANTIPROTON NEUTRON - ANTIOELTAC 1 2 3 8 1 - -  PROTON. [ P A G E  1 4 2 2 1  
A N T I D E L T A f l 2 3 8 I - -  * ANTIPROTON P I -  

C A L C U L A T I O N  B Y  AUTHORS I S  UNCLEAPT BUT I T  APPEARS THAT GLAUBER ANO ABSORPTION CORRECTIONS ( + 3 0  PER CENT1 HAVE BEEN 
A P P L I E D  TO A CROSS S E C T I O X  BASED ON EVENTS U I T H  A SPECTATOR PROTON MOMENTUM < 0.20 GEV. F I T  TO BREIT-WIGNER 
CURVE FOR MASS A N 0  WIDTH. 

LABORATORY 
BEAM HOMENTUM 

G E V l C  

C 1 1  ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 
D I F F E R E N T I A L  CROSS S E C T I O N  FOR ANTIPROTON NEUTRON r A N T I O E L T A I 1 2 3 8 1 - -  PROTON. [ F I G U R E  8 1  

A N T I O E L T A ( l 2 3 8 1 - -  * ANTIPROTON P I -  C 1 1  

LABORATORY BEAM WMENTUCI = 1 . 9 6 0  +- . 0 2 5  G E V I C .  

N O R M A L I Z E D  13 5.1 MB 

***THESE DATA WERE READ FROM A GRAPH*** 

D - S I G M A I D - T  
M B / I G E V / C I * * 2  L 3 r 4 1  NO. EVENTS 

31.7  +- 3.9 6 6  

T I S  THE SQUARE OF THE I N V A R I A N T  MOMENTUM TRANSFER BETWEEN THE [ I N C O M I N G  A N T I P R O T O N 1  AN0 THE C A N T I O E L T A I 1 2 3 8 1 - - I .  

I11  PARENT P A R T I C L E  D E F I N E D  AS FOLLOWS [MASS CUT FROM 1 . 1 6 0  TO 1 . 3 0 0  G E V I .  
C 2 1  HEAN VALUES. 
C 3 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
C 4 1  COUNTS WERE M U L T I P L I E D  B Y  . 4 8  TO GET THESE. 



1331 COWARISON OF ISOBAR PRODUCTION I N  PP AN0 ANTI-PROTON N INTERACTIONS AT 2.8 GEV lC  . (PHYS. REV. 162.  1 3 2 0  1 1 9 6 7 ) )  

T ~ C . B A C O N ~ F . M ~ B D M S E . T . B . C O C M A N N W ~ J ~ F I C K I N G E R E R G O Z A H W K . H O P K N S  E.O.SALANT IVANOERBILT UN1V.q NASHVILLE, TENN., USA1 

ABSTRACT THE REACTIONS PP-N*++112381N AND ANTI-PROTJN N - ANTI-N* l12381++ P AT 2.8 GEVIC iNC iDENT LABORATORY MOMENTUM 
ARE ANALYZED WITH THE BROOKHAVEN NATIONAL LABORATORY 20-IN.  BUBBLE CHAMBER. ISOBAR AND ANTI-ISOBAR PROOUCTlON 
DIFFERENTIAL CROSS SECTIONS AN0 DECAY ANGULAR DISTRIBUTIONS ARE COMPARED WITH THE PREOICTIONS OF AN ABSORPTIVE 
SINGLE-PION-EXCHANGE MOOEL. THE ABSOLUTE VALUES, SHAPES, AND RATIOS OF THE CROSS SECTIONS ARE I N  GOOD AGREEMENT WITH 
THE THEORY WHEN THE ABSORPTIVE PARAMETERS GAMMA111 AND GAMMA121 ARE 0.033 AN0 0.016 FOR THE ANTI-PROTON N REACTIONI AND 
0.057 AND 0.019. RESPECTIVELY, FOR THE PP REACTION. 

CLOSELY RELATEO REFERENCES 
CONTINUATION OF PREVIOUS EXPERIMENT I N  PHYS. REV. 125 ,  2 0 8 2  119621.  

BEAM NO. 1 I S  PROTON ON PROTON AT 2.8 GEVIC. 
NO. 2 I S  ANTIPROTON ON OEUTERON AT 2.8 GEVIC. 

T H I S  EXPERIMENT USES THE BNL 2 0  IN. DEUTERIUM BUBBLE CHAMBER. 
KEY WOROS - RESONANCE PRODUCTION OELTA112381++ ........................................................................................................................ ........................................................................................................................ 

NO OATh PUNCHED FOR T H I S  ART1 CLE 

EVIDENCE FOR PRODUCTION OF AN N*114001  AN0 NBAR*114001 I N  THE REACTION PBAR P I N 1  . PBAR P P I *  P I -  I N )  AT 2.8 GEVIC. 
IPHYS. REV. LETTERS 22. 4 3  1 1 9 6 9 1 1  

T.C.BACONP F.BOMSEI T.B.BORAK7 T.B.COCMANI W.J.FICKINGER, E.R.GOZA1 H.W.K.HOPKINS, E.O.SALANT IVANOERBILT UNIV.. 
NASHVILLE*  TENN., USA1 

ABSTRACT I N  THE REACTION PBAR P I N 1  * PBAR P P I +  P I -  I N 1  AT 2.8 GEVIC, ENHANCEMENTS I N  THE MASS SPECTRA OF PBAR P I -  
P I *  ANO P P I -  P I *  HAVE BEEN OBSERVED NEAR 1 4 0 0  MEV. ANALYSIS INDICATES THAT THESE ENHANCEMENTS CANNOT BE AOEQUATELY 
EXPLAINED AS KINEMATIC REFLECTIONS OF N I 1 1 2 3 8 1  AND/OR NBAR*112381 PRODUCTION. 

BEAM I S  ANTIPROTON ON DEUTERON AT 2.8 GEVIC. 
T H I S  EXPERIMENT USES THE BNL 2 0  IN .  DEUTERIUM BUBBLE CHAMBER. 
KEY WORDS - RESONANCE PROOUCTION O E L T A l l 2 3 8 1  ........................................................................................................................ ........................................................................................................................ 

NO ObTA PUNCHEO FOR T H I S  ARTICLE 

1351 DOUBLE-PION PROOUCTlON REACTIONS I N  PBAR N COLLISIONS AT 2.8 GEVIC. IPHYS. REV. D 2. 4 6 3  I 1 9 7 0 1 1  

T.C.BACON1 F.BOMSE7 T.B.BORAK, W.J.FICKINGER, E.R.GOZAr E.J.MOSESr E.O.SALANT IVANDERBILT  UNIV.. NASHVILLE* TENN.9 USA1 

ABSTRACT THE REACTIONS PBAR N PBAR N P I +  PI-. PBAR N - PBAR P P I -  PIO, AN0 PBAR N - NBAR P P I -  P I -  AT 2.8-GEVIC 
INCIDENT PBAR LABORATORY MOMENTUM ARE ANALYZED WITH DATA FROM THE BROOKHAVEN NATIONAL LABORATORY 20-IN.  BUBBLE CHAMBER. 
N*11238)  ISOBAR PROOUCTlON I N  THESE CHANNELS I S  STUDIED. I T  I S  FOUND THAT THE ABSORPTIVE SINGLE-PION-EXCHANGE MODEL 
CANNOT AOEQUATELY EXPLAIN ALL THE FEATURES OF SIMULTANEOUS ISOBAR PRODUCTION I N  THESE REACTIONS. WHEN THE REACTIONS 
PBAR N - INBAR*-- N*+ OR NBAR*O N*-1 - PBAR P I -  N P I +  ARE COMPARED WITH THEIR COUNTERPART PP - N*++ N*0 * P P P I +  PI- ,  
THE FORMER ARE FOUND TO BE LESS PERIPHERAL THAN THE LATTER. I N  SHARP DISAGREEMENT WITH A PREDICTION OF THE MOOEL. A 
GENERALIZED SINGLE-PION-EXCHANGE MODEL I S  DISCUSSED WHICH GIVES BETTER AGREEMENT WITH THE NUCLEON-PION TWO-BODY MASS 
AN0 ANGULAR DISTRIBUTIONS. SpME EVIOENCE FOR ENHANCEMENTS I N  THE NUCLEON AND ANTINUCLEON D l P l O N  SYSTEMS AT 1 4 0 0  MEV I S  
0 1  SCUSSEO. 

CLOSELY RELATEO REFERENCES 
CONTINUATlON OF PREVIOUS EXPERIMENT I N  PHYS. REV. LETTERS 22, 4 3  11969) ,  AN0 PHYS. REV. 1 6 2 1  132C 119671.  

BEAM I 5  ANTIPROTON ON PROTON AT 2.8 GEVIC. 
T H I S  EXPERIMENT USES THE BNL 2 0  IN .  DEUTERIUM BUBBLE CHAMBER. A TOTAL OF 4 8 0 0 0  PICTURES ARE REPORTED ON. 
KEY WOROS * CROSS SECTION RESONANCE PROOUCTlON DELTA112381 

I T A B L E  1 1  
LABORATORY BEAM MOMENTUM = 2.790 +- .035 GEVIC. 

REACTION 
ANTI  PROTON OEUTERON - 

ANTIPROTON NEUTRON P I -  P I +  [PROTON SPECTATORI 
ANTIPROTON PROTON P I -  P I 0  'IPROTON SPECTATOR) 
ANTINEUTRON PROTON P I -  P I -  IPROTON SPECTATORI 

MILLIBARNS NO. EVENTS 

L 1 1  PROTON SPECTATOR MOMENTUM < .25 GEVIC. ........................................................................................................... 
I PAGE 4 6 6 1  

LABORATORY BEAM MOUENTUM = 2.790 t- .035 GFVIC. 

REACTION 
ANTIPROTON NEUTRON - 

A N T I O E L T A l 1 2 3 ~ 1 -  D E L T A ( 1 2 3 B l i  
ANTIOELTA112381--  r ANTIPROTON P I -  t 2 1  
OELTA11238)+ - NEUTRON P I +  I 2 1  

ANTIOELTA1123810  DELTA1 12381-  
A N T I O E L T A I l 2 3 B I O  - ANTIPROTON P I *  1 2 1  
OELTA112381- - NEUTRON P I -  I 2 1  

1 1 1  PROTON SPECTATOR MOMENTUM < .25 GEVIC. 
1 2 1  F ITTED FOR MASS AND/OR WIDTH. AND THEN TOOK ONLY EVENTS ABOVE I F I T T E O I  BACKGROUND. 



DIFFERENTIAL  CROSS SECTION FOR ANTIPROTON NEUTRON A N T I O E L T A l 1 Z 3 8 1 0  O E L T A l l 2 3 8 1 - .  [FIGURE 3 1  
ANT IOELTA(1238 IO  - ANTIPROTON P I +  1 1 1  
O E L T A l 1 2 3 8 l -  * NEUTRON P I -  [ 1 1  

LABORATORY BEAM MOMENTUM = 2 .790  +- . 035  GEVIC. 

COSITHETAI 

M l N  MAX 
-1.0 -.9 

-.9 -.8 
-.8 -.7 
-.7 - .6  
-.b -.5 
-.5 -.4 
-.4 -. 3 
-.3 -.Z 
-.z -. 1 
-.l .o 

.O .I 

.1 .2 

.z .3 

.3  .4 

.4 .5 

.5 .6 

.6 .7 

.7  .8 

.8 .9  

.9  1.0 

UERE READ FROM A GRAPH*** 

NO. EVENTS 

THETA I S  THE ANGLE THAT THE A N T I O E L T A l 1 2 3 8 ) O  MAKES WITH THE BEAM I N  THE GRANO C.M. 

C11  PARENT PARTICLE  DEFINED hS FOLLOWS [MASS CUT FROM 1 .160  TO 1 .300  GEVI.  
C21  COUNTS WERE MULT IPL IEO BY .0555  TO GET THESE. ........................................................................................................................ 

DIFFERENTIAL  CROSS SECTION FOR ANTIPROTON NEUTRON * A N T I O E L T A l l 2 3 8 1 - -  OELTA(12381+.  [F IGURE 3 1  
ANT IDELTAI12381 - -  - ANTIPROTON P I -  Ill 
D E L T A t 1 2 3 8 1 +  - NEUTRON P I +  ( 1 1  

LABORATORY BEAH MOMENTUM = 2.790 +- . 035  GEVIC. 

NORMALIZED TO 0.78 MB 

**+THESE DATA UERE READ FROM A GRAPW** 

COSITHETAI 

M I N  MAX 
-1.0 -. 9 

-.9 -.a -. 8 -.7 
- .7  -.6 
-.6 -.5 
-.5 -.4 -. 4 -. 3 
-.3 -. 2 
-.2 -.l 
-.l .o 

- 0  .I 
.1 .2 
.Z . 3  
.3  .4 
.4 .5 
.5 .6 
.6 .7 
. 7  .8 
.a - 9  
.9 1.0 

NO. EVENTS 

THETA I S  THE ANGLE THAT THE A N T I O E L T A i l 2 3 0 1 - -  MAKES WITH THE BEAM I N  THE GRANO C.M. 

PARENT 
COUNTS 

PARTICLE DEFINED AS FOLLOWS 
UERE H U L T I P L I E D  BY . 0 5 5 5  TD 

INASS CUT 
GET THESE. 

FROM GEV 1. 

M N O N - A N N I H I L A T I O N  CHANNELS I N  PEAR P INTERACTIONS NEAR CENTRE OF MASS ENERGY 2 2 0 0  MEV. CNUC. PHYS. 832 .  6 6  ( 1 9 7 1 1 1  

LIJT.C.BACON, I. BUTTERWORTH, R.J. HILLER, J. J.PHELAN I RUTHERFORO HIGH EN. LAB., CHILTON,OIO.BERK.ENGLANOI 
R.A.DONALOI D.N.EDWAROSv O.C.HOWAROI R.S.MO0RE [LIVERPOOL UN1V.r LIVERPOOL, ENGLAND1 

ABSTRACT THE ELASTIC  AND ONE-PION PRODUCTION CHANNELS FROM THE PEAR P INTERACTION AT FOUR C.M. ENERGIES BETWEEN 2 1 5 0  
AN0 2 2 4 0  MEV ARE DESCRIBED. NO EVIDENCE OF FORMATION OF THE NARROW T i 2 1 9 5 1  MESON I S  OBSERVED. THE ELASTIC  O IFFERENTIAL  
CROSS SECTION I S  MEASURE0 I N  THE RANGE OF SQUARE0 FOUR-MOMENTUM TRANSFER / T I  > 0.03 GEV**Z. T H I S  HAS BEEN EXTRAPOLATED 
TO THE FORYARO D IRECTION WHERE RE/ IM  PARTS OF THE AMPLITUDE ARE OEOUCEO. THE ONE-PION F I N A L  STATES ARE WELL DESCRIBED 
BY ASSUMING THAT THEY ARE DOMINATED BY DELTA-PRODUCTION. 



ELASTIC  D IFFERENTIAL  CROSS SECTI3N  FOR A M  [TABLE 1 1  

LABORATORY BEAM 

-T 
IGEV/CI**Z 
M I N  MAX 
.03 . 0 4  
. 04  . 05  
. 05  . 06  
.06 . 07  
. 07  . 08  
.08 . 09  
.09 . 10  
.10 .ll 
.I1 .12 
.12 .13 
.13 . 14  
-14 .15 
.15 - 1 6  
. 16  . 1 7  
.17 . l 8  
- 1 8  . 1 9  

MOMENTUM = 1.23 +- 

.IPROTON PROTON. 

. 02  GEVIC. 

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE [ INCOMING ANTIPROTON1 AND THE I W T G O I N G  ANTIPROTON]. 

I 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 2 1  ADD POSSIBLE SYSTEMATIC ERROR OF +- 3 PER CENT. ........................................................................................................................ 

ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [TABLE 1 1  

LABORATORY BEAM MOMENTUM - 1.30 +- .02 GEVIC. 

IGEV/CI**Z 
M I N  
.03 
- 0 4  
.05 
.O6 
.07 
.08 

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE [ INCOMING ANTIPROTON1 AN0 THE IOUTGOING ANTIPROTONI. 

I l l  ERRORS ARE STAT IST ICAL  ONLY. 
I 2 1  A00  POSSIBLE SYSTEMATIC ERROR OF +- 3 PER CENT. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. I T A B L E  1 1  

LABORATORY BEAM MOMENTUM = 1.36 +- - 0 2  GEVIC. 

-T D-SIGMAID-T 
IGEV/C)**2 
M I N  MAX 
. 0 3  . 04  
- 0 4  . 0 5  
. 05  . 0 6  
.06 .07 
. 07  .08  
.08 . 09  
- 0 9  .10 
. 10  .ll 
.ll .12 
.12 .13 
.13 . 1 4  
- 1 4  - 1 5  
- 1 5  . I 6  
- 1 6  .17 
- 1 7  .1R 
. l 8  - 1 9  
.19 .20 

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE [ INCOMING ANTIPROTONI AND THE CWTGOlNG ANTIPROTONI. 

1 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
I 2 1  ADD POSSIBLE SYSTEMATIC ERROR OF +- 3 PER CENT. ......................................................................................................................... 

ELASTIC  O lFFERENT l  AL 

LABORATORY BEAM 

-T 
I G E V I C ) t * Z  
M I N  MAX 
.03 - 0 4  

.05 

. 06  

. 07  

.08 
- 0 9  
. 1 0  
.I1 
.12  
.13 

1 4  
. 15  
. 1 6  
- 1 7  
- 1 8  

CROSS SECTION FOR ANTIPROTON PROTON. 

MOMENTUM = 1.43 +- .O2 GEVIC. 

[TABLE 1 1  

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETHEEN THE tlNC.OMlNG lNT lPROTONl  AND THE 

1 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
I 2 1  ADD POSSIBLE SYSTEMATIC ERROR OF +- 3 PER CENT. .................................................................................................. 

1 OUTGOING ANTIPROTONI. 

....................... 



ANTIPROTON PROTON E L A S T I C  CROSS SECTION.  [ T A B L E  2 1  

LABORATORY 
BEAM MOMENTUM 

G E V l C  
1.23 +- - 0 2  
1.30 .02 
1.36 . 0 2  
1.43 - 0 2  

M I L L I B A R N S  [ I 1  
43.3 +- 1.3 
41.5  1 . 2  
42.2 1 . 2  
41.8  1 . 2  

[ I 1  ERRORS ARE S T A T I S T I C A L  ONLY. ........................................................................................................................ 
CROSS S E C T I O N  FOR ANTIPROTON PROTON * ANTIPROTON PPOTON P I O .  [ T A B L E  3 1  

LABORATORY 
BEAM MOMENTUM 

G E V l  C MICROBARNS [ll NO. EVENTS 
1.23 +- .02 5 2 6 .  +- 3 5 .  2 3 9  
1.30 . 0 2  7 3 9 .  46.  2 8 3  
1 .36 - 0 2  1 0 1 1 .  54.  3 8 3  
1.43 .02 1 2 4 7 .  60.  5 1 3  

Ill ERRORS ARE S T A T I S T I C A L  ONLY. ........................................................................................................................ 
CROSS S E C T I O N  FOR ANTIPROTON PRDTON * ANTIPROTON NEUTRON P I + .  [ T A B L E  3 1  

LABORATORY 
BEAM MOMENTUM 

G E V l C  
1.23 +- . 0 2  
1 .30 . 0 2  
1 . 3 6  - 0 2  
1.43 - 0 2  

MICROBARNS C 1 1  NO- EVENTS 
2 0 0 .  +- 2 1 .  9 1  
2 7 9 ,  2 8 .  1 0 7  
3 8 8 .  3 3 .  1 4 7  
586.  3 9 .  2 4 1  

1 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. ......................................................................................................................... 
CROSS S E C T I O N  FOR ANTIPROTON PROTON - ANTINEUTRON DROTON PI-. [ T A B L E  3 1  

LABORATORY 
BEAN W H E N T U M  

G E V l C  
1.23 +- .02 
1.30 - 0 2  
1.36 . 0 2  

MICROBARNS [ 11 NO. EVENTS 
2 0 7 .  +- 2 2 .  9 4  
3 5 5 .  3 2 .  1 3 6  
4 5 9 .  3 6 .  1 7 4  
646.  42.  2 6 6  

1 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. ........................................................................................................................ 
CROSS S E C T I O N  FOR ANTIPROTON PROTON - ANTIPROTON NEUTRON P I +  + CHARGE CONJUGATE. 1 1 1  [ T A B L E  3 1  

MICROBARNS [ Z I  
4 0 7 .  +- 3 1 .  
6 3 4 .  4 3 .  
847.  4 9 .  

1 2 3 2 .  58.  

111 CALCULATED BY U S  FROM DATA I N  T H I S  A R T I C L E .  
I 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 

R E A C T I O N S  PBAR P - LANBOA-BAR LAMBDA AT 2.5 G E V l C  I P H Y S .  L E T T E R S  258.  1 5 2  ( 1 9 6 7 1 1  

'J .BAOIER~A.BONNET~P.BRIANOETTBBSAOOULET I E C O L E  POLYTECHNIQUE. P A R I S ,  FRANCE1 

ABSTRACT A SAMPLE OF CANBOA-BAR LANBDAI LAMBDA BAR SIGMA 0 ,  SIGNA-BAR 0 LAMBDA HAS BEEN O B T A I N E D  FROM I N T E R A C T I O N S  I N  
HYDROGEN OF ANTIPROTONS AT 2 - 4 3 4  GEVIC.  THE TOTAL AND O I F F E R E N T I A L  CROSS SECTIONS ARE G I V E N  AND A COMPARISON W I T H  
RESULTS AT OTHER ENERGIES I S  MAOE. THE P O L A R I Z A T I O N S  AND S P I N  CORRELATIONS ARE EVALUATED. 

CLOSELY R E L A T E 0  REFERENCES 
SEE ALSO PHYS. REV. 1 6 1 .  1 3 3 5  ( 1 9 6 7 1 9  NUOVO C I H E N T O  3 5 7  7 3 5  1 1 9 6 5 1 .  PHYS. REV. 1 4 0 9  8 1 0 2 7  ( 1 9 6 5 1 .  O U B N l  CONFERENCE l r  

6 8 6  ( 1 9 6 4 1 .  PHYS. REV. 1 5 2 ,  1 1 7 1  ( 1 9 6 6 ) .  OUBNA CONFERENCE l r  6 9 7  ( 1 9 6 4 1 .  AN0 PHYS. REV. 1 2 1 .  1 7 8 8  ( 1 9 6 1 1 .  

REAM I S  ANTI-PROTON ON PROTON AT 2 . 4 3 4  G E V I C .  
T H I S  EXPERIMENT USES THE CERN 2M HYDROGEN BUBBLE CHAMBER. A TOTAL OF 1 5 0 0 0 0  P I C T U R E S  ARE REPORTED ON. 
K E Y  YORDS - CROSS S E C T I O N  D I F F E R E N T I A L  CROSS S E C T I O N  RESONANCE PRODUCTION LAMBDA SIGMA ......................................................................................................................... ........................................................................................................................ 

[ P A G E  1 5 2 1  
LABORATORY BEAM MOMENTUM = 2 . 4 3 4  +- . 0 3 0  G E V I C .  

ANTI-LAMBDA S IG.  . - 
S I G M A 0  ANTI-LAMBDA + CHARGE CONJUGATE 
A N T I - S I G M A 0  S I G M A 0  
ANTI-LAHBOA LAMBDA P I 0  

MICROBARNS 

Ill CALCULATED B Y  US FROM DATA I N  T H I S  A R T I C L E .  ........................................................................................................................ 



O I F F E Q E Y T I A L  CROSS S E C T I O N  FUR ANTIPROTON PROTON - ANTI-LAMBDA LAMBOA. I F I G U R E  2 1  

LABORATORY BEAM MOMENTUM = 2 . 4 3 4  +- . 5 3 0  GEVIC.  

**+THESE OATA WERE REAO FRJH A GRAPH*** 

C O S I T H E T A I  0-SIGMAID-OMEGA 
U B I S R  Ill 

MlN M A Y  

THETA I S  T H E  ANGLE THAT THE ANTI-LAMBDA MbKES W I T H  THE BEAM I N  THE GRAND C.M. 

1 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. ................................................................................... 
D I F F E R E N T I A L  CROSS S E C T I O N  FOR ANTIPROTON PROTON - ANTI-LAMBDA S I G M A 0  + CHARGE CONJUGATE. [ F I G U R E  3 1  

LABORATORY BEAM MOMENTUM = 2.434 t . 0 3 0  GEVIC.  

***THESE DATA WERE REAO FROM A 6RAPH*** 

C O S I T H E T A I  C-SIGMAID-OMEGA 
U B I S R  [ 1 1  

THETA I S  THE ANGLE T H A T  THE ANTI-LAMBDA MAKES W I T H  T H E  BEAM I N  THE GRAND C.M. 

Ill ERRORS ARE S T A T I S T I C A L  ONLY. 

STUDY OF PBAR P A N N l H l L A T I O N  A T  2.5 G E V I C  W I T H  PRODUCTION OF TWO KAONS I N  F I N A L  STATE.  INUC.  PHYS. 8 2 2 1  5 1 2  1 1 9 7 0 1 1  

mJ.BAOIER7 A.BONNET, 0 - O R E V I L L O N  [ECOLE POLYTECHNIQUE7 P A R I S ,  FRANCE1 
M . 8 A U B I L L I E R 7  R-GEORGE, M.RIVOAL I I N S T I T U T  OE P H Y S I Q U E  N U C L E A I R E ,  P A R I S ,  FRANCE1 

ABSTRACT CROSS S E C T I O N S  FOR F I N A L  STATES AND RESONANCE PRODUCTION ARE G I V E N  AND COMPARED TO A S T A T I S T I C A L  MODEL 
PROPOSED B Y  LANB. TRANSVERSE AND L O N G I T U D I N A L  MOMENTA ARE S T U D I E D  AND THE GOLOHABER EFFECT I S  TESTED. BARYON EXCHANGE 
MECHANISMS APPEAR. 

BEAM I S  ANTIPROTON O N  PROTON AT 2.5 GEVIC.  
T H I S  E X P E R I M E N T  USES THE CERN 2 M  HYDROGEN BUBBLE CHAMBER. A TOTAL OF 1 2 0 0 0 0  P I C T U R E S  ARE REPORTED ON. 
K E Y  WORDS - A N N I H I L A T I O N  CROSS S E C T I O N  MESONS PRODUCTION 
COMPOUND K E Y  WORDS * A N N I H I L A T I O N  CROSS S E C T I O N  MESONS PRODUCTION ........................................................................................................................ ........................................................................................................................ 

[ T A B L E  2 1  
LABORATORY BEAM HOMENTJM * 2.5 GEVIC.  

R E A C T I O N  MICROBARNS I 1 1  
ANTIPROTON PROTON - 

KOS KOS 1 2 .  +- 5. 
KOS KOS P I 0  11. 2. 
KOS KOS M M 2 2 P l O  4 5 .  1. 
KOS KOS P I +  P I -  8 1 .  7. 
KOS KOS P I +  P I -  P I 0  1 3 6 .  9. 
KOS KOS P I +  P I +  P I -  P I -  1 3 .  2. 
KOS KOS P I +  P I +  P I -  P I -  P I 0  1 0 .  2. 
KOS KOS P I +  P I *  P I -  P I -  MM22P10 < 1. 
KOS KOS P I +  P I -  M M L Z P I O  5 7 .  6. 
KOS KOL P I +  P I -  2 0 4 .  13.  
KOS P I +  P I -  M M 2 1 1 P I O + l K O I  2 2 4 .  16. 
KOS KOL P I +  P I +  P I -  P I -  2 9 .  4. 
KOS P I +  P I +  P I -  P I -  M M ~ I l P I O + l K O l  2 6 .  3. 
KOS K +  P I -  3 7 .  3. 
KOS K+ P I -  + CHARGE CONJUGATE 7 4 .  6. t 2 1  
KOS K +  P I -  P I 0  1 4 4 .  8. 
KOS K +  P I -  P I 0  + CHARGE CONJUGATE 2 8 8 .  16. 1 2 1  
KO5 K +  P I -  M N L 2 P I O  8 4 .  5. 
KOS K+ P I -  M M Z 2 P I O  + CHARGE CONJUGATE 1 6 8 .  10.  1 2 1  
KOS K *  P I +  P I -  P I -  1 0 5 .  10.  
KOS K +  P I +  P I -  P I -  + CHARGE CONJUGATE 2 1 0 .  20. I 2 1  
KOS K +  P I +  P I -  P I -  P I 0  1 0 5 .  7. 
KOS K +  P I +  P I -  P I -  P I 0  + CHARGE CONJUGATE 2 1 0 .  1 4 . I 2 1  
KOS K +  P i +  P I -  P I -  MMZZPIO 2 1 .  3. 
KOS K +  P I +  P I -  P I -  M M Z Z P I O  + CHARGE 

CONJUGATE 4 2 .  6. 1 2 1  

Ill ERRORS ARE S T A T I S T I C A L  ONLY. 
I 2 1  CALCULATED 8 Y  US FROM OATA I N  T H I S  A R T I C L E .  

~ * * * ~ ~ * t + * t * * + * * * t t , f * t t * * * * * * * * * * * t t * * * * * + * * ~ ~ * * * * * * * * t * * * * * * * * r * * * * * * * r + r * * * * * * * * * * * + ~ * * * * * * t t + t t r + +  
*~*************ttt****+**t**t***t+**t+**ff**t*+*t**tf*f***t***+**t**~~~*t***~*f***r*r****+***+**+r+*r*+*t**+r*+tt+*****t 



E I A N T I P R O T O N - P R O T O N  ELASTIC  SCATTERING AT 3.55 GEV/C. INUC. PHIS. 0 1 2 ,  5 1 1 9 6 9 1 1  

u ~ . ~ . ~ ~ ~ ~ ~ *  P.J.CARLSON1 V-CHABAUOI A-LUNOBY ICERNI GENEVA, SWlTZERLANOl 
J.BANAIGS, J.BERGER. C.BONNEL9 J.DUFLO1 L.GOL0ZAHL7 F.PLOUIN [CNTR. O'ETUOES NUC. SACLAY, GIF-SUR-YVETTE1 F IANCE1  

ABSTRACT ANTIPROTON-PROTON ELASTIC SCATTERING HAS BEEN MEASURED AT 3.55 GEVIC IN THE c.n. ANGULAR RANGE FROM 2 0  
OEGREES TO 77 OEGREES AND FROM 1 0 9  DECREES TO 1 6 0  DEGREES. FORWARD PBAR P ELASTIC  SCATTERING SHOHS A STRJCTURE NEAR T = 
-0.5 1GEVIC)-SQUARED. I N  THE BACKWARD REGION TWO EVENTS ARE OBSERVED. 

BEAM I S  ANTIPROTON ON PROTON AT 3.55 GEVIC. 
T H I S  EXPERIMENT USES SPARK CHAMBERS. 
KEY YOROS - ELASTIC  SCATTERING O lFFERENT lAL  CROSS SECTION 

ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. I T A B L E  1 1  

LABORATORY BEAM MOMENTUM = 3.55 +- . 05  GEVIC. 

-T 
IGEVIC I * *2  
WIN H AX 
- 1 6  . 20  
.20 . 24  
. 24  .32 
.32 - 4 0  
. 40  .48 
.48 . 60  

NO. EVENTS 

T I S  THE SWARE OF THE INVARIANT MOWNTUM TRANSFER BETWEEN THE I INCOMING ANTIPROTON1 AN0 THE IOUTGOING ANTIPROTONI. 

1 1  f ERRORS ARE STAT IST ICAL  ONLY. 

PRODUCTION OF HYPERON RESONANCES I N  LAMBDA 0 + ANTILAMBOA 0 + P I +  P I -  F I N A L  STATES. IPHYS. REV. LETTERS 1 1 1  3 2  
I 1 9 6 3 1 1  

C.BALTAY1 J.SANDWEISS, H.TAFT CYhLE UN1V.r NEW HAVEN* CONN., USA1 
B.B.CULWICKI W.B.FOWLER. J.K.KDPP, R.l.LOUTTIT, J.R.SANFORD1 R.P.SHUTT1 A.M.THORNDIKE7 M.S.WEBSTER IBROOKHAVEN NIT.  LAB.. 

UPTON* L.I., N. Y.r USA1 

CLOSELY RELATED REFERENCES 
DATA SUPERSEDED BY PHYS. REV. 140 .  8 1 0 2 7  1 1 9 6 5 1 .  

BEAM I S  ANTIPROTON ON PROTON FROM 3.25 TO 3.69 GEVIC. 
T H I S  EXPERIMENT USES THE BNL 2 0  I N .  HYDROGEN BUBBLE CHAMBER. A TOTAL OF 2 0 0 0 0 0  PICTURES ARE REPORTED ON. 
KEY WOROS - HYPERON RESONANCE PROOUCTlON LAMBDA 
COMPOUND KEY WOROS HYPERON RESONANCE PRODUCTION ........................................................................................................................ ........................................................................................................................ 

NO DATA PUNCHED FOR T H I S  ART ICLE  

m O 6 S E R V A T I O N  OF THE PRODUCTION OF AN ANTI-XI-ZERO PARTICLE. CI'HYS. REV. LETTERS 11. 1 6 5  ( 1 9 6 3 ) l  

UC.BALTAY. J.SANOWEISS. H.D.TAFT [YALE UNIV., NEW HAVEN, CONN.. U S A l  
8.0-CULWICKV W.B.FOWLER$ J-K-KOPP, R . I . L W T T I T I  J.R.SANFORO9 R.P.SHUTT3 Ll.L.STONEH1LC7 R.STUMP9 A.M.THORNDIKE, M.S.WEBSTER 

IBROOKHAVEN NAT. LAB., UPTON* L.l.9 N. Y.I U S A l  

CLOSELY RELATED REFERENCES 
DATA SUPERSEDED BY PHYS. REV. 1 4 0 1  8 1 0 2 7  ( 1 9 6 5 1 .  

BEAM I S  ANTIPROTON ON PROTON AT 3.69 GEVIC. 
THIS EXPERIMENT USES THE BNL 20  IN. HYDROGEN BUBBLE CHAMBER. A TOTAL OF 3 o b o o o  PICTURES ARE REPORTED ON. 
KEY WOROS - HYPERON PROOUCTION A N T I X I O  
COMPOUND KEY WORDS - HYPERON PROOUCTION ........................................................................................................................ ........................................................................................................................ 

NO DATA PUNCHED FOR T H I S  ART ICLE  



I N V E S T I G A T I O N  OF Y* AND A N T I - Y *  PRODUCTION I N  REACTIONS OF THE TYPE ANTIPROTON + P Y + A N T I - Y  + P I .  [PHYS. REV. 
LETTERS 11, 3 4 6  1 1 9 6 3 1  1 

C.BALTAY.J.SAN0WEISSIH.D.TAFT [ Y A L E  UNIV.. NEW HAVEN. CONN.. U S A 1  
B.B.CULYICK, W.B.FOWLER1 J.K.KOPP, R . I . L 0 U T T I T t  J.R.SANF0RD7 R.P.SHUTT1 D.L.STONEHILL7 A.M.THORNIDIKEI M-S-WEBSTER 

IBROOKHAVEN NAT. LAB., UPTON, L . I .7  N. Y e t  U S A l  

CLOSELY R E L A T E D  REFERENCES 
DATA SUPERSEDED B Y  PHYS. REV. 1 4 0 ,  8 1 0 2 7  1 1 9 6 5 1 1  

BEAM I S  ANTIPROTON ON PROTON FROM 3.25 T O  3 . 6 9  G E V l C .  
T H l S  EXPERIMENT USES THE B N L  2 0  I N .  HYDROGEN BUBBLE CHAMBER. A TOTAL OF 3 0 0 0 0 0  P I C T U R E S  ARE REPORTED ON. 
K E Y  WORDS - ANGULAR D I S T R I B U T I O N  RESONANCE PROOUCTION Y * 1 1 3 B 5 1  Y * 1 1 4 0 5 1  Y * 1 1 5 2 0 1  

NO DATA PUNCHED FOR T H l S  A R T I C L E  

43 ANTIHYPERON PRODUCTION I N  ANTIPROTON-PROTON R E A C T I O N S  AT 3 . 7  B E V I C .  IPHYS.  REV. 1 4 0 .  8 1 0 2 7  1 1 9 6 5 1 1  0 C.BALTAY. J.SANOWEISSI H.O.TAFT [ Y A L E  UNIV.. NEW HAVEN, CONN., U S A 1  
B.B.CULWICK, J.K.KOPP, R. I .LOUTTIT,  A.M.THORNOIKEI M.S.WEBSTER tBROOKHAVEN N I T .  LAB.. UPTONt L.I.,  N. Y.r U S A l  

ABSTRACT RESULTS ON T H E  PRODUCTION OF ANTIHYPERONS I N  THE R E A C T I O N S  OF 3.7 B E V l C  ANTIPROTONS W I T H  PROTONS ARE 
PRESENTED. E X A n P L E S  WERE OBSERVED OF THE PROOUCTION OF THE A N T I P A R T I C L E S  OF A L L  THE BARYONS WITH HYPERCHARGE 0 AND I r  
SEVERAL OF WHICH H A 0  NOT BEEN OBSERVED P R I O R  TO T H I S  EXPERIMENT.  T H E  MASS A N 0  L I F E T I M E  OF THE ANTI-LAMBDA A N 0  T H E  
L I F E T I M E S  OF T H E  CHARGED A N T I - S I G M A  WERE MEASURED AND ARE CONSISTENT W l T H  THE CORRESPONDING Q U A N T I T I E S  OF THE LAMBDA 
AND CHARGED SIGMA. AS REQUIRED BY CPT I N V A R I A N C E .  I N  THE TWO-BODY LAMBDA-ANTI-LAMBOA, LAMBDA-ANTI-SIGMA 0 ,  
ANTI-LAMBOA-SIGMA 0 AND SIGMA+ ANTI-SIGMA- F I N A L  STATES,  THE ANTIHYPERONS D I S P L A Y E D  A VERY SHARPLY FORWARD PEAKED 
ANGULAR D I S T R I B U T I O N .  THE PRODUCTION OF THE THREE-BODY F I N A L  STATES Y ANTI-Y P I  AND LAMBDA ANTI-N K OR ANTI-LAMBDA N 
A N T I - K  TEND T O  PROCEED THROUGH THE Y A N T I - Y *  OR A N T I - Y  Y*  I N T E R M E D I A T E  STATES,  WHERE THE Y* I S  E I T H E R  T H E  Y 1 * 1 1 3 B 5 1 q  
THE Y 0 * 1 1 4 0 5 1 .  OR THE Y O * 1 1 5 2 0 1 .  T H E  FOUR-BODY LAMBDA ANTI-LAMBDA P I *  P1- F I N A L  STATE I S  DOMINATED BY THE P A I R  
PRODUCTION OF T H E  Y1*1 1 3 6 5 1  HYPERON I SOBAR. 

CLOSELY R E L A T E D  REFERENCES 
SEE ALSO PHYS. REV. 1 3 7 .  8 1 2 5 0  1 1 9 6 5 1 .  
T H I S  A R T I C L E  SUPERSEDES PHYS. REV. L E T T E R S  11. 3 2  1 1 9 6 3 1 1  AND PHYS. REV. L E T T E R S  11. 3 4 6  1 1 9 6 3 1 .  

[ T A B L E  2 1  
LABORATORY BEAM MOMENTUM = 3 . 2 8  G E V l C  t 1 . 5 I P E R  C E N T I .  

R E A C T I O N  MICROBARNS 111 
ANTIPROTON PROTON * 

A N T I  LAMBDA LAMBDA 8 7 . 0  +- 13.0  
ANTILAMBOA S I G M A 0  + CHARGE CONJUGATE 56.0 1 1 . 0  
SIGMA+ A N T I S I G M A -  3 6 . 0  13.0  
SIGMA- A N T I S I G M A +  . 2.0 + 8.0 - 2.0 
X I -  A N T I X I +  4 . 0  2.0 
LAMBDA ANTILAMBOA P I +  P I -  1 5 . 0  6.0 
LAMBDA A N T I S I G M A 0  P I +  P 1 -  + CHARGE CONJUGATE < 5.0 
LAMBDA ANTILAMBDA P I +  P I -  P I 0  < 5.0  
s I c n n +  ANTISIGMA- PIO + SIGMA- ANTISIGMA+ 

P I 0  7.0 5.0 
SIGMA* A N T I L A M B D A  P I -  P I 0  + SIGMA- 

ANTILAMBOA P I +  P I 0  + CHARGE CONJUGATE 6.0  6.0 
X I -  A N T I X I O  P I +  + CHARGE CONJUGATE < 5.0 
T O T A L  HYPERON PRODUCTION 4 3 8 . 0  52.0 

Ill ERRORS I N C L U D E  SYSTEMATICS ........................................................................................................................ 
I T A B L E  2 1  

LABORATORY BEAM MOMENTUM = 3.66 G E V l C  +- 1 . 5 l P E R  C E N T I .  

R E A C T I O N  MICROBARNS 11 1 
ANTIPROTON PROTON - 

ANTILAMBDA LAMBDA 0 2 . 0  +- 8.0 
ANTILAMBDA S I G M A 0  + CHARGE CONJUGATE 6 9 . 0  10.0 
SIGMA+ A N T I S I G M A -  44.0  9.0 
SIGMA- A N T I S I G M A +  8.0 4.0 
X1- A N T I X I +  2.0 1.1 
LAMBDA ANTILAMBDA P I +  P I -  2 7 . 0  4.0 
LAMBDA A N T I S I G M A O  P I +  P I -  + CHARGE CONJUGATE 10.0 3.0 
LPMBOA ANTILAMBOA P I +  P I -  P I 0  3 . 0  1 .0  
SIGMA+ A N T I S I G M A -  P I 0  + SIGMA- A N T I S I G M A *  

P I  0 12.0  3 .0  
SIGMA+ ANTILAMBOA P I -  + CHARGE CONJUGATE 7 0 . 0  8.0 
SIGMA- A N T I L A M B D A  P I +  + CHARGE CONJUGATE 24.0 4 . 0  
SIGMA* A N T I S I G M A O  P I -  + CHARGE CONJUGATE 1 1 0  3 .0  
SIGHA- A N T I  S I G M A 0  P I +  + CHARGE CONJUGATE 4 . 0  2.0 
SIGMA* ANTILAMBOA P I -  P I 0  + SIGMA- 

ANTILAMBOA P I +  P I 0  + CHARGE CONJUGATE 19.0  3.0 
LAMBDA ANTINEUTRON KO + CHARGE CONJUGATE 3 5 . 0  7.0 
LAMBDA ANTIPROTON K+ + CHARGE CONJUGATE 2 9 . 0  5.0 
S I G M A 0  ANTIPROTON K+ + CHARGE CONJUGATE 1 3 . 0  4.0 
SIGMA+ ANTIPROTON KO + CHARGE CONJUGATE 14.0  4.0 
X I -  A N T I X I O  P I *  + CHARGE CONJUGATE 3.0 1.7 
TOTAL HYPERON PRODUCTION 7 2 0 . 0  30.0 

t 11 ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 



DlFFERENTlAL CROSS SECTION FOR ANTIPROTON PROTON - ANTILAMBDA LAMBDA. 1 FIGURE 5 1  

LABORATORY BEAU MOMENTUM = 3.66 GEVIC +- 1.5iPER CENT). 

***THESE DATA WERE READ FROM A GRIPHI** 

D-SIGNAID-OMEGA 
UBISR 121 

176. +- 26. 
104. 16. 

76. 16. 
64. 14. 
32. 10. 
28. 8. 
26. 8. 
15. 8. 
32. 10. 
2b. 6. 

8. 4. 
8. 4. 

17. 6. 
6. 4. 

22. 8. 
10. 6. 
6. 4. 
4. 4. 
6. 4. 
4. 4. 
3. 4. 
0. 
0. 
8. 4. 
3. 3. 
0. 
6. 4. 
3. 4. 

T I S  THE SQUARE OF THE INVARIANT UOMENTUM TRANSFER BETWEEN THE IINCOMING ANTIPROTONI AND THE [ANTILAMBDAl, 

Ill UEAN VALUES. 
I 2 1  ERRORS INCLUDE SYSTEUATICS. ........................................................................................................................ 

DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON - ANTILAMBDA SIGMA0 + CHARGE CONJUGATE. [FIGURE 6 1  

LABORATORY BEAM MOMENTUM - 3.66 GEV/C +- 1.5tPER CENTI. 

***THESE DATA WERE READ FROM A GRAPW** 

-T C-SIGMAID-OMEGA 
LGEVIC l**2 UBISR 
WIN MAX 

.045 .090 176. +- 28. 

.090 . I35  80. 20. 
-135 .180 66. 14. 
. I80  .225 30. 10. 
.225 .270 14. 8 .  
-270 .315 7. 5. 
.315 .360 7. 5. 
.360 .405 22. 10. 
.405 .450 10. 6. 
-450 .495 12. 6. 
.495 .540 4. 3. 
.540 .585 9. 6. 
.585 -630 9. 6. 
.630 .675 9. 6. 
.675 .720 5. 4. 
.T20 .765 9. 6. 
.765 . E l 0  0. 
.810 .855 9. 6. 
-855 .900 0. 
.900 .945 9. 6 .  
.945 .990 4. 3. 
.990 1.035 0 .  

1.035 1.080 4. 3. 
1.080 1.125 9. 4. 
1.125 l . n o  0. 
1.170 1.215 4. 3. 
1.215 1.260 0. 
1.260 1.305 4. 3. 

T I S  THE SQUARE OF THE INVARIANT MOUENTUW TRANSFER BETUEEN THE IINCOMlNG ANTIPROTONI AND THE [ANTILAUBJAI. ........................................................................................................................ 
DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON - ANTISIGMA- SIGMA*. [FIGURE 7 1  

LABORATORY BEAM MOMENTUM = 3.66 GEVIC +- 1.51PER CENTI. 

***THESE DATA WERE READ FROM A GRIPHI** 

MIN MAX 
-1.0 -.B 

-.8 -.6 
-.6 -.4 
-.4 -.z 
-.2 .o 

.o .2 

.2 . 4 

.4 - 6  

.6 - 8  

.8 1.0 

THETA I S  THE ANGLE THAT THE ANTISIGM- MAKES WITH THE BEAM I N  THE GRAND C.M. .................................................................................. 



DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON - ANTISIGMA+ SIGMA-. C FIGURE 7 1  

LABORATORY BEAM MOMENTUM = 3.66 GEVlC +- 1.5 lPER CENTI.  

***THESE OATC WERE REAO FROM A GRAPW** 

COSITHETAI D-SIGMAID-COSI THETA1 
UB 

MIN  MAX 
-1.0 -.a 7.5 +- 7.5 

-.8 -. 6  .O 
- .6  -.4 .O 

THETA I S  THE ANGLE THAT THE ANTISIGMA+ MAKES WlTH THE BEAM I N  THE GRANO C.M. ........................................................................................................................ 
OIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON - A N T I Y * l 1 4 0 5 1  LAMBDA 

A N T I Y * l 1 4 0 5 1  - ANTISIGMA+ P I -  + 

LABORATORY BEAM MOMENTUM = 3.66 GEVlC +- 1.5IPER CENTI. 

NORMALIZED TO 28. MB 

***THESE OATA WERE REAO FROM A GRAPW** 

NO. EVENTS 

1 5  
7 

+ CHARGE CONJUGATE. [FIGURE 1 0 1  
ANTISIGMA- P I +  C 1 1  

THETA I S  THE ANGLE THAT THE A N T I Y * [ l 4 0 5 1  MAKES WITH THE BEAM I N  THE GRANO C.M. 

C l l  PARENT PARTICLE DEFINE0  AS FOLLOWS [MASS CUT FROM 1 .355  TO 1.455 GEVI. 
C21 ERRORS INCLUDE SYSTEMATICS. 
C31  COUNTS WERE M U L T I P L I E D  BY 7.8 TO GET THESE. 

DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON - A N T I Y * [ 1 5 2 0 )  LAMBDA 
ANTIY*115201  - ANTISIGMA+ P I -  + 

+ CHARGE CONJUGATE. [FIGURE 1 0 1  
ANTISIGMA- P I +  C l I  

LABORATORY BEAM MOMENTUM = 3.66 GEVlC +- 1.51PER CENT). 

NORMALIZEO TO 3 7 .  MB 

***THESE OATA WERE REAO FROH A GRAPH+** 

COSITHETAI 0-S IGMAIO-COS [THETA) 
UB C2131  NO. EVENTS 

MI N M AX 

THETA I S  THE ANGLE THAT THE ANTIY*11520)  MAKES WlTH THE BEAM I N  THE GRANO C.M. 

1 1 1  PARENT PARTICLE OEFINEO AS FOLLOWS [MASS CUT FROH 1.505 TO 1.535 GEVI. 
C21 ERRORS INCLUDE SYSTEMATICS. 
I 3 1  COUNTS WERE MULTIPL IED BY 19.5 TO GET THESE. 



DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON * ANTIY*113851-  SIGMA+ + 
A N T I Y * l 1 3 8 5 l -  ANTILAMBOA P I -  Ill 

LABORATORY BEAM MOMENTUM = 3.66 GEVlC +- 1.5 lPER CENTI. 

CHARGE CONJUGATE. [FIGURE 1 0 1  

NORMALIZED TD 36 .  MB 

***THESE OATA WERE READ FROM A GRAPH*** 

COSITHETAI D-SI  GMAID-COS [THETA) 
UB 1 2 r 3 1  NO. EVENTS 

MIN  MAX 
.9 1.0 109 .0  +- 34.5 1 0  
.B .9  109.0 34.5 1 0  
.7 .B 43.6 21.8 4 
- 6  -7 43.6 21.8 4 
.5  - 6  10.9 10.9 1 
.4 .5 .O 10.9 0 
.3 .4 21.8 15 .4  2 
.2 .3 10.9 10.9 1 
.1 .2 .O 10.9 0 
.O -1 10.9 10.9 1 

THETA I S  THE ANGLE THAT THE ANTIY*(13851- RAKES WITH THE BEAM I N  THE GRAND C.M. 

III PARENT PARTICLE DEFINED AS FOLLOWS I n a s s  CUT FROM 1.355 T o  1.415 GEVI. 
1 2 1  ERRORS INCLUOE SYSTEMATICS. 
1 3 1  COUNTS WERE U U L T I P L I E D  BY 10.9 TO GET THESE. 

[TABLE 6 1  
LABORATORY BEAM MOMENTUM = 3.66 GEVlC t 1.5lPER CENTI.  

REACTION MICROBARNS 1 1  1 
ANTIPROTON PROTON - 

LAMBDA ANT lY*11405)  + CHARGE CONJUGATE 28 .  +- 10. 
ANTIY* I J4051  ANTISIGMA+ P I -  + ANTISIGUA- 
D 1 +  1 9 1  

~ ~ ~ e o ~ * n a i i ~ * c i s z o r  + CHARGE CONJUGATE 
ANTIY*11520)  - TOTAL L 2 1  

SIGMA+ A N T I Y * I 1 3 8 5 l -  + CHARGE CONJUGATE 
A N T I Y * l 1 3 8 5 ) -  * ANTILAMBOA P I -  1 3 1  

SIGMA- A N T I Y * l 1 3 8 5  I +  + CHARGE CONJUGATE 
A N T I Y * l 1 3 8 5 ) +  - ANTILAUBOA P I +  1 2 1  

Y * l 1 3 B 5 l +  A N T I Y * l 1 3 8 5 ) -  - ~ 

~ * 1 1 3 8 5 ) +   LAMBDA P I +  1 2 1  
A N T I Y * l 1 3 8 5 l -  * ANTILAMBOA P I -  1 2 1  

Y*11385) -  ANTIY*113851+ 
Y * 1 1 3 8 5 I -  * LAMBDA P I -  1 2 1  
ANTIY*113851+ - ANTILAMBDA P I +  I 2 1  

1 1 1  ERRORS INCLUDE SYSTEMATICS. 
1 2 1  F ITTED D ISTRIBUTION WITH F IXED MASS AND WIDTH, AN0 THEN TOOK ONLY EVENTS ABOVE [ F I T T E D )  BACKGROUNo. 
L 3 1  FITTED FOR nnss ANOIOR WIDTH, AND THEN TOOK ONLY EVENTS ABOVE [FITTED) BACKGROUND. 

I T I S T U D Y  OF ANTIPROTON-PROTON ANNIHILATIONS INTO K AN0 P I  MESONS AT 3.7 BEVlC. [PHYS. REV. 142 ,  9 3 2  ( 1 9 6 6 1 1  

C . B A L T A Y . J . L A C H ~ J . S A N D W E I  SS,H.D.TAFT . N . Y  [YALE UNIV. NEW HAVEN, CONN., U S A l  
0.L-STONEHILL.R.STUMP IBROOKHAVEN NAT. LAB.. UPTON* L.1.v N. Y.. USA l  

ABSTRACT AT 3.66 BEVfC. THE TOTAL CROSS SECTION FOR ANTIPROTON-PROTON . K + ANTI-K + M P I  WHERE W = 1.2. ..., I S  2.9 
+- 0.4 MB. NO TWO-BODY REACTIONS OF THE FORM ANTIPROTON-PROTON * K ANTI -K .  K K*, OR K*ANTI-K* HAVE BEEN OBSERVED. THE 
ANGULAR DISTRIBUTION OF KAONS FOR THREE-BODY F I N A L  STATES SHOWS STRIK ING ANISDTROPY BUT THIS  EFFECT D IMIN ISHES WITH 
INCREASING MULTIPL IC ITY .  AN ENHANCEMENT AT LOW K ANTI-K EFFECTIVE MASS, Y I T H  POSSIBLE ASSIGNMENT OF I = 1, HAS BEEN 
OBSERVEDt AN0 T H I S  I S  COMPARE0 WITH THE [ I K l I O  ( K l I 0 1  EFFECT NOTED PREVIOUSLY BY SEVERAL GROUPS. THE K * ( B 8 8 I 1  RHO, AND 
OMEGA ARE PROMINENT I N  SEVERAL CHANNELS, BUT THE OATA ARE CONSISTENT WITH NO PROOUCTION OF THE PHI.  UPPER L I M I T S  ON THE 
PHIIOMEGA PROOUCTION R A T I O  ARE PRESENTED. A SEARCH FOR RESONANCES I N  THE K P I  P I  SYSTEM AT 1175 ,  1215.  AND 1 2 7 0  MEV, AS 
WELL AS THE K ANTI-K P I  AT 1 2 8 0  AND 1 4 1 0  UEVI HAS YIELDED NEGATIVE RESULTS. 

CLOSELY RELATED REFERENCES 
CONTINUATION OF PREVIOUS EXPERIMENT I N  PHYS. REV. 137 .  8 1 2 5 0  11965) .  

BEAM I S  ANTIPROTON ON PROTON AT 3.66 GEVIC. 
T H I S  EXPERIMENT USES THE BNL 2 0  IN .  HYDROGEN BUBBLE CHAMBER. A TOTAL OF 2 5 0 0 0 0  PICTURES ARE REPORTED ON. 
KEY WORDS * ANNIHILAT ION CROSS SECTION ANGULAR DISTRIBUTION RESONANCE PRODUCTION K KBAR PRODUCTION 
COMPOUND KEY UOROS - ANNIHILAT ION CROSS SECTION ........................................................................................................................ ........................................................................................................................ 

[TABLE 2 1  
LABORATORY BEAM MOMENTUM = 3.66 GEVlC + ZIPER CENTI. 

REACTION 
ANTIPROTON PROTON - 

TOTAL KAON ANNIHILAT ION 
KO KOBAR 

MILLIBARNS 1 1 1  

2 .900  +- - 4 0 0  
< .002  

Ill ERRORS INCLUOE SYSTEMATICS. ............................................................................... 
[TABLE 3 1  

LABORATORY BEAM UOMENTUM - 3.66 GEVfC t ZIPER CENT). 

REACTION 
ANTIPROTON PROTON - 

KOS K+ P I -  + CHARGE CONJUGATE 
KOS K+ P I -  P I 0  + CHARGE CONJUGATE 

KOS KOS P I +  P I -  
KOS KO P I +  P I -  

MICRDBARNS C 1 I 

- 43. 
KOS K+ P I +  P I -  P I -  + CHARGE CONJUGATE 9 7 . +  41. 

KOS KOS P I *  P I -  P I 0  

KO5 K+ P I +  P I -  P I -  P I 0  + CHARGE CONJUGATE 

KOS KOS P I +  P I *  P I -  P I -  
KOS KO P I +  P I +  P I -  P I -  

1 1 1  ERRORS INCLUDE SYSTEMATICS. 

NO. EVENTS 

27  
1 3 3  

4 8  
1 0 5  

1 6 0  

1 1 8  

3 6 0  

4 3  
1 0 1  



m P B A R  P ELASTIC  SCATTERING FOR INCIDENTMOMENTA BETWEEN 1.0 AN0 2.50 B E V K  IPHYS.  REV. LETTERS 17,  7 2 0  U 9 6 6 l l  

~ B . B A R I S ~ , D . F O N G , R . G O M E Z ~ O . H A R T I L L ,  J.PINEA.V.TOLLESTRUP (CALIF. INSTITUTE OF TECH., PASADENA, CALIF.. USAI 
A.HASCHKE IBROOKHAVEN NAT. LAB., UPTON, L.1.r N. Y., USA1 
T.F.ZIPF ISTANFORP L I N E A R  ACCEL. CNTR.9 STANFORO,CALIF., USA1  

BEAM I S  ANTIPROTON ON PROTON FROM 1.0 TO 2.5 GEVIC. 
T H I S  EXPERIMENT USES COUNTERS. 
GENERAL COMMENTS ON T H I S  ART ICLE  

1 DATA SUPPLIED BY AUTHORS. 
KEY WORDS * ELASTIC  SCATTERING D IFFERENTIAL  CROSS SECTION ..................................................................................................................... ........................................................................................................................ 
E L A S T I C  D IFFERENTIAL  CROSS SECTION FOR AMIPKOTOW PROTON. [FIGURE 1 1  

LABORATORY BEAM MOMENTUM = 1. GEVIC (MEAN VALUEI 

DATA FOLDEO ABOUT 9 0  DEGREES I N  THE GRAND C.M.; OATA SUPPL IED BY AUTHORS 

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE I INCOMING ANTIPROTONI AND THE [OUTGOING ANTIPROTONI. 

1 1  1 MEAN VALUES. 
1 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 3 1  ADO POSSIBLE SYSTEMATIC ERROR OF +- 5 0  PER CENT. 

E L A S T I C  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [F IGURE 1 1  

LABORATORY BEAM MOMENTUM = 1.125 GEVIC IMEAN VALUE). 

DATA FOLDEO ABOUT 9 0  DEGREES I N  THE GRAND C.M.: DATA SUPPL IED BY AUTHORS 

-T 0-S IGMAIO-T 
I G E V I C I * * 2  1 1 1  M B I I G E V I C I * * Z  C2.31 

PER CENT 
.1Bb 21.25 +- 5 
. 215  14 .73  5 
. 244  9.47 5 

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE [ INCOMING ANTIPROTON] AND THE 

I 1 1  MEAN VALUES. 
1 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 3 1  ADD POSSIBLE  SYSTEMATIC ERROR ff +- 5 0  PER CENT. 

1 OUTGOING ANTIPROTON I. 

, . . . . . . . . . . . . . . . . . . . . . . 
E L A S T I C  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [FIGURE 1 1  

LABORATORY BEAM MOMENTUM = 1.25 GEV lC  IMEAN VALUEI. 

OATA FOLDED ABOUT 9 0  DEGREES I N  THE GRAND C.H.: DATA SUPPL IED BY AUTHORS 

-T D-SIGMAIO-T 
IGEVIC I * *Z  1 1 1  MB/ (GEVIC I * *Z  12,31 

PER CENT 
.197 21.10 +- 5 
.220 16 .60  5 
.245 10 .60  5 
- 2 7 0  6 .74  5 
. 307  4.23 5 
.340 2.60 5 
- 3 8 8  2.71 5 
.448 3.43 5 
.508 4 .10  5 
. 588  5.00 5 

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETYEEN THE l lNCOMING ANTIPROTONI AN0 THE [OUTGOING ANTIPROTON]. 

1 1 1  MEAN VALUES. 
C 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 3 1  ADO POSSIBLE SYSTEMATIC ERROR OF +- 5 0  PER CENT. 

ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. (FIGURE 1 1  

LABORATORY BEAM MOMENTUM = 1.375 GEVlC [MEAN VALUEI.  

DATA FOLDED ABOUT 9 0  DEGREES I N  THE GRAND C.M.; OATA SUPPL IED BY AUTHORS 

0-S IGMAIO-T 
MB/ (GEVIC) * *2  1 2 - 3 1  

PER CENT 
20 .50  +- 5 
16.10 5 
11 .45  5 

7 .78  5 
4.77 5 
2.84 5 

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE [ INCOMING ANTIPROTON1 AND THE [OUTGOING ANTIPROTONI. 

1 1 1  MEAN VALUES. 
1 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
C 3 1  A 0 0  POSSIBLE SYSTEMATIC ERROR OF +- 5 0  PER CENT. 



E L A S T I C  0 1  FFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON. IF IGURE 11 

LABORATORY BEAM MOMENTUM = 1.5 GEVlC (MEAN VALUE). 

DATA FOLDED ABOUT 9 0  OEGREES I N  THE GRAND C.M.; OATA SUPPL IED BY AUTHORS 

-1 D-SIGMAIO-T 
IGEVIC I * *2  Ill MB/ lGEV lC) * *Z  1 2 ~ 3 1  

PER CENT 
.ZOO 17 .50  +- 5 
- 2 1 8  12 .00  5 
- 2 4 8  8.55 5 
. 280  5.43 5 
- 3 1 2  3.76 5 
. 344  2.16 5 
.392 1.56 5 
. 4 3 0  1.49 5 
. 490  2.02 5 
. 556  2.41 5 
- 6 2 4  2.62 5 
. 7 1 6  2 .92  5 

T 1 5  THE SQUARE OF TWE INVARIANT MOMENTUM TRANSFER BETWEEN THE I I N C O H I N G  ANTIPROTONI AND THE [OUTGOING ANTIPROTON]. 

Ill MEAN VALUES. 
I 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 3 1  ADO POSSIBLE SYSTEMATIC ERROR OF +- 5 0  PER CENT. ........................................................................................................................ 

E L A S T I C  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. I F I W R E  1 1  

LABORATORY BEAM MOMENTUM = 1.75 GEVlC IMEAN VALUE). 

OATA FOLDED ABOUT 9 0  DEGREES I N  THE GRAND C.M.; DATA SUPPL IEO BY AUTHORS 

-7 0-SIGMAlO-T 
IGEV/C l * *2  I 1 1  MB/IGEV/C)**Z 1 2 r 3 1  

PER CENT 
1 9 4  20.60 +- 5 
2 0 4  13.40 5 

. 239  10 .50  5 
- 2 7 4  8.32 5 
. 298  6.33 5 
- 3 2 5  3 .90  5 
. 364  2.37 5 
- 3 9 2  1.86 5 
. 450  1.35 5 
- 4 9 2  1.35 5 
. 554  1.75 5 
- 6 0 4  1.94 5 
- 6 8 8  2.09 5 
- 7 8 8  2.09 5 
,872 1.93 5 
. 972  1.90 5 

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE I I N C O M I N G  ANTIPROTONI AND THE IOUTGOING ANTIPROTONI. 

Ill MEAN VALUES. 
I 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 3 1  ADD POSSIBLE SYSTEMATIC ERROR OF +- 5 0  PER CENT. ........................................................................................................................ 

ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [F IGURE 1 1  

LABORATORY BEAN MOMENTUM = 2. GEV lC  (MEAN VALUE). 

OATA FOLDED ABOUT 9 0  OEGREES I N  THE GRAND C.M.; DATA SUPPL IED BY AUTHORS 

-T 0 -S IGMAID-T  
IGEV/C l * *2  Ill M B I I G E V I C ) * * 2  12.31 

PER CENT 
. 2 1 4  13.30 +- 5 
. 224  9.66 5 
. 2 5 1  9 - 0 2  5 
.275 5.94 5 
.302 4.38 5 
. 3 8 0  2.97 5 
.410  1.43 5 
. 460  1.21 5 
. 494  1 .09  5 
. 544  1 .38  5 
.600  1 .67  5 
. 648  1.80 5 
.T24  1.98 5 
.BOO 1.85 5 
. 920  1 . 5 1  5 

1.044 1.27 5 
1.168 1.15 5 

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE I I N C O H I N G  ANTIPROTONI AND THE LOUTGOING ANTIPROTONI. 

1 1 1  MEAN VALUES. 
I 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
C 3 1  ADD POSSIBLE SYSTEMATIC ERROR OF +- 5 0  PER CENT. ...................................................................................................................... 



ELASTIC  D IFFERENTIAL  CROSS SECTIJN  FOR ANTIPROTON PROTON. [FIGURE 1 1  

LABORATORY BEAM MOMENTUM = 2.25 GEV lC  IMEAN VALUE).  

OATA FOLDED ABOUT 9 0  DEGREES I N  THE GRANO C.M.; DATA SUPPLIED BY  AUTHORS 

. 2 8 0  

. 2 9 7  

. 312  

. 330  

. 362  

.410 

. 468  

. 502  

. 566  

. 6 0 0  

. 668  

. 730  

. 830  

. 916  
1 .040  
1.160 
1 .300  

T I S  THE 

C-SIGMAID-T 
t 1 1  MB/(GEV/C)**Z 12 .31  

PER CENT 
4.72 +- 5 
3.49 5 
2.76 5 
1.02 5 
1.24 5 
1 .04  5 

. 82  5 

. 8 6  5 

. 97  5 
1.22 5 
1.47 5 
1.46 5 
1.46 5 
1.33 5 
1.15 5 

.83 5 

. 70  5 

SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE [ INCOMING ANTIPROTONI AND THE [OUTGOING ANTIPROTONI. 

1 1 1  MEAN VALUES. 
1 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
t 3 1  A00  POSSIBLE SYSTEMATIC ERROR DF +- 5 0  PER CENT. ........................................................................................................................ 

ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [FIGURE 1 1  

LABORATORY BEAM MOMENTUM = 2.5 GEV lC  (MEAN VALUE). 

OATA FOLDED ABOUT 9 0  DEGREES I N  THE GRANO C.M.: DATA SUPPL IED BY AUTHORS 

-T 
IGEV/C I * *2  

. 245  

. 260  

. 2 7 6  

.292 

. 310  

. 342  
, 378  
. 395  
. 4 2 4  
. 466  
. 492  
. 552  
. 600  
. 672  
. 720  
- 7 9 2  
.892 

1.000 
1.110 
1 .250  
1.390 
1 .550  

T I S  THE 

C-SIGMAID-T 
I 1 1  MB l IGEV/C) * *2  1 2 9 3 1  

PER CENT 
6.310 +- 5 
6.690 5 
4.780 5 
5.530 5 
2 .870  5 
2 .130  5 
1 .600  5 
1.430 5 

. 742  5 

. 593  5 

. 6 1 9  5 
- 9 2 0  5 
. 8 6 6  5 

1.140 5 
1.110 5 
1.350 5 
1.230 5 
1.070 5 

. 935  5 

. 707  5 

. 550  5 

. 476  5 

SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE [ INCOMING ANTIPROTON1 AN0 THE [OUTGOING ANTIPROTONI. 

1 1 1  MEAN VALUES. 
I 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
I 3 1  ADO POSSIBLE SYSTEMATIC ERROR OF +- 5 0  PER CENT. 

m EXPERIMENTAL RESULTS ON PEAR P ANNIH ILAT IONS AT 1.2 GEV lC  WITH PRODUCTION OF AT LEAST GWE KO1 MESON. tNUOVO CIMENTO 
5 0 A ~  7 0 1  ( 1 9 6 7 )  1 

J.BARLOW, E.LILLESTOL, L.MONTANET, L.TALLONE-LOMBAROI ICERNI GENEVA, SWITZERLAND1 
C.0'ANOLAU9 &.ASTIER, L.OOBRZYNSKIT S.WOJCICKI [COLLEGE OE FRANCE, PARISI  FRANCE1 
A-M-AOAMSON, J.0UBOC. F.JAHES7 M.GOL0BERG [ I N S T I T U T E  DU RADIUM, PARIS,  FRANCE1 
R.A.DONALOI R. JAMES, J.E.A. LYS. T.NISAR I LIVERPOOL UNIV.  r L~VERPOOLI  ENGLAND1 

ABSTRACT WE PRESENT RESULTS ON ANNIH ILAT IONS OF ANTIPLOTONS AT 1.2 GEVlC INTO 2-9 3-. AND 4-BODY F I N A L  STATES 
INCLUDING AT LEAST ONE V I S I B L E  K01. THE 3- AND 4-BODY CHANNELS ARE DOMINATED BY K * ( 8 9 1 ) .  RESONANCES I N  THE K-KBAR AN0 
K-KBAR-PI SYSTEMS ARE DISCUSSED AN0 CROSS SECTIONS ARE GIVEN. I T  I S  FOUND THAT AT 1.2 GEV lC  I T  I S  NO LONGER TRUE THAT 
A N N I H I L A T I O N  OCCURS PREWMINANTLY FROM S-STATES. 

CLOSELY RELATED REFERENCES 
SEE ALSO PHYS. LETTERS 17 ,  3 4 7  119641 .  
PART OF T H l S  ART ICLE  SUPERSEDED BY NUC. PHYS. 85 .  6 9 3  1 1 9 6 8 ) .  

BEAM I S  ANTIPROTON ON PROTON AT 1.18 GEVlC.  
T H l S  EXPERIMENT USES THE SACLAY 8 1  CM HYDROGEN BUBBLE CHAMBER. A TOTAL OF 3 0 0 0 0 0  PICTURES ARE REPORTED ON. 
KEY WORDS - A N N I H I L A T I O N  CROSS SECTION RESONANCE PRODUCTION K KBAR PRODUCTION 
COMPOUND KEY WORDS r A N N I H I L A T I O N  CROSS SECTION ........................................................................................................................ ........................................................................................................................ 



[PAGE 7 0 3 1  
LABORATORY BEAM MOMENTUM = 1.18 +- .01  GEVIC. 

MICROBARNS Ill NO. EVENTS REACTION 
ANTIPROTON PROTON - 

KOS KOS 
KOS SOL 

1 1 1  ERRORS INCLUDE SYSTEMATICS. ....................................................................................................... 
[PAGE 7 0 4 1  

LABORATORY BEAM MOMENTUM = 1.18 +- .O1 GEVIC. 

REACT1 ON 
ANTIPROTON PROTON + 

KOS K+ P I -  
KOS K- P I +  
KOS X +  P1- + CHARGE CONJUGATE 
KOS KOS P I 0  

MICROBARNS 1 1 1  NO. EVENTS 

C 1 1  ERRORS INCLUDE SYSTEMATICS. 
I 2 1  CALCULATED BY US FROM OATA I N  TH IS  ARTICLE. ................................................................................................... 

[PAGE 7 0 8 1  
LABORATORY BEAM MOMENTUM = 1.18 t . 0 1  GEVIC. 

REACTION MICROBARNS 
ANTIPROTON PROTON - 

K * ( 1 4 2 0 l +  K- + CHARGE CONJUGATE 1 0 .  +- 6 .  Ill 
K * ( 1 4 2 0 1 +  - KOS P I +  1 2 1  

K * ( 1 4 2 0 1 0  KOS 10 .  6 .  1 1 1  
K * ( 1 4 2 0 1 0  * K+ P I -  + CHARGE CONJUGATE I 2 1  

K * l 8 9 0 1 0  KOS 35 .  6. 1 3 1  
K * ( 8 9 0 1 0  . K+ P1- + CHARGE CONJUGATE 1 2 1  

K* (B9O l+  K- + CHARGE CONJUGATE 70 .  7. 1 3 1  
K* (8901+  - KOS P I +  ( 2 1  

Ill CALCULATED BY US FROM OATA I N  T H I S  ARTICLE. 
1 2 1  F I T T E D  FOR MASS ANDIOR WIDTHt AN0 THEN TOOK ONLY EVENTS ABOVE ( F I T T E O I  BACKGROUNO. 
1 3 1  ERRORS ARE STAT IST ICAL  ONLY. 

CROSS SECTION FOR ANTIPROTON PROTON - KOS KO$ P I +  P I - .  [PAGE 7 0 9 1  

LABORATORY 
BEAM MOMENTUM 

GEVIC MICROBARNS Ill NO. EVENTS 
1.18 +- . 0 1  2 0 8 -  +- 20. 3 9 7  

1 1 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 
[TABLE 3 1  

LABORATORY BEAM M3MENTUM = 1.18 +- .O1 GEVIC. 

REACTION 
ANTlPROT3N PROTON - 

KOS KOS RHO176510 
R H O I 7 6 5 1 0  - P I +  P1- I 2 1  

K * 1 8 9 0 l +  KOS P I -  + CHARGE CONJUGATE 
K * ( B 9 0 ) +  . KOS P I +  I 2 1  

MICROBARNS 11 I 

52 .  +- 15.  

118 .  18.  

1 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 2 1  F I T T E D  FOR MASS AND/OR WIOTH. AND THEN TOOK ONLY EVENTS ABOVE I F I T T E O I  BACKGROUNO. ........................................................................................................................ 

CROSS SECTION FOR ANTIPROTON PROT3N * P H I I l O 1 9 l  P I *  PI- .  [PAGE 7 1 3 1  
P H I  I l O l S I  - KDS KOL 1 1 1  

LABORATORY 
BEAM MOMENTUM 

GEVIC MICROBARNS I 2 1  
1.18 +- . 01  12 .  +- 3 .  

Ill FITTED FOR MASS AND/OR WIDTH. AND THEN TOOK ONLY EVENTS ABOVE ( F I T T E O I  BACKGRDUNO. 
C21 ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 

CROS$,.SECTION FOR ANTIPROTON PROTON - O f 1 2 8 5 1  P10 .  [PAGE 7 1 7 1  
D112851  - KOS K+ P I -  + CHARGE CONJUGATE 1 1 1  

LABORATORY 
BEAM MOMENTUM 

GEVIC MICROBARNS 
1.18 7 ,  +- 2.  

I 1 1  F I T T E D  O l S T R l B U T l O N  WITH F I X E D  MASS AN0 U I O T H  IMASS = 1.290 GEV i  WIDTH = .025 GEVl. AND THEN TOOK ONLY EVENTS 
ABOVE I F I T T E O I  BACKGROUNO. ........................................................................................................................ 

[TABLE 4 1  
LABORATORY BEAM MOMENTUM = 1.18 t .O1 GEVIC. 

REACTION 
ANTIPROTON PROTON - 

K * ( 8 9 0 l +  K- P I 3  + CHARGE CONJUGATE 
K* IR901+  * KOS P I +  1 2 1  

K * ( 8 9 0 1 0  K+ P I -  + CHARGE CONJUGATE 
K * l 8 9 0 l D  - KOS P I 0  I 2 1  

KOS K- RH01765 )+  + CHARGE CONJUGATE 
R H 0 1 7 6 5 l +  + P I +  P I 0  I 2 1  

MICROBARNS 1 1 1  

220.  +- 22. 

113 .  18. 

119 .  22. 

1 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 2 1  F I T T E D  FOR MASS AND/OR HIOTH. AN0 THEN TOOK ONLY EVENTS ABOVE / F I T T E D )  BACKGROUND. 



ANTIPROTON-PROTON A N N I H I L A T I O N  AT 6 . 9 4  G E V l C  L E A D I N G  TO 8 AN0 MORE PIONS.  INUC.  PHYS. 8 2 0 ,  45 1 1 9 7 0 1 1  

I.BAR-NIRI A.BRAN0STETTER. S.OAGANt G.GIOAL, J.GRUNHAUS3 Y.OREN. J.SCHLESINGER9 G.ALEXANOER [ U N I V E R S I T Y  OF T E L - A V I V I  
T E L - A V I V ,  I S R A E L I  

ABSTRACT THE PBAR-P A N N l H l L A T l O N  I N T O  8 A N 0  MORE P I O N S  HAS BEEN S T U D I E D  AT AN I N C I D E N T  MOMENTUM OF 6.94 GEVIC. CROSS 
SECTIONS. ANGULAR O I S T R I B U T I O N S  AN0 ANGULAR CORRELATIONS ARE PRESENTED. THE 2 AND 3 P I O N S  I N V A R I A N T - M A S S  D I S T R I B U T I O N S  
ARE DISCUSSED. 

CLOSELY RELATED REFERENCES 
SEE ALSO NUOVO C l M E N T O  3 8 .  1 2  1 1 9 6 5 1 ,  PHYS. REV. 1 7 6 .  1 5 9 5  1 1 9 6 8 l r  AN0 PHYS. REV. 1 7 3 1  1 3 0 7  ( 1 9 6 8 1  

BEAM I S  ANTIPROTON ON PROTON AT 6 . 9 4  G E V l C .  
T H I S  EXPERIMENT USES THE BNL 8 0  I N .  HYDROGFN B U B B L E  CHAMBER. A TOTAL OF 2 5 0 0 0  P I C T U R E S  ARE REPORTED ON. 
K E Y  WOROS - A N N I H I L A T I O N  CROSS S E C T I O N  ANGULAR 0 1  S T R I B U T I O N  P I O N  PROOUCTION 
COMPOUND KEY WORDS - A N N I H I L A T I O N  CROSS S E C T I O N  P l O N  PRODUCTION 

[ T A B L E  1 1  
LABORATORY BEAM MOMENTUM = 6.94 G E V l C  c 1 I P E R  CENT).  

R E A C T I O N  
ANTIPROTON PROTON r 

P I +  P I *  P I *  P I +  P I -  P I -  P I -  P I -  
P I *  P I +  P I +  P l t  P I -  P I -  P I -  P I -  
P I *  P I +  P I *  P I +  P I -  P I -  P I -  P I -  
E I G H T  PRONG P l O N  A N N I H I L A T I O N  
P I *  P I +  P I +  P I *  P I *  P I -  P I -  P I -  

P I 0  
M M Z Z P I D  

P I -  P I -  

P I *  P1+ P I +  P I +  P I +  P I -  P I -  P I -  P I -  P I -  P I 0  
P I *  P I +  P1+ P I +  P I *  P I -  P I -  P I -  P I -  P I -  

MMZZPI  0 
T E N  PRONG P I O N  A N N I H I L A T I O N  

M I L L I B A R N S  Ill NO. EVENTS 

Ill ERRORS I N C L U D E  SYSTEMATICS.  

u ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  D.CLINE, R.RUTZ, O.O.REEOERI V.R.SCHERER I U N I V .  OF WISCONSIN* MADISON. WISC.I U S A 1  

ABSTRACT WE H A V E  MEASURED T H E  CROSS S E C T I O N  FOR THE R E A C T I O N  PBAR P * K l O S l  K I O L I  FROM 1 0 0 - 8 0 0  MEVIC. A S I G N I F I C A N T  
ENHANCEMENT I N  THE CROSS S E C T I O N  I S  OBSERVED AT A MEAN MOMENTUM DF 6 0 0  MEVIC. A LEGENORE-POLYNOMINAL A N A L Y S I S  OF THE 
ANGULAR D I S T R I B U T I O N S  ALSO SHOWS AN E W A N C E M E N T  I N  THE A 2  C O E F F I C I E N T  I N  THE SAME MOMENTUM RANGE. A P L A U S I B L E  
E X P L A N A T I O N  OF T H E  DATA I N D I C A T E S  A NEW MESON S T A T E  R H O 1 1 9 7 0 1  WITH A MASS M - 1 9 6 8  REV. W I D T H  GAMMA = 35 MEV, A N 0  J l P C l  
= I--. 

CLOSELY RELATED 
C O N T I N U A T I O N  

REFERENCES 
OF PREVIOUS EXPERIMENT PHYS. REV. LET TERS AND PHYS. REV. L E T T E R S  

BEAM I S  ANTIPROTON ON PROTON FROM .1 T O  - 8  G E V I C .  
T H I S  EXPERIMENT USES THE B N L  3 0  I N .  HYDROGEN BUBBLE CHAMBER. A TOTAL OF 2 5 0 0 0 0  P I C T U R E S  ARE REPORTED ON. 
K E Y  WORDS * A N N I H I L A T I O N  CROSS S E C T I O N  KADN RESONANCE PRODUCTION 
COMPOUND K E Y  WORDS - A N N I H I L A T I O N  CROSS S E C T I O N  KAON RESONANCE PRODUCTION ........................................................................................................................ ........................................................................................................................ 

CROSS S E C T I O N  FOR ANTIPROTON PROTON + KOS K * l 8 9 0 l .  [ F I G U R E  1 A l  
K * 1 8 9 0 1  - KOS P I 0  C 1 1  

***THESE DATA WERE REAO FROM A GRAPHt**  

LABORATORY 
BEAM MOMENTUM 

G E V I C  MICROBARNS 
M I  N MAX 

.2 . 3  6 8 0 .  +- 3 8 0 .  

. 3  . 4  7 2 .  2 2 .  

. 4  .5 61. 1 3 .  

.5  6 54.  1 3 .  

. 6  .7 6 4 .  1 5 .  

.7 .8 3 0 .  9 .  

1 1 1  U S E 0  S I M P L E  MASS CUT ( N E G L I G I B L E  BACKGROUND1 [MASS CUT FROM . 8 4 0  T O  - 9 4 0  G E V I .  ........................................................................................................................ 
CROSS S E C T I O N  FOR ANTIPROTON PROTON - KOS KOL. [ F I G U R E  1 0 1  

***THESE DATA WERE REAO FROM A GRIP***  

LABORATORY 
BEAM MOMENTUM 

G E V l C  
WIN MAX 

MICROBARNS 



COMPARlSON OF THE OIP-BUMP STRUCTURE I N  PBAR-P A N 0  PBAR-N E L A S T I C  SCATTERING. [PHYS.  REV. LETTERS 2 1 9  7 7 0  ( 1 9 6 8 1 1  

J .BERRYHILL1 0.CLINE I U N I V .  OF W I S C O N S I N l  MAOISONI W1SC.r U S A 1  

ABSTRACT PBAR-N A N 0  PBAR-P E L A S T I C  S C A T T E R I N G  HAVE BEEN S T U D I E D  I N  THE MOMENTUM-T-ANSFE- -EG+ON OF T = -0 .15 TO T - 
-1.0 I B E V / C l * * 2  U S I N G  THE R E A C T I O N  PBAR 0 - PBAR N P ( S l  OR PBAR P N ( S l r  WHERE P I S 1  AN0 N l S i  ARE SPECTATORS. THE PBAR N 
E L A S T I C  CROSS S E C T I O N  SHOWS A D I P  A T  T APPROX. -0.4 S I M I L A R  TO THAT SEEN I N  THE PBAR P CROSS SECTION. A COMPARISON OF 
THE PBAR N AN0 PBAR P CROSS S E C T I 3 N S  SHOWS THAT THEY APPEAR TO CROSS OVER EACH OTHERv T APPROX. - 0 . 4 l B E V l C i * 8 2 .  

CLOSELY RELATED REFERENCES 
SEE ALSO PHYS. REV. 1 8 1 .  1 7 9 4  1 1 9 6 9 ) .  PHYS. REV. LETTERS 1 7 ,  7 2 0  1 1 9 6 6 1 ,  A N 0  PHYS. REV. LETTERS 1 9 1  2 6 5  1 1 9 6 7 ) .  

BEAM I S  ANTIPROTON ON OEUTERON FROM 1 . 2 3  TO 1.65 GEV/C. 
T H I S  EXPERIMENT USES T H E  ANL-MURA 3 0  I N .  OEUTERlUM BUBBLE CHAMBER. 
K E Y  WORDS - E L A S T I C  S C A T T E R I N G  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  CROSS S E C T I O N  FOR ANTIPROTON NEUTRON. [ F I G U R E  1 1  

PROTON SPECTATOR HOMENTUM < . 1 5 0  G E V l C :  O I F F E R E N T I A L  CROSS S E C T I O N  NORMALIZED T O  ANTIPROTON PROTON OATA I N  PHYS. REV. 
L E T T E R S  1 7 ,  7 2 0  1 1 9 6 6 1  W I T H  AN UNCERTAINTY OF 1 5  PER CENT 

***THESE DATA WERE READ FROM A GRAPH*** 

-T 
I G E V / C I * * 2  
M I N  MAX 
- 1 6  - 1 0  
. 1 8  . 2 0  
.20 . 2 4  
- 2 4  .2C 
- 2 8  - 3 2  
- 3 2  3 6  
- 3 6  - 4 0  
- 4 0  . 4 4  
. 4 4  .4B 
- 4 8  . 5 8  
. 5 8  . 6 4  
. 6 4  - 8 0  
. 8 0  1 . 0 0  

1 . 0 0  . 1 - 5 0  

T I S  THE SQUARE OF THE I N V A R I A N T  MOMENTUM TRANSFER BETWEEN THE I l N C O M l N G  A N T I P R O T O N I  AN0 THE I O U T G O l N G  ANTIPROTONI.  ........................................................................................................................ 
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 ANTIPROTON PROTON. ( F I G U R E  1 1  

DATA ARE AVERAGED OVER LABORATORY BEAM MOMENTUM FROM 1.23 TO 1.65 GEV/C. 

PROTON SPECTATOR MOMENTUM < . I 5 0  G E V l C ;  O I F F E R E N T I A L  CROSS S E C T I O N  NORMALIZED T O  ANTIPROTON PROTON DATA I N  PHYS. REV. 
L E T T E R S  1 7 ,  7 2 0  1 1 9 6 6 )  W I T H  AN UNCERTAINTY OF 1 5  PER CENT 

***THESE OATA WERE READ FROM A GRAPH*** 

T I S  THE SQUARE OF T H E  I N V A R I A N T  MOMENTUM TRANSFER BETWEEN THE [ I N C O M l N G  ANTIPROTON1 AND T H E  [OUTGOING ANTIPROTONI.  

THE A N N I H I L A T I O N  PBAR N - P I +  P I -  P I -  BETWEEN 1.0 AN0 1.6 G E V l C  AND I T S  COMPARISON W I T H  THE VENEZIANO MOOEL. INUOVO 
CIMENTO 1 A, 333 l l 9 7 1 ) l  

A . B E T T I N I 1  M-CREST11 M.MAZZUCAT0. L.PERUZZ0, S.SARTORI1 G-ZUMERLE CUNIV.  OF PADOVA. P A W V A .  I T A L Y I  
M.ALSTON-GARNJOST, R.HUESMANt R.ROSS. F.T.SOLMlTZ [U.C. LAWRENCE RAO. LAB., BERKELEY, C A L I F e r  U S A 1  
L-BERTANZA,  R.CARRARAr R - C A S A L I ,  P . L A R I C C I A .  R.PAZZ1 I U N I V .  0 1  P I S A I  P I S A ,  I T A L Y 1  
G.BORREANlr B . P U A S S I A T l r  G.RINAU00, M.VIGONE, A+WERBROUCK I U N I V .  0 1  T O R I N 0 9  TORINO,  I T A L Y I  

ABSTRACT WE HAVE ANALYSED THE R E A C T I O N  PBAR N - P I +  P I -  P I -  BETWEEN 2.08 AND 2.29 GEV C.M. ENERGY. THE P O P U L A T I O N  OF 
THE 3 P I  O A L I T Z  PLOT I A  TOTAL OF 2 3 2 8  EVENTS AT A L L  E N E R G I E S )  I S  STRONGLY NONUNIFORM A N 0  SHOWS A STRUCTURE THAT CAN BE 
Q U A L I T A T I V E L Y  I N T E R P R E T E D  W I T H  S I M P L E  VENELlANO-TYPE FORMULAE. THE MOMENTS OF THE ANGULAR D I S T R I B U T I O N S  OF THE 
THREE-PION P L A N E  ARE ALSO EXAMINEO. 



CROSS SECTION FOR ANTIPROTON NEUTRON - P I +  P I -  PI - .  I F IGURE 1 1  

CROSS SECTIONS BASED ON EVENTS WITH PROTON SPECTATOR MOMENTUM < - 1 5 0  GEVIC 

***THESE DATA WERE READ FROM A GRAPH+** 

GLAUBER + FERMI MOTION CORRECTIONS MADE 

LABORATORY 
BEAM MOMENTUM 

GEV lC  MILL IBARNS [ 1 . 2 1  
- 9 1  1.52 +- - 2 2  
.96 1.28 . 1 4  

1.02 1.01 - 0 9  
1.08 - 8 0  . 08  
1 .14  1.02 - 0 7  
1.20 1 .00  .O6 
1.25 . 95  - 0 6  
1 .31  . 78  - 0 6  
1.38 . 71  . 06  
1.43 .T3 - 0 6  
1.49 .65 - 0 6  
1.55 . 62  . 0 b  
1 .61  . 53  - 0 5  
1.66 . 7 1  . 10  

t 1 1  ERRORS INCLUDE SYSTEMATICS. 
[ 2 1  ADD POSSIBLE SYSTEMATIC ERROR CF +- 3.5 PER CENT. 

PBAR P ANNIH ILAT ION I N T O  BOSON PAIRS AT 6 AND 8 GEVIC. [PHYS. REV. LETTERS 2 3 ,  4 3 3  1 1 9 6 9 1 1  

D.BIRNBAUMI R.M.EDELSTEIN9 N.C.HIEN9 T.J.MCMAHON, J.F.MUCC1, J.S.RUSS CCARNEGIE-MELLON UNIV.. PITTSBURGH, PA., USA1 
E.W.AN0ERSONt E.J.BLESERv H-R-BL IEOEN,  G.B.COLLINS. D.GARELICK7 J-MENES. F.TURKOT (BROOKHAVEN NAT. LAB., UPTON, L.1.. N. 

Y., USA1 

CLOSELY RELATED REFERENCES 
CONTlNUATlON OF PREVIOUS EXPERIMENT I N  PHYS. REV. LETTERS 203  1 5 2 9  i 1 9 6 8 1 .  

BEAM NO. 1 I S  ANTIPROTON ON PROTON FROM 6 TO 8 GEVIC. 
NO. 2 I S  ANTlPROTON ON PROTON AT 8 GEVIC.  

T H I S  EXPERIMENT USES COUNTERS AND SPARK CHAMBERS. 
KEY WORDS - A N N I H I L A T I O N  D IFFERENTIAL  CROSS SECTION MESONS PRODUCTION 
COMPOUND KEY WORDS - A N N I H I L A T I O N  D IFFERENTIAL  CROSS SECTION MESONS PRODUCTION 

D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON - P I -  PI+.  [TABLE 1 1  

LABORATORY BEAM MOMENTUM = 8. GEVIC. 

iGEVIC) * *2  
M I N  MAX 
.07 .12 
.1Z . 2 0  
.20 . 45  

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE [ INCOMING ANTIPROTON1 AND THE [ P I - ] .  ........................................................................................................................ 
DIFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON - P I -  PI+.  (TABLE 1 1  

LABORATORY BEAM MOMENTUM = 6. GEVIC. 

-1 
IGEV/C l * *2  
M I N  MAX 
- 0 8  . I 6  

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE [ INCOMING ANTlPROTONl AN0 THE [ P I - ] .  ........................................................................................................................ 
DIFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON r P I +  P I - .  I T A B L E  1 1  

LABORATORY BEAM MDMENTUM = 8. GEVIC.  

-T 
IGEVIC I * *Z  
M I  N MAX 
.07 . 47  

T 1.5 THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETMEEN THE [ INCOMING ANTIPROTON1 AND THE I P 1 + 1 .  ........................................................................................................................ 
DIFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON - P I +  RH017651-.  [TABLE 1 1  

R H D i 7 6 5 1 -  - P I -  P I 0  

LABORATORY BEAM MOMENTUM = 8. GEVIC.  

RHOt7651 -  F I T T E D  TO BREIT-WIGNER CURVE OVER THE RANGE 0.36 GEV**2< M ISS ING MASS < 0.92 GEV**2 AND CORRECTED BY 2 0  PER 
CENT FOR TRUNCATlCN 

-1 
iGEV/C I * *2  
M I N  MAX 
.03 . 4 5  

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE I INCOMING ANTIPROTONI AN0 THE IP1+1 .  



I S B A R - P  ELASTIC  SCATTERING AT 8 AN0 1 6  GEVIC [PHYS. REV. LETTERS 23 .  6 6 3  1 1 9 6 9 1 1  

~ O . B I R N B A U M , R . ~ . E O E L S T E I N . N . C . ~ I E N , T . J . M C M A H O N J . F . M U C C I J . S . R U S S  ICARNEGIE-MELLON UNIV.. PITTSBURGH, PA., USAI 
E.W.ANOERSON~ E.J.0LESER.v H.R.8LIEOEN7 G.B.COLLINS. O.GARELICUt J.MENES1 F-TURKOT [BROOKHAVEN N IT .  LAB.. UPTON, L. I . ,  N. 

Y.r USA1 

ABSTRACT ANGULAR OISTRIBUTIONS ARE PRESENTED FOR PBAR P ELASTIC  SCATTERING AT 8 AN0 1 6  GEVIC FOR A B S I T I  < 1.3 
IGEVIC I * *2 .  AT BOTH ENERGIES THERE I S  STRUCTURE I N  THE O IFFERENTIdL  CROSS SECTIONS I N  THE REGION 0.5 < ABS(T1 < 1.0 
(GEVIC I * *Zp  S I M I L A R  TO THAT OBSERVED AT LOWER ENERGIES. THE DIFFRACTION PEAK CONTINUES TO EXPAND WITH INCREASING 
INCIDENT MOMENTUM. 

CLOSELY RELATED REFERENCES 
SEE ALSO PHYS. LETTERS 2 4 8 1  6 4 2  1 1 9 6 7 1 ~  PHYS. REV. LETTERS 17.  7 2 0  119661 .  PHYS. REV. 1 3 7 ,  8 1 2 5 0  119651 .  PHYS. REV. 

LETTERS 19,  2 6 5  l 1 9 6 7 1 r  PHYS. LETTERS 5 r  1 3 2  ( 1 9 6 3 1 ,  NUOVO CIMENTO 5 2 A r  9 5 4  119661 ,  PHYS. REV. LETTERS 21, 1 7 5  
1 1 9 6 8 1 r  PHYS. REV. LETTERS 11, 5 0 3  1 1 9 6 3 1 9  PHYS. REV. LETTERS 15. 4 5  1 1 9 6 5 1 r  PHYS. REV. LETTERS 21, 3 8 7  119681.  AND 
PHYS. LETTERS 283 .  6 1  1 1 9 6 8 1 .  

CONTINUATION OF PREVIOUS EXPERIMENT I N  PHYS. REV. LETTERS 20.  1 5 2 9  119681 .  

BEAM NO. 1 I S  ANTIPROTON ON PROTON FROM 7.98 TO 8.02 GEVIC.  
NO. 2 I S  ANTIPROTON ON PROTON FROM 15.95 TO 16.05 GEVIC. 

T H I S  EXPERIMENT USES COUNTERS AN0 SPARK CHAMBERS. 
KEY WORDS - ELASTIC  SCATTERING OIFFERENTIAL  CROSS SECTION 

E L A S T I C  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [FIGURE 1 1  

LABORATORY BEAM MOMENTUM = 8.000 c . 024  GEVIC. 

DATA SUPPLIED BY AUTHORS I N  TABULAR FORM 

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE [ INCOMING ANTIPROTON1 AN0 THE [OUTGOING ANTIPROTONI. 

C11 ERRORS ARE S T A T I S T I C A L  ONLY. ........................................................................................................................ 
E L A S T I C  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [FIGURE 1 1  

LABORATORY BEAM MOMENTUM 16 .000  +- - 0 4 8  GEVIC.  

DATA SUPPLIED BY AUTHORS I N  TABULAR FORM; ABSOLUTE NORMALIZATION I N  QUESTION DUE TO EXTRAPOLATED FORWARD DIFFERENTIAL 
CROSS SECTION B E I N G  2 0  PER CENT BELOW THE OPTICAL  POINT  

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE I INCOMING ANTIPROTON1 AN0 THE [OUTGOING ANTIPROTONI. 

I 1 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 



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 ANTIPROTON PROTON. [ T A B L E  1 1  

LARORATORY BEAM MOMENTUM = 8 . 0 0 0  c . 0 2 4  GEVIC.  

OATA ARE F I T  OVER -T FROH . 0 4 6  TO . 4 5 0  ( G E V / C l * * 2 .  T I S  THE SQUARE OF THE I N V A R I A N T  MOMENTUM TRANSFER BETWEEN THE 
I 1  NCOMING A N T I P P O T O N I  A N 0  T H E  I O U T G O I N G  A N T I  PROTONI. 

F I T T E D  FORMULA I S  C - S I G M A I C - T  = A * E X P I B * T I  
WHERE 0 - S I G M A I D - T  I S  I N  M B / I G E V I C l * * 2  AN0 T I S  I N  ( G E V I C l * * 2 .  T I S  T H E  SQUARE OF THE I N V A R I A N T  MOMENTM 

TRANSFER BETHEEN THE I INCOMING A N T I P R O T O N 1  AND THE [OUTGOING A N T I P R O T O N I .  
F I T T E D  VALUES 

A = 1 5 9 . 4 + - 7 . 0  
B = 1 2 . 5 7  +- . 2 0  ........................................................................................................................ 

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 ANTIPROTON PROTON. I T A B L E  11 

LABORATORY BEAM MOMENTUM = 1 6 . 0 0 0  +- .04B GEVIC.  

OATA ARE F I T  OVER -T FROM .I11 T O  . 4 5 0  I G E V I C I * * Z .  T I S  T H E  SQUARE OF T H E  I N V A R I A N T  MOMENTUM TRANSFER BETWEEN THE 
I I N C O M I N G  A N T I P R O T O N l  AND T H E  I O U T G O I N G  A N T I  PROTONI. 

ABSOLUTE N O R M A L I Z A T I O N  I N  QUESTION W E  TO EXTRAPOLATED FORWARD D I F F E R E N T I A L  CROSS S E C T I O N  B E I N G  2 0  PER CENT BELOW T H E  
O P T I C A L  P O I N T  

F I T T E D  FORMULA I S  0-SIGMAID-T = A * E X P I B * T )  
WHERE 0-SIGMAIC-T I S  I N  M B I l G E V I C l * * 2  AND T I S  I N  I G E V I C ) * * Z .  T I S  THE SQUARE OF THE I N V A R I A N T  MOMENTUM 

TRANSFER BETWEEN THE [ I N C O M I N G  A N T I P R O T O N 1  A N 0  THE L W T G O I N G  A N T I P R O T O N I .  
F l T T F D  VALlJFS 

~ P P ~ ~ ~ L ~ ~ ~ T S  ON RARE TUO-BODY PROCESSES IN K- P AND PBAR P SCATTERING AT HIGH ENERGIES. CPHYS. LETTERS 3 1 8 7  3 6  

D - B I R N B A U M v  R.M.E0ELSTEIN7 N.C.HIENI T.J.MCMAHON9 J.F.MUCCI. J.S.RUSS I C A R N E G I E - M E L L O N  UNIV. ,  PITTSBURGHl  PA., U S A 1  
E.W.ANOERSONI E.J.BLESER. H.R.BLIEDENr G.B.COLLINS, 0 .GARELICKv J-MENES. F.TURKOT [BROOKHAVEN N I T .  LAB., UPTON* L.1.. N. 

Y.9 U S A 1  

ABSTRACT A M I S S I N G  MASS SPECTRCMETER SEARCH WAS MADE FOR SEVERAL TWC-BOOYI COUBLE CHARGE EXCHANGE R E A C T I D N S t  I N C L U D I N G  
BACKbiARO K- P A N 0  PBAR P E L A S T I C  S C A T T E R I N G  AT 8 AND 1 6  G E V l C  AN0 SMALL MOMENTUM TRANSFER. NO EXAMPLES OF ANY OF THESE 
PROCESSES WERE OBSERVED. 

CLOSELY R 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 O U S  EXPERIMENT I N  PHYS. REV. L E T T E R S  2 0 ,  1 5 2 9  1 1 9 6 8 1 .  

BEAM NO. 1 I S  ANTIPROTON ON PROTON FROM 8 TO 1 6  GEVIC.  
NO. 2 I S  K- O N  PROTON FROM 8 TO 1 6  GEVIC.  

T H I S  EXPERIMENT USES COUNTERS. 
K E Y  WORDS 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  S C A T T E R I N G  ........................................................................................................................ ........................................................................................................................ 
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 ANTIPROTON PROTON. I T A B L E  1 1  

LABORATORY BEAM MOMENTUM = 8. GEVIC.  

-U 
l G E V I C I * * 2  
M I  N MAX 

. 0 2 6  . 3 9 5  

C-S IGMAIO-U 
U B I ( G E V I C I * * 2  L 1 1  

- 1 8  

U I S  THE SQUARE O F  T H E  I N V A R I A N T  MOMENTUM TRANSFER BETWEEN THE I I N C O M I N G  A N T I P R O T O N ]  A N 0  THE I P R O T O N I .  

I 11  VALUE I S  APPROXIMATE ONLY. ........................................................................................................................ 
D I F F E R E N T I A L  CROSS S E C T I O N  FOR ANTIPROTON PROTON r PROTON A h T I O E L T A l 1 2 3 B l .  I T A B L E  1 1  

LABORATORY BEAM MOMENTUM = 0. GEV/C. 

-U 
I G E V / C ) * * Z  
M l N  MAX 

. 0 3 2  . 3 0 6  

U I S  THE SQUARE O F  T H E  I N V A R I A N T  MOMENTUM TRANSFER BETWEEN THE I I N C O M I N G  A N T l P R O T O N l  A N 0  T H E  I P R O T O N I .  

1 1 1  VALUE I S  APPROXIMATE ONLY. ........................................................................................................................ 
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 ANTIPROTON PROTON. I T A B L E  1 1  

LABORATORY BEAM HOMENTUM = 16.  GEVIC.  

-U C - S I G M A I D - U  
( G E V I C l * * Z  U B I ( G E V I C I * * Z  t1 I 
M l N  MAX 
- 0 9  1.46 - 2 5  

U I S  THE SQUARE OF T H E  I N V A R I A N T  MOMENTUM TRANSFER BETWEEN THE [ I N C O M I N G  A N T l P R O T O N l  AND THE I P R O T O N I .  

L 1 1  VALUE I S  APPROXIMATE ONLY. 

154 ANTIPROTON-PROTON CHARGE-EXCHANGE D I F F E R E N T I A L  CROSS-SECTIONS BETWEEN 5 0  AND 1 8 0  HEY. INUOVO C l M E N T O  5 4 6 9  4 5 6  1 1 9 6 8 )  I 

ABSTRACT T H E  ANGULAR D I S T R I B U T I O N  OF THE CHARGE-EXCHANGE REACTION PBAR P NBAR N H A S  BEEN MEASURED FOR ANTIPROTONS OF 
K I N E T I C  ENERGY BETWEEN 5 0  AN0 1BO MEV. THE MEASUREMENT I S  BASED ON 2 1 5  EVENTS I N  WHICH THE A N N I H I L A T I O N  STAR OF THE 
ANTINEUTRON I S  DETECTED. THE RESULTS ARE COMPARE0 W I T H  THE E X I S T I N G  T H E O R E T I C A L  MODELS. 

CLOSELY RELATEO REFERENCES 
SEE A L S O  NUOVO C I M E N T O  54A.  4 4 1  1 1 9 6 8 ) .  
C O N T I N U A T I O N  OF P R E V I O U S  EXPERIMENT I N  NUOVD CIMENTO 4 6 A 1  1 7 1  1 1 9 6 6 1 .  

BEAM I S  ANTIPROTON ON PROTON FROM . 3 1 0  T O  .60B G E V I C .  ( B E A H  K I N E T I C  ENERGY = . 0 5  T O  .1B GEV) 
T H I S  EXPERIMENT USES THE SACLAY 8 1  CM HYDROGEN BUBBLE CHAMBER. A TOTAL OF 5 7 1 4 0  P I C T U R E S  ARE REPORTED ON. 
K E Y  WORDS - CROSS S E C T I O N  D I F F E R E N T I A L  CROSS S E C T I O N  CHARGE EXCHANGE 



CROSS SECTION FOR ANTIPROTON PROTON - ANTINEUTRON NEUTPON. [TABLE 1 1  

LABORATORY 
BEAM ENERGY 

GEV MILLIBARNS 1 1 1  NO. EVENTS 
- 0 9 3  + .OZZ 14.7 +- 1.6 111 - - 0 4 3  
- 1 4 9  . 0 3 1  11 .4  1.2 1 0 4  - .034  

( 1 1  ERRORS ARE STATIST ICAL  ONLY. ........................................................................................................................ 
DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON - ANTINEUTRON NEUTRON. [TABLE 2 1  

LABORATORY BEAM ENERGY = .093 GEV (MEAN VALUE). 

THETA I S  THE ANGLE THAT THE ANTINEUTRON MAKES WITH THE BEAU I N  THE GRAND C.M. 

1 1 1  MEAN VALUES. 
1 2 1  ERRORS ARE STATIST ICAL  ONLY. ........................................................................................................ 

DIFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON - ANTINEUTRON NEUTRON. [TABLE 2 1  

LABM(AT0RY BEAM ENERGY = . I 4 9  GEV (MEAN VALUE). 

COSITHETAI [ 1 1  0-SIGMAID-OMEGA 
n W S R  c 2 1  

-.9 - 2 6  +- -11 
-.7 .19 .11 
-.5 . I 6  .ll 
-.3 - 3 7  - 1 9  
-.1 - 3 1  - 1 8  

.1 .55 - 2 3  

.3 - 9 2  .29  

.5 1.45 - 3 8  

.7 2.45 - 5 6  

.9  2.42 - 4 8  

THETA I S  THE ANGLE THAT THE ANTINEUTRON MAKES WITH THE BEAM I N  THE GRAND C.M. 

[ 1 1  MEAN VALUES. 
I 2 1  ERRORS ARE STATIST ICAL  ONLY. 

LOW-ENERGY PBAR P ANNIHILAT ION INTO P I +  P I -  AND K+ K-. CNUOVC CIMENTO LETTERS 1, 7 4 9  ( 1 9 6 9 1 1  

R.BIZZARR1, P.GUIOON1. F.MARZAN0, G.C.MONET1, P.ROSS1. D.LANELL0 I U N I V .  DEGLI  STUD1 0 1  ROMA, ROME. I T A L Y 1  
E.CASTELL1, M.SESSA [UNIV.  OF TRIESTE, TRIESTE, I T A L Y 1  

CLOSELY RELATED REFERENCES 
SEE ALSO ARGONNE NAT-LAB. REPORT NO. HEP 6 8 1 2  119681 .  
CONTINUATION OF PREVIOUS EXPERIMENT I N  NUOVD CIMENTO 4 6 A t  1 7 1  1196611  NUOVO CIMENTO 5469  4 4 1  1196817  AND NUOVO CIMENTO 

54A. 4 5 6  ( 1 9 6 8 ) .  

BEAM I S  ANTIPROTON ON PROTON FROM 3 3  TO .61 GEVIC. 
T H I S  EXPERIMENT USES THE SACLAY 8 1  CU HYOROGEN BUBBLE CHAMBER. 
KEY WOROS - ANNIHILAT ION CROSS SECTION P ION KAON 
COMPOUND KEY WOROS - ANNIHILAT ION CROSS SECTION ........................................................................................................................ ........................................................................................................................ 

CROSS SECTION FOR ANTIPROTON PROTON - P I +  PI- .  [FIGURE 2 1  

C.M. ENERGY 
GEV 

H l N  MAX 
1.908 1.920 
1.920 1.930 
1.930 1.947 

CROSS SECTION FOR 

C.M. ENERGY 
GEV 

M I N  MAX 
1 .908  1 .920  
1.920 1.930 
1.930 1.947 
1.951 1.963 

MERE READ FROM A GRAPW** 

............................................................................. 
ANTIPROTON PROTON - K+ K-. [F IGURE 2 1  

WERE READ FROM A GRAPH*** 

MILLIBARNS 



I E V I D E N C E  FOR A I K  P I  P I )  RESONANCE W I T H  T I Z I  = +-.I2 AT 1 2 7 0  MEV. [PHYS. LETTERS 1 2 .  6 5  1 1 9 6 4 1 1  

L--~~R.BOECK,B.R.FRENCH,J.B.KINSON,V.SIMAK [CERNI GENEVA, SWITZERLANDI 
J . B A D I E R I M . B A Z I N I B . E Q U E R ~ A . R O U G E  [ ECOLE POLYTECHNIQUE I P A R I S ,  F R b N C E l  
P.GRIEVE [ I M P E R I A L  COL. OF S C I .  AN0 TECH., LONDOI4, ENGLAND1 

BEAM I S  ANTIPROTON ON PROTON AT 3 G E V I C .  
T H I S  E X P E R I M E N T  USES THE SACLAY 8 1  CH HYDROGEN B U 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. 
KEY WORDS - MASS SPECTRUM RESONANCE PRODUCTION 

NO DATA PUNCHED FOR T H I S  A R T I C L E  

) 5 7 A  SEARCH FOR HEAVY HYPERON RESONANCES PRODUCED BY 5 . 7  G E V l C  ANTIPROTONS I N  HYDROGEN. CPHYS. LETTERS 1 7 ,  1 6 6  1 1 9 6 5 1 1  

~ R . K . R O E C K ~ W . A ~ C O O P E R I B . R . F R E N C H ~ J ~ B ~ K I N S O N R L E V - S E T T I  I C E R N I  GENEVA* S W I T Z E R L A Y D I  
D.REVEL.B.TALLINI9S.ZYLBERAJCH [ CNTR. 0 '  ETUDES NUC. S A C L A Y *  GIF-SUR-YVETTE, FRANCE1 

BEAM I S  ANTIPROTON ON PROTON AT 5 . 7  GEVIC.  
T H I S  E X P E R I M E N T  USES THE SACLAY 8 1  CM HYDROGEN RUBBLE CHAMBER. A TOTAL OF 3 0 0 0 0 0  P I C T U R E S  ARE REPORTED ON. 
K E Y  WORDS - HYPERON RESONANCE PRODUCTION 
COMPOUND K E Y  WORDS - HYPERON RESONANCE PRODUCTION ........................................................................................................................ ........................................................................................................................ 

I T A B L E  11 
LABORATORY BEAM MOMENTUM = 5.7 G N l C  (MEAN V A L U E I .  

R E A C T I O N  M I  CROBARNS 1 1  1 
A N T I P R O T O N  PROTON + 

LAMBDA K+ ANTIPROTON + CHARGE CqNJUGATE 29.0  +- 4.0 
LAMBDA KO ANTINEUTRON + CHARGE CONJUGATE 7 0 . 0  11.0  
S I G M A 0  K+ A N T I P R O T O N  + CHARGE CONJUGATE 1 5 . 0  3.0 
SIGMA+ KO ANTIPROTON + CHARGE CONJUGATE 2 0 . 0  5.0 
LAMBDA KO ANTIPROTON P I +  + CHARGE CONJUGATE 39.0  4 .0  
LAMBDA K+ A N T I N E U T R O N  P I -  + CHhRGE CONJUGATE 18.0  3.0 
LAMBDA K +  ANTIPROTON P I 0  + CHARGE CONJUGATE 3 0 . 0  3.0 
S I G M A 0  KO ANTIPROTON P I +  + CHARGE CONJUGATE 8.0 4.0 
SIGMA+ KO ANTIPROTON P I 0  + CHARGE CONJUGATE 1 9 . 0  4 .0  
SIGMA+ KO ANTINEUTRON P I -  + CHARGE CONJUGATE 25.0 5.0 
SIGMA+ A N T I L A M B D A  P I -  + CHARGE CONJUGATE 60.0  6.0 
SIGMA- A N T I L A M B O A  P I +  + CHARGE CONJUGATE 2 2 . 0  4 .0  
SIGMA+ A N T I S I G M A O  P I -  + CHARGE CONJUGATE 18.5 3 .0  
SIGHA- A N T I S I G M A O  P I +  + CHARGE CONJUGATE 1 5 . 0  3.0 
S I G H A +  A N T I L A M B D A  P I -  P I 0  + CHARGE CONJUGATE , 4 8 . 0  6 .0  
SIGMA- A N T I L A M B D A  P I +  P I 0  + CHARGE CONJUGATE 2 7 . 0  4.0 
SIGMA* A N T I S I G M A -  P I +  P I -  + SIGMA* 

A N T I S I G M A +  P I -  P I -  + CHARGE CONJUGATE 1 5 . 0  3 .0  

C 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. 

I N V E S T I G A T I O N  OF T H E  R E A C T I O N  P R O T W  ANTIPROTON - N*13,3)  ANTI-N*13,31 AT 5.7 G E V l C  AND 3 . 6  GEVIC.  I P H Y S .  LETTERS 1 5 .  1681 3 5 6  , 1 9 6 5 1  I 

K.BOECKMANNIR.NELLENVE.PAUL [ U N I V .  BONN, BONN, GERMANY1 
I . B O R E C K A r J . D I A Z 7 U . H E E R E N N U . L I E B E R H E I S T E R  E.LOHRMANN~E~RAUBOLDUP.SODINGIS.WOLFF CDEUTSCHES ELEKTRONEN-SYNCH.. HAMBURG, 

GERMANY 1 
S.COLETTI,J.KIDD.L.MANDELLlr V.PELOS17S.RATT I~L .TALLONE [ U N I V .  D I  MILANO. M I L A N O Y  I T A L Y 1  

CLOSELY R E L A T E D  REFERENCES 
SEE A L S O  PHYS. REV. 1 3 6 .  8 8 4 3  1 1 9 6 4 ) .  
DATA SUPERSEDED B Y  NUOVO C l M E N T O  4 2 ,  9 5 4  1 1 9 6 6 1 .  

NO DATA PUNCHED FOR T H I S  A R T I C L E  

I ~~IELASTIC S C A T T E R I N G *  P I O N   PRODUCTION^ AND A N N I H I L A T I O N  I N T O  P I O N S  I N  ANTIPROTON-PROTON I N T E R A C T I O N S  A T 5 . 7  GEV/C. 
CNUOVO C I M E N T O  4 2 A r  9 5 4  1 1 9 6 6 1 1  

- 
K.BOECKMANN7B.NELLEN~EEPAUL~B~WAGIN I  1 UNIV.  BONN, BONN, GERMANY I 
I . B O R E C K A , J . D l A i r U . H E E R E N .  U.LIEBERHEISTER~E.LOHRHANNNE.RAUBOLODP.SODINGS.UDLFF I D E U T S C H E S  ELEKTRONEN-SYNCA., HAMBURG, 

GERHANY I 
J . K l 0 0 1  L. MANOELL1 rL .MOSCA,V.PELOSI~ S.RATTIIL.TALLONE [ U N I V .  D l  MILANO, W L A N O .  I T A L Y 1  

ABSTRACT AN E X T E N S I V E  I N V E S T I G A T I O N  OF ANTIPROTON-PROTON I N T E R A C T I O N S  AT 5.7 GEV/C WITHOUT STRANGE-PARTICLE PRODUCTION 
WAS C A R R I E D  OUT U S I N G  A HYDROGEN BUBBLE CHAMBER. CROSS-SECTIONS FOR D I F F E R E N T  CHANNELS ARE G I V E N  AND DISCUSSED. THE 
R E L I A B I L I T Y  OF THE A N A L Y S I S  WAS CHECKED U S I N G  A R T I F I C I A L L Y  GENERATED EVENTS. THE CROSS-SECTIONS FOR E L A S T I C  SCATTERING,  
FOR A L L  PROCESSES I N V O L V I N G  A N N l H l L A T I O N ~  AND FOR A L L  OTHER I N E L A S T I C  PROCESSES ARE R E S P E C T l V E L Y v  116.3 +- 0.61 MB, 
1 2 2 . 5  +- 2 . 0 1  MB, AND 124.8  +- 2.0) HB. THE N * 1 1 2 3 8 1  I S  PRESENT BOTH I N  THE S I N G L E  A N 0  M U L T I P L E  P I O N  PRODUCTION 
CHANNELS. FOR T H E  R E A C T I O N  P PEAR - N *  NBAR* A CROSS S E C T I O N  OF 11.05 +- 0 . 2 1 )  MB WAS OBTAINED.  CROSS SECTIONS FOR 
N * l 1 2 3 8 1  PRODUCTION I N  OTHER CHANNELS ARE ALSO GIVEN.  SOME I N D I C A T I O N  OF THE PRESENCE OF I = 1 1 2  ISOBARS HAS FOUND I N  
THE NUCLEON-PION A N 0  T H E  NUCLEON-TWO-PION SYSTEMS. T H E  I N E L A S T I C  N O N A N N I H I L A T I O N  R E A C T I O N S  WERE FOUND TO BE STROYGLY 
P E R I P H E R A L .  THE ONE-PION EXCHANGE MODEL I N C L U D I N G  E I T H E R  A FORM FACTOR OR CORRECTIONS FOR ABSORPTION WAS A P P L I E D  TO THE 
R E A C T I O N  P PEAR - N *  NBAR* . N E I T H E R  VERSION OF T H E  MODEL COULD CORRECTLY ACCOUNT FOR ALL FEATURES OF THE REACTION. THE 
AVERAGE NUMBER OF P I O N S  I N  THE A N N I H l L A T l O N  WAS FOUND TO BE 7.3  t 0.6. T H E  PRESENCE OF AN ASYMMETRY I N  THE ANGULAR 
D I S T R I B U T I O N  OF THE CHARGED P I O N S  WAS CONFIRYED AT T H I S  ENERGY; I T  I S  DUE MOSTLY TO HIGH-ENERGY PIONS.  THE PRODUCTION 
OF RHO A N 0  OMEGA MESONS WAS OBSERVED I N  VARIOUS A N N I H I L A T I O N  CHANNELS. RATES OF UP TO 9 0  PERCENT FOR RHO PRODUCTION AND 
UP TO 1 5  PERCENT FOR OMEGA PRODUCTION WERE O B T A I N E D  BY F I T T I N G  PHASE-SPACE AND BREIT-WlGNER CURVES TO THE 
EFFECTIVE-MASS D I S T R I B U T I O N S  OF DIFFERENT CHANNELS. 

C L O S E L Y  R E L A T E D  REFERENCES 
ERRATUM NUOVO CIMENTO 4 4 A .  3 1 6  1 1 9 a b l .  
C O N T I N U A T I O N  OF P R E V I O U S  EXPERIMENT I N  PHYS. L E T T E R S  1 5 .  3 5 6  1 1 9 6 5 1 .  

COMP&ND K E Y ' u & ~ ~ ' ; - "  A N N I H I L A T I O N  CROSS S E C T I O N  D E L T A 1 1 2 3 8 1  RESONANCE PRODUCTION P I O N  PRODUCTION ........................................................................................................................ ........................................................................................................................ 



ANTIPROTON PROTON TOTAL CROSS SECT ION. IPAGE 9 5 7 1  

LABORATORY 
BEAM MOMENTUM 

GEVlC MILLIBARNS 
PER CENT 

5.7 +- 1 63.6 +- 1.4 

I 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. ...................................... 
ITABLE 1 1  

LABORATORY BEAN MOMENTUM = 5.7 GEVfC +- 1 l P E R  CENT). 

U l  LLIRARNS 

Ill ERROR GIVEN I S  STAT IST ICAL  ERROR ESTIMATED FROM PAGE 958.  ........................................................................................................................ 
[TABLE 2 1  

LABORATORY BEAM MOMENTUM = 5.7 GEVIC +- l l P E R  CENT). 

REACTION 
ANTIPROTON PROTON r 

,ELASTIC 
ANTIPROTON PROTON P I 0  
PROTON ANTINEUTRON P I -  
NEUTRON ANTIPROTON P I +  
ANTIPROTON NEUTRON P I *  + CHARGE CONJUGATE 
Dr. 0 , -  . . . . .  
P I +  P I -  P I 0  
P I *  P I -  MM22PIO 
TWO PRONG P I O N  A N N I H I L A T I O N  
ANTIPROTON PROTON P I +  P I -  
ANTIPROTON PROTON P I +  P I -  P I 0  
PROTON ANTINEUTRON P I +  P I -  P1- 

NEUTRON &NTIPROTON P I +  P I +  P I -  
ANTIPROTON NEUTRON P I +  P I +  P I -  + CHARGE 

CONJUGATE 

ANTIPROTON PROTON PI+ PI+ PI- PI- 
P I +  P I *  P I +  P I -  P I -  P I -  
TOTAL A N N I H I L A T I O N  
TOTAL I N E L A S T I C  

MILL IBARNS Ill 

C 1 1  ERRORS INCLUDE SYSTEMATICS. 
I 2 1  CALCULATE0 BY US FROM DATA I N  T H I S  ARTICLE. 
1 3 1  RESULT I S  MODEL DEPENDENT. ........................................................................................................................ 

E L A S T I C  O IFFERENTIAL  CROSS SECTIJN  FOR ANTIPROTON PROTON. [FIGURE 1 1  

LABORATORY BEAU MOCtENTUM = 5.7 GEVlC  +- l l P E R  CENT). 

**+THESE DATA WERE READ FROM A GRAPH+** 

T 1.5 THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETYEEN THE I INCOMING ANTIPROTONI AND THE CWTGOING ANTIPROTON]. 

I 1 1  MEAN VALUES. 
I 2 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 

F I T  TO ELASTIC  D I F F E R E N T I A L  CROSS SECTION FOR ANTIPROTON PROTON. IPAGE 9 6 0 1  

LABORATORY BEAM MOMENTUU = 5.7 GEV/C +- l l P E R  CENT). 

DATA ARE F I T  OVER -T FROM - 0 1 5  TO a285  l G E V I C l * * 2 .  T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE 
CINCOMING ANTlPROTONl AND THE IOUTGOING ANTIPROTONI. 

F I T T E D  FORMULA I S  D -S IGMAlWT C+EXP(A*TI  
WHERE D-SIGMAID-T I S  I N  MB l lGEV/C1* *2  AND T I S  I N  lGEV/C l *+2 .  T I 5  THE SQUARE OF THE INVARIANT MOMENTUM 

TRANSFER BETWEEN THE C INCOMING ANTIPROTON1 AND THE 1 WTGOING ANTIPROTONI. 
F I T T E D  VALUES 



[ TABLE 3 1  
LABORATORY BEAM MOMENTUM = 5.7 GEVlC +- 1 I P E R  CENTI.  

REACTION 
ANTIPROTON PROTON - 

P I *  P I +  P I -  P I -  P I 0  
P I +  P I +  P I -  P I -  MM22PIO 
FOUR PRlNG P I O N  ANNIH ILAT ION 
P I +  P I +  P I *  P I -  P I -  P I -  P I 0  
PI+ PI+ PI+ PI- PI- PI- n n z z p r o  
S I X  PRONG P I O N  ANNIH ILAT ION 

MILL IBARNS 1 1 1  

I 1 1  ERRORS INCLUDE SYSTEMATICS. 
( 2 1  CALCULATEO BY US FROM OAT& I N  T H I S  ARTICLE. ............................................................................... 

CROSS SECTION FOR ANTIPROTON PROTON r ANTIPROTON PROTON OMEGAl7831.  
OMEGA1783l  r P I +  P I -  P I 0  I 1 1  

....................................... 
IPAGE 9 7 3 1  

LABORATORY 
BEAN MOMENTUM 

GEVlC 
PER CENT 

5.7 +- 1 

MILLIBARNS I 2 1  

< . 0 4  

Ill AUTHORS 0 0  NOT I N D I C A T E  HOW RESONANCE EVENTS WERE DETERMINED. 
I 2 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 

I T A B L E  4 1  
LABORATORY dEAM MOMENTUM = 5.7 GEVlC +- L I P E R  CENTI. 

REACTION 
ANTIPROTON PROTON - 

RHO176510  P I +  P I -  P I 0  
R H 0 1 7 6 5 l O  - P I +  P I -  C21  

P I +  P I +  P I -  P I -  R H O I 7 6 5 1 0  
R H O i 7 6 5 1 0  P I +  P1- I 2 1  

P I +  P I +  P I -  P I -  P I 0  RHOl765 )O  
RHO(76510  * P I +  P I -  I 2 1  

P i +  P I -  OMFCAl7R3I . . . . . . . . . . .  
OMEGA17831 - P I +  P I -  P I 0  

P I +  P I +  P1- P I -  OMEGA17B3) 
OMEGA17831 r P I +  P I -  P I 0  

M ILL IBARNS 

- 1 4 0  +- - 0 5 0  1 1 1  

.230 . 060  1 1 1  

. 4 0 0  - 0 8 0  I 1 1  

- 0 6 2  - 0 0 2  1 1 1  

- 2 2 0  s o 3 0  [ 1 1  

Ill ERROR GIVEN EQUALS THE DIFFERENCE I N  CROSS SECTIONS OBTAINED FROM TWO METHODS OF F I T T I N G .  
I 2 1  F I T T E O  D I S T R I B U T I O N  WITH F I X E D  MASS AN0 WIOTHI AN0 THEN TOOK ONLY EVENTS ABOVE I F I T T E O I  BACKGROUND. ........................................................................................................................ 

[PAGE 9 8 9 1  
LABORATORY BEAM MOMENTUM = 5.7 GEVlC +- l I P E R  CENTI. 

, - 
. .  -NTIPROTON P I -  
12381++ * PROTON P I +  Ill 
!38l- -  PROTON P I +  

CONJUGATE 
O E L T A i l 2 3 B l + +  - PROTON P I +  I 1 1  

OELTA l12381++  ANTIPROTON P I -  P I 0  
O E L T A i 1 2 3 8 ) + +  - PROTON P I +  Ill 

ANTIDELTAI1238 ) - -  PROTON P I +  P I 0  
ANT IOELTA l123B) - -  - ANTIPROTON P I -  

OELTA11238)++ ANTIPROTON P I -  P I 0  + GHARC 
CONJUGATE 
O E L T A l l 2 3 8 1 + +  * PROTON P I +  I 1 1  

Ill 

t 1 1  
; E 

MILL IBARNS 

. 7 4  +- - 1 5  

. 7 4  .15 

1.48 - 3 0  [ 2 1  

. 3 0  - 0 6  

. 3 0  .06 

- 6 0  - 1 2  I 2 1  

C11  F I T T E O  D I S T R I B U T I O N  WITH F I X E D  MASS AND WlOTHp AN0 THEN TOOK ONLY EVENTS ABOVE I F I T T E O I  BACKGROUND. 
I 2 1  CALCULATEO BY US FROM OATA I N  T H I S  ARTICLE. 

D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON - A N T I D E L T A I 1 2 3 8 l - -  O E L T A l l 2 3 8 l + + .  [F IGURE 5 1  
ANT IOELTAI123B) - -  * ANTIPROTON P I -  Ill 
DELTA11238 )++  - PROTON P I +  Ill 

LABORATORY BEAM MOMENTUM = 5.7 GEVlC +- 1 I P E R  CENTI.  

NORMALIZED 1 3  1.05 MB: NOT CORRECTED FOR TA ILS .  SEE COMMENTS I N  TEXT 

***THESE OATA 

-T 
IGEVIC  l * *Z  
M I N  MAX 
.OO .05  
- 0 5  . 10  
.10 . 15  

UERE READ FROM A GRAPW** 

NO. EVENTS 

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE I INCOMING ANTIPROTON1 AN0 THE I A N T I D E L T A l l 2 3 B l - - 1 .  

Ill 
1 2 1  

PARENT 
COUNTS 

PARTICLE  DEFINED AS FOLLOWS 
WERE M U L T I P L I E D  BY .1132  TO 

[MASS CUT 
GET THESE. 

GEVI.  



leol FURTHER E X A M I N A T I O N  OF LOW-MASS PBAR P I -  P I *  AN0 P P I -  P I +  ENHANCEMENTS I N  THE R E A C T I O N  PBAR P * PBAR P I -  P P I +  AT 
(2.8-3.5) G E V I C .  INUOVO CIMENTO 6 8 A r  3 8 3  ( 1 9 7 0 1 1  

F-BOMSE, E.J.MOSESI T.0.BORAK I V A N O F R B I L T  UNIV., N A S H V I L L E .  TENN.. U S A 1  

ABSTRACT I T  I S  SHOWN THAT AN ENHANCEMENT AT 1 . 4  GEV I N  Tr lE PBAR P 1 -  P I *  AN0 P P I -  P I +  MASS SPECTRA FROM THE R E A C T I O N  
PBAR P - PBAR P P I +  P I -  AT 12.8-3.5) GEVIC I S  NOT A R E F L E C T I O N  OF THE PROCESS PBAR P * N B A R * l 1 2 3 8 J  N * 1 1 2 3 8 1 .  

CLOSELY R 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 O U S  EXPERIMENT I N  PHYS. REV. LETTERS 2 2 ,  4 3  ( 1 9 6 9 1 .  

BEAM I S  A N T I P R O T O N  ON PROTON AT 2.8 GEVIC. 
T H I S  E X P E R I M E N T  USES A DEUTERIUM BUBBLE CHAMBER. 
K E Y  MOROS - RESONANCE PRODUCTION O E L T A 1 1 2 3 8 1 + +  

NO D A T A  PUNCHED FOR T H l S  A R T I C L E  

WEASUREWENT OF THE P O L A R I Z A T I O N  PARAMETER I N  P I + -  P, K+- P *  PP, AN0 PBAR P E L A S T I C  SCATTERING AT 6 GEVIC.  I P H Y S .  
L E T T E R S  3 1 8 .  4 0 5  1 1 9 7 0 1  I 

M . B O R G H I N I r  L . O I C K r  L - D l  L E L L A r  A-NAVARROI J . C . 0 L I V I E R 7  K . R E I B E L  ICERN, GENEVA, SWITZERLAND1 
C-COIGNET,  O.CRONENBERGER9 G.GREGOIXEv K.KU2.00Ap A . M I C W L O W I C Z .  M.POULETI D.SILLOU I U N I V .  OE PARIS--FAC. OES SCI., ORSAY, 

F R A N C E 1  
C . B E L L E T T I N I t  P . L . B R A C C I N I t  T - O E L  PRETE? L.FOA1 G . S A N G U I N E T T l q  M.VAL0ATA I U N I V .  0 1  P I S & +  P I S A ,  I T A L Y 1  

ABSTRACT E X P E R I M E N T A L  RESULTS ARE PRESENTED FOR THE P O L A R I Z A T I O N  PARAMETER P I 0 1  I N  P I + -  P, K+- Pv PPI AN0 PBAR P 
E L A S T I C  S C A T T E R I N G  AT 6 GEVICI AN0 I N  THE RANGE OF T H E  I N V A R I A N T  FOUR-MOMENTUM TRANSFER SQUARED -T FROM 0.05 TO ABOUT 
2.0 I G E V I C t * * Z .  

BEAM I S  A N T I P R O T O N  ON PROTON A T  6 GEVIC.  
T H I S  E X P E R I M E N T  U S E S  COUNTERS. 
K E Y  WOROS - 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 ANTIPROTON PROTON. [ T A B L E  6 1  

LABORATORY BEAM MOMENTUM = 6. GEVIC.  

-T 
( G E V / C t * * 2  
81 N MAX 
.05 . 1 5  
. 1 5  . 2 5  
- 2 5  . 4 0  

P O L A R I Z A T I O N  1 1 . 2 1  

T I S  THE SQUARE OF THE I N V A R I A N T  MOMENTUM TRANSFER BETWEEN THE I I N C O H I N G  ANTIPROTON1 AND T H E  I O U T G O I N G  ANTIPROTONI.  
THE P O L A R I Z A T I O N  I S  OF T H E  PROTON ALONG T H E  NORMAL T O  THE PRODUCTION PLANE I N  THE GRANO C.M. 

111 ERRORS ARE S T A T I S T I C A L  ONLY. 
I 2 1  ADO P O S S I B L E  SYSTEMATIC ERROR OF +- 5 PER CENT. 

~ P O L A R I Z h T l O N  PARAMETER I N  K+- P AN0 PBAR P E L A S T I C  S C A T T E R I N G  AT 1 0  AND 1 4  GEVIC.  I P H Y S .  L E T T E R S  36.9 4 9 7  1 1 9 7 1 1 1  

UM.BORGHINI, L.OICK. J.C.OLIVIER ICERN, GENEVA, SWITZERLANOI 
H.AO1. 0.CRONENBERGER. G-GREGOXRE. Z.JANOUTv K.KUROOA9 A.MICHALOWICZ7 M.POULET, 0 . S I L L O U  I U N I V .  OE PARIS--FAC. OES SCI., 

ORSAY. FRANCE 1 
G . R E L L E T T I N I v  P.L .BRACCINI I  T - O E L  PRETE, L - F O A r  P - L A U R E L L I *  G . S A N G U I N E T T I ~ M . V A L O A T A  I U N I V .  D l  P I S A ,  P I S A ,  I T A L Y 1  

ABSTRACT R E S U L T S  ON P O L A R I Z A T I O N  I N  K- P P  K+ P AND PBAR P FORWARD E L A S T I C  SCATTERING ARE PRESENTEO. 

CLOSELY R 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 O U S  EXPERIMENT I N  PHYS. L E T T E R S  3 1 8 .  4 0 5  1 1 9 7 0 1 .  

BEAM NO. 1 1 5  ANTIPROTON ON PROTON FROM 1 0  TO 1 4  G E V I C .  
NO. 2  I S  K- ON PROTON FROM 1 0  TO 1 4  GEVIC.  
NO. 3  I S  K+ O N  PROTON FROM 1 0  TO 1 4  GEVIC.  

T H l S  E X P E R I M E N T  U S E S  COUNTERS. 
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 ANTIPROTON PROTON. [ T A B L E  3 1  

LABORATORY BEAM MOMENTUM = 1 0 .  GEVIC.  

-T P O L A R I Z A T I O N  [ 1 1  
l G E V I C I * * 2  
M I N  MAX 
. 1 0  - 1 5  - .084 +- . 0 5 8  
- 1 5  . 2 0  - . D l 0  . 0 3 0  
.ZO - 2 5  - 0 2 5  - 0 3 6  
- 2 5  - 3 0  - . 0 7 3  . 0 4 6  
. 3 0  . 3 5  . 0 3 3  . 0 6 5  
.35 . 4 0  2  . 0 8 4  

T I S  THE SQUARE OF THE I N V A R I A N T  MOMENTUM TRANSFER BETUEEN THE I l N C O M l N G  ANTIPROTONI AN0 THE I O U T G O I N G  ANTIPROTONI.  
T H E  P O L A R I Z A T I O N  I S  OF THE PROTON ALONG THE NORMAL TO THE PRODUCTION PLANE I N  THE GRANO C.H. 

1 1 1  AD0 P O S S I B L E  SYSTEMATIC 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 ANTIPROTON PROTON. I T A B L E  3 1  

LABORATORY BEAM MOMENTUM = 14.  GEVIC.  

-T 
I G E V I C L * * Z  
M I  N MAX 
- 1 0  . 2 0  
- 2 0  . 3 2  
.32 5 0  

P O L A R I Z A T I O N  1 1 1  

T I S  T H E  SQUARE OF T H E  I N V A R I A N T  MOMENTUM TRANSFER BETWEEN THE [ I N C O M I N G  ANTIPROTON1 AND T H E  I O U T G O I N G  ANTIPROTONI.  
T H E  P O L A R I Z A T I O N  I S  OF THE PROTON ALONG THE NORMAL TO THE PRODUCTION PLANE I N  THE GRAND c.n. 

I 1 1  A 0 0  P O S S I B L E  SYSTEMATIC ERROR OF +- 5 PER CENT. 



m S T U O Y  OF THE P B A U  * P I S P E C T A T O R I  PBAR P P I -  REACTION AT 5.5 GEVIC.  I P H Y S .  REV. 0 2 ,  4 8 8  C 1 9 7 0 ) I  

ABSTRACT B A S E 3  ON 1 5 0 1 0 0 0  PHOTCGRAPHS T A K E N  W I T H  THE 3 0 - I N .  BUBRLE CHAMBER AT THE ZGSI WE PRESENT A STUJY OF T H E  PBAR 
D - P I S P E C T A T O R I  PBAR P P I -  REACTION.  IMPORTANT PROOUCTION OF A N T I - D E L T A l 1 2 3 6 1 - -  I S  OBSERVED. T H E  D I S T R I B U T I O N  OF T H E  
MOMENTUM TRANSFER BETWEEN THE I N C I D E N T  PBAR AND THE F I N A L  A N T I - O E L T A l 1 2 3 6 ) - -  I S  COMPARED W I T H  DATA AT OTHER E N E R G I E S  
AND ALSO W l T H  THE CROSSED PP - O E L T A I + + ) N  REACTION.  THAT THE P E A K I N G  OF T H E  MOMENTUM TRANSFER TENDS TO BE GREATER FOR 
THE PP + O E L T A l + + ) N  THAN FOR T H E  PBAR N - A N T I - D E L T A ( - - ) P  R E A C T I O N  AT 5 . 5  G E V I C  CAN B E  E X P L A I N E D  BY U S I N G  A S I M P L E  
REGGE-POLE MODEL. FOR EVENTS PROOUCED WITHOUT RFSONANCE I N  THE F I N A L  STATE,  T H E  L O N G I T U D I N A L  PHASE-SPACE A N A L Y S I S  I S  
A P P L I E D  TO T H E  OATA. FOR THESE EVENTS, AN ATTEMPT WAS ALSO MAOE TO USE A DOUBLE REGGE-POLE MODEL TO DESCRIBE T H E  
PRODUCTION. THE PRESENT V E R S I O N  OF T H I S  MODEL REPRODUCES THE EXPERIMENTAL DATA F A I R L Y  WELL. U S I N G  THE F E R M l  MOTION OF 
THE NEUTRON TARGET, WE TRY TO EXTRACT INFORMATION ABOUT THE V A R I A T I O N  OF THE PBAR N r PBAR P P I -  CROSS S E C T I O N  W l T H  
C.M. ENERGY. 1 %  CONNECTION U I T H  T H I S  PROBLEM, A D I S C U S S I O N  ON THE V A L I D I T Y  DOMAIN OF THE IMPULSE APPROXIMATION I S  
GIVEN.  

BEAM I S  ANTIPROTON ON OEUTERON AT 5.55 GEV/C. 
T H I S  EXPERIMENT USES THE ANL-MURA 3 0  I N .  DEUTERIUM BUBBLE CHAMBER. A TOTAL OF 1 5 0 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  RESONANCE PRODUCTION A N T I D E L T A l 1 2 3 8 ) - -  

CROSS S E C T I O N  FOR ANTIPROTON NEUTRON - ANTIPROTON PROTON PI- .  I P A G E  5 0 0 1  

CROSS S E C T I O N  I N C L U D E S  S H I E L D I N G  CORRECTION OF +0.18 MB AND CORRECTION FOR PROTON SPECTATOR MOMENTUM < 0.1 G E V I C  OF 
+1.09 ME 

LABORATORY 
BEAM MOMENTUM 

G E V l C  
5.550 +- . 0 5 4  

M I L L I B A R N S  
1 . 6 8  +- .ll 

CROSS S E C T I O N  FOR ANTIPROTON NEUTRON - A N T I O E L T A C l 2 3 8 1 -  PROTON. [ 1 1  [PAGE 4 9 1 1  
A N T I D E L T A ( l 2 3 8 1 - -  + ANTIPROTON P I -  

CROSS S E C T I O N  CALCULATEO AS t . 5 1  +- . 0 4 1  * 1 1 . 6 8  +- - 1 1 )  MB 

LABORATORY 
BEAM MOMENTUM 

G E V I C  M I L L I B A R N S  
. 8 6  +- . 0 7  

Ill CALCULATEO BY U S  FROM DATA I N  T H I S  A R T I C L E .  ....................................................................................................................... 
D I F F E R E N T I A L  CROSS S E C T I O N  FOR ANTIPROTON NEUTRON . A N T l D E L T A ( 1 2 3 8 ) - -  PROTON. [ F I G U R E  6 1  

A N T I D E L T A C 1 2 3 8 1 - -  - ANTIPROTON P I -  I1 I 

LABORATORY BEAM MOMENTUM = 5 . 5 5 0  + . 0 5 4  G E V I C .  

N O R M A L I Z E D  TO 0.86 MB 

***THESE OATA WERE REAO FROM A G R & P W * *  

-T 
I G E V / C ) * 4  
H I N  
.DO 
. 0 5  
. 1 0  
. 1 5  
. 2 0  
. 2 5  
. 3 0  
.35 
. 4 0  
. 4 5  
. 5 0  
. 5 5  
. 6 0  
. 6 5  
. 7 0  

r 2  
MAX 

0 5  
. 1 0  
. 1 5  
. 2 0  
.25  
. 3 0  
. 3 5  
. 4 0  
. 4 5  
. 5 0  
. 5 5  
. 6 0  
. 6 5  
. 7 0  
. 7 5  

I 2 1  NO. EVENTS 

T I S  THE SQUARE OF T H E  I N V A R I A N T  MOMENTUM TRANSFER BETHEEN T H E  [ I N C O M I N G  ANTIPROTON1 A N 0  T H E  C A N T I D E L T I l 1 2 3 8 ) - - 1 .  

Ill U S E D  S I M P L E  MASS CUT ( N E G L I G I B L E  BACKGROUNDl [ M A S S  CUT FROM 1 . 1 6 0  TO 1 . 3 2 0  G E V I .  
I 2 1  COUNTS WERE M U L T I P L I E D  BY . 0 4 0 8  TO GET THESE. 

l N v E s T I G A T I o N  OF T H E  P A R  0 1 1 -  A T A T  I N  P A  0 COHERENT R O O C T O N  AT 5.5 G E V C  W H Y S .  REV. 02 ,  1 2 1 2  
1 1 9 7 0 )  I 

H.BRAUN9 0.EVRARD. A-FRIOMAN, J.-P.GERBER9 G.MAURERI A.MICHALONI B.SCHIBY7 R-STRUB.  C . V O L T O L I N I  [CENTRE DES RES. 
NUCLEAIRES,  STRASBOURG, FRANCE1 

DESCRIPTION OF THE D PI[+) MASS-SPECTRUM IS DETAINED. A PERIPHERAL noom WITH A REGGEIZEO p i  EXCHANZE WHICH SCATTERS 
OFF THE OEUTERON WAS A L S O  CONSIDERED. U S I N G  T H I S  MODEL AN0 PERIPHERAL PHASE SPACE. A S lMULTANEOUS F I T  ON THE 0 P I ( + )  
AND PBAR P I [ + )  P I C - )  MASS O I S T R I B U T I D N S  WAS MAOE SUCCESSFULLY. T H E  ANGULAR O I S T R I 6 U T I O N  OF THE OUTGOING DEUTERON I N  THE 
P I I + 1  D C.M. FRAME I S  ALSO U E L L  DESCRIBED.  

CROSS S E C T I O N  FOR ANTIPROTON DEUTERON - ANTIPROTON DEUTERON P I +  P I - .  I P A G E  1 2 1 4 1  

CORRECTIONS MADE FOR LARGE A N 0  SMALL DEUTERIUM MOMENTUM. RESULT I S  MOOEL DEPENDENT 

LABORATORY 
BEAM MOMENTUM 

G E V I C  
5 . 5 5  

I 11  ERRORS ARE S T A T I S T I C A L  3NLY. 



OBSERVATION OF THE 0 *  EFFECT I N  THE PEAR 0 P PBAR P I *  P I -  N REACTION AT 5.55 GEVIC. [PHYS. REV. D 3 .  2 5 7 2  1 1 9 7 1 1 1  

H.BRAUN. 0-EVRARO, A.FRIOMAN. J.-P.GERBERv A.GIVERNAU0. RsKAHN. GeMAURER. A-MICHALONI B.SCHIBY. R.STRUBr C.VOLTOLIN1 
ICENTRE OES RES. NUCLEAIRES. STRASBOURG? FRANCE1 

ABSTRACT T H l S  EXPERIMENT I S  BASED ON 150 .000  PHOTOGRAPHSI TAKEN AT THE ZERO GRAOIENT SYNCHROTRON WITH THE 30 - IN .  
BUBBLE CHAMBER. WE PRESENT RESULTS ON A SUBSAMPLE OF P i S U S  5 1  PEAR P I +  P I -  N EVENTS I N  WHICH THE PROTONS STOPPING I N  
THE CHAMBER 0 0  NOT SHOW THE CHARACTERISTIC NUCLEON-SPECTATOR REHAVIOR. THE SELECTION PROCEDURE FOR T H I S  SAMPLE I S  
DISCUSSED. A STRONG LOW-MASS P ISUB 5 1  N P I +  ENHANCEMENT AT 2.2 GEV/C**2 I S  OBSERVEO. TH lS  BUMP I S  NOT CONSIDERED AS A 
REAL RESONANCE AN0 I S  INTERPRETED LS  HAVING THE SAME O R I G I N  AS THE 2.2-GEVIC**Z D P I  ENHANCEMENT OBSERVED, FOR 
INSTANCE, I N  THE PBAR 0 + PBAR 0 P I +  P I -  REACTION AT THE SAME ENERGY. 

CLOSELY RELATED REFERENCES 
CONTINUATION OF PREVIOUS EXPERIMENT I N  PHYS. REV. 0 29 4 8 8  ( 1 9 7 0 1 9  AN0 PHYS. REV. D 2 r  1 2 1 2  119701 .  

BEAM I S  ANTIPROTON ON DEUTERON AT 5.55 GEVIC. 
T H I S  EXPERIMENT USES THE ANL-MURA 3D 1N. OEOTERIUM BUBBLE CHAMBER. A TOTAL OF 1 5 0 0 0 0  PICTURES ARE REPORTED ON. 
KEY WORDS - RESONANCE PROOUCTION 

NO OATA PUNCHED FOR T H I S  ARTICLE 

FURTHER EVIDENCE FOR A 2 P I +  2 P I -  1.7 GEV/C**2 ENHANCEMENT OBSERVEO I N  THE PBAR P + 3 P I *  3 P I -  P I 0  REACTION b T  5.1 GEVIC. 
CNUC. PHYS. 8 3 0 1  2 1 3  1 1 9 7 1 1 1  

H.BRAUN, A.FRIOU4N. J.-P.GERBER9 A-GIVERNIUD, RIKAHNI G.MAURERI A.MICHALON9 B.SCHIBYv R.STRUB, C.VOLTOLIN1 [CENTRE OES 
RES. NUCLEAIRES. STRASBOURG, FRANCE1 

BEAM 1 5  ANTIPROTON ON PROTON AT 5.7 GEVIC. 
T H I S  EXPERIMENT USES THE CERN BO CM HYOROGEN BUBBLE CHAMBER. A TOTAL OF 1 0 0 0 0 0  PICTURES ARE REPORTED ON. 
KEY WOROS - ANNIHILATI( IEI  PION PRODUCTION MASS SPECTRUM 
COMPOUND KEY WOROS - P I O N  PROOUCTION ........................................................................................................................ ........................................................................................................................ 

NO OATA PUNCHEO FOR T H I S  ART ICLE  

I S T U O Y  OF THE PBAR P * PBAR P 2.1. 2 P l -  REACTION AT 5.7 GEVIC. INUOVO CIMENTO 4.. 7 0 3  1 1 9 7 1 ) l  

-H.BRAUN. D.EVRARO, A.FRIOMAN, 3.-PIGERBER. 
RES. NUCLEAIRESr STRASBOURG. FRANCE1 

[CENTRE OES 

ABSTRACT YE PRESENT A STUDY OF THE PBAR P PBAR P ,?PI+ 2 P I -  REACTION AT 5.7 GEV lC  FOR WHICH WE HAVE OBTAINED A CROSS 
SECTION OF (0 .10  +- 0.05)  MB. ABUNDANT OELTA AN0 OELTABAR PROOUCTION WAS OBSERVEO. A ROUGH ESTIMATE OF THE RATE FOR 
DOUBLE-RESONANCE PROOLKTION. I-E.. PBAR P + DELTABAR-- DELTA++ P I *  PI- ,  I S  ALSO GIVEN. THE GENERAL FEATURES OF THE PBAR 
P * PBAR P 2P1+  Z P I -  REACTION ARE INTERPRETED BY MEANS OF A MULTIPERIPHERAL REGGE MODEL SLIGHTLY MODIFIED TO TAKE INTO 
ACCOUNT THE STRONG OELTA AND OELTABAR PROOUCTION. 

CLOSELY RELATE0 REFERENCES 
SEE ALSO PHYS. REV. 167 ,  1 2 6 0  (19681 .  AND P W S .  REV. 1 7 6 .  1 5 9 5  ( 1 9 6 8 1 .  

BEAM I S  ANTIPROTON ON PROTON AT 5.7 GEVIC. 
T H I S  EXPERIMENT USES THE CERN 8 0  CM HYOROGEN BUBBLE CHAMBER. A TOTAL OF 1 0 0 0 0 0  PICTURES ARE REPORTED ON. 
KEY WOROS - CROSS SECTION RESONANCE PRODUCTION D E L T A l 1 2 3 8 ) + +  

CROSS SECTION FOR ANTIPROTON PRDTON - ANTIPROTON PROTON P I *  P I +  P I -  PI - .  [PAGE 7 0 5 1  

LABORATORY 
BEAM MOMENTUM 

G E V l C  
5.7 

MILLIBARNS Ill NO. EVENTS 
. I 8  +- .05 2 9 8  

1 1 1  ERRORS INCLUDE SYSTEMATICS. 

I S E A R C H  FOR STRUCTURES I N  T H E  PBAR P - NEAR N CROSS SECTION BETWEEN 1 AND 3 GEVIC. IPHYS. LETTERS 298.  4 5 1  i19.9) I 

-C.BRICIIDIN, M.FERRO-LUZZI, J.M.PERREAU, J.K.WALKER ICERN, GENEVA, SWITZERLANDI 
G . B I Z A R 0 ~  Y.0ECLAIS. J.OUCHONI J-SEGUINOT (LAB .  OE PHYS. CORPUSCULAIRE, CAENI FRANCEI 
G.VALLA0AS [CNTR. O'ETUOES NUC. SACLAY, GIF-SUR-YVETTE, FRANCEI 

ABSTRACT THE PBAR P - NBAR N PARTIAL  CROSS SECTION HAS BEEN MEASURE0 I N  THE REGION OF ANTIPROTON LABORATORY MOMENTA 
BETWEEN 1 AND 3GEVIG. THE IMPL ICAT IONS OF THESE RESULTS ON THE EXISTENCE OF BOSON RESONANCES DECAYING I N T O  N NEAR I S  
0 1  SCUSSEO. 

BEAM I S  ANTIPROTON ON PROTON FROM 1 TO 3 GEV/C. 
T H I S  EXPERIMENT USES COUNTERS. 
KEY WORDS CHARGE EXCHANGE 

NO OATA PUNCHEO FOR T H l S  ART ICLE  



u t i . ~ . B ~ ~ ~ ~ +  B.B.CULWICKI H.B.FOWLER, M.GAILLOUD9 T.E.KALOGERDPOULOS7 J.K.KOPP, R.M.LEAv R-1 -LOUTTIT I  T.W.MORRISv R.P.SHUTTv 
A.M.THORNDIKE, M.S.WEBSTER [BROOKHAVEN N I T .  LAB.. UPTON. L.1. t  N. Y.r USA l  

C.BALTAYI E.C.FDWLER1 J.SANOWEISS. J.R.SANFOROI H.D.TAFT [YALE UNIV. NEW HAVEN, CONN. I U S A l  

CLOSELY RELATED REFERENCES 
OATA SUPERSEDED BY PHYS. REV. 140. 8 1 0 2 7  ( 1 9 6 5 1 .  

NO DATA PUNCHED FOR T H I S  ARTICLE 

FOUR-PION F I N A L  STATE I N  PBAR P ANNIHILATIONS AT 9 4 0  MEVIC. CNUC. PHYS. 827 ,  1 0 9  1 1 9 7 1 ) l  

R.R. BURNS, P. E.CONDON, J.DONAHUE, M.A.MANDELKERN. J.SCHULTZ LUNIV .  OF CAL IFDRNIAr  I R V l N E  I CALIF.. USA l  

ABSTRACT RESULTS ARE REPORTED ON THE FOUR-PION F I N A L  STATE FROM ANTIPROTON ANNIHILAT IONS I N  HYDROGEN I N  THE V I C I N I T Y  
OF 9 4 0  MEVIC. THE CROSS SECTION FOR P1- P I -  P I +  P I +  I S  FOUND TO BE 3.6 MB. ABUNDANT RESONANCE PRODUCTION I S  OBSERVED, 
WITH F I T S  I N D I C A T I N G  THAT QUASI-TNO-BODY PRODUCTION CONSTITUTES APPROXIMATELY HALF THE FOUR-PION EVENTS. THE MODEL 
EMPLOYED, WHICH INCLUDES RESONANCE PRMUCTlDN AND BOSE SYMMETRIZATIDNI YIELDS EXCELLENT F I T S  TO MASS DISTRlBUTIONS ANC 
ANGULAR CORRELATIONS. 

BEAM I S  ANTIPROTON ON PROTON AT - 9 4 3  GEVIC. 
T H I S  EXPERIMENT USES THE BNL 3 0  IN .  HYDROGEN BUBBLE CAAMBER. A TOTAL OF 2 2 0 0 0 0  PICTURES ARE REPORTED ON. 
KEY WOROS - CROSS SECTION ANNIHILAT ION MESONS ........................................................................................................................ ........................................................................................................................ 

[PAGE 1 1 0 1  
LABORATORY BEAM MOMENTUM = .943 GEVIC IMEAN VALUEI. 

M ILL IBARNS t 1 1  

1 1 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 
[TABLE 1 1  

LABORATORY BEAM MOMENTUM = .943 GEVIC IMEAN VALUEI. 

REACTION 
ANTIPROTON PRDTON - 

RHO176510 P I +  P I -  
RHO176510 - P I *  P I -  1 3 1  

F 1 1 2 6 0 1  P I +  P I -  
F 1 1 2 6 0 1  - P I +  P I -  1 3 1  

RHO176510 RHO176510 
RHO176510 - P I +  P I -  I 3 1  
RHO176510 - P I +  P I -  C31 

RHO176510 F l l 2 6 O l  
RHO176510 - P I +  P I -  1 3 1  
F l 1 2 6 O l  P I +  P I -  1 3 1  

A2113001+  P I -  + CHARGE CONJUGAl 
A2113001+  - RHD(76510  P I +  

CALCULATED BY US FROM OATA I N  THIS  ARTICLE. 
ERROR GIVEN I S  FROM SCATTER I N  VARIOUS F I T S .  
F ITTED D I S T R I B U T I O N  WITH F I X E D  MASS AND WIDTH, AND THEN TOOK ONLY EVENTS ABOVE BACKGROUND. 

m I P B A R  D TOPOLOGICAL CROSS SECTIONS I N  THE MOHENTUM RANGE 50-9ZO MEVIC. [AUSTRALIAN J. PHYS. 2 3 1  8 1 9  1 1 9 7 0 1 1  

- R  .D.BURROWS. D.E.CAR0. E.GOLD. A.G.KLEIN, C. E.RACOOWELL1 J.L.OLNEY. G. I.OPAT, J.STARR. J.W.G.WIGNALL IUNIV.OF MELBOLRNE. 
PARKVILLE, VIC.. AUSTRALIA1 

0.C.PEASLEE [AUSTRALIAN NAT.UN1V.p CANBERRAIA.C.T.~AUSTRALIAI  

ABSTRACT THE TOTAL AN0 TOPOLOGICAL CROSS SECTIONS ARE PRESENTED FOR EVENTS SEEN I N  THE INTERACTION OF 50 -920  UEVIC 
ANTIPROTONS WITH DEUTERIUM I N  THE BNL 3 0  IN. BUBBLE CHAMBER. 

BEAM I S  ANTIPROTON ON DEUTERON FROM .05 TO .92 GEVIC. 
T H I S  EXPERIMENT USES THE BNL 3 0  IN .  DEUTERIUM BUBBLE CHAMBER. 
KEY WOROS CROSS SECTION 



ANTIPROTON DEUTERON TOTAL CROSS SECTION.  I T A 8 L E  1 1  

T H E  F I R S T  TWO VALUES OF BEAM MOMENTUM ARE APPROXIMATE ONLY 

LABORATORY 
BEAM MOMENTUM 

G E V l C  M I L L I B A R N S  1 1 1  
2 0 6 7 .  +- 9 0 .  

3 9 0 .  15.  
3 3 4 .  1 2 .  
3 1 6 .  7. 
2 9 5 .  7 .  
2 7 1 .  6. 
2 6 9 .  7. 
2 5 8 .  8. 
2 3 0 .  1 0 .  

C 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. ........................................................................ 
CROSS S E C T I O N  FOR ANTIPROTON DEUTERON + 0 PRONGS. [ T A B L E  11 

THE F I R S T  TWO VALUES OF BEAM MOMENTUM ARE APPROXIMATE ONLY 

LABORATORY 
BEAM MOMENTUM 

G E V l C  
. 0 5 0  +- 
.335 
. 4 0 4  . 0 2 5  
- 4 5 0  - 0 2 5  
- 5 0 4  - 0 2 5  
- 5 6 0  . 0 2 5  
- 6 0 5  . 0 2 5  
. 6 5 0  . 0 2 5  
- 7 0 5  - 0 2 5  
. 7 6 2  . 0 2 5  
- 8 1 3  - 0 2 5  
. 8 6 6  . 0 2 5  
- 9 2 0  . 0 2 5  

M I L L I B A R N S  I 1 1  
5 7 .  
1 3 .  
1 4 .  

111 ERRORS ARE S T A T I S T I C A L  ONLY. ....................................................................... 
CROSS S E C T I O N  FOR ANTIPROTON DEUTERON - 2 PRONGS. [ T A B L E  11 

THE F I R S T  TWO VALUES OF BEAM MOMENTUM ARE APPROXIMATE ONLY 

LABORATORY 
BEAU MOMENTUM 

G E V l C  
- 0 5 0  +- 

M I L L I B A R N S  C 1 1  
4 7 8 .  

Ill ERRORS ARE S T A T I S T I C A L  ONLY. ....................................................................... 
CROSS S E C T I O N  FOR ANTIPROTON DEUTERON - 4 PRONGS. [ T A B L E  1 1  

T H E  F I R S T  TWO VALUES OF BEAM MOMENTUM ARE APPROXIMATE ONLY 

M I L L I B A R N S  C 1 1  
6 0 0 .  

8 2 .  

1 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. ........................................................................ 
CROSS S E C T I O N  FOR ANTIPROTON DEUTERON * 6 PRONGS. [ T A B L E  1 1  

THE F I R S T  TWD VALUES OF BEAM HDMENTUM ARE APPROXIMATE ONLY 

LABORATORY 
BEAM MOMENTUM 

G E V l C  
- 0 5 0  +- 

M I L L I B A R N S  1 1 1  
74. 
1 4 .  

8 .  
8.  
8 .  
8 .  
7.  

[ 1 1  ERRORS APE S T A T I S T I C A L  ONLY. 



E l E V l O E N C E  FOR THE R E A C T I O N  PBAR + P - S I G M A B A R 0  + LAMBDA. I P H Y S .  REV. L E T T E R S  4. 5 3 0  ( 1 9 6 0 1 1  

J.BUTTON, P.EBERHARD, G.R.KALBFLEISCH1 
BERKELEY, CALIF. ,  U S A 1  

C L O S E L Y  
OATA 

R E L A T E O  REFERENCES 
SUPERSEDED B Y  PHYS. REV. 1 2 1 .  

LAWRENCE LAB.. 

BEAM I S  ANTIPROTON ON PROTON AT 1 . 9 9  G E V I C .  
T H I S  E X P E R I M E N T  USES THE L R L  7 2  I N .  HYOROGEN BUBBLE CHAMBER. 
K E Y  WOROS * HYPERON PROOUCTION 
COMPOUNO K E Y  WOROS - HYPERON PRODUCTION ........................................................................................................................ ........................................................................................................................ 

NO OATA PUNCHED FOR T H I S  A R T I C L E  

m R E A C T I O N  PBAR + P * YBAR + Y [PHYS. REV. 1 2 1 .  1 7 8 0  ( 1 9 6 1 ) l  

U J . B U T T O N ,  P-EBERHARO, G.R.KALBFLEISCH, J.E.LANNUTTI, G.R.LYNCH, B.C.MAGLIC, M.L.STEVENSON, N.H.XUONG [u.c. LAWRENCE RAD. 
LAB., BERKELEY, CALIF. ,  U S A 1  

ABSTRACT THE STUDY OF THE I N T E R A C T I O N  PBAR + P - ANTILAMBOA + LAMBDA, PERFORMED W I T H  THE 7 2 - I N C H  HYOROGEN BUBBLE 
CHAMBER. HAS Y I E L D E D  11 OF THESE EVENTS I N  A TOTAL OF 2 1 1 0 0  ANTIPROTON I N T E R A C T I O N S  AT 1 . 6 1  BEVIC. THE CROSS S E C T I O N  
FOR A N T I L A M B D A  + LAMBDA PRODUCTION WAS E S T I M A T E D  AS 5 7  +- 1 0  UB. E I G H T  OF THE 11 ANTILAMBOA P A R T I C L E S  WENT FORWARO I N  
THE C.M. SYSTEM. AT T H E  HIGHER MOMENTUM DF 1 . 9 9  B E V l C ?  ONE S I N G L E - V  AN0 ONE DOUBLE-V EVENT F I T T I N G  ANTILAMBOA + LAMBDA 
PROOUCTION UNAMBIGUOUSLY AND ONE S I N G L E  V AND ONE DOUBLE V EVENT F I T T I N G  A N T I S I G M A - 0  + LAMBDA OR SIGMA-0 + ANTILAMBDA 
WERE OBSERVEO I N  4 9 2 0  ANTIPROTON I N T E R A C T I O N S .  THESE EVENTS Y I E L D  AN ANTILAMBOA-LAMBDA PRODUCTlON CROSS S E C T I O N  OF 55 
+- 4 0  UB: T H I S  VALUE I S  CONSISTENT W I T H  THAT P R E D I C T E D  BY T H E  R A T I O  OF PHASE SPACE ON THE B A S I S  OF THE 1.61 B E V l C  OATA. 
NO CHARGED A N T I S I G M A  EVENTS WERE OJSERVED AT T H E  HIGHER MOMENTUM. THREE STAGES OF P A R T I C L E  SEPARATION U T I L I Z I N G  
V E L O C I T Y - S E L E C T I N G  SPECTROMETERS WERE EMPLOYED. AT THE LOWER MOMENTUM, BACKGROUNO P I O N S  WERE ONE-THIRD AS NUMEROUS AS 
ANTIPROTONS A T  THE BUBBLE CHAMBER AN0 THE F L U X  OF ANTIPROTONS WAS ABOUT ONE PER PICTURE.  A T  THE HIGHER MOMENTUMr THE 
BACKGROUNO P I O N  TO ANTIPROTON R A T I O  WAS 1.0, AN0 THE F L U X  OF ANTIPROTONS WAS ONE EVERY 6 PULSES. DELTA RAYS ON I N C I D E N T  
I N T E R A C T I N G  TRACKS WERE USED TO DETERMINE BEAM COMPOSITION.  

CLOSELY R E L A T E O  REFERENCES 
T H I S  A R T I C L E  SUPERSEDES PHYS. REV. LETTERS 4, 5 3 0  ( 1 9 6 0 1 .  

BEAM NO. 1 I S  ANTIPROTON ON PROTON FROM 1.59 T O  1.63 G E V I C .  
NO. 2 I S  ANTIPROTON ON PROTON FROM 1.96 TO 2.02 G E V l C .  

T H I S  E X P E R I M E N T  USES THE L R L  7 2  I N .  HYDROGEN BUBBLE CHAMBER. A TOTAL OF 2 6 0 2 0  P I C T U R E S  ARE REPORTEO ON. 
K E Y  WORDS - A N N I H I L A T I O N  CROSS S E C T I O N  HYPERON RESONANCE PRODUCTlON LAMBDA SIGMA 
COMPOUND K E Y  WORDS - A N N I H I L A T I O N  CROSS S E C T I O N  HYPERON RESONANCE PRODUCTION ........................................................................................................................ ........................................................................................................................ 

CROSS S E C T I O N  FOR ANTIPROTON PROTON - A N T I L A M B D A  LAMBDA. [PAGE 1 7 8 8 1  

LABORATORY 
BEAM MOMENTUM 

G E V l C  
1.61 +- . 0 2  

MICROBARNS I 1 1  NO. EVENTS 
57.  +- 1 0 .  11 

[ 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. ........................................................................................................................ 
CROSS S E C T I O N  FOR ANTIPROTON PROTON - A N T I L A M B D A  LAMBDA. [PAGE 1 7 9 5 1  

LABORATORY 
BEAU MOMENTUM 

G E V l C  
1 . 9 9  +- .03 

MICROBARNS I 1 1  NO. EVENTS 
5 5 .  +- 4 0 .  2 

Ill ERRORS ARE S T A T I S T I C A L  ONLY. 

E I P I O N - P I O N  I N T E R A C T I O N  I N  T H E  R E A C T I O N  PBAR + P * 2 P I +  2 P I -  + N P l O  I P H Y S .  REV. 1 2 6 ,  1 8 5 8  l l 9 6 2 l l  

UJ.BUTTON~ G.R.KALBFLEISCH* G.R.LYNCH1 B.C.MAGLIC, A.H.ROSENFELDv M.L. STEVENSON 1U.C. LAWRENCE RAO. LAB., BERKELEY* 
CALIF.. U S A 1  

ABSTRACT D E V I A T I O N S  FROM THE EXPECTED THO-PION E F F E C T I V E  MASS D I S T R I B U T I O N S  HAVE BEEN FOUNO I N  THE R E A C T I O N  PBAR + P - 
Z P I +  + 2 P I -  + NPIO.  THESE OCCUR I N  TWO REGIONS,  3 0 0  MEV AND 7 5 0  MEV, AND COULD BE E X P L A I N E D  BY THE T=O, PION-PION 
l N T E R A C T l O N  REPORTEO BY ABASHIAN,  BOOTH. A N 0  CROWE bND T H E  WIDELY OBSERVEO RHO MESON ( T = l .  J = l -  PION-PION RESONANCEI. 
THE DATA I N  THE 750-MEV REGION FOR P I +  P I -  COMBINATIONS (C!=Ol SHOW AN APPARENT DOUBLE-PEAK STRUCTURE--ONE AT 7 2 0  MEV 
(GAMMA = 2 0  MEVI .  T H E  OTHER AT 7 8 0  MEV IGAMMA = 6 0  MEVI .  HOWEVER, THE / P I  = 1 OATA ( P I +  P I 0  AND P I -  P I 0  COMBINATIONS1 
ARE CONSISTENT WITH THE PREVIOUSLY OBSERVED SINGLE ~ = i .  J=I- RESONANCE. OUR DATA GIVE MIRHOI = 7 6 7  MEV t s n n n n  = 110 
M E V I .  A S  THESE PARAMETERS ALSO F I T  THE Q=0 OATA, A D E T A I L E D  D I S C U S S I O N  OF THE S T A T I S T I C A L  S I G N I F I C A N C E  OF THE ONE-PEAK 
AND TWO-PEAK HYPOTHESES I S  GIVEN.  A SEARCH HAS BEEN MADE FOR P O S S I B L E  NEUTRAL MODES OF DECAY OF THE HEAVY MESONSI A N 0  
NO E V I D E N C E  HAS BEEN FOUNO. 

BEAM I S  ANTIPROTON ON PROTON AT 1.61 GEVIC.  
T H I S  E X P E R I M E N T  USES THE L R L  7 2  I N .  HYOROGEN BUBBLE CHAMBER. 
K E Y  WOROS - P I O N  PROOUCTION MASS SPECTRUM 
COMPOUND K E Y  WORDS + P I O N  PRODUCTION ........................................................................................................................ ........................................................................................................................ 

NO DATA PUNCHED FOR T H I S  A R T I C L E  



EXPERIMENTAL STUOY OF THE POLIR IZATION AN0 MAGNETIC MOMENT OF THE ANTIPROTON. LPHYS. REV. 177,  1 2 9 7  1 1 9 6 2 1 1  

J.BUTTON.B.MAGLIC [U.C. LAWRENCE RAD. LAB.. BERKELEY. CALIF., USA I 

ABSTRACT ASYMMETRIES I N  OOUBLE SCATTERING OF ANTIPROTONS OF 1.6 BEVIC MOMENTUM I N  THE 72-IN.  HYOROGEN BUBBLE CHAMBER 
HAVE BEEN INVESTIGATED. ANALYSIS OF 2 0 0  EVENTS I N  WHICH BOTH SCATTERINGS OCCUR I N  THE ANGULAR REGION 6.3 s THETAILABI s 
23.6 OEG. YIELDED A POLARIZATION P = 150  - 1 3  + a )  PERCENT, AT AN AVERAGE ANGLE THETAILABI  = 1 0  DEG. THE PRECESSION OF 
SPIN  POLARlZATION VECTOR I N  THE MAGNETIC F I E L D  OF THE BUBBLE CHAMBER BETWEEN TWO SCATTERINGS DECREASES THE UP-OOUN 
ASYMMETRIES BY AN AMOUNT DETERMINED BY THE MAGNETIC MOMENT OF THE PARTICLE. A METHOD FOR DETERMINATION OF THE MAGNETIC 
MOMENT OF THE ANTIPROTONI USING A THREE-DIMENSIONAL LIKELIHOOD FUNCTION9 I S  DESCRIBED AS APPLIED TO THE ABOVE SAMPLE OF 
EVENTS. THE VALUE OF THE ANTIPROTON MAGNETIC MOMENT WAS DETERMINED TO BE MUIPBAR) = -1.8 +- 1.2 NUCLEAR MAGNETONS. 

BEAM I S  ANTIPROTON ON PROTON AT 1.61 GEVIC. 
T H I S  EXPERIMENT USES THE LRL 7 2  IN. HYORWEN BUBBLE CHAMBER. 
KEY YORDS - POLARIZATION 

NO OATA PUNCHEO FOR T H I S  ARTICLE 

ISOTOPIC-SPIN DEPENDENCE OF NBAR-N ANNIHILAT ION UP TO 5.5 GEVIC. CNUOVO CIUENTO 6 8 A 1  6 8 6  1 1 9 7 0 l 1  

U.CAMERINI9 O.CLINE9 TmLINGt RIRUTZ [UNIV.  OF WISCONSINI MADISON9 WISC.. USA1 

BEAM NO. 1 I S  ANTIPROTON ON OEUTERON AT 1.33 GEVIC. 
NO. 2 I S  ANTIPROTON ON OEUTERON AT 5.5 GEVIC. 

T H I S  EXPERIMENT USES THE ANL-MURA 3 0  IN.  DEUTERIUM BUBBLE CHAMBER. 
KEY WORDS - ANNIHILAT ION PION PRODUCTION 

........................................................................................................................ ........................................................................................................................ 
NO OATA PUNCHED FOR T H I S  ARTICLE 

XAUPLE OF ANTICASCAOE I A N T I X I  +I PARTICLE PRODUCTION I N  PBAR P INTERACTIONS AT 3.0 GEVIC. IPHYS. REV. LETTERS 8, 2 5 7  
1 1 9 6 2 ) l  

CERNI ECOLE POLYTECHNIPUEI SACLAY, COLLABORATION [CERN, GENEVA. SWITZERLAND, AND ECOLE POLYTECHNIQUEl PARIS, FRANCE, AN0 
CNTR. O'ETUDES NUC. SACLAY t CIF-SUR-YVETTE t FRANCE1 

CLOSELY RELATED REFERENCES 
SEE ALSO CERN REPORT NO. 60-22 l l 9 6 O l .  

BEAU I S  ANTIPROTON ON PROTON AT 3 GEVIC. 
T H I S  EXPERIMENT USES THE SACLAY 8 1  CM HYMIOGEN BUBBLE CHAMBER. 
KEY WORDS + RESONANCE PRODUCTION A N T I X I +  ........................................................................................................................ ........................................................................................................................ 

NO OATA PUNCHED FOR T H I S  ARTICLE 

EXPERIMENTAL STUOY OF THE POLARIZATIDN OF ANTIPROTONS FROM LOW-ENERGY PBAR P ELASTIC SCATTERING. [PHYS. REV. D 2.  
2 5 5 5  1 1 9 7 0 )  1 

M-CESCHIA CUNIV. OF TRIESTE. TRIESTE, I T A L Y 1  

ABSTRACT THE POLARIZATION OF ELASTICALLY SCATTERED ANTIPROTONS I N  HYDROGEN, AVERAGED WITH RESPECT TO THE ENERGY OVE? 
THE RANGE 49.4-181.0 MEV. 1 5  EVALUATED AS A FUNCTION OF THE C.M. SCATTERING ANGLE BETWEEN 1 6  AN0 1 0 0  DEGREES. THE 
RESULT I S  BASE0 ON AN ANALYSIS OF APPROXIMATELY 5 0 1 0 0 0  PICTURES TAKEN I N  THE B1-CU SACLAY HYOROGEN BUBBLE CHAMBER. 
YHICH WAS EXPOSED TO A SEPARATED BEAM FROM THE CERN PROTON SYNCHROTRON. THE EVENTS USED FOR MEASURING THE POLARIZATION 
WERE DOUBLE ELASTIC  SCATTERINGS OF ANTIPROTONS. THE RESULTING POLARIZATION APPEARS TO BE RATHER STRONG, AND DOES NOT 
AGREE WITH THE PREDICTIONS GIVEN BY THE CURRENT THEORETICAL MODELS. 

CLOSELY RELATED REFERENCES 
SEE ALSO NUDVO CIMENTO 30, 9 7 3  1 1 9 6 3 ) .  
CONTINUATION OF PREVIOUS EXPERIMENT I N  NUOVO ClMENTO 46. 1 7 1  1 1 9 6 6 1 r  AN0 NUOVO CIMENTO 54A. 4 4 1  119681.  

BEAM 1 5  ANTIPROTON ON PROTON FROM .310  TO .627 GEVIC. [BEAM K I N E T I C  ENERGY = .05 TO .19 GEVl 
T H I S  EXPERIMENT USES THE SACLAY 8 1  CM HYDROGEN BUBBLF CHAMBER. A TOTAL OF 5 0 0 0 0  PICTURES ARE REPORTED ON. 
KEY WORDS r ELASTIC  SCATTERING POLARIZATION ........................................................................................................................ ........................................................................................................................ 

NO DATA PUNCHED FOR T H I S  ARTICLE 



CROSS SECTIONS FOR ThE REACTIONS PBAR P r P I +  P I -  AN0 K+K- NEAR 2 GEVIC. fPHYS. REV. LETTERS 21 ,  1 7 1 8  1 1 9 6 8 1 1  

J.Y.CHAPMAN. F.HESS9 J.LYS, C.T.MURPHY. J.C.VAN0ER VELDE [UNIV .  OF MICHIGANI ANN ARBOR, M1CH.t USA1 

ABSTRACT THE D IFFEPENTIAL  AND TOTAL CROSS SECTIONS FOR THE REACTIONS PBAR P + P I *  P I -  AND PBAR P - K+K- HAVE BEEN 
MEASURED AT S I X  LABORATORY MOMENTA, RbNGING FROM 1.62 TO 2.20 GEVIC. THE P I +  P I -  CROSS SECTION FALLS FPOW ( 1 3 7  +- 1 6 1  
TO 1 3 2  +- 8 1  MU-8 OVER T H I S  INTERVAL WHILE THE K+K- CROSS SECTION FALLS  FROM I 5 1  + I -  1 0 1  TC  I 2 1  +/- 6 1  MU-&. THE 
CENTER-OF-MASS ANGULAR D ISTRIBUTIONS FOR THE TWO CHANNELS D IFFER REMARKABLY. 

REAM I S  ANTIPROTON ON PROTCN FROM 1.6 TO 2.2 GEVIC. 
T H I S  EXPERIMENT USES THE ANL-MURA 3 0  IN.  HYDROGEN BUBaLE CHAMBER. A TOTAL OF 1 5 0 0 0 0  PICTURES ARE REPORTED ON. 
KEY WORDS - CROSS SECTION OIFFERENTIAL  CROSS SECTION MESONS PRODUCTION 
COMPOUND KEY UORDS MESONS PRODUCTION ........................................................................................................................ ........................................................................................................................ 

CROSS SECTION FOR ANTIPROTON PROTON - P I +  P I - .  [ TABLE 1 1  

LABORATORY 
BEAM MOMENTUM 

GEVIC 
1.62 
1.77 
1.83 

MICROBARNS 1 1 . 2 1  NO. EVENTS 
137 .  +- 16.  7 2  
109 .  14.  6 2  

76.  12 .  4 4  
84. 11. 6 0  
53.  10 .  3 2  
32. 8. 1 8  

[ 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
( 2 1  ADD POSSIBLE SYSTEMATIC ERROR OF +- 0 PER CENT. ........................................................................................................................ 

CROSS SECTION FOR ANTIPROTON PROTON - K+ K-. [TABLE 1 1  

LABORATORY 
BEAM MOMENTUM 

GEVIC 
1.62 
1.77 
1.83 
1.89 
1.95 
2.20 

MICROBARNS 1 1 ~ 2 1  NO. EVENTS 
51 .  +- 10.  2 5  
51 .  10 .  2 7  
39.  8. 2 1  
34.  8. 2 2  
3 5 .  8. 1 9  
21.  6. 11 

[I I ERRORS ARE S T A T I S T I C A L  ONLY. 
( 2 1  ADO PPSSIBLE  SYSTEMATIC ERROR OF +- 8 PER CENT. 

CROSS SECTION FOR ANTIPROTON PROTON - KO KOBAR. [PAGE 1 7 1 9 1  

LABORATORY 
BEAM MOMENTUM 

GEV/C ( 1 1  
1.88 

MICROBARNS C2.31 
5.5 +- 2.0 

I 1  1 MEAN VALUE. 
I 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 3 1  A00  POSSIBLE SYSTEMATIC ERROR OF +- 8 PER CENT. ........................................................................................................................ 

DIFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON - P I -  PI+.  [F IGURE 2 E l  

OATA ARE AVERAGED OVER LABORATORY BEAM MOMENTUM FROM 1.6 TO 2.2 GEVIC. 

***THESE OATA WERE READ FR3M A GRAPH*** 

COSITHETAI D-SIGMAIO-OMEGA 
U B I S R  

MIN n AX 
-1.0 -.9 3.64 +- 1.90 

-.9 -.8 3.64 1 .16  
-.8 -.7 8.69 1.79 
-.7 -.6 10.01 2 .25  
-.6 -. 5 10.02 2.20 
-.5 -.4 5.00 1 .40  
-.4 -.3 3.47 1 .29  -. 3 -.2 4.19 1.41 
-.2 -.1 6.35 1 .43  -. 1 .O 9.33 1.92 

.O -1 7.79 1.63 

.l .2 6.44 1.49 

.2 .3 5.16 1 . 4 1  

.3 .4  5.16 1 . 4 1  

. 4  .5 5.93 1 .38  

. 5  .6 10.42 1.95 

.6 .7 7.46 1 .75  

.7 .B 3.32 1 .16  

.8 .9 1.30 . 7 4  

.9 1.0 7.51 1 .80  

THETA I S  THE ANGLE THAT THE P I -  MAKES WITH THE BEAM I N  THE GRANO C.M. ........................................................................................................................ 
OIFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON + K- K+. [F IGURE 2 F 1  

OATA ARE AVERAGED OVER LABORATORY BEAM MOMENTUM FROM 1.6 TO 2.2 GEVIC. 

***THESE OATA WERE READ FRON A GRAPH*** 

COS lTHETA l  0 - S I G E I M O - O M E G A  
UBISR 

MIN  MAX 
-1.0 -.8 .32 +- . 3 2  

-.8 -.6 1.29 . 5 7  
-.6 -.4 1.50 - 6 0  
-.4 -.2 2.59 . 6 7  
-.2 .O 3.09 . 7 1  

.O .2 1.98 . 6 0  

. 2  .4  1 .94  .59 

.4 .5 3.00 . 9 9  

. 5  .6 3.82 1.20 

.6 .7 5.13 1 .53  

.7 .8  2.95 - 9 8  

.8 .9 8.50 1 . 8 0  

.9 1.0 7.83 2.17 

THETA I S  THE ANGLE THAT THE K- MAKES WITH THE BEAM I N  THE GRANO C.M. 

I****t*t***************8t***8f**t***t**C*t***************8*****************~***********************8*******************8 
........................................................................................................................ 



RHO-OMEGA INTERFERENCE I N  PBAR P * 4 P I  AT 1.6 - 2.2 GEVIC. INUC. PHYS. 024,  4 4 5  ( 1 9 7 0 1 1  

J.W.CHAPMAN1 J.OAVIOSCN~ R-GREEN, J.LYS. BsROEI J.C.VAN0ER VELOE [UNIV.  OF MICHIGANI ANN ARBOR, MICH., USA l  

ABSTRACT THE P I *  P I -  MASS SPECTRUM FROM OVER 3 0 0 0  EVENTS OF THE REACTION PBAR P . P I +  P I +  P I -  P I -  AT 1.63-2.20 GEVIC 
SHOWS EVIDENCE FOR RHO-OMEGA INTFRFERENCE. I F  WE ALLOW FOR RHO-BACKGROUND INTERFERENCE THE EVlOENCE I S  WEAK I N  OUR 
TOTAL DATA* BUT I S  STRONG WHEN YE MAKE A PARTICULAR CUT ON THE MOMENTUH TRANSFER, FROM THE PROTON OR ANTIPROTON TO THE 
P I +  PI- .  A F I T  TO THE DATA WITH T H I S  CUT GIVES A LOWER L I M I T  ON THE BRANCHING RATIO OMEGA P I +  P I -  TO OMEGA . P I +  P I -  
P I 0  OF 1.9 PERCENT 1 9 5  PERCENT CONFIDENCE LEVEL). 

BEAM I S  ANTlPROTON ON PROTON FROM 1.63 TO 2.20 GEV/C. 
T H I S  EXPERIMENT USES THE ANL-MURA 30  IN. HYDROGEN BUBBLE CHAMBER. 
KEY WOROS - ANNIHILAT ION CROSS SECTION MESONS PRODUCTION 
COMPOUNO KEY UOROS - A N N I H I L A T I O N  CROSS SECTION MESONS PROOUCTION ........................................................................................................................ ........................................................................................................................ 

CROSS SECTION FOR ANTIPROTON PROTON - P I +  P I +  P I -  PI-. [PAGE 4 4 5 1  

lell HYPERON AN0 ANTIHYPERON PROOUCTION I N  PEAR P COLL lS IONS AT 7 BEVIC. IPHYS. REV. 152 ,  1 1 7 1  1 1 9 6 6 1 1  

C.Y.CHIENr J-LACH, J.SANOWEISSI H - 0 - T A F T I  N.YEH I Y A L E  M I V . V  NEW HAVEN, CONN.. U S A l  
Y.OREN1 M-WEBSTER [BROWHAVEN NAT. LAB., UPTON* L.1.r N. Y.7 USA1 

ABSTRACT PROOUCTION OF HYPERONS AND ANTIHYPERONS I N  THE INTERACTIONS OF 6.935 BEVIC ANTIPROTONS WITH PROTONS HAS BEEN 
STUDIED. A TOTAL OF 80.000 PICTURES TAKEN WITH THE BROOKHAVEN NATIONAL LABORATORY 80-IN. LIQUID-HYDROGEN BUBBLE CHAMBER 
HAVE BEEN ANALYZED FOR ALL POSSIBLE F I N A L  STATES INVOLVING THE PRODUCTION OF A HYPERON AND/OR AN ANTIHYPERON. THE TOTAL 
CROSS SECTION FOR EVENTS I N  T H I S  CATEGORY I S  1.3 +- 0.1 MB. REACTIONS LEADING TO TWO-, THREE-. OR FOUR-BODY F I N A L  
STATES INVOLVING LAMBDA OR SIGMA HYPERONS (OR THEIR ANTIPARTICLES1 WERE PROWCED HIGHLY PERIPHERALLY. THE ANGULAR 
OISTRIBUTION OF THE LAMBDA LAMBOABAR FINAL STATE CAN BE F ITTED TO K* I8B8)  EXCHANGE WHEN THE ABSORPTIVE EFFECT OF 
COMPETING CHANNELS I S  TAKEN I N T O  ACCOUNT. RATIOS AMONG CROSS SECTIONS OF VARIOUS HYPERON-ANTIHYPERON PAIR  STATES AGREE 
WITH PREDICTIONS FROM S U l 3 )  SYMMETRY. ASSUMING A DOMINANT K OR K* EXCHANGE AND AN F-TYPE COUPLING. CHARGE RATIOS OF 
EVENTS WITH SIGMA+- AND Y*11 )113B5)+ -  ARE ALSO CONSISTENT WITH SINGLE-PARTICLE-EXCHANGE MODELS. WE HAVE EXAMINED THE 
MASS SPECTRA OF ALL POSSIBLE nnss  COMBINATION^ OF ALL POSSIBLE FINAL STATES. THE v * 1 1 1 1 1 3 ~ 5 1  WAS BY FAR THE MOST 
PROMINENT RESONANCE PRODUCED. AN0 PRODUCTION OF Y*101114051  AND Y*101115201  WAS ALSO OBSERVED. ALTHOUGH THE ENERGY 
AVAILABLE I N  THE PRODUCTION CENTER-OF-MASS SYSTEM I S  3.86 BEV? THERE WAS NO STATISTICALLY S IGNIF ICANT EVlOENCE FOR THE 
PROOUCTION OF ANY.NEW MESON OR BARYON RESONANCE. A THOROUGH SEARCH HAS BEEN MADE FOR OMEGA- AND ANTI-OMEGA+ PARTICLES. 
BUT NO EVENT WAS FOUND TO BE CONSISTENT WITH THEIR PRODUCTION AND DECAY. 

BEAM I S  ANTIPROTON ON PROTON AT 7 GEVIC. 
T H I S  EXPERIMENT USES THE BNL 8 0  IN .  HYDRWEN BUBBLE CHAMBER. A TOTAL OF BOO00 PICTURES APE REPORTED ON. 
KEY WOROS - CROSS SECTION ANGULAR O lSTR l8UTION HYPERON PRODUCTION 
COMPOUNO KEY WOROS - HYPERON PRODUCTION ........................................................................................................................ ........................................................................................................................ 

[TABLE 1 1  
LABORATORY BEAM MOMENTUM = 6.935 GEVIC c ?(PER CENT). 

REACTION 
ANTIPROTON PROTON - 

1 AYlnA ANT(# AYmnA ..................... 
ANTILAMBOA SIGMAO + CHARGE CONJUGATE 
SIGMA* ANTISIGMA- + S IG IU-  ANTISIGMA+ 
SIGMA* ANTILAMBDA P I -  + CHARGE CONJUGATE 
SIGMA- ANTILAMBDA P I +  + CHARGE CONJUGATF 
SIGMA+ ANT I~ IG~AO PI- + CHARGE E ~ N ~ ~ E A T ~  
SIGMA- ANTISIGMAD P I +  + CHARGE CONJUGATE 
LAMBDA ANTILAMBOA P I *  P I -  

MICROBARNS 1 1 1  NO. EVENTS 

- - --. -. 
LAMBDA ANTISIGMAD P I +  P I -  + CMRGE CONJUGATE 9. 5. 1 9  
SIGMA+ ANTISIGMA- P I +  P I -  + SIGMA- 

ANTISIGMA+ P I +  P I -  12 .  5. 1 4  
SIGMA+ ANTILAMBDA P I *  P I -  P I -  + CHARGE 

CONJUGATE 24.  8. 1 6  
SIGMA- ANTILWBOA P I +  P I *  P I -  + CHARGE 

CONJUGATE 12 .  4. 1 5  
LAMBDA ANTILWBOA P I +  P I +  P I -  P I -  8. 4. 1 2  

t 1 1  ERRORS INCLUOE SYSTEMATICS. ........................................................................................................................ 
[TABLE 2 1  

LABORATORY BEAM MOMENTUM = 6 .935  GEVIC c- ZIPER CENT). 

REACTION 
ANTI PROTON PROTON - 

LAMBDA KO ANTINEUTRON + CHARGE CONJUGATE 
LAMBDA K+ ANTIPROTON + CHARGE CONJUGATE 
SIGMAO K+ ANTIPROTON CHARGE CONJUGATE 
SIGMA+ KO ANTIPROTON + CHARGE CONJUGATE 
LAMBDA KO ANTIPROTON P I +  + CHARGE CDNJUGATE 
SIGMA0 KO ANTIPROTON P I +  + CHARGE CONJUGATE 
LAMBDA KO ANTINEUTRON P I +  P I -  + CHARGE 

CONJUGATE 
LAMBDA K+ ANTIPROTON P I +  P I -  + CHARGE 

CONJUGATE 

MICROBARNS 1 1 1  NO. EVENTS 

Ill ERRORS INCLUOE SYSTEMATICS. ........................................................................................................................ 



CROSS SECTION FOR ANTIPROTON PROTON - TOTAL HYPERON PROOUCTION. [TABLE 3 1  

LABORATORY 
BEAM MOMENTUM 

G F V I T  --.. - 
PER CEN l  

6.935 +- 2 

M I  L L I  BARNS 

1 .310  +- . I 0 5  ........................................................................................................................ 
DIFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON + ANTILAMBOA LAMBDA. [ F I G U R E  7 1  

LABORATORY BEAM MOMENTUM = 6.935 GEVIC +- Z I P E R  CENTI.  

THE PLOTTEn DATA POINTS HAVE BEEN M U L T I P L I E D  BY THE FACTOR 50.  THE CENTER-OF-MASS ANGLE HAS BEEN CONVERTED TO BE WITH 
RESPECT TO THE ANTILAMBOA 

***THESE DATA *ERE REAO FROM A GRAPW** 

M I N  
.98 
. 96  
. w. 

MAX 
1 .00  

. 98  

.96 

. 94  

. 9 2  

. 9 0  

.88 

. 8 6  

THETA I S  THE ANGLE THAT THE ANTILAMBDA MAKES WITH THE BEAM I N  THE GRAND C.M. ........................................................................................................................ 
DIFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON - ANTILAMBDA SIGMA0 + CHARGE CONJUGATE. IF IGURE 7 1  

LABORATORY BEAM MOMENTUM = 6 .935  GEVIC +- Z t P E R  CENT).  

THE PLOTTED DATA POINTS HAVE BEEN M U L T I P L I E D  BY THE FACTOR 50. THE CENTER-OF-MASS ANGLE HAS BEEN CONVERTED TO BE WITH 
RESPECT TO THE ANTILAMBOA 

***THESE DATA WERE REAO FROM A GRAPW** 

COSlTHETA) 

M I N  MAX 
.98  1.00 
- 9 6  - 9 8  
. 94  . 9 6  
- 9 2  . 94  

9 0  . 92  
.B8 . 9 0  
.B6 . 8 8  
- 8 4  . 86  
- 8 2  - 8 4  
.BO .82  
- 7 8  - 8 0  
- 7 6  . 78  
.74 .76 
.72 .74 
- 7 0  - 7 2  

0-SIGMAID-OMEGA 
UBISR 

425 .  +- 1 4 6 .  
199.  1 0 0 .  
175 .  9 4 .  

47 .  49 .  
0. 

24. 35.  
24. 3 5 .  
24. 35.  

0. 
0. 
0. 
0. 

24. 3 5 .  
0. 
0. 

THETA I S  THE ANGLE THAT THE ANTILAMBOA MAKES WITH THE BEAM I N  THE GRAND C.M. 

E e 2 ( P I O N  CORRELATIONS AT LON ENERGIES. INUOVO CIMENTO LETTERS l r  7 7 9  1 1 9 6 9 1 1  

-J.CLAYT@N~ P.MASON9 H.MUIRHEAOI P.RENTON [LIVERPOOL UNIV.. LIVERPOOLI ENGLAND1 
R.RIGDPOULOS. P.TSILIMIGRAS1 A-VAYAKI-SERAFlMlOOU [NUCLEAR RES. CENTRE OEMOKRITOSI ATHENS* GREECE1 

T H I S  I S  AN ANALYSIS  OF PREVIOUSLY PUBLISHED DATA. 

BEAM NO. 1 I S  ANTIFUOTON ON PROTON AT 1.2 GEVIC. 
NO. 2 I S  ANTIPROTON ON PROTON AT 2.5 GEVIC. 
NO. 3 I S  P I *  ON PROTON AT 5 GEVIC.  

T H l S  EXPERIMENT USES A HYDROGEN BUBBLE CHAMBER. 
KEY WORDS - A N N I H I L A T I O N  MASS SPECTRUM ........................................................................................................................ ........................................................................................................................ 

NO DATA PUNCHED FOR T H I S  ARTICLE 



F I T H E  A N N I H I L A T I O N  P-ESS P PBAR - 2 P I +  2 P I -  AT 2.5 GEVIC.  INUC.  PHYS. 0 2 2 9  0 5  1 1 9 7 0 1 1  

L.IIJ.CLAYTON, P.MASONI H.MUIRHEADI D.WALDREN CLIVERPOOL UNIV., LIVERPOOL. ENGLAND] 
R.RIGOPOULOS, P . T S I L I M I G R A S I  A - V A Y A K I - S E R A F I M I D O U  [NUCLEAR RES. CENTRE OEMOKRITOSr A T H E N S *  GREECE1 

A B S T R K T  ABUNDANT RESONANCE PRODUCTION WAS OBSERVED 1 N  T H I S  REACTION,  THE CHANNELS RHO0 P I +  P I - ,  F P I +  P I -  ACCOUNTING 
FOR 5 1  +- 3 PERCENT AND 3 9  +- 3 PERCENT R E S P E C T I V E L Y  OF A L L  2 P l +  Z P I -  A N N I H I L A T I O N S .  NO EVIOENCE OF THE A 2  MESON WAS 
FOUND. OATA ON THE P O S S I B L E  E X I S T E N C E  OF THE TWO-PION DECAY MODEL OF THE S * 1 1 0 7 0 )  ARE GIVEN.  THE REGGEISEO 
U U L T I - P E R I P H E R A L  MODEL OF CHANT L O S K I E W I C Z  A N 0  A L L I S O N  HAS BEEN A P P L I E D  TO THE REACTION.  AND REASONABLE AGREEMENT 
BETWEEN P R E D I C T I O N S  A N 0  E X P E R I M E N T A L  OATA FOUND. 

BEAU I S  ANTIPROTON ON PROTON AT 2.5  GEVIC.  
T H I S  EXPERIMENT U S E S  T H E  CERN 2M HYOROGEN BUBBLE CHAMBER. 
K E Y  UOROS A N N I H I L A T I O N  CROSS S E C T I O N  MESONS PRODUCTION 
COMPOUND K E Y  WORDS - A N N I H I L A T I O N  CROSS S E C T I O N  MESONS PRODUCT I O N  ........................................................................................................................ ........................................................................................................................ 

CROSS S E C T I q N  FOR ANTIPROTON PROTON - P I +  P I +  P I -  PI-. [PAGE 8 5 1  

LABORATORY 
BEAM MOMENTUM 

G E V I C  M I L L I B A R N S  1 1 1  
2.5 1..35 +- - 1 0  

C 11 ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 
[ T A B L E  2 1  

LABORATORY BEAM MOMENTUM = 2.5 GEVIC.  

REACT I ON 
ANTIPROTON PROTON - 

R H 0 1 7 6 5 l O  P l +  D l -  

M I L L I B A R N S  [ 1 1  

. 6 7  +- .04 

- 5 5  .04 

Ill ERRORS ARE S T A T I S T I C A L  ONLY. 
1 2 1  F I T T E D  FOR MASS AND/OR WIDTH. AND THEN TOOK ONLY EVENTS ABOVE I F l T T E D l  BACKGROUND. 

m T H E  A N N I H I L A T I O N  PROCESS P PBAR + 2 P I +  2 P I -  P I 0  AT 2.5 GEVIC.  I N U C .  PHYS. 0 3 0 .  6 0 5  f 1 9 7 1 1 1  

-J.CLAYTONI P.E(ASON. H.MUIRHEAOI K - W H I T E L Y  [ L I V E R P O O L  U N I V - .  L I V E R P O O L l  ENGLAND1 
R.RIGOPOULOS1 P . T S I L I M I G R A S 1  A.VAYAK1-SERAFIMIOOU [NUCLEAR RES. CENTRE DEMOKRITOSr ATHENS, GREECE1 

ABSTRACT S U B S T A N T I A L  PRODUCTION OF THE RESONANCES RHO* F AND CUEGA HAS BEEN OBSERVED I N  T H I S  REACTION.  I N  CONTRAST 
W I T H  T H E  CHANNEL P PBAR r Z P I +  .?PI-, A S S l C I A T E D  PROOUCTIDN OF RESONANCES WAS FOUNO TO OCCUR. THE BEHAVIOUR OF THE 
ASSOCIATED PRODUCTION OF OMEGA MESONS W I T H  OTHER RESONANCES I S  SHOWN TO B E  C O N S I S T E N T  WITH SOME VERY S I M P L E  
ASSUMPTIONS. A L T E R N A T I V E  METWOOS OF D I S P L A Y I N G  DATA FOR P PBAR P I  P I  OUEGA ARE DISCUSSED; I T  1 5  SHOWN THAT THE 
L O N G I T U D I N A L  PHASE PLOT FOR T H I S  R E A C T I O N  I S  U N L I K E  T H A T  O B T A I N E D  FOR ANY P R E V I O U S L Y  REPORTED REACTION. REASONABLE 
AGREEMENT FOR T H E  BEHAVIOUR OF T H I S  CHANNEL I S  FOUNO W I T H  T H E  M U L T I P E R I P H E R A L  MODEL OF CHAN. L O S K I E W I C Z  AN0 A L L I S O N .  

CLOSELY R E L A T E D  REFERENCES 
C O N T I N U A T I O N  OF P R E V I O U S  EXPERIMENT I N  NUC. PHYS. 0 2 2 1  8 5  1 1 9 7 0 1 .  

BEAU I S  ANTIPROTON ON PROTON AT 2.5  GEVIC.  
T H I S  EXPERIMENT USES THE CERN 2M HYOROGEN BUBBLE CHAMBER. 
K E Y  WORDS - A N N I H I L A T I O N  CROSS S E C T I O N  MESONS RESONANCE PRODUCTION 
COMPOUND K E Y  WORDS * A N N I H I L A T I O N  CROSS S E C T I D N  MESONS RESONANCE PROOUCTION ........................................................................................................................ ........................................................................................................................ 

CROSS S E C T I O N  FOR ANTIPROTON PROTON - P I +  P I +  P I -  P I -  P I O .  [PAGE 6 0 5 1  

LABORATORY 
BEAU UOUENTUM 

G E V I C  M I L L I B A R N S  1 1 1  
6.0 +- -1 

C 11 ERRORS ARE S T A T I S T I C A L  ONLY. ........................................................................................................................ 
I P A G E  6 0 6 1  

LABORATORY BEAM IlOMENTUH = 2.5 G E V I C .  

R E A C T I O N  
ANTIPRDTON PROTON r 

P I +  P I +  P I -  P I -  P I 0  P I 0  
P I *  P I *  P I -  P I -  P I 0  P I 0  P I 0  
P I +  P I +  PI- P I -  P I 0  P I 0  P I 0  P I 0  
P I +  P I *  P I -  P I -  P I 0  P I 0  P I 0  P I 0  P I 0  
FOUR PRONG P I O N  A N N I H I L A T I O N  

Ill ERRORS ARE S T A T I S T I C A L  ONLY. 
C 2 1  RESULT I S  MODEL DEPENDENT. 
L 3 1  CALCULATED BY US FROM OATA I N  T H I S  A R T I C L E .  ............................................................................................ 

[ T A B L E  1 1  
LABORATORY BEAM MOMENTUM = 2.5 G E V I C .  

R E A C T I O N  
ANTIPROTON PROTON - 

R H O 1 7 6 5 1 0  P I +  P I -  P I 0  
R H O 1 7 6 5 1 0  - P I +  P I -  I 2 1  

R H 0 1 7 6 5 1 +  P I +  P I -  P I -  + CHARGE CONJUGATE 
R H 0 1 7 6 5 ) +  * P I +  P I 0  I 2 1  

F I 1 2 6 O I  P I *  P I -  P I 0  
F 1 1 2 6 0 1  P I +  P I -  C 2 1  

OMEGA17831 P I *  P I -  
OMEGA17831 - P I +  P I -  P I 0  C 2 1  

CALCULATED BY US FROM OATA I N  T H I S  A R T I C L E .  
F I T T E D  D I S T R I B V T I O N  W I T H  F I X E D  MASS AND WIDTH, 

M I L L I B A R N S  

3.1 +- .5  C 1 1  

2.9 . 5 C 1 1  

1.0  .3 c 1 1  

1.1 .2 c11 

THEN TOOK ONLY EVENTS ABOVE BACKGROUNJ 



185 )ENE;;:-~:::N~;:,;~UCTURE I N  SACKUARO-HEMISPHERE PBAR P E L A S T I C  SCATTERING AND HIGH-MASS BDSONS. WHYS. REV. LETTERS 

ABSTRACT WE HAVE OBSERVED A STRONG BACKWARD PEAK I N  T H E  D I F F E R E N T I A L  CROSS S E C T I O N S  OF BACKWARPHEMISPHERE PBAR P 
E L A S T I C  SCATTERING I N  THE MOMENTUM RANGE 3 0 0 - 7 0 0  M E V I C .  THE O I F F E R E N T I A L  CROSS S E C T I O N  NEAR 1 8 0  DEGREES AND NEAR 9 0  
DEGREES SHOWS ENERGY-DEPENDENT FLUCTUATIONS.  A C O N S I S T E N T  I N T E R P R E T A T I O N  OF THESE F L U C T U A T I O N S  CAN BE MADE I N  TERMS OF 
DIRECT-CHANNEL BOSON RESONANCES M I T H  MASSES A N 0  WIDTHS IM-GAMMA. GAMMA-GAMMA), I N  MEVI OF IAPPROX. 1 9 2 5 ,  APPROX.lO) AND 
1 1 9 4 5 .  APPROX. 2 0 1 ,  AN0 A S T A T E  W I T H  MASS GREATER THAN APPROX. 1 9 7 5  MEV A N 0  W I D T H  GREATER T H A N  20 HEV. 

BEAM I S  ANTIPROTON ON PROTON FROM .3 T O  .7 GEVIC.  
T H I S  E X P E R I M E N T  USES THE BNL 2 0  I N .  HYDROGEN B U B B L E  CHAMBER. A TOTAL OF 1 2 5 0 0 0  P I C T U R E S  ARE REPORTED ON. 
K E Y  WORDS + E L A S T I C  S C A T T E R I N G  D I F F E R E N T I A L  CRnCC S E C T I O N  . - 

OSS SECTION 

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 A N T I P R O T O N  PROTON. [ F I G U R E  1 1  

DATA ARE 

***THESE 

C O S i T H E T A )  

- 0 1 5  
- .034 
- .080 
- . I 3 4  
- . la1 
-.230 
- - 2 8 2  
-.333 
-.374 
- .427 
- .476 
- .526 
- .579 
- .628 - - 6 7 3  
- .725 -. 7 7 6  
- - a 2 5  -. 8 7 7  -. 9 2 0  -. 9 7 3  

THETA I S  

AVERAGE0 OVER LABORATORV BEAM MOMENTUM FROM . 3  TO . 4  GEVIC.  

OATA WERE READ FROM A GRAPH*** 

0-SIGMAIO-OMEGA 
M B I S R  1 1 . 2  1 

1 . 5 3 9  +- . 1 4 3  
1 . 3 4 3  1 4 3  
1 . 2 9 7  . 1 4 7  
1 . 0 9 5  . 1 1 8  

. 6 9 4  . l o 0  
- 5 7 1  . 0 9 9  
. 6 9 9  . 0 9 7  
. 5 7 3  . 0 9 5  
. 3 9 6  . 0 6 5  
. 2 4 3  . O 6 1  
- 2 9 4  . 0 5 9  
- 2 3 9  . 0 5 6  
- 1 6 3  . 0 5 0  
- 1 1 5  . 0 4 6  
. 1 4 3  . 0 4 8  
. 0 5 8  . 0 2 5  
- 0 6 2  . 0 2 9  
- 0 3 2  - 0 3 2  
. I 3 2  . 0 4 7  
- 1 6 0  . 0 4 5  
-111 . 0 4 4  

THE ANGLE T H A T  THE ANTIPROTON MAKES W I T H  THE BEAM I N  THE GRAND C.M. 

1 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
I 2 1  A 0 0  P O S S I B L E  SYSTEMATIC ERROR OF +- 2 0  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  FOR A M I P R O T O N  PROTON. [ F I G U R E  1 1  

DATA ARE AVERAGED OVER LABORATORV BEAM MOMENTUM FROM . 4  TO .5 GEVIC. 

***THESE OATA WERE READ FROM A GRAPH+** 

C O S I T H E T A I  D-SIGMAIO-OMEGA 
M B I S R  t l t 2 l  

. 6 7 4  +- . 0 4 9  

. 5 4 6  . 0 4 8  
- 5 6 1  . 0 4 7  
- 4 7 2  . 0 5 0  
. 2 6 9  . 0 3 7  
. 2 6 9  . 0 3 7  
- 2 3 1  . 0 2 3  
- 1 5 4  . 0 2 5  
- 1 3 9  .OZZ 
- 0 7 7  . 0 2 4  
1 1  . 0 2 5  
- 1 3 0  . 0 2 2  
- 1 4 1  .OZ3 
- 1 1 7  . 0 2 1  
- 1 7 6  . 0 2 3  
- 2 1 6  . 0 2 4  

1 6 5  . 0 2 5  
- 2 1 6  . 0 2 4  
- 2 8 1  . 0 3 7  
- 1 6 5  . 0 2 5  
- 2 4 2  . 0 2 5  

THETA I S  THE ANGLE T H A T  THE ANTIPROTON MAKES W I T H  T H E  BEAM I N  THE GRAND C.M. 

1 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
I 2 1  ADD P O S S I B L E  S Y S T E M A T I C  ERROR OF +- 2 0  PER CENT. ..................................................................................... 



E L A S T I C  D I F F E R E N T I A L  CROSS SECTIYN FOR ANTIPROTON PROTON. IF IGURE 1 1  

DATA ARE AVERAGED OVER LABORATORY BEAM MOMENTUM FROM .5 TO .6 GEVIC. 

***THESE DATA WERE READ FROM A GRAPW** 

COSITHETAI  

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

Ill ERRORS ARE STAT IST ICAL  ONLY. 
[ 2 1  ADD POSSIBLE SYSTEMATIC ERROR OF +- 2 0  PER CENT. ........................................................................................................................ 

E L A S T I C  D I F F E R E N T I A L  CROSS SECTION FOR ANTIPROTON PROTON. [ F I W R E  1 1  

DATA ARE AVERAGED OVER LABORATORY BEAM MOMENTUM FROM - 6  TO . 7  GEVIC. 

***THESE DATA WERE READ FROM A GRAPH*** 

COSITHETAI  

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

I 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
L 2 1  A 0 0  POSSIBLE  SYSTEMATIC ERROR OF +- 2 0  PER CENT. 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * u * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * t * t * * w * * * * ~ * * * ~ * * * * * ~ * w ~ ~ * * * ~ * * n + * + r t * ~ *  
............................................................................................................................ 

MEASUREMENT OF THE PROTON-ANTIPROTON TOTAL A N N I H I L A T I O N  CROSS SECTION AT LOW ENERGY. CPHYS. REV. LETTERS 27. 7 1  
( 1 9 7 1  1 1 

0.CLINE. J.ENGLISH. 0.D.REEDER I U N I V .  OF WISCONSIN. MADISONt WISC.. USA1 

ABSTRACT THE PEAR P TOTAL I N E L A S T I C  CROSS SECTION HAS BEEN MEASURED I N  A HYDROGEN BUBBLE CHAMBER FOR PBAR MOMENTA FROM 
1 0 0  TO 5 5 0  MEVIC. BELOW 2 0 0  MEV/C THE CROSS SECTION INCREASES RAPIDLY TO SEVERAL BARNS. FROM T H I S  BEHAVIOR I T  I S  
INFERRED THAT H I G H  PARTIAL  WAVES. PERHAPS TO L=3r  ARE IMPORTANT I N  THE A N N I H I L A T I O N  AT THE LOWEST MOMENTA STUDIED. AN 
ABRUPT CHANGE I N  THE MOMENTUM DEPENDENCE OF THE TOT& ABSORPTION CROSS SECTION OCCURS AT ABOUT 3 5 0  MEVIC I N  THE 
V I C I N I T Y  OF PREVIOUSLY OBSERVED STRUCTURE I N  BACKW4RD E L A S T I C  SCATTERING. 

CLOSELY RELATED REFERENCES 
CONTINUATION OF PREVIOUS EXPERIMENT I N  PHYS. REV. LETTERS 21, 1 2 6 8  ( 1 9 6 8 1 .  

BEAM I S  ANTIPROTON ON PROTON FROM - 1 0  TO .55 GEVIC. 
T H I S  EXPERIMENT USES THE BNL 3 0  I N .  HYDROGEN BUBBLE CHAMBER. 
KEY WORDS - CROSS SECTION ........................................................................................................................ ........................................................................................................................ 
CROSS SECTION FOR ANTIPROTON PROTON - 0 PRONGS. [F IGURE 1 1  

DATA. BELOW 0.35 GEVIC HAS NOT BEEN L I S T E D  BECAUSE I T  MAY NOT BE REL IABLE;  PR IVATE COMMUNICATION BY 0. 0. REEOER, 
JANUARY 1 9 7 2  

***THESE DATA WERE READ FROM A GRAPW** 

LABORATORY 
BEAM MOMENTUM 

GEVIC  
M I N  MAX 
.35 - 4 0  
- 4 0  . 45  
.45 . 5 0  
. s o  . 55  
.55 . 6 0  

[ l l  ERRORS ARE STAT IST ICAL  ONLY. 
1 2 1  ADD POSSIBLE  SYSTEMATIC ERROR OF t 1 0  PER CENT. .............................................................................. 



CROSS SECTIJN FOR ANTIPROTON PROTON - 2 PRONGS. [F IGURE 1 1  

OATA BELOW 0.35 GEV lC  HAS NOT BEEN L I S T E O  BECAUSE I T  MAY NOT BE REL IABLE:  P R I V A T E  COMMUNICATION BY 0. 3. REEOER, 
JANUARY 1 9 7 2  

***THESE OATA WERE REAO FROM A GRAPW** 

LABORATORY 
BEAM MOMENTUM 

GEVlC - - 

M I N  WAX 
MILL IBARNS 11 .21  

1 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 2 1  ADD POSSIBLE SYSTEMATIC ERROR OF +- 1 0  PER CENT. ........................................................................................................................ 

CROSS SECTION FOR ANTIPROTON PROTON - 4 PRONGS. [F IGURE 1 1  

DATA BELOW 0.35 GEV lC  HAS NOT BEEN L ISTEO BECAUSE I T  MAY NOT BE REL IABLE;  PR IVATE COMMUNICATION BY D. D. REEOER. 
JANUARY 1 9 7 2  

***THESE OATA WERE REAO FROM A GRAPH*** 

LABORATORY 
BEAM MOMENTUM 

GEVlC 
M I N  MAX 
.35 . 4 0  
. 4 0  . 45  
. 45  . 50  
.50 .55 

M ILL IBARNS 1 1 1 2 1  

ill ERRORS ARE S T A T I S T I C A L  ONLY. 
1 2 1  A00  POSSIBLE SYSTEMATIC ERROR OF +- 1 0  PER CENT. ........................................................................................................................ 

CROSS SECTION FOR ANTIPROTON PROTON - 6 PRONGS. I F I G U R E  1 1  

OATA BELOW 0.35 GEV lC  HAS NOT BEEN L I S T E O  BECAUSE I T  MAY NOT BE RELIABLE; P R I V A T E  COMMUNICATION BY 0. D. REEDERI 
JANUARY 1 9 7 2  

***THESE OATA WERE REAO FROM A GRAPH*** 

M ILL IBARNS C1.21 

C 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 2 1  ADO POSSIBLE SYSTEMATIC ERROR OF +- 1 0  PER CENT. ........................................................................................................................ 

ANTIPROTON PROTON TOTAL I N E L A S T I C  CROSS SECTION. [F IGURE 2 1  

DATA BELOW 0.35 G E V l C  HAS NOT BEEN L I S T E D  BECAUSE I T  MAY NOT BE RELIABLE: PR IVATE COMMUNICATION BY D. 0. REEOERI 
JANUARY 1 9 7 2  

***THESE DATA WERE REAO FROM A GRAPW** 

LABORATORY 
BEAM MonENTun 

GEV lC  
M I N  MAX 
.35 .37 
.37 .39 
.39 . 4 1  
. 41  . 43  
.43 . 4 5  
.45 . 47  
.47 . 4 9  
. 49  - 5 1  
. 5 1  .53 
.53 . 55  

M ILL IBARNS I l t Z l  

1 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
I 2 1  ADD POSSIBLE SYSTEMATIC ERROR OF +- 1 0  PER CENT. 



E I A N T I P R O T O N - P R O T O N  E L A S T I C  SCATTERING BETWEEN 6 3  A N 0  1 7 5  MEV. INUOVD C l M E N T O  5 4 4 ,  4 4 l  ( 1 9 6 8 1  1 

UB.CONFORTO, G.FIOECAR0. H.STEINER ICERN. GENEVA, S W I T Z E R L A N D 1  
R . B I Z L A R R I 1  P.GUIOONI1 F.MARCELJA I U N I V .  D E G L I  STUD1 0 1  ROMA, ROME, I T A L Y 1  
G.BRAUTT1, E.CASTELL1, M.CESCHIA7 M.SESSA I U N I V .  OF T R I E S T E ,  T R I  ESTE, I T A L Y 1  

ABSTRACT THE PBAR P E L A S T I C  S C A T T E R I N G  D I F F E R E N T I A L  CROSS SECTIONS HAVE BEEN DETERMINED AT N I N E  ENERGIES BETWEEN 6 3  
AND 1 7 5  MEV. FROM 1 l 1 0 0 0  SCATTERING EVENTS MEASURED I N  A HYDROGEN BUBBLE CHAMBER. THE RESULTS ARE COMPARED WITH 
E X I S T I N G  T H E O R E T I C A L  MODELS AND GOOD AGREEMENT I S  FOUND WITH THE C A L C U L A T I O N S  OF BRYAN AND P H I L L I P S .  

CLOSELY RELATED REFERENCES 
T H I S  A R T I C L E  SUPERSEDES PART OF NUOVO ClMENTO 4 6 A r  1 7 1  ( 1 9 6 6 1 .  

BEAM I S  ANTIPROTON ON PROTON FROM . 3 5 0  T O  . 5 9 9  GEVIC.  ( B E A M  K I N E T I C  ENERGY = . 0 6 3  TO . I 7 5  G E V I  
T H I S  EXPERIMENT USES THE SACLAY 8 1  CM HYDROGEN BUBBLE CHAMBER. A TOTAL OF 4 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  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  S C A T T E R I N G  

LABORATORY 
BEAM ENERGY 

GEV M l L L I B A R N S  
. 0 6 2 7  +- . 0 1 3 3  2 2 4 . 5  +- 6.6  
- 0 8 3 5  . 0 1 0 5  1 9 9 . 7  5.5 
- 0 9 9 8  . 0 0 9 1  1 8 8 . 0  4 . 9  
. I 1 0 0  . 0 0 8 4  1 7 9 . 5  4.5 
- 1 2 4 3  . 0 0 7 0  1 7 1 . 1  4 .5  
. I 3 6 8  . 0 0 6 5  1 6 9 . 2  4 . 1  
. I 5 0 9  . 0 0 6 7  1 6 7 . 6  3.5 
. I 6 3 3  . 0 0 6 3  1 6 1 . 1  3.2 
- 1 7 5 0  . 0 0 6 0  1 5 4 . 3  3 . 0  ..................................................................................................... 

ANTIPROTON PROTON E L A S T I C  CROSS S E C T I O N .  [ T A B L E  1 1  

LABORATORY 
BEAM ENERGY 

GEV M I L L I B A R N S  
77.6 +- 3.3  
7 1 . 1  2 .8  
6 8 . 7  2.5 
6 2 . 0  2.2 
6 2 . 6  2.3 

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 ANTIPROTON PROTON. I T A B L E  2 1  

LABORATORY BEAM ENERGY = . a 6 2 7  +- - 0 1 3 3  GEV. 

C O S I T H E T A I  Ill 0-SIGMAID-OMEGA 
M B I S R  I 2 1  

- .975 .4 +- . 3  

THETA I S  THE ANGLE THAT THE A ( U i I P R O T 0 N  MAKES W I T H  THE BEAM I N  THE GRAND C.M. 

Ill MEAN VALUES. 
1 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 



ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [TABLE 2 1  

LABORATORY BEAM ENERGY = .0835  +- . 0 1 0 5  GEV. 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRANO C.M. 

t 1 1  MEAN VALUES. 
C 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. ................................................................................. 

ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. (TABLE 2 1  

LABORATORY BEAM ENERGY = .0998  +- .OD91 GEV. 

COSITHETA) C 1 1  

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRANO C.M. 

1 1 1  MEAN VALUES. 
t 2 1  ERRORS ARE STAT IST ICAL  ONLY. ................................................................................. 



ELASTIC  D IFFERENTIAL  

LABORATORY BEAM 

CROSS SECTION FOR ANTIPROTON PROTON. 

ENERGY = . l l O O  +- .0084  GEV. 

[TABLE 2 1  

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

[ 1 1  MEAN VALUES. 
I 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. ................................................................................. 

ELASTIC  D I F F E R E N T I A L  CROSS SECTION FOR ANTIPROTON PROTON. [TABLE 2 1  

CABORATORY BEAM ENERGY - 1 2 4 3  t - 0 0 7 0  GEV. 

COS(THETA1 C l l  0-SIGMA/ W M E G A  
MBISR I 2 1  -. 9 7 5  .9 C .t. 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM 1 N  THE GRAND C.M. 

1 1 1  MEAN VALVES. 
1 2 1  ERRORS ARE STAT IST ICAL  ONLY. ................................................................................ 



ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. 

LABORATORY BEAM ENERGY = . I 3 6 8  t . 0 0 6 5  GEV. 

[TABLE 2 1  

COSITHETA) [ 1 1  D-SIGHAID-OMEGA 
MB1SR I 2 1  

-.975 . 7  +- . 3  
-.925 .8 
-.a75 .6 -. 8 2 5  . 3  -. 7 7 5  .7 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

t i ]  MEAN VALUES: 
C 2 1  ERRORS ARE STAT IST ICAL  ONLY. ................................................................................. 

ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. ITABLE 2 1  

LABORATORY BEAN ENERGY = . I 5 0 9  +- .0067  GEV. 

COSITHETAI  I 1 1  WSIGHAID-OMEGA 
HBISR [ 2 !  

-.975 .2 +- .2 
-.925 1 .0  
-.a75 . 6  
-.a25 .4 
-.775 - 2  
-.7?5 .4 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

1 1 1  HEAN VALUES. 
1 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. ................................................................................. 



E L A S T I C  0 1  FFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [TABLE 2 1  

LABORATORY BEAM ENERGY = . I 6 3 3  +- .0063  GEV. 

COSITHETAI  1 1 1  D-SIGMAIO-OMEGA 
MBISR 1 2 1  

-.975 . 2  +- .2 

THETA I S  THE ANGLE THAT THE ANTIPROTON NAKES WITH THE BEAM I N  THE GRAND C.M. 

1 1 1  MEAN VALUES. 
1 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. ................................................................................. 

E L A S T I C  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [TABLE 2 1  

LABORATORY BEAM ENERGY = . I 7 5  +- .006 GEV. 

COSITHETAI  1 1  I D-SIGMAID-OMEGA 
MBlSR 1 2 1  

-.975 .5 C . 3  
-.925 .5 

THETP 1 5  THE ANGLE THAT THE ANTIPROTON MAKES Y I T H  THE BEAU I N  THE GRAND C.M. 

1 1 1  MEAN VALUES. 
I 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 





CROSS SECTION FOR ANTIPROTON PROTON - ANTINEUTRON NEUTRON. [TABLE 2 1  

LABORATORY 
BEAM ENERGY 

GEV MILLIBARNS 1 1 1  
10. + 2. 

I 1 1  ERRORS INCLUDE SYSTEMATICS. ................................................................................. 
ELASTIC  OIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON. [FIGURE 9 A l  

LABORATORY BEAM ENERGY - . I 3 3  +- .013 GEV. 

***THESE DATA WERE READ FROM A GRAPnt** 

THETA 
OEGREES 

22.6 
30.5 
60.7 
81.0 
90 .4  

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

I 1 1  ERRORS ARE STATIST ICAL  ONLY. ................................................................................. 
ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [FIGURE 9 0 1  

LABORATORY BEAM ENERGY = .197 +- .016 GEV. 

***THESE OATA WERE READ FROM A GRAPW** 

THETA 
OEGREES 

21.5 
36.7 
60.7 
81.4 

103.4 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRANO C.M. 

[ I 1  ERRORS ARE STATIST ICAL  ONLY. ................................................................................. 
ELASTIC  D IFFERENTIAL  CROSS SECTION FOR AMIPROTON PROTON. [FIGURE 9 C 1  

LABORATORY BEAM ENERGY = .265 +- - 0 1 7  GEV. 

***THESE DATA WERE REAO FROM A GRAPH.** 

THETA 0-SIGNAI W M E G A  
DEGREES MBISR Ill 

23.4 22.1 +- 5.4 
41.0 9.7 1.3 
62.9 3.6 .6 
84.0 .7 .5 

106.0 . 5  . 5  

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

1 1 1  ERRORS ARE STATIST ICAL  ONLY. ............................................................................... 
ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [FIGURE 9 D 1  

LABORATORY BEAM ENERGY = .333 +- .017 GEV. 

***THESE OATA WERE REAO FROM A GRAPW** 

THETA 
OEGREES 

22.9 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRANO C.H. 

Ill ERRORS ARE STATIST ICAL  ONLY. 



BEAM I S  ANTIPROTON ON PROTON FROM 1.2 TO 1.6 GEVIC. 
T H I S  EXPERIMENT USES THE ANL-MURA 3 0  I N .  HYDROGEN BUBBLE CHAMBER. 
KEY WORDS + CROSS SECTION ........................................................................................................................ ........................................................................................................................ 
CROSS SECTION FOR ANTIPROTON PROTON 0 PRONGS. [F IGURE 3 1  

***THESE DATA WERE READ FROM A GRAPH*** 

[ 1 1  ERRORS ZNCLUOE SYSTEMATICS. ........................................................................................................................ 
CROSS SECTION FOR ANTIPROTON PROTON 2 PRONGS. [F IGURE 3 1  

***THESE DATA WERE READ FROM A GRAPW** 

LABORATORY 
BEAM MOMENTUM 

GEVIC 
1.23 
1.27 
1.32 
1.37 
1.43 
1.49 
1.54 
1.63 

M ILL IBARNS 1 1 1  
65 .1  +- 1.0 
66.7 1.3 
64.9 .8 
63.0 1.0 
60.9 1.1 
59.0 1.4 
59.8 . 7  
56.8 .9  

[ 1 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 
CROSS SECTION FOR ANTlPROTON PROTON 4 PRONGS. [F IGURE 3 1  

***THESE DATA WERE READ FROM A GRIPHI * *  

LABORATORY 
BEAM MOMENTUM 

GEVIC 
1.23 
1.27 
1.32 
1.37 
1.43 
1.49 
1.54 
1.63 

M ILL IBARNS [ 1 1  
31.1 +- .7 
30.0 .8 

[11  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 
CROSS SECTION FOR ANTIPROTON PROTON - b PRONGS. [F IGURE 3 1  

***THESE DATA WERE READ FROM A GRAPWr** 

LABORATORY 

Ill ERRORS INCLUDE SYSTEMATICS. 



lell PBAR-P E L A S T I C  S C A T T E R I N G  I N  THE MOMENTUM RANGE 1 . 2 4  TO 1 . 6 2  G E V l C  INUC. PHYS. 8 1 6 9  1 5 5  1 1 9 7 0 1 1  

W.A.CWPER, D.HOOGESI L.WMANI T.JACH, J - L O K E N *  W.MANNER9 B.MUSGRAVE, R.ROYST0N IARGONNE NAT. LA6.1 ARGONNEI I L L . ,  U S A 1  

ABSTRACT WE HAVE MEASURED THE PBAR-P E L A S T I C  CROSS S E C T I O N  AT I N C I D E N T  ANTIPROTON MOMENTA OF 1.24. 1.32. 1 . 5 4  AND 1.62 
G E V l C  TO BE 43.2 +- 3.5. 43.3 +- 3.01 38.5  +- 3.0  AND 37.2  +- 3.0 M8 RESPECTIVELY.  THE D I F F E R E N T I A L  CROSS S E C T I O N  I N  
T H I S  MOMENTUM RANGE I S  DOMINATED BY A O I F F R A C T I O N  PEAK FOR WHICH THE SLOPE I S  FOUND TO DECREASE W I T H  I N C I D E N T  MOMENTUM. 
CONSISTENT W I T H  THE E S T A B L I S H E D  ' A N T I - S H R I N K A G E '  OF THE PBAR-P D I F F R A C T I O N  PEAK. THE D I F F E R E N T I A L  CROSS SECTION SHOWS A 
WELL-DEFINED D I P  AT COS THETA IC.N.1 APPROX. = 0 . 4  FOLLOWED BY A BROAD MAXIMUM AND A SHARP BACKWARD PEAK LARGELY 
CONFINED TO THE I N T E R V A L  COS THETA lC.M.1 LESS THAN -0.0. 

BEAM I S  ANTIPROTON ON PROTON FROM 1 . 2 4  T O  1.62 GEVIC.  
T H I S  EXPERIMENT USES THE ANL-MURA 3 0  I N .  AYDROGEN BUBBLE CHAMBER. A TOTAL OF 1 3 5 0 0 0  PICTURES ARE REPORTEJ ON. 
K E Y  WORDS + E L A S T I C  S C A T T E R I N G  CROSS SECTION D I F F E R E N T I A L  CROSS S E C T I O N  

ANTIPROTON PROTON E L A S T I C  CROSS SECTION.  I T A B L E  1 1  

LABORATORY 
BEAM MOMENTUM 

G E V I C  
1 . 2 4  
1 . 3 2  
1.54 
1 . 6 2  

M I L L I B A R N S  Ill NO. EVENTS 
43.2 t 3.5 3 8 0  
43.3  3 .0  1 5 5 8  
38.5 3 .0  1 4 6 6  
3 7 . 2  3 .0  2 2 6 1  

111 ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 
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 ANTIPROTON PROTON. 

LABORATORY BEAM MOMENTUM = 1 . 6 2  GEVIC.  

***THESE DATA WERE REAO FROM A G R A P W * *  

COS(THETA1 111 D-SIGMAID-OMEGA 

I F I W R E  1 1  

t 11 MEAN VALUES. ......................................................................................................................... 
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 ANTIPROTON PROTON. 1 F I W R E  2 1  

DATA' ARE AVERAGED OVER LABORATORY BEAM MOMENTUM FROM 1.24 TO 1.62 GEVIC.  

***THESE DATA WERE REAO FROM A GRAPW** 

C O S I T H E T A I  Ill 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES W I T H  THE BEAU I N  THE GRAND C.M. 

1 1 1  MEAN VALUES. 



CROSS SECTIONS FOR ANTIPLOTONS I N  HYOROGEN, B E R Y L L I U M ,  CARBON, AN0 LEAO. I P H Y S .  REV. 1 0 7 ,  2 4 8  ( 1 9 5 7 1 1  

B.CORK, G.R.LAHBERTSON. O . P I C C I O N I I  W.A.YENZEL [U.C. LAWRENCE RAO. LAB., BERKELEY, CAL1F.r  U S A 1  

ABSTRACT A STRONG-FOCUSING MOHENTUM CHANNEL HAS BEEN ARRANGED TO FORM A BEAM FROM ANTIPROTONS PROOUCEO B Y  6.0-BEV 
PROTONS S T R I K I N G  AN I N T E R N A L  TARGET OF THE BEVATRON. THE CHANNEL CONSISTS OF F I V E  4- INCH-DIAMETER HAGNETIC PUADRUPOLE 
LENSES AND TWO D E F L E C T I N G  HAGNETS ADJUSTED TO G I V E  A +-5 PERCENT MOMENTUM I N T E R V A L .  T H E  ANTIPROTONS WERE SELECTED FROM 
A LARGE BACKGROUND OF MESONS BY A S C I N T I L L A T I O N  COUNTER TELESCOPE W l T H  A TIME-OF-FLIGHT C O l N C l O E N C E  C I R C U I T  HAVING A 
RESOLUTION OF +- 2 * l o * * - 9  SECOYO. T H I S  SYSTEM ALLOWED D E T E C T I O N  OF APPROXIMATELY 4 0 0  ANTIRPOTONS PER HOUR. WITH A 
L I Q U I D  HYOROGEN ATTENUATOR, THE TOTAL ANTIPROTON-PROTON CROSS SECTION AT FOUR D I F F E R E N T  ENERGIES,  1 9 0 ,  3 0 0 3  5 0 0 9  AND 
7 0 0  NEVI HAS BEEN OBSERVED TO B E  1 3 5 ,  1 0 4 .  97,  AND 9 4  MBI RESPECTIVELY.  ALSO, THE TOTAL CROSS SECTIONS FOR ANTIPROTONS 
I N C I D E N T  ON BE AN0 C H A V E  BEEN MEASUREO AT THO ENERGIES. T H E  I N E L A S T I C  CROSS SECTIONS FOR CARBON HAVE BEEN MEASURE0 BY 
OBSERVING T H E  PULSE H E I G H T S  PRODUCED BY T H E  I N T E R A C T I O N S  I N  A TARGET OF L I Q U I D  S C I N T I L L A T O R .  TO MEASURE THE I N E L A S T I C  
CROSS S E C T I O N  FOR A H I G H - Z  ELEMENT. L E A O  WAFERS WERE IMMERSED I N  T H E  L I Q U I D  S C I N T I L L A T O R I  AN0 TO SELECT I N E L A S T I C  
EVENTS THE PULSE H E I G H T S  HERE MEASURED. 

BEAM I S  ANTIPROTON ON HYOPOGEN FROM . 6 2 7  TO 1 . 3 4 3  GEVIC.  I B E A H  K I N E T I C  ENERGY = 4 1 9  TO . 7 0  G E V l  
T H I S  EXPERIMENT USES COUNTERS. 
K E Y  HOROS - CROSS S E C T I O N  

ANTIPROTON PROTON T O T A L  CROSS SECTION. [ F I G U R E  6 1  

LABORATORY 
BEAM ENERGY 

GEV 
. 1 9  
. 3 0  
. 5 0  
. 7 0  

H I L L I B A R N S  
1 3 5 .  +- 1 6 .  
1 0 4 .  1 4 .  

9 7 .  4. 
9 4 .  4 .  

ANTIPROTON-PROTON I N T E R A C T I O N  CROSS-SECT IONS AT 4 5 , 9 0 t  1 4 5 ,  AND 2 4 5  REV. INUOVO CIMENTO 2 5 ,  4 9 7  ( 1 9 6 2 1  1 

B.CORK, O.I.DAHL1 0.H.MILLER. A.G.TENNER, C.L.WANG 1U.C. LAWRENCE RAD. LAB.. BERKELEY,  CALIF. .  U S A 1  

ABSTRACT THROUGH T H E  U S E  OF T H E  LAWRENCE R A O I A T I O N  LABORATORY 1 5  I N .  HYDROGEN BUBBLECHAMBERI ANTIPROTON-PROTON CROSS 
S E C T I O N S  H A V E  B E E N  MEASURED AT LOWER ENERGIES THAN HERETOFDRE ACCESSIBLE.  I N T E R A C T I O N S  WERE STUOIEO I N  FOUR ENERGY 
I N T E R V A L S  BY I N S E R T I O N  OF S U I T A B L E  OEGiAOERS I N  AN E L E C T R O S T A T I C A L L Y  SEPARATED BEAN OF 2 4 5  MEV ANTIPROTONS. 
APPROXIMATELY 4 9 0 0 0  ANTXPROTONS WERE I N C I D E N T  I N  EACH OF T H E  ENERGY I N T E R V A L S  I 4 5  +- 2 0 1  MEVI I 9 0  +- 2 0 1  MEVI 1 1 4 5  +- 
1 7 1  MEVI AND I 2 4 5  +- 2 0 1  MEV. FOR THE TOTAL CROSS S E C T I O N S  AT THESE ENERGIES,  HE F I N O  ( 2 8 1  +- 4 6 1 .  1 1 8 5  +- 1 3 1 ,  I 1 6 3  +- 
1 2 1 ,  AND I l l 8  +- 9 1  MB. 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 S  ARE 1 8 0  +- 1 0 1 1  1 6 5  +- 6 1 ,  1 5 2  +- 6 1 9  AND 1 4 5  +- 5 1  MEr 
RESPECTIVELY.  T H E  C A L C U L A T I O N S  OF B A L L  AND FULCO ARE I N  REASONABLE AGREEMENT W l T H  THE MEASURED D I F F E R E N T I A L  CROSS 
SECTIONS.  THE TOTAL CROSS SECTIONS AT 1 4 5  AND 2 4 5  HEV AGREE W I T H  THOSE RECENTLY MEASURED W l T H  COUNTERS BY COOMBESt ET 
AL., W I L E  THE E L A S T I C - S C A T T E R I N G  CROSS SECTIONS ARE S Y S T E M A T I C A L L Y  1 5  PERCENT LOWER THAN THOSE O B T A I N E D  I N  THE COUNTER 
MEASUREMENTS. 

CLOSELY RELATED REFERENCES 
SEE ALSO PHYS. REV. 1 1 2 1  1 3 0 3  1 1 9 5 8 1 9  AND PHYS. REV. 1 0 7 ,  2 4 8  1 1 9 5 7 1 .  

BEAM 1 5  ANTIPROTON ON PROTON FROM . 2 9 4  TO . 7 2 1  GEVIC.  I B E A M  K I N E T I C  ENERGY = . 0 4 5  TO . 2 4 5  G E V l  
T H I S  E X P E R I H E N T  USES THE L R L  1 5  I N .  HYDROGEN BUBBLE CHAMBER. 
K E Y  HOROS * CROSS S E C T I O N  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  SCATTERING 

ANTIPROTON PROTON T O T A L  CROSS SECTION.  I T A B L E  3 1  

LABORATORY 
BEAN ENERGY 

GEV 
. 0 4 5  +- . 0 2 0  
- 0 9 0  .OZO 
. I 4 5  . 0 1 7  
. 2 4 5  . 0 2 0  ............... 

M I L L 1  BARNS 
2 8 1 .  +- 4 6 .  
185. 1 3 .  
1 6 3 .  1 2 .  
1 1 8 .  9 .  ..................... 

ANTIPROTON PROTON E L A S T I C  CROSS SECTION.  [ T A B L E  3 1  

LABORATORY 
BEAM ENERGY 

GEV 
. 0 4 5  +- . 0 2 0  
. 0 9 0  . 0 2 0  
. 1 4 5  . 0 1 7  
. 2 4 5  . 0 2 0  

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 ANTIPROTON PROTON. [ F I G U R E  5 1  

LABORATORY BEAM ENERGY = . 0 4 5  +- .020 GEV. 

***THESE DATA 

C O S I T H E T A I  

H I N  MAX 
.9 1.0 
.a - 9  
.7 . R 
- 6  .7 
. 5  .6 
. 4  .5 
. 3  .4 
.2 .3 
.1 .2 
.o -1 
-.l .o 
-.2 -.l 
-.3 -. 2 
-.4 -.3 -. 5 -.* 
-.6 -.5 
-.7 -. 6 -. 8 -.7 
-.9 -. 8 

-1.0 -.9 

WERE R E A D  FROM A GRAPH*** 

NO. EVENTS 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES W l T H  THE BEAM I N  THE GRAND C.M. 

1 1 1  COUNTS WERE M U L T I P L I E D  B Y  1. T O  GET THESE. ........................................................................................................................ 



ELASTIC DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON. 

LABORATORY BEAM ENERGY = .09 +- .02 GEV. 

***THESE DATA WERE READ FROM A GRAPW** 

COSITHETAI 

MIN MAX 
.9 1.0 

NO. EVENTS 

-.1 .O 1.5 1.2 1.5 
-.2 -.1 2.0 1.4 2.0 
-.3 -.2 .B 1.0 . 8  
-.4 -.a - 0  1.0 .o 
-.5 - .4 .4 1.0 .4 
-.6 -.5 .O 1.0 .O 
-.7 - - 6  - 0  1.0 .O 
-.8 -.7 .4 1.0 .4 
-.9 -.8 .4 1.0 .4 

-1.0 -.9 .9 1.0 .9 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

111 CWNTS WERE MULTIPLIED BY 1. TO GET THESE. ................................................................................. 
ELASTIC DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON. [FIGURE 7 1  

LABORATORY BEAM ENERGY = . I45  +- .017 GEV. 

***THESE DATA WERE READ FROM A GRAPH*** 

COSITHETAI D-SIGMA/O-OMEGA 
MBlSR 1 1 1  NO. EVENTS 

MIN MAX 
.9 1 .O 19.2 +- 4.4 19.2 
.8 .9 16.7 4.1 16.7 
.7 . 8 14.6 3.0 14.6 
.6 .7 9.3 3.0 9.3 
.5 - 6  .O 1.0 .O 
.4 .5 5.0 2.2 5.0 
.3 .4 2.1 1.4 2.1 
.2 .3 2.5 1.6 2.5 
.1 .2 .9 1.0 .9 
.o .1 1.2 1.1 1.2 
-.l .O .5 1.0 .5 
-.2 -.l .5 1.0 .5 
-.3 -.2 .O 1.0 .o 
-.4 -.3 .o 1.0 .o 
-.5 -.4 .o 1.0 .o 
-.6 -.5 .O 1.0 .O 
-.7 -.6 .O 1.0 .O 
-.8 -.7 .3 1.0 .3 
-.9 -.B .3 1.0 .3 

-1.0 -.9 .7 1.0 .7 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

1 1 1  CWNTS WERE MULTIPLIED BY 1. TO GET THESE. ................................................................................. 
ELASTIC DIFFERENTIAL CROSS SECTION FOR AMIPROTON PROTON. [FIGURE 81 

LABORATORY BEAM ENERGY = .245 +- .020 GEV. 

***THESE DATA WERE READ FROM A GRAPW** 

CDSI THETA1 D-SIGMAIO-OMEGA 
MBlSR 1 1 1  NO. EVENTS 

MIN MAX 
.9 1.0 19.0 +- 4.4 19 .O 
- 8  .9 15.8 4.0 15.8 
.7 . B 14.0 3.7 14.0 
.6 .7 6.9 2.6 6.9 
.5 - 6  3.5 1.9 3.5 
.4 - 5  4.0 2.0 4.0 
.3 .4 .5 1.0 .5 
.2 .3 .5 1.0 .5 
.1 .2 .5 1.0 .5 
.o .1 .O 1.0 .o 
-.l .o .9  1.0 .9 
-.2 -.l - 0  1.0 .O 
-.3 -.2 .5 1.0 .5 
-.4 -.3 .O 1.0 .O 
-.5 -.4 .5 1.0 .5 
-.6 -.5 .O 1.0 .O 
-.7 -.6 .O 1.0 - 0  
-.8 -.7 .5 1.0 .5 
-.9 -.B .5 1.0 - 5  

-1.0 -.9 .O 1.0 - 0  

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

Ill COUNTS WERE MULTIPLIED BY 1. TO GET THESE. 

................................................................................ ................................................................................. 



~ [ O O U U : h ~ : : N  P R O O W T I O N  WITHOUT A N N I H I L A T I O N  I N  ANTIPROTON-PROTON I N T E R A C T I O N S  AT 2.7 B E V I C .  I P W S .  REV. 1 5 4 .  1 2 6 4  

u 
H.B.CRAWLEYIR.A.LEACOCKIW.J.KERNAN I I O W A  S T A T E  UNIV.. AMES. IOWA, U S A ]  

ABSTRACT A STUDY WAS MADE OF Tt iE R E A C T I O N  PBAR P + PBAR P P I +  P I -  AT 2.7 B E V I C .  THE TOTAL CROSS S E C T I O N  FOR T H I S  
REACTION WAS DETERMINED T O  BE 1.33 +/- 0 . 1 6  MB. THE D4TA WERE FOUND T O  BE C O N S I S T E N T  W I T H  1 0 0  PER CENT N*NBAR* 
FORMATION1 WHERE N* I S  THE 1238-MEV PION-NUCLEON RESONANCE W I T H  T = T ( Z 1  = J = 3 / 2 .  I T  WAS OBSERVED THAT THE N* 
PRODUCTION I S  H I G H L Y  P E R I P H t R A L i  S P E C I F I C A L L Y I  5 0  PERCENT OF THE NBAR*'S ARE FORMED U l T H  COS THETA ( P I  > 0.8, WHERE 
T H E T A I P I  I S  THE ANGLE BETWEEN THE OUTGOING NBAR* AND I N C O M I N G  PBAR MOMENTA I N  THE OVER-ALL CENTER-OF-MASS SYSTEM. A 
COMPARISON OF THE OATA W I T H  P R E D I C T I O N S  OF THE FORM-FACTOR AND ABSORPTION ONE-PION-EXCHANGE MODELS WAS MADE. 

CLOSELY R E L A T E 0  REFERENCES 
C O N T I N U A T I O N  OF PREVIOUS EXPERIMENT I N  PHYS. REV. 1 5 ,  8 0 3  1 1 9 6 5 1 s  BULL.  AM. PHYS. SOC. 1 0 9  1 1 1 5  ( 1 9 6 5 1 ,  AND BULL. AM. 

PHYS. SOC. 11, 3 6 0  1 1 9 6 6 1 .  

CROSS S E C T I O N  FOR ANTIPROTON PROTON * ANTI-PROTON PROTON P I +  P I - .  I P A G E  1 2 6 7 1  

LABORATORY 
BEAM MOMENTUM 

G E V l C  M I L L l B A R N S  1 1 1  NO. EVENTS 
2.7 1.93 +- . 1 6  7 1 9  

1 1  1 ERRORS INCLUOE SYSTEMATICS.  ........................................................................................................................ 
D I F F E R E N T I A L  CROSS S E C T I O N  FUR ANTIPROTON PROTON - A N T I - D E L T A ( 1 2 3 8 1 - -  O E L T A ( 1 2 3 8 1 + + .  [ F I G U R E  8 1  

A N T I - D E L T A 1  l 2 3 8 ) - -  . I N T I - P R O T O N  P I -  
O E L T A 1 1 2 3 0 1 + +  - PROTON P I +  

LABORATORY BEAM MOMENTUM = 2.7 GEVIC.  

NORMALIZED TO 1.93 MB 

***THESE OATA WERE READ FROM A GRAPH*** 

-T 
( G E V / C I * * Z  
M l N  MAX 

.OOO . 0 7 8  

0 - S I G M A I D - T  
M B / ( G E V I C 1 * * 2  1 1 r 2 1  NO. EVENTS 

- 0 7  +- . 0 5  2 

T I S  THE SQUARE OF T H E  I N V A R I A N T  MOMENTUM TRANSFER BETWEEN THE [ I N C O M I N G  P N T I P R O T O N I  AND THE I A N T I - O E L T A l 1 2 3 8 1 - I .  

1 1  1 ERRORS INCLUOE SYSTEMATICS.  
1 2 1  COUNTS WERE M U L T I P L I E D  B Y  . 0 3 5 4  TO GET THESE. 



lssl ANTIPROTON-PROTON E L A S T I C  SCATTERING AT 4 GEVIC  AND DERIVATION OF D IFFRACTION SLOPE AT I N F I N I T E  ENERGY. I PHYS. 
LETTERS 15,  1 8 8  1 1 9 6 5 1 1  

O . C Z Y Z E W S K I ~ B . E S C 3 U B E S ~ Y Y G O L D S C H M I O T - C L E R M O N T M G U I N E A - M O O R H E A D  D.R.G.MORRISON7 S.DE UNAMUNO-ESCOUBES [CERNI GENEVA, 
SWITZERLAND1 

BEAM 1 5  ANTIPROTON ON PROTON AT 4 GEVIC.  
T H I S  EXPERJHENT USES THE SACLAY 8 1  CM HYOROGEN BUBBLE CHAMBER. 
KEY YOROS - E L A S T I C  SCATTERING D IFFERENTIAL  CROSS SECTION ........................................................................................................................ ........................................................................................................................ 
ANTIPROTON PROTON TOTAL CPOSS SECTION. [PAGE 1 8 9 1  

LABORATORY 
BEAM MOMENTUM 

GEVIC MILL IBARNS 
71. +- 1. 

ANTIPROTON PROTON E L A S T I C  CROSS SECTION. IPAGE 1 9 0 1  

LABORATORY 
BEAM MOMENTUM 

GEVIC MILL IBARNS 
4. 19 .75  +- .73 ........................................................................................................................ 

F I T  TO ELASTIC  D I F F E R E N T I A L  CROSS SECTION FOR ANTIPROTON PROTON. [PAGE 1 8 9 1  

LABORATORY BEAM HOMENTUM = 4. GEVIC.  

DATA ARE F I T  OVER -T FROM .02 TO .27  I G E V I C I * * Z . ' T  I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE 
[ INCOMING ANTIPROTONI AN0 THE [OUTGOING ANTIPROTONI. 

F I T T E D  FORMULA I S  0-SIGMAID-T = B*EXP(A*TI 
WHERE 0 -S IGMPID-T  I S  I N  M B I I G E V I C l * * 2  AND -T I S  I N  IGEVIC l *+Z .  

F I T T E D  VALUES 
B = 257.0 +- 7.1 
A - 13.0 +- .6 ........................................................................................................................ 

ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [FIGURE 1 1  

LABORATORY BEAM WMENTUM = 4. GEVIC.  

THE NORMbLIZEO OATA POINTS HAVE BEEN MULT IPL IED BY THE 'OPTICAL THEOREM VALUE' OF 257 .  MBI (GEVIC I * *2 ,  AS G IVEN BY EQ. 
Ill ON PAGE 189.  

***THESE OATA WERE READ FROM A GRAPH+** 

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE [ INCOMING ANTIPROTONI AN0 THE IOUTGOlNG ANTIPROTONI. 

I 1 1  MEAN VALUES. 

HARGE EXCHANGE AND THE REACTION ANTIPROTON + PROTON - ANTI-N + N + P I +  + P I -  OF 3.0, 3.6 AND 4.0 GEVIC ANTIPROTONS. 
[PMYS. LETTERS 2 0 1  5 5 4  1 1 9 6 6 1 1  

O . C Z Y Z E W S K I I ~ . E S C O U B E S ~ Y ~ G O L O S C H M I O T - C L E O N T M G U I N E A - M O O R H E A O  O.R.O.MORRISONI S.DE UNAMUND-ESCOUBES ICERN? GENEVA* 
SYITZERLANDI 

ABSTRACT THE ANGULAR D I S T R I B U T I O N  OF ANTIPROTON-PROTDN CHARGE EXCHANGEl MEASURED AROUND 3.5 GEVIC?  I S  COMPARED TO THE 
PROTON-NEUTRON CHARGE EXCHANGE. #HEN THE NEUTRON AN0 ANTINEUTPCN ARE PRODUCED TOGETHER WITH THO ADDITIONAL CHARGED 
PIONS, EVIDENCE I S  FOUND FOR ISOBAR FORMATION AND THEIR  CASCADE DECAY. 

CLOSELY RELATED REFERENCES 
CDNTINUATION OF PREVIOUS EXPERIMENT I N  CERN REPORT NO. T C I 6 4 - 2 6  119641 .  

BEAM I S  ANTIPROTON ON PROTON FROM 3 TO 4 GEVIC. 
T H I S  EXPERIMENT USES THE SACLAY 8 1  CM HYOROGEN BUBBLE CHAMBER. A TOTAL OF 8 7 0 0 0  PICTURES ARE REPORTED ON. 
KEY YORDS r CHARGE EXCHANGE CROSS SECTION ANGULAR D I S T R I B U T I O N  RESONANCE PROOUCTION 
COMPOUND KEY WORDS r CHARGE EXCHANGE CROSS SECTION 

IPAGE 5 5 5 1  
LABORATORY BEAM MOMENTUM = 3.5 GEVIC (MEAN VALUEI. 

REACTION H ILL IBARNS [ll 
ANTIPROTON PROTON - 

ANTINEUTRON NEUTRON P I +  P I -  2.0 +- .7  
ANTINEUTRON NEUTRON 2 . 0  - 6  

1 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. ........................................................................................................................ 
DIFFERENTIAL  CROSS SECTION FUR ANTIPROTON PROTON + ANTINEUTRON NEUTRON. [FIGURE 1 1  

LABORATORY BEAM MOMENTUM = 3.5 GEVIC (MEAN VALUE). 

***THESE DATA WERE READ FROM A GRAPH*** 

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE [ INCOMING ANTIPROTONI AND THE [ANTINEUTKONI.  

I 1 1  MEAN VALUES. 
I 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 



I E V I D E N C E  FOR A NOX-STRANGE ME." OF MASS 1 2 9 0  MEV. CPHYS. LETTERS 1 7 .  3 4 7  " 9 6 5 1  I 

u c ~ . ~ ~ A N D L A U , A . A S T I E R , M . D E L L A  N E G R A , L . D 0 8 R Z Y N S K I r S . W O J C I C K I  I C O L L E G E  OE FRANCE, P A R I S ,  FRANCE1 
J.8ARLOW. T.JAC08SEN,L.MONTANET5L~TALLONE~MMTHOHAS [CERN. GENEVA, S W I T Z E R L A N D ]  
A - M . A D A M S ~ N ~ M . B A U ~ I L L I E R T  J.DU80CtM.GOLD8ERSvE.LEVY [ I N S T I T U T E  D U  RADIUMr P A R I S *  F R A N C E 1  
D.N.EOWAROS,J.E.A.LYS [ L I V E R P O O L  UNIV. ,  L I V E R P O D L l  ENGLAND1 

CLOSELY RELATED REFERENCES 
SEE ALSO NUOVO CIMENTO 5 0 A r  7 0 1  ( 1 9 6 7 ) .  

BEAM I S  ANTIPROTOS ON PROTON AT 1 . 2  GEVIC.  
T H I S  E X P E P l N E N T  USES THE SACLAY 8 1  CM HYDROGEN BUBBLE CHAMBER. 
K E Y  WORDS RESONANCE PRODUCTION ........................................................................................................................ ........................................................................................................................ 

NO OATA PUNCHED FOR T H I S  A R T I C L E  

lsel ANTIPROTON-PROTON A N N I H I L A T I O N  I N T O  I K K B d R  + 3 P I 1  AND I K K B A R  + 4 P I )  AT 1.2 GEVIC.  STUDY OF THE 0 0  PROPERTIES.  INUC.  
PHYS. 8 5 ,  6 9 3  1 1 9 6 8 ) l  

C.DIANDLAU, A.ASTIER. L .DOBRZYNSKIr  J .SIAUD [ C O L L E G E  DE FRANCE, P A R I S ,  F R A N C E 1  
JIBARLOWv L .MONTANETI L .TALLONE-LAMBARDI I C E R N I  GENEVA, SWITZERLAND] 
A.M.ADAMSON, J.DU8OC. M-GOLDBERG I I N S T I T U T  DE P H Y S I Q U E  NUCLEAIREI  P A R I S *  F R A N C E 1  
R.A.00NALD7 D.N.EDWARDS, J.E.A.LYS [ L I V E R P O O L  U N I V . V  L IVERPOOL,  ENGLAND1 

ABSTRACT E X P E R l N E N T A L  RESULTS ARE PRESENTED FOR THE F I V E -  AND SIX-BODY A N N I H I L A T I O N S P B A R  P - K KBAR 3 P I  AND PEAR P - K 
KBAR 4 P I  OF 1.2 G E V l C  ANTIPROTONS. A N A L Y S I S  OF THESE RESULTS I N  TERMS OF PRODUCTION OF K * 1 8 9 0 1 ~  RHO, OMEGA, ETA AND 
D l 1 2 8 0 1  RESONANCES I S  MADE. A D E T A I L E D  A N A L Y S I S  D F  THE QUANTUM NUMBERS FOR T H E  D-MESON I S  GIVEN.  

CLOSELY R E L A T E D  REFERENCES 
C O N T I N U A T I O N  OF P R E V I O U S  EXPERIMENT I N  NIJOVD CIMENTO 5 0 1 1  7 0 1  ( 1 9 6 7 ) .  AN0 PHYS. L E T T E R S  1 7 .  3 6 7  1 1 9 6 5 ) .  

BEAM I S  ANTIPROTDN ON PROTON A T  1.2 GEVIC.  
T H I S  EXPERIMENT USES THE SACLAY 0 1  CM HYDROGEN BUBBLE CHAMBER. 
K E Y  WORDS - CROSS S E C T I O N  MESONS PRODUCTlON 
COMPOUND K E Y  WORDS + MESONS PRODUCTION 

[ T A B L E  11 
LABORATORY REAM MOMENTUM = 1 . 1 8  +- .O1 GEVIC.  

R E A C T I O N  
ANTIPROTON PROTON - 

KOS K+ P I +  P I -  P I -  P I 0  + CHARGE CONJUGATE 
KOS K+ P I +  P I -  P I -  + CHARGE CONJUGATE 
KOS K +  P I -  MMZZPIO + CHARGE CDNJUGATE 
KO5 KOS P I +  P I -  P I 0  
KOS P I *  P I -  M M Z l l P I O + l K O I  
KOS K* P I -  P I 0  + CHARGE CONJUGATE 
KOS K +  P I -  O H E G A i 7 8 3 )  + CHARGE CONJUGATE 

OMEGA17831 - P I +  P I -  P I 0  I 2 1  
D 1 1 2 B 5 )  O M E G A l 7 8 3 )  

0 1 1 2 0 5 )  - KOS K+ P I -  + CHARGE CONJUGATE 
OMEGA17831 - P I *  P I -  P I 0  I 2 1  

0 1 1 2 8 5 )  E T A 1 5 4 8 1  
D l 1 2 8 5 1  * KOS K+ P I -  + CHARGE CONJUGATE 
E T A 1 5 4 8 1  - P I +  P I -  P I 0  I 2 1  

D l 1 2 8 5 1  P I +  P I -  
D l 1 2 8 5 1  - KOS K+ P I -  + CHARGE CONJUGATE 

0 1 1 2 8 5 )  R H O 1 7 6 5 1 0  
0 1 1 2 8 5 )  KDS K+ P I -  + CHARGE CONJUGATE 
R H O 1 7 6 5 1 0  - P I +  P I -  I 2 1  

D l  1 2 8 5 )  E T A 1 5 4 8 1  
0 1 1 2 8 5 )  - KOS K+ P I -  + CHARGE CONJUGATE 
E T A 1 5 4 8 1  - NEUTRALS 1 2 1  

0 1  1 2 8 5 1  OMEGA17831 
0 1 1 2 8 5 )  r KDS K+ P I -  + CHARGE CONJUGATE 
OMEGA17831 - NEUTRALS I 2 1  

KO5 KOS OMEGA17831 
OMEGA17831 - P I +  P I -  P I 0  I 2 1  

KO5 KOS P I 0  R H 3 1 7 6 5 ) D  + KDS KDS R H 0 1 7 6 5 1 +  
P I -  + CHARGE CONJUGATE 
R H 0 1 7 6 5 ) O  r P I +  P I -  C 2 1  
R H D 1 7 6 5 1 +  - P I *  P I 0  I 2 1  

0 1 1 2 8 5 1  R H O 1 7 6 5 1 0  
0 1 1 2 8 5 I  KOS KOS P I 0  I 2 1  
R H O 1 7 6 5 1 0  r P I +  P I -  I 2 1  

D l 1 2 8 5 1  P I 0  
D l 1 2 8 5 1  - KOS K+ P I -  + CHARGE CONJUGATE 

MICROBARNS 11 I 

4 6 . 0  +- 6.0  

C 1 1  ERRORS I N C L U D E  SYSTEMATICS.  
I 2 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  MASS AND WIDTH. A N 0  THEN TOOK ONLY EVENTS ABOVE ( F I T T E D 1  BACKGRWND. 

[ssl E V I D E N C E  FOR THE E X I S T E N C E  OF MESONS DECAYING TO FOUR PIONS.  [PHYS. L E T T E R S  2 4 0 1  3 D 9  1 1 9 6 7 ) l  

J.A.OANYSZ, 0-R-FRENCH, J.B.KINSONr V. S I  MAK CCERNI GENEVA, SWITZERLAND] 
J.CLAYTONI P-MASON, H.MUIRHEADI P.RENTON [ L I V E R P O O L  UNIV.. L ~ V E R P O O L I  ENGLAND1 

ABSTRACT E V I D E N C E  I S  PRESENTED FOR THE PRODUCTION I N  ANTIPROTON-PROTON A N N I H I L A T I O N S  OF MESDNS W I T H  MASSES 1 1 7 1 7  +- 7 1  
REV AN0 1 1 0 3 2  +- 6 1  MEV W I T H  NARROW WIDTHS DECAYING TO FDUR CHARGED P I O N S  I N  A NEUTRAL MODE. 

BEAM NO. 1 I S  ANTIPROTON ON PROTON AT 3 GEVIC.  
NO. 2 I S  ANTlPROTOh O h  PROTJN AT 2 . 5  GEVIC.  

T H I S  EXPERIMENT USES RUBBLE CHAMBERS. - -  ~ 

K E Y  WORDS . ANNIHILATION CROSS SECTION MESONS PRODUCT ION 
COMPOUND K E Y  WORDS + A N N l H I L A T l O N  CROSS S E C T I O N  MESONS PRODUCTION ........................................................................................................................ ........................................................................................................................ 

NO OATA PUNCHED FOR T H I S  A R T I C L E  



ANNIHILATIONS OF 3.0 AN0 3.6 GEVIC ANTIPROTONS INTO S I X  OR MORE PIONS. [NUGVO CIMENTO 51Ar  8 0 1  1 1 9 6 7 1 1  

J.A.DANYSZ, B.R.FRENCH, V.SIMAK ICERN. GENEVA. SWITZERLAND1 

ABSTRACT WE REPORT A STUDY OF THE REACTIONS PBAR P + N P I +  + N P I -  + MPIO AT 3.0 GEVIC AND 3.6 GEVIC IEIC.M.S.l I S  
EQUAL TO 2.77 GEV AN0 2.96 GEV RESPECTIVELY) WHERE N = 3,  4 OR 5 AN0 H = 0. THE SAMPLE CONTAINS 1 9 8 8  SIX-PRONG EVENTS 
AT 3.0 GEVIC. 4 4 0  EIGHT-PRONG FVENTS AT 3.0 AND 3.6 GEVIC AN0 1 0  TEN-PRONG EVENTS AT 3.0 AND 3.6 GEVIC. THE 
CROSS-SECTIONS FOR VARIOUS PROCESSES OBSERVEO ARE COMPARED WITH THE CROSS-SECTIONS OBTAINED INOTHER EXPERIMENTS AT 
DIFFERENT INCIDENT ANTIPROTON MOMENTA. A MAXIMUM I N  THE 7 P I  ANNIH ILAT ION CROSS-SECTION I S  SEEN AT A C.M.S. ENERGY OF 
ABOUT 2.7GEV. APPRECIABLE PROOUCTION OF RHOO I N  THE SIX-PION EVENTS AND OF R H O O t  AND OMFGAO MESONS I N  THE SEVEN-PION 
EVENTS I S  OBSERVED. I N  THE SIX-PION EVENTS THE 2 P I +  P I -  MASS D ISTRIBUTION AND THE RHOO P I +  P I -  MASS D ISTRIBUTION SHOW 
EVIDENCE OF STRUCTURE WITH PEAKS AT 1 1 7 0 4  +- 1 0 1  MEV AND 1 1 8 3 4  +- 1 0 1  MEV. I N  THE SEVEN-PION EVENTS SELECTED TO CONTAIN 
A P I +  P I -  AN0 P I +  P I -  P I 0  HASS COMBINATION I N  THE RHOO AN0 DMEGAO REGIONS RESPECTIVELY, THE RHOO P I+ -  MASS D l S T R l B u T I O N  
SHOUS PEAKS I N  THE MASS REGIONS CORRESPONDING TO THE A 1  AN0 A2 MESONS WITH MASSES OF ( 1 0 5 4  +- 7 1  MEV AN0 ( 1 2 6 9  +- 9 1  
MEV RESPECTIVELY, THE WIDTH OF THE PEAK I N  THE REGION OF THE A2  BEING SMALLER, 1 3 8  + - 191  MEVI THAN THAT USUALLY 
OBSERVEO I N  BUBBLE CHAMBERS BUT I S  COMPATIBLE WITH THE LOWER-MASS PEAK OF THE S P L I T  A2 AS OBSERVEO BY LEVRAT ET AL. THE 
RHOO OMEGAO MASS D ISTRIBUTION SHOWS TWO PEAKS AT MASSES OF ( 1 6 8 9  +- 1 0 )  MEV AND 11848  +- 1 1 1  HEV. THE ANGULAR 
DISTRIBUTIONS OF PIONS ARE SLIGHTLY CCLLIMATEO ALONG THE DIRECTION OF THE INCIDENT PARTICLES* T H I S  COLLIMATION BEING AN 
INCREASING FUNCTION OF P l O N  MOMENTUM I N  THE C.M.S. THE RHOO AN0 OMEGAO MESONS ALSO HAVE ANISOTROPIC OlSTRI8UTIONS I N  
THE C.M.S. ASTRONG ANGULAR CORRELATION I S  OBSERVED BETUEEN PAIRS OF PIONS OF OPPOSITE CHARGE. THIS  CORRELATION 
DECREASES WITH INCREASING ENERGY OF THE C.M.S. OR WHEN THE NUMBER OF P I 0  PRODUCED I N  THE ANNIHILAT ION INCREASES. 

CLOSELY RELATED REFERENCES 
SEE ALSO CERN REPORT NO. TCIPH65-8. 

BEAM NO. 1 I S  ANTIPROTON ON PROTON AT 3 GEVIC. 
NO. 2 I S  ANTIPROTON ON PROTON AT 3.6 GEVIC. 

T H I S  EXPERIMENT USES THE CERN 0 0  CM HYDROGEN BUBBLE CHAMBER. A TOTAL OF 1 4 6 0 0 0  PICTURES ARE REPORTED ON. 
KEY UDRDS - ANNIHILAT ION CROSS SECTION MESONS PROOUCTION 
COMPOUND KEY WORDS ANNIHILAT ION CROSS SECTION MESONS PRODUCTION ............................................................................................................. .......................................................................................... 

[TABLE 1 1  
LABORATORY BEAM MOMENTUM = 3. GEVIC +- .5LPER CENTI. 

REACTION 
ANTIPROTON PROTON - 

D I *  D r *  D I *  Dr-  D l -  D l -  . . . . . . . . . . . . . . .  
P I +  P I +  P I +  P1- P I -  P I -  P I 0  
P I +  P I +  P I +  P I -  P I -  P I -  P I 0  P I 0  
P I *  P I +  P I *  P I -  P I -  P1- P I 0  P I 0  P I 0  
S I X  PRDNG P ION ANNIHILAT ION 
P I +  P I +  P I +  P I +  P I -  P I -  P I -  P I -  
P I +  P I +  P I +  P I +  P I -  P I -  P I -  P I -  P I 0  
P I +  P I +  P I *  P I +  P1- P I -  P I -  P I -  P I 0  P I 0  
EIGHT PRONG P ION ANNIHILAT ION 
TEN PRONG P ION ANNIHILAT ION 

H ILL IBARNS 1 1 1  

Ill ERRORS INCLUDE SYSTEMATICS. 
I 2 1  RESULT I S  MODEL DEPENDENT. 

[TABLE 1 1  
LABORATORY BEAM MOMENTUM = 3.6 GEVIC +- .5(PER CENTI. 

REACTION 
ANTIPROTON PROTON - 

P I +  P I +  P I +  P I +  P I -  P I -  P I -  P I -  
P I +  P I +  P I +  P I *  P I -  P I -  P I -  P I -  P I 0  
P I +  P I +  P I +  P I +  P I -  P I -  P1- P I -  P I 0  P (0  
P I +  P I +  P I +  P I +  P I -  P I -  P I -  P I -  P I 0  P I 0  P I 0  
EIGHT PRDNG P ION ANNIHILAT ION 
TEN PRONG P lON ANNIHILAT ION 

1 1 1  ERRORS INCLUDE SYSTEMATICS. 
[ 2 1  RESULT I S  MODEL DEPENDENT. ......................................................................................... 

[TABLE 2 1  
LABORATORY BEAM WMENTUM = 3. GEVIC +- .5[PER CENT). 

REACTION 
ANTIPROTON PROTON - 

P I +  P I +  P I -  P I -  RHO(76510  
RHO(76510  - P I +  P I -  [ 2 1  

P I +  P I +  P I -  P I -  OMEGA17831 
OMEGA17831 - P I +  P I -  P I 0  I 2 1  

P I +  P I +  P i -  P I -  P I 0  RHO176510 
RHOI765)O + P I +  P I -  I 2 1  

R H 0 [ 7 6 5 ) +  P I +  P I +  P I -  P1- P I -  + CHARGE 
CONJUGATE 
RH017651+ - P I +  P I 0  I 2 1  

[ 1 1  ERRORS INCLUDE SYSTEMATICS. 
I 2 1  F ITTED FOR MASS AND/OR WIDTH, AN0 THEN TOOK ONLY EVENTS ABOVE [ F I T T E D )  BACKGROUNO. 



E L A S T I C  S C A T T E R I N G  OF ANTIPROTONS ON P O L A R I Z E D  PROTONS AT 1.73,2 .1312.379 AND 2 . 9 7  GEVIC.  LNUC. PHYS. 0 6 ,  6 1 7  1 1 9 6 8 )  1 

C.OAUMr F.C.ERNE, J.P.LAGNAUX1 J.C.SENS. M.STEUER, F.UDO [CERNI GENEVA, S W I T Z E R L A N D 1  

ABSTRACT D I F F E R E N T I A L  CROSS S E C T I O N  AN0 P O L A R I Z A T I O N  D I S T R I B U T I O N S  ARE PRESENTED FOR E L A S T I C  PBAR P S C A T T E R I W  AT 
I N C I D E N T  MOMENTA OF 1 . 7 3 . 2 . 1 3 ~ 2 . 3 7 t  AN0 2.97 GEVIC.  THE DATA HAVE BEEN ANALYSEO I N  TERMS OF A 5-PARAMETER D I F F R A C T I O N  
MODEL. I N  TERMS OF T H I S  MODEL THE D I F F E R E N C E  I N  THE SHAPE OF THE O I F F E R E N T I A L  CROSS S E C T I O N S  FOR PEAR P AN0 P P E L A S T I C  
SCATTERING I S  A RESULT OF THE STRONG ABSORPTION I N  THE PBAR P SYSTEM. 

CLOSELY RELATED REFERENCES 
C O N T I N U A T I O N  OF P R E V I O U S  EXPERIMENT I N  H E I D E L B E R G  CONFERENCE, 1 5 9  1 1 9 6 7 1 ~  AND NUC. PHYS. 86,  2 7 3  1 1 9 6 8 1  

BEAM I S  ANTIPROTON ON PROTON FROM 1.73 TO 2 . 9 7  GEVIC.  
T H I S  EXPERIMENT USES COUNTERS. 
K E Y  WORDS r E L A S T I C  SCATTERING O I F F E R E N T I A L  CROSS S E C T I O N  P O L A R I Z A T I O N  
COMPOUND K E Y  YOROS - E L A S T I C  S C A T T E R I N G  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  CROSS S E C T I O N  FOR ANTIPROTON PROTON. [ T A B L E  11 

LABORATORY BEAM MOMENTUM = 1.73 G E V I C .  

C O S I T H E T A I  Ill 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES W I T H  THE BEAM I N  THE GRANO C.M. 

Ill MEAN VALUES. 
[ 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 3 1  A 0 0  P O S S I B L E  S Y S T E M A T I C  ERROR OF +- 1 5  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 3 N  FOR ANTIPROTON PROTON. [ T A B L E  11 

LABORATORY BEAM MOMENTUM = 2.13 G E V I C .  

C O S I T H E T A )  1 1 1  0-SIGMAID-OMEGA 
M B I S R  C Z r 3 1  

- 9 0  1 7 . 0 0  t 3 . 5 0  
. 9 0  17.40 2 . 6 0  
. 8 3  7 .80 . 6 0  
- 7 1  - 8 4  . 0 9  
. 6 4  .56 .OB 
. 5 6  .50 . 0 6  
. 5 5  - 6 0  . 0 7  
. 4 4  . 5 6  . 0 6  
. 3 9  . 5 0  . 0 5  
.32 . 3 8  . 0 5  
. 2 2  - 3 0  . 0 4  
. 2 0  . 2 1  . 0 4  
. 0 6  - 1 9  - 0 3  
. 0 5  . 1 6  . 0 3  

-.09 .ll . 0 3  
- . I 2  - 0 9  . 0 3  
-.25 .OB . 0 2  
-.28 . 1 0  - 0 3  
- .41 . 0 9  . 0 2  

THETA I S  T H E  ANGLE THAT THE ANTIPROTON MAKES W I T H  THE BEAM I N  THE GRANO C.M. 

1 1 1  MEAN VALUES. 
[ 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
C 3 1  A 0 0  P O S S I B L E  SYSTEMATIC ERROR OF +- 1 5  PER CENT. 



ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. 

LABORATORY BEAM MOMENTUM = 2.37 GEVIC. 

COSITHETA) 1 1 1  0-SIGMAID-OMEGA 
MBISR 12 .31  

20.20 +- 4.40 
13.90 2 .00  

2.00 . 2 0  
.74 . 10  
. 69  . 1 0  

THETA I S  THE ANGLE THAT THE 

. 0 9  

.OB 

. 0 8  
- 0 6  
.06 
- 0 5  
. 0 4  
. 04  
. 04  
. 0 4  
. 04  
- 0 5  
- 0 7  

ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

Ill MEAN VALUES. 
I 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
I 3 1  ADO POSSIBLE SYSTEMATIC ERROR OF +- 1 5  PER CENT. ................................................................................................. 

ELASTIC  D I F F E R E N T I A L  CROSS SECTION FOR ANTIPROTON PROTON. ITABLE 2 1  

LABORATORY BEAM MOMENTUM = 2.97 GEVIC. 

COSITHETAI  1 1 1  0-SIGMAIO-OMEGA 
n a I s R  1 2 ~ 3 1  - 9 2  24.60 +- 5.20 

- 8 3  6.30 - 6 0  
.74 .82 . 1 4  
- 6 9  .99 . 12  
.62 - 8 9  . 12  
.53 .96 .11 
.53 .86 . 12  

4 2  . 3 4  .O6 
.34  - 3 8  . 06  
- 2 9  - 3 6  - 0 7  
. 1 7  .17 - 0 5  
. 16  - 2 9  - 0 6  
. 0 1  - 1 5  - 0 5  

-.01 - 1 9  - 0 4  
- . I5  - 0 7  - 0 4  
-.32 - 0 4  - 0 4  
-.34 . 06  .05 
-.48 . 0 4  .04 
-.48 . 0 7  - 0 3  
-.61 - 0 7  - 0 8  
-.64 .05 . 04  
-.78 - 0 3  . 05  
-.a9 .04 . 0 9  

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND Can. 

1 1 1  MEAN VALUES. 
I 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 3 1  A00  POSSIBLE SYSTEMATIC ERROR OF +- 1 5  PER CENT. ................................................................................................. 

ELASTIC  POLARIZAT ION FOR ANTIPROTON PROTON. I T A B L E  1 1  

LABORATORY BEAM MOMENTUM = 1.73 GEVIC. 

COSITHETA) Ill POLARIZATION L 2 1 3 1  
- 9 0  .27 +- .08 
- 8 9  . 12  .O6 
.a5 . 33  . 0 4  
.BZ .28  - 0 4  
- 7 5  . 3 4  - 0 7  
- 6 0  . 66  . 6 2  
~ 5 6  .55 . 1 7  
. 50  .29 . 17  
. 4 1  . 4 5  . 1 5  
.39 -11 - 1 4  
- 2 7  .26 . 12  

I 1 1  MEAN VALUES. 
I 2 1  ERRORS ARE STAT IST ICAL  ONLY. 
I 3 1  A 0 0  POSSIBLE  SYSTEMATIC ERROR OF +- 1 5  PER CENT. ................................................................................................. 



ELASTIC  POLARIZAT ION FOR ANTIPROTON PROTON. [TABLE 1 1  

LABORATORY BEAM MOMENTUM = 2.13 GEVIC. 

COS(THETA) 1 1 1  POLARIZAT ION C2.31 
. 90  . 12  +- .04  
. 9 0  . l 8  . 04  
.83 .18 . 03  
. 71  .24 - 1 0  
.64 .29 - 1 6  
- 5 6  .ll + 1 1  
.55 .02 .12 
. 44  . 1 4  . I 2  
.39 .23 .ll 
- 3 2  -.Dl - 1 3  
.22 - 2 7  .13 
.20 . 25  .20 
.06 . 29  . 17  
- 0 5  - . lo  . 2 1  -. 0 9  - 0 7  .28 

- . I 2  -.02 .32 
-.25 .03 .35 
-.28 - 0  . 32  
-.41 - 0 6  .28 
-.43 - 1 9  - 4 8  
-.56 - . l 6  .29 
-.57 . 6 9  .55 
-.69 -.39 .75 
-.70 -.82 . 8 1  

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WlTH THE BEAM I N  THE GRANO C.M. 
THE POLARIZAT ION I S  OF THE PROTON ALONG THE NORMAL TO THE PROOUCTION PLANE I N  THE GRAND C.M. 

Ill MEAN VALUES. 
1 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 3 1  ADD POSSIBLE SYSTEMATIC ERROR OF +- 1 5  PER CENT. 

ELASTIC  POLARIZAT ION FOR ANTIPROTON PROTON. [TABLE 2 1  

LABORATORY BEAM MOMENTUM = 2.37 GEVIC. 

COSITHETAI [ l  I 
.90  

8 9  
.79 
- 7 0  
. 66  
.55 
.38 
.35 
.23 
. 21  
.09 
- 0 3  

-.06 
- . I 4  
-.22 
-.30 

POLARIZATION 12 .31  
.22 +- .04  
- 1 9  - 0 4  
.22 .09 
.19 - 1 3  

- .21 . 1 4  
. 0 1  .ll 
.29 .ll 
.35  .18  
. 4 4  . 26  

- . I5  . 15  
.09 - 3 0  

-.29 - 3 6  
-.26 - 5 1  

. 09  . 32  
0 .26 

.09 . 3 1  

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C+M. 
THE POLARIZAT ION I S  OF THE PROTON ALONG THE NORMAL TO THE PRODUCTION PLANE I N  THE GRAND C.M. 

1 1 1  MEAN VALUES. 
1 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 3 1  ADD POSSIBLE  SYSTEMATIC ERROR OF +- 1 5  PER CENT. ................................................................................................. 

ELASTIC  POLARIZAT ION FOR ANTIPROTON PROTON. [TABLE 2 1  

LABORATORY BEAM MOMENTUM = 2.97 GEVIC. 

COSITHETAI  1 1 1  POLARIZAT ION 12 .31  
.92 .09 +- .03  
.83 .17 - 0 5  
- 7 4  .13 . 16  
.69 -.09 .ll 
.62 . 0 3  . 1 5  
.53 -.05 . 1 0  
.53 . I 7  . 15  
.42 . 13  . 2 1  
.34 . 1 4  . 1 7  
.29 . 05  . 2 2  
.17 -.52 . 38  
- 1 6  -.1Z .23 
. 01  -.42 .3B 

-.01 -.09 . 27  
-.15 . 4 4  . 66  
-.32 -2.23 2.66 
- .34 -.08 1.04 
-.48 - .71 1.23 
-.48 . 92  .62 
-.61 - 4 0  1 .31  
-.64 - 2 9  1.06 
-.78 1.21 3.24 
-.89 . 76  2 . 9 3  

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRANO C.M. 
THE POLARIZAT ION I S  OF THE PROTON ALONG THE NORMAL TO THE PRODUCTION PLANE I N  THE GRAND C.M. 

[ 1 1  MEAN VALUES. 
1 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
[ 3 1  ADD POSSIBLE  SYSTEMATIC ERROR OF +- 1 5  PER CENT. 





105 EXPERIMENTAL COMPARISON OF OBAR P AN0 PBAR 0 T O T A L  CROSS S E C T I O N S .  I P H Y S .  LETTERS 3 4 8 ,  1 6 7  1 1 9 7 1 l 1  0 S.P.OENISOV1 S.V.30NSKflVs Y.P.GORIN, A. I .PETKUKHINv Y.O.PROKOSHK1hr R.S.SHUVALOVI 0.A.STOYANOVA I I N S T .  OF H I G H  EN. PHYS., 

SERPUKOVI U S S R 1  

BEAM NO. 1 1 5  ANTIPROTON ON DEUTERON AT 6.65 GEVIC.  
NO. 2 1 5  ANTIDEUTERON ON PROTON AT 13.3 GEVIC.  

T H I S  EXPERIMENT USES COUNTERS. 
K E Y  WOROS CROSS S E C T I O N  ........................................................................................................................ ........................................................................................................................ 
ANTIPROTON DEUTERON TOTAL CROSS SECTION.  [ P A G E  1 6 8 1  

LABORATORY 
BEAM MOMENTUM 

G E V I C  M I L L I B A R N S  I 1 1  
6 . 6 5  1 0 9 . 7  +- 1.3 

1 1 1  ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 
ANTIPROTON PROTON T O T A L  CROSS SECTION.  [ P A G E  1 6 8 1  

LABORATORY 
BEAM HOHENTUM 

G E V I C  M l L L l B A R N S  I 1 1  
6 . 6 5  59.3 +- . 6  

[ 1 I ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 
ANTINEUTRON PROTJN TOTAL CROSS S E C T I O N .  [PAGE 1 6 8 1  

GLAUBER CORRECTIONS A P P L I E D  

M I L L I B A R N S  Ill 
5 9 .  +- 3. 

111 ERRORS I N C L U O E  SYSTEMATICS.  ........................................................................................................................ 
ANTIPROTON NEUTRON TOTAL CROSS SECTION.  [PAGE 1 6 8 1  

GLAUBER CORRECTIONS A P P L I E D  

LABORATORY 
BEAM MOMENTU8 

G E V I C  M I L L I B A R N S  Ill 
6.65 5 8 . 8  +- 2 . 4  

t l l  ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 
ANTINEUTRON DEUTERON T O T A L  CROSS S E C T I O N .  [ P A G E  1 6 9 1  

GLAUBER CORRECTIONS A P P L I E D  

LAaORATDRY 
BEAM MOMENTUM 

G E V I C  M I L L I B A R N S  
6.65 1 1 8 .  +- 8. ........................................................................................................................ 

ANTINEUTRON NEUTRON TOTAL CROSS SECTION.  [ P A G E  1 6 9 1  

GLAUBER CORRECTIONS A P P L I E D  

M I L L I B A Q N S  
6 9 .  +- 1 0 .  

ENERGY DEPENDENCE OF PI - .  K- A N 0  PBAR T O T A L  CROSS S E C T I O N S  ON PROTONS I N  THE MOMENTUM RANGE UP TO 6 5  GEVIC.  I P H Y S .  
LETTERS 3 b B .  5 2 8  1 1 9 7 1  1 I 

S.P.OENISOV, Y.P.0MITREVSKI. S.V.OONSKOV, Y.P.GORIN. Y - M - M E L N I K .  A.I.PETRUKHlNv Y.O.PROKOSHKIN, V.S.SELEZNEV. 
R.S.SHUVALOVI O.A.STOYANOVA1 L.M.VASILJEV I I N S T .  OF H I G H  EN. PHYS., SERPUKOV, U S S R 1  

ABSTRACT P I -  PI K- P A N 0  PBAR P T O T A L  CROSS S E C T I O N S  ARE MEASURED AT MOMENTA UP T O  6 5  G E V I C  WITH S T A T I S T I C A L  ACCURACY 
0.3 - 0.6 PERCENT AND S Y S T E M A T I C A L  ( S C A L E 1  ERROR APPROX. 0 . 4  PERCENT. 

BEAM NO. 1 1 5  ANTIPROTON ON PROT3N FROM 2 0  T O  6 0  GEVIC.  
NO. 2 I S  P I -  ON PROTON FROM 2 0  TO 6 0  G E V I C .  
NO. 3 I S  K- ON PROTON FROM 2 0  T O  6 0  G E V I C .  

T H I S  EXPERIMENT USES COUNTERS. 
K E Y  WOROS - CROSS S E C T I O N  

ANTIPROTON PROTON T O T A L  CROSS SECTION.  [ T A B L E  1 1  

LABORATORY 
BEAM MOMENTUM 

G E V l C  M I L L I B A R N S  C 1 ~ 2 1  
2 3 . 0  47.4  +- . 3  
27.5  46.3  . 3  
3 1 . 0  4 6 . 1  . 3  
3 3 . 5  45.6 . 3  

Ill ERRORS ARE S T A T I S T I C A L  ONLY. 
[ 2 1  A 0 0  P O S S I B L E  S Y S T E M A T I C  ERROR OF t- .5 PER CENT. 



1 107 ~ES;,:~:; A N N  INVARIANCES I N  PBAR P ANNIH ILAT IONS AT 1.2 GEVIC INVOLVING STRANGE PARTICLES. [PHYS. L E T T E R S 2 2 ,  1 0 5  

L.OOBRZYNSKII N.-H.XUONG [COLLEGE OE FRANCE* PARIS, FRANCE1 
L.MJNTANET, M.TOMAS [CERN, GENEVA. SWITZERLAND1 
J.DUB0C 1 INST ITUTE OU RADI UMr PARIS. FRANCE1 
R.A.OONALD [LIVERPOOL UNIV.. L IVERPOOLl  ENGLAND1 

ABSTRACT WE HAVE FOUND NO I N D I C A T I O N  OF V IOLAT ION OF EITHER CP OR C INVAIRANCES. USING A SIMPLE MODEL7 ONE CAY MAKE AN 
ESTIMATE OF 10.4 +- 1.01*10**2 FOR THE RELAT IVE  AMPLITUDE OF CP V I O L A T I O N  AN0 OF (0.4 +- l .Ol* lO**-2 FOR C VIOLATION. 
OUR DATA ARE ALSO CONSISTENT WITH A RELAT IVE  AMPLITUDE OF P V I C L A T I O N  OF (0.1 +- l .OI* lO**-2.  

BEAM I S  ANTIPROTON ON PROTON AT 1 - 2  GEVIC.  
T H I S  EXPERIMENT USES THE SACLAY 0 1  C M  HYDROGEN BUBBLE CHAMBER. A TOTAL OF 3 o o o o o  PICTURES ARE REPORTED ON. 
KEY YOROS - ANNIH ILAT ION STRANGE PARTICLES 

NO DATA PUNCHED FOR T H I S  ARTICLE 

OF THE POLARIZATION OF ANTIPROTON I N  PBAR P SCATTERING AT 1.18 GEVIC.  IPHYS. LETTERS 23,  6 1 4  ( 1 9 6 6 1  I 

-L.DOBRZYNSKI~C.GHESOUIEREIN.H.XU~NG ICOLLEGE OE FRANCE* PARIS, FRANCE1 
H. TOFTE [OSLO UNIV.. OSLO* NORYAYI 

ABSTRACT ANALYSIS OF 2 7 6 4  WUBLE SCATTERING EVENTS OF ANTIPROTONS AT 1.08 GEVIC I N  THE 8 1  CM SACLAY HYDROGEN BUBBLE 
CHAMBER Y IELDS AN ASYMMETRY OF 1-2.3 + I -  3 1  PERCENT FOR THE ANGULAR REGION 1 5  DEG. S THETA (C.M.1 5 6 0  DEG.3 WITH AN 
AVERAGE ANGLE THETA tC.M.1 = 2 8  DEG. TH IS  WOULD CORRESPOND TO AN UPPER L I M I T  OF 2 0  PERCENT FOR THE POLARIZATION OF THE 
ANTIPROTON AT 9 5  PERCENT CONFIDENCE L I M I T .  

CLOSELY RELATED REFERENCES 
SEE ALSO PHYS. REV. 127 .  1 2 9 7  119621 .  ROCHESTER CONFERENCE, 1 5 9  1 1 9 6 0 1 .  AND SIENNA CONFERENCE, 2 5 2  119631 .  

BEAM I S  ANTIPROTON ON PROTON AT 1.18 GEVIC.  
T H I S  EXPERIMENT USES THE SACLAY 8 1  CM HYDROGEN BUBBLE CHAMBER. A TOTAL OF 2 1 0 0 0 0  PICTURES ARE REPORTED ON. 
KEY WORDS - POLARIZATION 

NO DATA PUNCHED FOR T H I S  ARTICLE 

E L A S T I C  SCATTERING OF 2.7 GEVIC  ANTIPROTONS ON PROTONS. IPHYS. LETTERS 248.  6 4 2  1 1 9 6 7 1 1  

V . O O N I N G O I G . P . F ~ S H E R ~ L . ~ . L I B B Y  YRRSEARS [ UNIV.  OF COLORADO. BOULDER. COLO.. USA1  

ABSTRACT THE D IFFERENTIAL  ELASTIC  SCATTERING CROSS SECTION FOR 2.7 GEVIC ANTIPROTONS ON PROTONS HAS BEEN STUDIED USING 
F I L M  FROM THE 2 0  I N .  BNL HYDROGEN BUBBLE CHANBER. THE D IFFRACTION PATTERN BASED ON A TOTAL SAMPLE OF 7 3 0 0  EVENTS SHOWS 
A SHARP FORWARD n A x I n u n .  A FIRST DIFFRACTION MINIMUM. AND A SECONO n n x l n u M .  THE FORWARO DIFFRACTION PEAK IS FITTED BY 
1 0  S IGMAIOT IELASTIC  s I 3 2 5  +I- 6 MB I I G E V I  SOUAREOl EXPr-13.3 +I- 0.2 I G E V I C I  INVERSELY SOUAREO T I  AND THF TnTAl 
ELASTIC c R o s I ~ s E c T ~ o ~  1s-FOUND 1 0  BE 25.6 +I~'O.~-M~.-THE i i u i ~  A N D ~ s ~ c ~ N ~ ~ ~ ~ F F R A C ~ ~ ~ ~ ~ P E ~ ~ ~  .ARE F ~ T T E D  BY-THE OPTICAL 
MODEL FORMULA FOR A 'BLACK' DISC, 0 S lGMAIOT  APPROX. L J ( l I I 2 K  R S I N  1 1 2  T H E T A I I I Z K  R S I N  1 1 2  THETA11 SQUARED X (1 + A 
COS THETA) SQUARED WHERE R = 1.2 FM AND A = -5. 

CLOSELY RELATED REFERENCES 
SEE ALSO SIENNA CONFERENCE 1. 2 5 2  ( 1 9 6 3 1 7  AND PHYS. LETTERS 159  1 8 8  119651 .  

BEAM I S  ANTIPROTON ON PROTON AT 2.69 GEVIC. 
T H I S  EXPERIMENT USES THE BNL 2 0  IN .  HYDROGEN BUBBLE CHAMBER. A TOTAL OF 2 0 0 0 0  PICTURES ARE REPORTED ON. 
KEY WORDS - E L A S T I C  SCATTERING CROSS SECTION D IFFERENTIAL  CROSS SECTION ........................................................................................................................ ........................................................................................................................ 
E L A S T I C  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [TABLE 1 1  

LABORATORY BEAM MOMENTUM = 2.69 +- .05 GEVIC. 

COSITHETAI  0-SIGMAID-OMEGA 
MBISR NO. EVENTS 

M l N  MAX 
.98 .99 6 4 . 3 0 0  t 2.400 1 0 4 7  
.97  . 98  52 .000  2.100 8 4 9  
- 9 6  . 97  38 .200  1.700 6 2 5  
.95 . 96  33.000 1 .600  5 4 0  
. 94  . 95  2 5 . 7 0 0  1.400 4 2 0  
.93 - 9 4  17 .900  1 .100  2 9 2  
.92 . 93  16 .200  1.100 2 6 4  
. 91  . 9 Z  13 .600  1.000 2 2 2  
.90 - 9 1  9 .910  .BOO 1 6 2  
.BB . 9 0  6.760 . 4 7 0  2 2 1  
.B6 .8B 3.670 . 3 4 0  1 2 0  
.84 .86 2 .080  . 260  6 8  
- 8 2  - 8 4  1 .220  . 1 9 0  4 0  
.BO - 8 2  - 6 1 0  - 1 4 0  2 0  
.75 .BO .310  . 060  2 5  
.70 - 7 5  . 1 7 0  . 0 5 0  1 4  
.65 . 70  . 270  . 060  2 2  
. 60  . 65  - 3 8 0  . 070  3 1  
.55 .60 - 3 2 0  . 050  3 6  
- 5 0  . 55  . 3 4 0  . 0 6 0  3 8  
.45 .50 . 350  . 0 6 0  4 0  
.40 . 45  . I 7 0  . 040  1 9  

-1.00 -.SO .DO3 . 0 0 3  1 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES Y I T H  THE BEAM I N  THE GRAND C.H. ........................................................................................................................ 



ANTIPROTON PROTON ELASTIC  CROSS SECTION. IPAGE 6 4 4 1  

LABORATORY 
BEAU UOUENTUH 

GEVIC HILLIBARNS I11 
2.69 +- .05 25.6 +- - 6  

1 1 1  ERRORS INCLUOE SYSTEUATICS. ........................................................................................................................ 
F I T  TO ELASTIC  DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON. [PAGE 6 4 4 1  

LABORATORY BEAM UOUENTUH = 2.69 +- .05 GEVIC. 

DATA ARE F I T  OVER -T FROU . O l e  TO .250 IGEV/CI**2.  T I S  THE SQUARE OF THE INVARIANT UOUENTUM TRANSFER BETWEEN THE 
I INCOUING ANTIPROTONI AN0 THE IOUTGOING ANTI PROTONI. 

F ITTED FORUULA I S  D-SIGNAID-T = A*EXP(B*TI 
WHERE 0-SIGUAlO-T I S  I N  U B I l G E V I C ) * * Z  AND T I S  I N  IGEVIC l * *2 .  T I S  THE SQUARE OF THE INVARIANT UOHENTUM 

TRANSFER BETWEEN THE I INCOMING ANTIPROTON1 AND THE IOUTGOING ANTIPROTONI. 
F ITTEO VALUES 

A = 325 .  +- 6. 
0 = 13.3 +- .2 

........................................................................................................................ 

....................................................................................................................... 

TWO UESON F I N A L  STATES I N  INTERACTIONS OF 2.7 GEVIC PBAR P. IPHYS. LETTERS 250.  406  1 1 9 6 7 1 1  

V.OOUINGOl G.P.FISHER, L.H.LIBBY, R.SEARS I U N I V .  OF COLORADOt BOULDER, COLO., USA1 

ABSTRACT THE CROSS SECTIONS FOR P I +  PI- .  K+ K-, AND KOBAR KO F INAL  STATES FROU 2.7 GEVlC PBAR P INTERACTIONS ARE 2 8  +- 
9 UB, 3 +6  -3 LIB, AND < 1 0  UB RESPECTIVELY. ANGULAR DISTRIBUTIONS ARE PRESENTED AND DISCUSSED. 

CLOSELY RELATED REFERENCES 
SEE ALSO PHYS. REV. 131 .  1 2 7 6  1 1 9 6 3 1 7  SIENNA CONFERENCE 1, 2 7 1  11963) .  PHYS. REV. 143.  1 0 9 6  (19661 .  AND PHYS. REV. 

LETTERS 19, 2 6 5  119671.  

BEAU I S  ANTIPROTON ON PROTON AT 2.69 GEVIC. 
T H I S  EXPERIUENT USES THE BNL 2 0  IN. HYDROGEN BUBBLE CHAUBER. A TOTAL OF 2 0 0 0 0  PICTURES ARE REPORTED ON. 
KEY WORDS - ANNIHILAT ION CROSS SECTION ANGULAR DISTRIBUTION UESONS PRODUCTION 
COUPOUND KEY WORDS - ANNIHILAT ION CROSS SECTION UESONS PROOUCTION 

CROSS SECTION FOR ANTIPROTON PROTON - P I -  P I+ .  [PAGE 4 8 6 1  

UICROBARNS 1 1 1  NO. EVENTS 
28. +- 9. 1 0  

1 1 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 
CROSS SECTION FOR ANTIPROTON PROTON - K- K+. [PAGE 4 8 6 1  

LABORATORY 
BEAM MOUENTUU 

GEVIC 
2.7 

UICROBARNS 1 1 1  NO. EVENTS 
3. + 6. 2 - 3. 

1 1 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 
CROSS SECTION FOR ANTIPROTON PROTON - KOBAR KO. [PAGE 4 8 6 1  

LABORATORY 
BEAU MOMENTUM 

GEVlC MICROBARNS I 1 1  
2.7 < 10. 

1 1 1  ERRORS INCLUOE SYSTEUATICS. 

I T I T H E  SPIN  AN0 PARITY OF THE AZ l+ - I  PROOUCED I N  PBAR P ANNIHILATIONS. IPHYS. LETTERS 266,  3 2 1  1 1 9 6 8 1 1  

-R.A.WNALO. D.N.EDWARDS, R.S.HOORE. E.J.C.REAO, S.REUCROFT ILIVERPODL UNIV.. LIVERPOOL, ENGLAND) 
A.G.FR0DESEN. T.JACOBSENI S.SIREp P.SAETRE9 H.TOFTE [OSLO UNIV.. OSLOI NORWAY1 
A.BETTIN1. S.LIHENTAN1, L.PERUZZ0, R.SANTANGEL0. S.SANTOR1 IUNIV .  OF PAOOVAt PAOOVA. I T A L Y 1  

ABSTRACT EVIDENCE SUPPORTING THE ASSlGNUENT J I P l  r 2+  FOR THE A2 UESJN I S  OBTAINED FROU ANALYSIS OF PBAR P * P I  P I  P I  
P I  WITH 1.2 GEVIC ANTIPROTONS. 

BEAU I S  ANTIPROTON ON PROTON AT 1.2 GEVIC. 
T H I S  EXPERIUENT USES A ItYOROGEN BUBBLE CHAMBER. 
KEY UOROS - ANNIHILAT ION RESONANCE PROOUCTION A Z ( 1 3 0 0 I  

NO DATA PUNCHED FOR T H I S  ARTICLE 



112 THE FOUR-PRONG ANNIH ILAT ION OF 1.2 GEVIC  ANTIPROTONS I N  HYDROGEN. (11 .  FOUR-PION F I N A L  STATE. 1 NUC. PHYS. 06, 1 7 4  0 I 1 9 6 8 1  1 
R.A.OONAL0, O.N.EOWARDS1 R.S.MOOREf E.J.C.REA0, S.REUCROFT [LIVERPOOL UNIV.7 LIVERPOOLI ENGLAND1 
A.G.FROOESENI T-JACOBSENr S -S IRE ,  0-SKJEGGESTAO, P-SAETRE. H.TOFTE [OSLO UNIV.9 OSLO* NORWAY1 
A.BETTINI ,  S.LIMENTANlr  L.PERUZZO9 R.SANTANGELO1 S.SARTOR1 I U N I V .  OF PAOOVAI PADOVA, I T A L Y I  

ABSTRACT APPROXIMATELY 17rOOO FOUR-PRONG ANNIH ILAT IONS OF 1.2 GEVIC  ANTIPROTONS I N  HYOROGEN HAVE BEEN ANALYZED. THE 
CROSS SECTION FOR ANNIH ILAT ION I N T O  FOUR PRONGS I S  31.6 t 1.0 HB AN0 THE PARTIAL  CROSS SECTION FOR THE 4 P I  F I N A L  
STATE 2.9 +- 0.2 MB. THE 4 P I  STATE*  WHICH I S  REPORTED HERE. SHOWS PROOLKTION OF RHOOI FOI A2+- MESONS AND AN 
ENHANCEMENT I N  THE 3 P I  ANOIOR RHO P I  SYSTEM AT THE MASS OF THE A 1  MESON. THE FREQUENCIES OF VARIOUS RESDNANCE CHANNELS 
HAVE BEEN DETERMINED. TWO-BODY INTERMEDIATE STATES ACCOUNT FOR 4 0 - 6 0  PERCENT OF THE 4 P I  F I N A L  STATE. CENTRE-OF-MASS 
ANGULAR D ISTRIBUTIONS OF THE PIONS ARE PRESENTED. A CHANGE I N  THE MOMENTUM DEPENDENCE OF THE FORUARD-BACKWARD ASYMMETRY 
OF THE PIONS I S  OBSERVED AT A P I O N  MOMENTUM CORRESPONDING TO THE PROOUCTION OF AZ+- PI+ .  

CLOSELY RELATEO REFERENCES 
SEE ALSO PHYS. LETTERS 2689  3 2 7  ( 1 9 6 8 1 .  
CONTINUATION OF PREVIOUS EXPERIMENT I N  NUOVO CIMENTO 50A.  7 0 1  ( 1 9 6 7 1 .  

BEAM I S  ANTIPROTON ON PROTON AT 1.2 GEVIC.  
T H I S  EXPERIMENT USES THE SACLAY 8 1  CM HYOROGEN BUBBLE CHAMBER. 
KEY WORDS - ANNIH ILAT ION CROSS SECTION MESONS PROOUCTION 
COMPOUND KEY WORDS * A N N I H I L A T I O N  CROSS SECTION MESONS PRODUCT ION ........................................................................................................................ ........................................................................................................................ 

[PAGE 1 7 6 1  
LABORATORY BEAM MOMENTUM = 1.176 +- .050 GEVIC. 

REACTION MILL IBARNS 
ANTIPROTON PROTON 

4 PRONGS 31.6 +- 1.0 
P I +  P I +  P I -  P I -  2.9 .Z ............................................................................................................. 

[TABLE 11 
LABORATORY BEAM MOMENTUM - 1.176 *- .050 GEVIC. 

F I~Z~OI ' - -  P I +  P I -  1 3 1  
A 2 ( 1 3 0 0 l +  P I -  + CHARGE CONJUGATE 

A2113001+  - RHO(76510  P I +  1 3 1  

M I  LLIBARNS 

2.00 +- - 3 0  11 .21  

- 8 7  - 1 5  1 1 . 2 1  

- 6 1  - 1 5  1 1 . 2 1  

1 1 1  CALCULATED BY US FROM OATA I N  T H I S  ARTICLE. 
1 2 1  ERROR GIVEN I S  FROM SCATTER I N  VARIOUS F I T S .  
1 3 1  F I T T E D  D I S T R I B U T I O N  WITH F I X E D  MASS AN0 WIOTHt AN0 THEN TOOK ONLY EVENTS ABOVE ( F I T T E D 1  BACKGROVND. 

THE FOUR-PRONG A N N I H I L A T I O N  OF 1.2 G E V l C  ANTIPROTONS I N  HYDROGEN. ( 1 1 1  P I +  P I +  P I -  P I -  P I 0  F I N A L  STATE. [NUC. PHYS. 
011.  5 5 1  1 1 9 6 9 1 1  

R.A.DONALD9 O.N.EDWAROS1 R.S.MOORE9 E.J.C.READ, S-REUCROFT [LIVERPOOL UNIV.. L IVERPOOLW ENGLAND1 
T.BURAN, A.G.FRODESEN, S -S IRE ,  P.SAETRE [OSLO UNIV.9 OSLO* NORWAY1 
A.BETTINI I  S -L IMENTANI ,  L.PERUZZ07 R-SANTANGELO, S-SARTORI I U N I V .  OF PAOOVA. PADOVAr I T A L Y I  

ABSTRACT APPROXIMATELY 1 7 0 0 0 0  FOUR-PRONG ANNIH ILAT IONS OF 1.2 GEV lC  ANTIPROTONS I N  HYDROGEN HAVE BEEN ANALYZED. THE 
PRESENT REPORT CONSIDERS THOSE EVENTS WITHONE NEUTRAL P I O N  1 5  P I ) .  THE 5 P I  EVENTS SHOH PROOUCTION OF RHOO. RHO+-, FO, 
OMEGAOV ETA0 MESONS* AND THE P O S S I B I L I T Y  OF A RHO RHO ENHANCEMENT AT 1 4 0 0  MEV lC  AND/OR A RHO P I  ENHANCEMENT AT 1 0 8 0  
MEVIC I S  CONSIDERED. THE INFLUENCE OF THE BDSE-EINSTEIN CORRELATIJN FUNCTION OF GOLDHABER ET AL. (PHYS. REV. 1 2 0 ,  3 0 2  
( 1 9 6 0 ) )  I S  INVESTIGATED. CENTER-DF-MASS ANGULAR D ISTRIBUTIONS OF THE PIONS AND CENTER-OF-MASS OPENING ANGLES BETWEEN 
PAIRS OF PIONS ARE PRESENTED. THE PRODUCTION UPPER L I M I T S  AT THE 9 5  PERCENT CONFIDENCE LEVEL* FOR SEVERAL RESONANT 
STATES ARE GIVEN. 

CLOSELY RELATEO REFERENCES 
CONTINUATION OF PREVIOUS EXPERIMENT I N  NUC. PHYS. 0 6 1  1 7 4  ( 1 9 6 8 1 .  

BEAM I S  ANTIPROTON ON PROTON AT 1.2 GEVIC.  
T H I S  EXPERIMENT USES THE SACLAY 8 1  CM HYOROGEN BUBBLE CHAMBER. 
KEY WORDS - A N N I H I L A T I O N  CROSS SECTION MESONS PRODUCTION 
COMPOUND KEY WORDS - A N N I H I L A T I O N  CROSS SECTION MESONS PRODUCT ION ........................................................................................................................ ........................................................................................................................ 
LABORATORY BEAM MOMENTUM = 1 .176  +- .050  GEVIC. 

REACTION 
ANTIPROTON PROTON - 

P I +  P I +  P I -  P I -  P I 0  
P I +  P I *  P I -  P I -  MMZ2PIO 
P I +  P I +  P1- P I -  P I 0  P I 0  
P I *  P I *  P I -  P I -  P I 0  P I 0  P I 0  
FOUR PRONG P I O N  ANNIH ILAT ION 

MILL IBARNS 1 1 1  

1 1 1  ERRORS INCLUDE SYSTEMATICS. 
I 2 1  TH IS  VALUE I S  MODEL DEPENDENT. 
1 3 1  CALCULATED BY US FROM OATA I N  TH IS  ARTICLE. 
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[TABLE 2 1  
LABORATORY BEAM MOMENTUM = 1.176 +- - 0 5 0  GEVIC. 

REACTION 
ANTIPROTON PROTON - 

ETA15481 P I +  P I -  
ETA15481 + P I +  P I -  P I 0  1 3 1  

OMEGA17831 P I +  P I -  
OMEGA17831 - P I +  P I -  P I 0  [ 3 1  

F112601  P I +  P I -  P I 0  
F 1 1 2 6 0 1  - P I +  P I -  [ 3 1  

RH017651+ P I +  P I -  P I -  + CHAR"= "& 

RHO17651+ - P I +  P I 0  1 3 1  
R H 0 1 7 6 5 l 0  P I +  P I -  P I 0  

RHO176510 - P I +  P I -  1 3 1  

1 1 1  CALCULATED BY US FROM OATA I N  THIS  ARTICLE. 
[ 2 1  ERROR GIVEN I S  FROM SCATTER I N  VARIOUS F I T S .  
1 3 1  F ITTEO D I S T R I B U T I O N  WITH F I X E D  MASS AND WIDTHv AN0 THEN TOOK ONLY EVENTS ABOVE I F I T T E O I  BACKGROUNO. ........................................................................................................................ 

[PAGE 5 7 1 1  
LABORATORY BEAM WDMENTUM = 1.176 +- .050 GEVIC. 

REACTION MICROBARNS I 1 1  
ANTIPROTON PROTON r 

B112351+  P I -  + CHARGE CONJUGATE < 126 .  1.95 CONF LEVEL1 
B112351+  - OMEGA17831 P I +  [ 2 1  

0 1 1 2 8 5 )  P I 0  < 44. 1.95 CONF LEVEL) 
0 1 1 2 8 5 1  r RHO176510 P I +  P I -  [ 2 1  

E l 1 4 2 0 1  P I 0  < 1 1 0 .  1.95 CONF LEVEL)  
E l 1 4 2 0 1  - RHO176510 P I +  P I -  [ 2 1  

A 2 1 1 3 0 0 l 0  P I +  P I -  < 250. 1.95 CONF LEVEL1 
A21130010  - RH017651+  P I -  + CHARGE CONJUGATE 
r z 1  

< 220.  1.95 CONF LEVELI  

1 1 1  ERRORS INCLUDE SYSTEMATICS. 
1 2 1  F ITTEO D I S T R I B U T I O N  WITH F I X E D  MASS AN0 WIDTH, AN0 THEN TOOK ONLY EVENTS ABOVE I F I T T E D I  BACKGROUNO. 

F E H E ~ ; ; : ~ : ; ;  ::5T::9:A P I 1  DECAY OF THE A2 MESON PROOUCEO I N  ANTIPROTON-PROTON ANNIHILATIONS AT 1.2 GEVK.  INUC. 

R-A-DONALD* O.N.EDWARDSr U-FOSTER* R.S.MOORE [LIVERPOOL UN1V.g LIVERPOOL* ENGLAND1 

ABSTRACT A RE-ANALYSIS OF PREVIOUS DATA ON PBAR P ANNIHILAT IONS OF 1.2 GEVIC SHOWS EVIDENCE OF A S P L I T  STRUCTURE I N  
THE [RHO P I 1  DECAY OF THE A2 MESON. THE SHAPE I S  COMPATIBLE WITH THE DIPOLE FORMULA WITH THE MASS AN0 WIDTH FOUND I N  
THE MISSING MASS SPECTROMETER EXPERIMENTS. 

CLOSELY R E L M E O  REFERENCES 
SEE ALSO PHYS. LETTERS 2 5 8 1  4 4  ( 1 9 6 7 1 .  AN0 PHYS. LETTERS 280 ,  2 3 3  119681.  
CONTINUATION OF PREVIOUS EXPERIMENT I N  NUC. PHYS. 869  1 7 4  119681.  

BEAM I S  ANTIPROTON ON PROTON AT 1.2 GEVIC. 
T H I S  EXPERIMENT USES THE SACLAY 8 1  CM HYOUOGEN BUBBLE CHAMBER. 
KEY WORDS - ANNIHILAT ION RESONANCE PROOUCTlON A2113001  ........................................................................................................................ ........................................................................................................................ 

NO OATA PUNCHED FOR T H I S  ARTICLE 

1 E i E V I O E N C E  OF NEUTRAL F 1  PRODUCTION I N  PBAR P ANNIHILATIONS AT 1.1-1.2 GEVIC. IPHYS. LETTERS 340.  3 4 3  1 1 9 7 1 1 1  

J . O U B O C I  M.GOLDBERGI B.MAKOWSKII A.M.TOUCHAR0 [ I N S T I T U T  OE PHYSIQUE NUCLEAIRE, PARIS  
R.A.OONALOI D.N.EOWAROSI J-GALLETLY- N.WEST 1 LIVERPOOL UNIV.. LIVERPOOLl ENGLAND l 

ABSTRACT F O I L )  HAS BEEN OBSERVED I N  THE REACTION PBAR P - KO111 K+- PI-+ l M M l t  MAINLY I N  THE CHANNEL PBAR P r F O l 1 1  
ETAO. THE QUANTUM NUMBERS OF THE F O l 1 1  HAVE BEEN STUDIED. THE ONLY ASSIGNMENTS COMPATIBLE WITH EXPERIMENT ARE JPC = 1+- 
OR 2-+. 

CLOSELY RELATE0 REFERENCES 
SEE ALSO NUC. PHYS. 0147  1 9 5  1 1 9 6 9 1 ~  AND NUC. PHYS. 811 .  2 5 9  1 1 9 6 9 1  
CONTINUATION OF PREVIOUS EXPERIMENT I N  NUOVO CIMENTO 50, 7 0 1  119671  

BEAM I S  ANTIPROTON ON PROTON FROM 1.1 TO 1.2 GEVIC. 
T H I S  EXPERIMENT USES BUBBLE CHAMBERS. A TOTAL OF 5 4 0 0 0 0  PICTURES ARE REPORTED ON. 
KEY WORDS - ANNIHILAT ION MESONS PROOUCTlON ........................................................................................................................ ........................................................................................................................ 

NO OATA PUNCHED FOR T H I S  ARTICLE 



116 ANTIPROTON-NUCLEON CROSS SECTIONS FROM 0.5 TO 1.0 BEV. IPHYS. REV. 128,  8 6 9  ( 1 9 6 2 1 1  0 T.ELIOFF~L.AGNEW~O.CHAMBERLAlN~H.n.STEINERtCCWIEGANDtTTYPSILANTIS 1U.C. LAWRENCE RAO. LAB., BERKELEY, CALIF., USA1 

ABSTRACT ANTIPROTON-PRODUCTION AN0 NUCLEON-INTERACTION CROSS SECTIONS WERE INVESTIGATED FOR ANTIPROTONS I N  THE ENERGY 
RANGE 0.5 TO 1.0 BEV. THE ANTIPROTONS WERE OISTINGUISHEO FROM OTHER PARTICLES PRODUCED AT THE BEVATRON BY A SYSTEM OF 
SCINTILLATION AN0 VELOCITY-SELECTING-CERENKOV COUNTERS. THE EXCITATION FUNCTION AN0 MOMENTUM DISTRIBUTION WERE RECORDED 
FOR ANTIPROTON PRODUCTION I N  CARBON AND COMPARED WITH STATIST ICAL  MODEL EXPECTATIONS. THE ANTIPROTONS WERE DIRECTED BY 
A SYSTEM OF BENDING AN0 FOCUSING MAGNETS TO A L I Q U I D  HYDROGEN TARGET. AN ARRAY DF PLASTIC SCINTILLATION COUNTERStWHICH 
ALWOST COMPLETELY SURROUNDED THE HYOROGEN TARGET. WAS USE0 TO DETERMINE THE PBAR-P TOTAL, ELASTIC1 INELASTIC, AN0 
CHARGE-EXCHANGE CROSS SECTIONS. NEAR 500 MEV THE TOTAL PBAR-P CROSS SECTION I S  ABOUT 1 2 0  MBt AN0 I T  SLOWLY DECREASES TO 
1 0 0  MB NEAR 1 BEV. THE INELASTIC  CROSS SECTlONt WHICH I S  PRINCIPALLY DUE TO THE ANNIHILAT ION PROCESS. REPRESENTS NEARLY 
2 1 3  OF THE TOTAL CROSS SECTION. THE EUSTIC-SCATTERING OISTRIBUTION I S  HIGHLY PEAKED I N  THE FORWARO DIRECTION AN0 CAN 
BE F I T T E D  BY AN OPTICAL MODEL. THE TOTAL Ah0  PARTIAL CROSS SECTIONS WERE ALSO DETERMINED FOR THE COLLISIONS OF 
ANTIPROTONS U I T H  DEUTERONS. THE PBAR-0 TOTAL AN0 INELASTIC  CROSS SECTIONS WERE FOUNO TO BE APPROXIMATELY 1.8 TIMES THE 
PBAR-P CROSS SECTIONS. CORRECTIONS WERE MADE FOR THE SHIELDING OF NUCLEONS WITHIN  THE OEUTERON I N  ORDER TO ASCERTAIN 
THE PBAR-N INTERACTION. THE RESULTS INDICATE THAT THE PBAR-P AN0 PBAR-N CROSS SECTIONS ARE VERY NEARLY EQUAL I N  THIS  
ENERGY REGION, AND THAT THEY SATISFY THE INEQUALIT IES REQUIRED BY CHARGE INDEPENDENCE. 

CLOSELY RELATE0 REFERENCES 
T H I S  ARTICLE SUPERSEOES PHYS. REV. LETTERS 3 1  2 8 5  (19591 .  

BEAM NO. 1 I S  ANTIPROTON ON PROTON FROM 1.135 TO 1.773 GEVIC. IBEAU K I N E T I C  ENERGY = .534  TO 1.068 GEVI 
NO. 2 I S  ANTIPROTON ON OEUTERON FROM 1.135 TO 1.773 GEVIC. IBEAM K I N E T I C  ENERGY = .534 TO 1.068 GEV) 

T H I S  EXPERIMENT USES COUNTERS. 
KEY WORDS * CROSS SECTION ELASTIC  SCATTERING CHARGE EXCHANGE ANNIHILAT ION ........................................................................................................................ ........................................................................................................................ 
ANTIPROTON PROTON TOTAL CROSS SECTION. [TABLE 3 1  

LABORATORY 
BEAM ENERGY 

GEV MILL IBARNS Ill 
- 5 3 4  +- - 0 2 5  110.  t 6. 

' - 7 0 0  - 0 3 3  116.  5. 
- 8 1 6  - 0 3 7  108. 5. 
- 9 4 8  - 0 4 2  96. 3. 

1.068 - 0 4 6  9 6 -  3. 

t i 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 
ANTIPROTON PROTON ELASTIC  CROSS SECTION. ITABLE 3 1  

LABORATORY 
BEAM ENERGY 

GEV MILLIBARNS I 1 1  
.53+ +- .025 4 2 -  t 5. 
- 7 0 0  - 0 3 3  42. 4. 
- 8 1 6  - 0 3 7  38.  4. 
~ 9 4 8  - 0 4 2  33. 3. 

1.068 - 0 1 6  30. 2. 

1 1 1  ERRORS INCLUOE SYSTEMATICS. ........................................................................................................................ 
ANTIPROTON PROTffl TOTAL INELASTIC  CROSS SECTION. [TABLE 3 1  

LABORATORY 
BEAM ENERGY 

GEV 
- 5 3 4  +- - 0 2 5  
- 7 0 0  - 0 3 3  
- 8 1 6  .037 

', .948 . i n 2  
1.068 - 0 4 6  

R ILL IBARNS 1 1 1  
76.0 t 3.2 
73.2 3.3 
70.1 3.2 
62.8 2.2 
65.7 2.3 

'\ '.' , ' 1 1 1  ERRORS INCLUOE SYSTEMATICS. 
La'. ri*, .................................................................................................................... 

CROSS SECTION FOR ANTIPROTON PRDTON . ANTINEUTRON NEUTRON. ITABLE 3 1  

1 1 1  ERRORS INCLUOE SYSTEMATICS. ........................................................................................................................ 
ELASTIC  DIFFERENTIAL CROSS SECT13N FOR ANTIPROTON PROTON. [FIGURE 111 

LABMIATORY BEAU ENERGY = .534 +- .025 GEV. 

' THETA '. DEGREES E l l  . 16. 
26. 
36. 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES U I T H  THE BEAM I N  THE GRAND C.M. 

11 1 MEAN VALUES. 
I 2 1  ERRORS INCLUOE SYSTEMATICS. ........................................................................................................................ 



ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [FIGURE 1 2 1  

LABORATORY BEAM ENERGY = .700 +- .033 GEV. 

THETA 
DEGREES I 1 1  

16. 
26. 
36. 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

I 1 1  MEAN VALUES. 
I 2 1  ERRORS INCLUOE SYSTEMATICS. 

ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [FIGURE 1 2 1  

LABORATORY BEAM ENERGY = .816 +- .037 GEV. 

THETA 
DEGREES C 1 1  

16. 
18. 
20. 
38. 

D-SIGMAID-OMEGA 
MBlSR 1 2 1  

32.0 +- 6.0 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

Ill MEAN VALUES. 
I 2 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 

ELASTIC D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [FIGURE 1 3 1  

LABORATORY BEAM ENERGY = .948 +- .042 GEV. 

THETA ' D-SIGMAIO-OMEGA 
DEGREES Ill MBISR I 2 1  

12. 43.0 +- 7.0 
18.  3 1 - 0  3.0 
28. 11.0 1.5 
39. 4.0 .5  

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

Ill MEAN VALUES. 
I 2 1  ERRORS INCLUOE SYSTEMATICS. 

ELASTIC D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [FIGURE 1 3 1  

LABORATORY BEAM ENERGY = 1.068 +- , 0 4 6  GEV. 

THETA 0-SIGMAIO-OMEGA 
DEGREES 1 1  1 MBISR I 2 1  

13. 36.0 +- 10.0 
19 .  28.0 4.0 
30. 12.0 1.0 
42. 2.0 .5 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

I 1 1  MEAN VALUES. 
I 2 1  ERRORS INCLUDE SYSTEMATICS. 

ANTIPROTON DEUTERON TOTAL CROSS SECTION. [TABLE 5 1  

LABORATORY 
BEAM ENERGY 

GEV MILLIBARNS I 1 1  
.534 +- .025 210.  +- 5. 
- 7 0 0  .033  189.  5. 
. E l 6  .037 196 .  6. 
.948 .042  178 .  5. 

1.068 .0*6 184.  3. 

Ill ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 
ANTIPROTON DEUTERON ELASTIC  CROSS SECTION. [TABLE 5 1  

'TOTAL' E L A S T I C  ANTIPROTON DEUTERON SCATTERlNG 

LABORATORY 
BEAM ENERGY 

MILLIBARNS [ I 1  
80. +- 6 .  
67.  5. 
78.  5. 
71. 5. 
68.  4. 

1 1 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 



ANTIPROTON DEUTERON TOTAL INEL ASTI C CROSS SECTION. [TABLE 5 1  

LABORATORY 
BEAM ENERGY 

GEV MILLIBARNS I 1 1  
- 5 3 4  +- .025 129.3 +- 5.2 
- 7 0 0  - 0 3 3  122.4 4.2 
~ 8 1 6  - 0 3 1  118.5 4.2 
- 9 4 8  .042 106.4 4.1 

1.068 - 0 4 6  114.6 5.1 

1 1 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 
CROSS SECTION FOR ANTIPROTON DEUTERON - ANTINEUTRON NEUTRON (NEUTRON SPECTATOR). [TABLE 5 1  

LABORATORY 
BEAM ENERGY 

GEV MILLIBARNS 1 1 1  
- 5 3 4  +- .O25 3.3 +- 1.3 
- 7 0 0  - 0 3 3  5.4 1.4 
- 8 1 6  .037 6.5 1.5 
- 9 4 8  - 0 4 2  4.4 1.1 

1.068 .046 5.6 1.0 

1 1 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 
ANTIPROTON NEUTRON TOTAL CROSS SECTION. [TABLE 6 1  

GLAUBER CORRECTIONS APPLIED 

LABORATORY 
BEAR ENERGY 

GEV 
- 5 3 4  +- .025 
- 7 0 0  - 0 3 3  
- 8 1 6  - 0 3 7  
- 9 4 8  - 0 4 2  

1.060 .046 

MILLIBARNS 1 1 1  
119. +- 8. 

96. 7. 
112.  8. 
102.  6. 
109. 4. 

Ill ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 
ANTIPROTON NEUTRON E L A S T I C  CROSS SECTION. ITABLE 6 1  

GLAUBER CORRECTlONS APPLIED 

LABORATORY 
BEAM ENERGY 

GEV 
- 5 3 4  +- .025 
- 7 0 0  .033 
- 8 1 6  .037 
- 9 4 8  .042 

1.068 .046  

H ILL IBARNS I 1 1  
40. +- 10. 
25. 8. 
44. 9. 
39.  7. 
42. 6. 

1 1 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 
ANTIPROTON NEUTRON TOTAL INELASTIC  CROSS SECTION. [TABLE 6 1  

GLAUBER CORRECTIONS APPLIED 

LABORATORY 
BEAM ENERGY 

GEV 
- 5 3 4  +- .025 
.700 .033 
. E l 6  .037  
- 9 4 8  .042 

1.068 - 0 4 6  

MILLIBARNS Ill 
79. +- 6. 
71. 5 .  
68. 5. 
63. 4. 
67. 5. 

I 1 1  ERRORS INCLUDE SYSTEMATICS. 

ELASTIC  SCATTERING AN0 POLARIZATION I N  3.0 AND 3.6 GEVIC ANTIPROTON-PROTON COLLISIONS. IPHYS. LETTERS 5. 1 3 2  I 1 9 6 3 1 1  

B ~ E S C O U B E S r A ~ F E O R I G H I N I t Y ~ G O L O S C H H I D T - C L E R M D N T H . G U 1 N E A - M O O R H E A D T . H O F M O K L  R.LEWI SCH.D.R.O.HORRIS0N9MMSCHNEEBERGER~S.  DE 
UNAMUNO ICERN. GENEVA. SWITZERLAVDI 

H-C-DEHNEI E . L O H R H A N N ~ E ~ R A U B O L D ~ P P S O D I N G t M H W ~ T E U C H E R G . W O L F  [DEUTSCHES ELEKTRONEN-SYNCH.. HAMBURG, GERMANY* AND UNIV. 
HAMBURG1 HARBURG. GERMANY I 

BEAR I S  ANTIPROTON ON PROTON FROM 3.0 TO 3.6 GEVIC. 
T H I S  EXPERIMENT USES THE SACLAY 8 1  CM HYDROGEN BUBBLE CHAMBER. A TOTAL OF 5 7 5 0 0  PICTURES ARE REPORTED ON. 
KEY WORDS * ELASTIC  SCATTERING CROSS SECTION POLARIZATION ........................................................................................................................ ........................................................................................................................ 
ANTIPROTON PROTON TOTAL CROSS SECTION. [PAGE 1 3 3 1  

LABORATORY 
BEAM MOMENTUM 

GEV/C M lLL lBARNS Ill 
3.0 79.9 +- 1.7 
3.6 76.3 1.0 

1 1 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 



ELASTIC  D IFFERENTIAL  CROSS SECTIJN FOR ANTIPROTON PROTON. ITABLE 1 1  

LABORATORY BEAM MOMENTUM = 3. GEV/C. 

-1 0-SIGMAID-T 
lGEV/C) * *2  MB/ lGEV/C I * *2  1 1 1  

.035  200 .30  +- 31.60 

.046  231 .10  33 .50  

.057  221.60 30.80 

.072 124 .30  15 .20  

.093 75.00 11.20 

.114  53.30 9.40 

.145 39.20 5.70 
- 1 8 6  25.00 4.50 
.310 5.16 .90  
.520  1 1 7  . 4 0  
.730  .56  - 0 8  
.830 .69  .09 

1.130 .47 .08 
1.340 - 2 6  .05 
1.550 .12 .04 
1.750 .17 .04 
1.960 -11 .03 
2 .170  .14 .04 
2 .370  .06 .03 
2.580 .O6 .03 
2.790 .02 .02 
3.310 .02 .O1 
4.030 .01  . 0 1  

T 1 5  THE SQUARE OF THE INVARIANT MOMENTUM TPANSFER BETWEEN THE I INCOHING ANTIPROTONI AN0 THE [OUTGOING ANTIPROTON]. 

1 1 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 
ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [TABLE 2 1  

LABORATORY BEAM MOMENTUM = 3.6 GEV/C. 

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE I INCOMING ANTIPROTON1 AND THE [OUTGOING ANTIPROTONI. 

L 1 1  ERRORS INCLUDE SYSTEMATICS. 

)PROOUCTION OF ANTI-ISOBAR. ISOBAR PAIRS I N  ANTI-PROTON. PROTON COLLISIONS. CPHYS. REV. LETTERS 9. 3 5 1  ( 1 9 6 2 1 1  

-T.FERBELIJ.SANOUEISS~H.D.TAFT [YALE UN1V.v NEW HAVEN, CONN.. USA1 
H.GAILL~~UDIT.E.KALOGEROPOULOSST.W~MORRIS IBROOKHAVEN NAT. LAB., UPTON* L.I.9 N. Y.3 USA1 
R.M.LEA CCITV COLLEGE OF NEW YORK, NEW YORK, N. Y., USA1 

CLOSELY RELATE0 REFERENCES 
OATA SUPERSEDED BY PHYS. REV. 138 ,  8 1 5 2 8  119651.  AN0 PHYS. REV. 1377 8 1 2 5 0  1 1 9 6 5 ) .  

BEAM I S  ANTIPROTON ON PROTON AT 3.25 GEVIC. 
T H I S  EXPERIMENT USES THE BNL 2 0  IN .  HYDROGEN BUBBLE CHAMBER. 
KEY WORDS - DELTA112381  RESONANCE PRODUCTION 
COMPOUNO KEY WOROS - O E L T A i 1 2 3 B I  RESONANCE PROOUCTION ........................................................................................................................ ........................................................................................................................ 

NO DATA PUNCHED FOR T H I S  ARTICLE 

SINGLE P l O N  PROOUCTION AN0 MULTIPLE P l O N  ANNIHILATIONS I N  PBAR-P INTERACTlONS AT 7 GEVIC. [NUOVO CIMENTO 38. 1 2  
( 1 9 6 5 )  1 

' T .FERBEL~A.F IRESTONEIJ .JOHNSON~J .SANOWEISSH.O .TAFT  [YALE UNIV., NEW HAVEN, CONN.. USA, AND BROOKHAVEN NAT. LAB.. UPTON, 
L.1.. N. Y., USA1 

CLOSELY RELATED REFERENCES 
DATA SUPERSEDED BY PHYS. REV. 173.  1 3 0 7  119681.  

BEAM I S  ANTIPROTON ON PROTCN FROM 6.80 TO 7.08 GEVIC. 
T H I S  EXPEPIMENT USES THE BNL 8 0  IN .  HYDROGEN BUBBLE CHAMBER. A TOTAL OF 7 0 0 0 0  PICTURES ARE REPORTEO ON. 
KEY WORDS - CROSS SECTION ANNIHILAT ION P ION PRODUCTION 
COMPOUND KEY WOROS - P lON PROOUCTION 

NO OATA PUNCHED FOR T H I S  ARTICLE 



)[MULTIPLE P ION PROOVETlON (WITHOUT ANNIHILAT ION)  I N  PBAR-P COLLISIONS AT I GEVIC. CNUOVO CIMENTO 3 8 ,  1 9  ( 1 9 6 5 1  1 

-T.FERBEL,A.FIRESTONE,J.JOHNSON,J.SANDWESS,H.O.TAFT [YALE  UNIV.. NEW HAVEN, CONN.. USA, AND BROOKHAVEN NAT. LAB.. UPTON, 
L.I., N. Y.. U S A l  

ABSTRACT PRELIMINARY RESULTS OF AN INVESTIGATION OF MULTIPLE PION PRODUCTION WITHOUT ANNIHILAT ION I N  ANTIPROTON-P90TON 
COLLlSIONS AT 7 GEVIC E X H I B I T  HIGHLY PERIPHERAL CHARACTERISTICS. THE EXPERIMENTAL DISTRIBUTIONS I N  THE REACTION PBAR + 
P . PEAR + P + P I +  + P I -  ARE CONSISTENT WITH A ONE-PION-EXCHANGE MECHANISM PARTICULARLY FOR LON FOUR-MOMENTUM 
TRANSFERS. THE CROSS-SECTION FOR MULTIPION PROOUCTION WITHOUT ANNIHILAT ION I S  APPROK. 2 0  MB. 

CLOSELY RELATEO REFERENCES 
OATA SUPERSEDED BY P W S .  REV. 173 ,  1 3 0 7  i 19681 .  
CONTINUATION OF PREVIOUS EXPERIMENT I N  NUOVO ClMENTO 3 8 1  1 2  (19651 .  

BEAM I S  ANTIPROTJN ON PROTON FROM 6 - 0 0  TO 7 - 0 0  GEVIC. 
T H I S  EXPERIMENT USES THE BNL 8 0  IN .  HYOROGEN BUBBLE CHAMBER. A TOTAL OF 7 0 0 0 0  PICTURES ARE REPORTED ON. 
KEY WOROS - ANNIHILAT ION P ION PROOUCTION 
COMPOUND -KEY WOROS - PION PROOUCTION 

NO OATA PUNCHED FOR T H l S  ARTICLE 

1 121 ~ L A ~ : ~ : ~ A T T E R I N G  AN0 C W S S  S E C T I W S  I N  ANTIPROTON-PROTON INTERACTIONS AT 3.3 AN0 3.7 BEVIC. LPHYS. REV. 137. 0 1 2 5 0  

T . F E R B E L I A . F I R E S T O N E ~ J ~ S A N O d E I S S ~ H ~ D . T A F T  IYALE UNIV.. NEY HAVEN, CONN.. USA1 
M.GAICLOUOIT.W.MORRIS (BROOKHAVEN NAT. LAB., UPTON. L.1.. N. Y. t USAl  
A.H.BACHMAN.P.BAUMELIR.I.LE1 I C I T Y  COLLEGE OF NEd YORK. NEU YORK, N. Y.t USA1 

ABSTRACT THE ELASTIC'  THE PION-PROOUCTIONI AND THE MULTIPION-ANNIHILATION CROSS SECTIONS FOR ANTIPROTON-PROTON 
INTERACTIONS AT 3 - 2 0  AN0 3 - 6 6  BEV lC  INCIDENT ANTIPROTON MOMENTA HAVE BEEN MEASURED. A COMPARISON OF THE ELASTIC 
INTERACTIONS AT 3 - 2 0  BEV lC  WITH A PURELY-ABSORBING DISC OPTICAL MODEL GAVE A BEST VALUE FOR THE RADIUS OF THE 
INTERACTION OF 1.3 F. THE REAL PART OF THE FORWARD SCATTERING AMPLITUDE HAS BEEN FOUND TO BE LESS THAN 2 0  PER CENT OF 
THE IWAGIN&RY PART. A STUDY OF THE ASYMMETRIES I N  DOUBLE ELASTIC  SCATTERS YiELOED A VALUE FOR A POLARIZING POWER OF THE 
HYOROGEN CONSISTENT WITH ZERO WHEN AVERAGED OVER PRODUCTION ANGLES. 

CLOSELY RELATEO REFERENCES 
PART OF T H l S  ARTICLE SUPERSEDED BY PHYS. REV. 143.  l O 9 b  119661 .  

BEAM I S  ANTIPROTON ON PROTON FROM 3.28 TO 3.66 GEVIC. 
T H I S  EXPERIMENT USES THE BNL 2 0  I N .  HYDROGEN BUBBLE CHAMBER. A TOTAL OF 3 0 0 0 0 0  PlCTuRES ARE REPORTEO ON. 
KEY WOROS - CROSS SECTION ELASTIC  SCATTERING ANNIHILAT ION P ION PRODUCTION 
COMPOUND KEY WOROS P ION PRODUCTlON ........................................................................................................................ ........................................................................................................................ 

ITABLE 1 1  
LABORATORY BEAM WOMENTUM = 3.28 6 E V l C  t 2 l P E R  CENTI. 

REACTION 
ANTIPROTON PROTON - 

0 PRnNGS . . . .  -. ... 
2 PRONGS 
4 PRONGS 
6 PRONGS 

MILLIBARNS 1 1 1  

B PRONGS .44 . l O  
TOTAL 75 .40  2.00 
ELASTIC 21.90 1 - 1 0  
TOTAL P ION ANNIHILAT ION 30 .90  3.00 
TOTAL ANNIHILAT ION 33.80 3.00 ( 2 1  

C11 ERRORS INCLUOE SYSTEMATICS. 
I 2 1  CALCULATED BY US FROM OATA I N  THIS  ARTICLE. ........................................................................................................................ 

(TABLE 1 1  
LABORATORY BEAM MOMENTUM = 3.66 GEVIC t Z(PER CENTI.  

REACT1 ON MICLIBARNS ( 1 1  
ANTIPROTON PROTON - 

0 PRONGS 4.5 t .4 
2 PRONGS 37.3 1.3 
4 PRONGS 21.6 - 9  
6 PRONGS 7.7 .4 
8 PRONGS .6  -1  
TOTAL 7 7  2.0 

C11 ERRORS INCLUOE SYSTEMATICS. ........................................................................................................................ 
ITABLE 2 1  

LABORATORY BEAM MOMENTUM = 3.28 GEVIC  + .?(PER CENTI. 

REACTION MILLIBARNS ( 1 1  
ANTIPROTON PROTON - 

ANTIPROTON PROTON P I 0  
ANTIPROTON NEUTRON P I +  + CHARGE CONJUGdTE 
ANTIPROTON PROTON P I +  P I -  
ANTIPROTON PROTON P I +  P I -  P I 0  
ANTIPROTON NEUTRON P I +  P I +  P I -  + CHARGE 

CDNJUGATE 
ANTIPROTON PROTON PI+ PI+ PI- PI- 

Ill ERRORS INCLUDE SYSTEMATICS. ............................................... 



[TABLE 2 1  
LABORATORY BEAM MOMENTUM - 3.66 GEVlC +- 2 lPER CENTI. 

REACTION 
ANTIPROTON PROTON - 

ANTIPROTON PROTON P I +  P I -  
ANTIPROTON PROTON P I +  P I -  P I 0  
ANTIPROTON NEUTR3N P I +  P I +  P I -  

CONJUGATE 
CHARGE 

MILLIBARNS I 1 1  

3.67 +- .30 
.50  .10 

.40 .10 

C 1 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 
ELASTIC  DIFFERENTIAL CROSS SECTICIN FOR AtXIPROTON PROTON. [FIGURE 5 1  

LABORATORY BEAM MOMENTUM = 3.28 GEVIC +- Z IPER CENTI.  

***THESE OATA WERE REAO FROM A GRAPHI** 

COSITHETA) D-SIGMAIO-OMEGA 
MBISR I 1 1  

MIN  MAX 
- 8 8  - 9 0  2 .430  +- .590  

8 6  8 8  1.820 - 5 0 0  
.82 .86 .630 .199  
.74 .82 .242 . 0 9 0  
- 6 6  . 7 4  - 2 4 2  . 0 9 0  
.58 .66 - 2 4 2  - 0 9 0  
.50 5 8  - 4 1 1  - 1 1 0  
- 4 2  5 0  - 1 3 4  - 0 6 7  

THETA IS THE ANGLE THAT THE ANTIPROTON MAKES WITH THE B m n  IN THE GRAND c.n. 

C11  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 
ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [FIGURE 6 1  

LABORATORY BEAM MOMENTUM = 3.28 GEVIC 4- 2 lPER CENTI.  

THE NORMALIZED OATA POINTS HAVE BEEN MULTIPLIED BY THE VALUE 283. M B I I G E V I C I * * 2 7  AS GIVEN I N  FIGURE 6. 

***THESE OATA WERE REAO FROM A GRIPHI**  

COSITHETA) 0-SIGMAIO-T 
MB/ lGEVIC)**2 [ I 1  

Y I Y  Y A Y  

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES U I T H  THE BEAM I N  THE GRAND C.M. 

I 1 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 
F I T  TO ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [PAGE 6 1  

LABORATORY BEAM MOMENTUM = 3.28 GEVIC +- 2 lPER CENTI. 

OATA ARE F I T  OVER -T FROM .OO TO .25 IGEVIC)**2.  T I S  THE SQUARE OF THE INVARIANT MOMENTUU TRANSFER BETWEEN THE 
I lNCOMING ANTIPROTON1 AN0 THE [OUTGOING ANTIPROTON]. 

F I T T E D  FORMULA I S  0 -S IWAI0 -COSITHETAI  = A*EXPIB*TI  
WHERE 0-SIGMAIO-COSITHETA) I S  I N  UB AND -T I S  I N  lGEVIC)**Z.  

F I T T E D  VALUES 

1 122 ( p ~ o ~ 3 ~ ~ ~ ~ ~ ~ o ~ l ~ ~ l ~ H E  ONE-PARTICLE-EXCHANGE MECHANISM I N  ANTIPROTON-PROTON INTERACTIONS AT 3-4 BEVIC. [PHYS. REV. 

T.FERBELIA.FIRESTONE~J.SANDWEISSIH.O.TAFT [YALE UNIV.. NEW HAVEN, CONN.. USA1 
H.GAILLOUDIT.W.MORRISIY.J. W I L L I S  [BROOKHAVEN NIT.  LAB.. UPTONI L.1.. N. Y.r USA1 
A.H.BACHMANIP.BAUMEL.R.M.LEA I C I T Y  COLLEGE OF NEW YORK, NEW YORKI N. Y., USA1 

ABSTRACT A STUDY OF ANTIPROTON-PROTON COLLISIONS AT 3 -4  BEVIC  INDICATES THAT ABOUT 2 5  PER CENT 119MBI  OF THE TOTAL 
INTERACTION CROSS SECTION CAN BE ATTRIBUTED TO P ION PROOUCTION WITHOUT ANNIHILATION. THE TUO OUTSTANDING 
CHARACTERISTICS OF THE P ION-PROWCTION CHANNELS ARE THE STRONG FORWARD PEAKING OF THE ANTIBARYONS I N  THE CENTER-OF-MASS 
SYSTEM, AN0 THE PROMINENCE OF THE WELL-KNOWN T s J = 3 / 2  PION-NUCLEON RESONANCE N*112381  AN0 OF I T S  ANTIPARTICLE I N  THE 
FINAL STATES. THE CROSS SECTION FOR THE REACTION PBAR + P - PBAR + P + PI+ + PI- IS 3.43 +- 0.23 ns AT 3.28 BEVIC AND 
3.67 +- 0.30 MB AT 3.66 BEVIC. T H I S  REACTION, WHICH I S  THE MAJOR CHANNEL CONTRIBUTING TO THE PION-PRODUCTION CROSS 
SECTION1 I S  FOUND TO BE CONSISTENT U I T H  A ONE-PION-EXCHANGE MECHANISM. I N  PARTICULARI THE THEORY OF SELLER1 AN0 FERRARI 
GIVES A GOO0 F I T  TO MANY ASPECTS OF THE OATA. HOWEVER, A DETAILED ANALYSIS INDICATES THAT P ION PROOUCTlON I N  
PROTON-ANTIPROTON COLLISIONS I S  NOT TOTALLY CONSISTENT WITH A SIMPLE ONE-PION-EXCHANGE MECHANISM. 

CLOSELY RELATED REFERENCES 
SEE ALSO PHYS. REV. 1 3 7 ,  81250  119651 .  
T H I S  ARTICLE SUPERSEDES PHYS. REV. LETTERS 9 1  3 5 1  11962) .  

BEAM I S  ANTIPROTON ON PROTON FROM 3.28 TO 3.66 GEVIC. 
T H I S  EXPERIMENT USES THE BNL 2 0  IN.  HYDROGEN BUBBLE CHAMBER. A TOTAL OF 3 0 0 0 0 0  PICTURES ARE REPORTED ON. 
KEY WOROS - PION PROOUCTION O E L T A l l 2 3 B )  RESONANCE PROOUCTION 
COMPOUND KEY WORDS - P I O N  PRODUCTION O E L T A l l 2 3 8 )  RESONANCE PRODUCTION 

NO OATA PUNCHED FOR T H I S  ARTICLE 



=)PION PROOUCTION I N  ANTIPROTON-PROTON ANNIHILATIONS AT 3.3 A N D 3 . 7  BEV/C. WHYS. REV. 143. 1 0 9 6  11966"  

L.IIJT.FERBEL,A.FIRESTONE,J.SANOWEISS,H.D.TAFT [ Y A L E  UNIV.. YEW HAVEN, CONN., USA]  
M.GAILLOUO~T.W.MORRIS, W. J - W I L L I S  IBROOKWVEN N I T .  LAB., UPTON* L .I., N. Y., USA1 
A.H.BACHMANIP.BAUNEL,R.MnLEA [ C I T Y  COLLEGE OF NEW YORKI NEW YORK, N. Y., USA1 

ABSTRACT A STUDY OF ANTIPROTON-PROTON COLLISIONS AT 3.3 AN0 3.7 GEVIC INDICATES THAT141 
INTERACTION CROSS SECTION CAN BE ATTRIBUTED TO ANNlH ILAT ION INTO PIONS. THE AVERAGE P lON 
THE POSIT IVELY CHARGED PIONS AN0 DIPIONS TEND TO BE EMITTED BACKWAROI WHILE THE NEGATIVE! 
TEND TO BE EMITTED FORWARD I N  THE CENTER-OF-MASS SYSTEM. ALTHOUGH THERE I S  A SUBSTANTIAL 
PRODUCTIONt ESPECIALLY OF RHO AND OF OMEGA MESONS, THERE I S  NO CLEAR EVIDENCE FOR DOUBLE 
PROOUCTION I N  THESE F I N A L  STATES. A SEARCH FOR NEW RESCNANCES AS WELL AS FOR SOME OF THE 
PROVED UNSUCCESSFUL. 

CLOSELY RELATED REFERENCES 
SEE ALSO PHYS. REV. 138,  8 1 5 2 8  119651.  
T H I S  ARTICLE SUPERSEDES PART OF PHYS. REV. 137.  8 1 2 5 0  1 1 9 6 5 ) .  

BEAM I S  ANTIPROTON ON PROTON FROM 3.28 TO 3.66 GEVlC. 
T H I S  EXPERIMENT USES THE BNL 2 0  IN.  HYDROGEN BUBBLE CHAMBER. A TOTAL OF 3 0 0 0 0 0  PICTURES ARE REPORTED ON. 
KEY WORDS - ANNIHILAT ION CROSS SECTION RESONANCE PROOUCTION PION PROOUCTION 
COMPOUND KEY WORDS ANNIHILAT ION CROSS SECTION P I O N  PROOOCTION 

ITABLE 1 1  
LABORATORY BEAM MOMENTUM = 3.28 t .02 GEVIC. 

REACTION 
ANTIPROTON PROTON - 

P I +  P I -  
P I -  P I +  P I 0  
P I -  P I +  MM22PIO 
TWO PRONG P I O N  ANNIHILAT ION 
P I +  P I +  P I -  P I -  
P I -  P I -  P I +  P I +  P I 0  
P I -  P I -  P I +  P I *  MM22PIO 
FOUR PRONG P ION ANNIHILAT ION 
P I -  P I -  P I -  P I +  P I +  P I +  
P I -  P I -  P I -  P I +  P I +  P I +  P I 0  
P I -  P I -  P I -  P I +  P I +  P I +  M n r Z P I O  
S I X  PRONG P I O N  ANNIHILAT ION 
P I -  P I -  P I -  P I -  P I +  P I +  P I +  P I +  
P I -  P I -  P I -  P I -  P I +  P I +  P I +  P I +  P I 0  
PI- PI- PI- PI- PI+ PI+ PI+ PI+ M M ~ Z P I O  
EIGHT PRONG P l O N  ANNIHILAT ION 

I 1 1  CALCULATED BY US FROM OATA I N  THIS  ARTICLE. 
I 2 1  VALUE I S  APPROXIMATE ONLY. ........................................................... 

MILLIBARNS 

ITABLE 6 1  
LABORATORY BEAM MOMENTUM = 3.28 +- .02 GEVIC. 

REACTION MILL IBARNS [ 1 1  
ANTIPROTON PROTON - 

P I 0  RHO176510 < - 0 5  
RHO176510 - P I +  P I -  1 2 1  

RHOI765)+  P I -  + CHARGE CONJUGATE < .05 
RH01765)+  - P I +  P I 0  ( 2 1  

P1- P I +  RHOl765)O .20 +- .10 
RH01765)O * P I +  P I -  1 2 1  

P I -  P I +  F 1 1 2 6 O l  . l o  .10 
F 1 1 2 6 0 1  P I +  P I -  I 2 1  

P I -  P I +  P I 0  RH01765)O 1 .30  .30 
RHO176510 - P I +  P I -  I 2 1  

RH017651+ P I +  P I -  P I -  + CHARGE CONJUGATE 1 - 0 0  - 3 0  
R H 0 1 7 6 5 I +  - P I +  P I 0  1 2 1  

P I -  P I +  P I 0  F 1 1 2 6 0 1  .60 .30 
F i 1 2 6 0 l  P I +  P I -  [ 2 1  

P I -  P I +  OMEGAl7B3) -40 - 1 0  
OMEGAl783) - P I +  P I -  P I 0  I 2 1  

P I -  P I +  E T A l 5 4 8 )  < .03 
E T A l 5 4 8 )  - P I +  P I -  P I 0  I 2 1  

P I -  P I -  P I +  P I +  RHO176510 - 9 0  - 3 0  
R H 0 1 7 6 5 l 0  - P I +  P I -  I 2 1  

P I -  P I -  P I +  P I +  F [ 1 2 6 0 1  .20 .10 
F l 1 2 6 O l  . P I +  P I -  [ 2 1  

P I -  P I -  P I +  P I +  P I 0  RH01765)O .50  .20 
RH01165)O - P I +  P1- I 2 1  

RH017651+ P I +  P I +  P I -  P I -  P I -  + CHARGE 
CONJUGATE .20  .20 
RHOl765)+  - P I +  P I 0  1 2 1  

P I -  P I -  P I +  P I +  OMEGA17831 .80  - 2 0  
OMEGA17831 - P I +  P I -  P I 0  I 2 1  

P I -  P I -  P I +  P I *  ETA15481  < .20 
ETA15481  - P I +  P I -  P I 0  I 2 1  

[ I 1  ERRDRS INCLUDE SYSTEMATICS. 
[ 2 1  F ITTED D ISTRIBUTION WITH F I X E D  MASS AN0 WIDTH. AN0 THEN TOOK ONLY EVENTS ABOVE I F I T T E O I  BACKGROUND. ........................................................................................................................ 

[TABLE 7 1  
LABORATORY BFAM MOMENTUM = 3.28 t .02 GEVIC. 

REACTION 
ANTIPROTON PROTON - 

P I +  P I +  P I -  P I -  P I 0  P I 0  
P I +  P I +  P I -  P I -  P I 0  P I 0  P I 0  
P I +  P I +  P I -  P I -  P I 0  P I 0  P I 0  P I 0  
P I +  P I +  P I -  P I -  P I 0  P I 0  P I 0  P I 0  P I 0  
P I +  P I +  P I +  P I -  P I -  P I -  P I 0  P I 0  
P I +  P I +  P I +  P I -  P I -  P I -  P I 0  P I 0  P I 0  
P I +  P I +  P I +  P I -  P I -  P I -  P I 0  P I 0  P I 0  P I 0  

1 1 1  CALCULATED BY US FROM OATA I N  THIS  ARTICLE. 
1 2 1  RESULT I S  MODEL OEPENOENT. 

MILL IBARNS 



1 a P 1 0 N  PROOUCTlL iN AN0 E L A S T I C  S C A T T E R I N G  I N  ANTIPROTON-PROTON C O L L I S I O N S  AT 6 - 9 4  B E V I C .  [PHYS. REV. 1 7 3 .  1 3 0 7  1 1 9 6 8 1 1  

ABSTRACT WE HAVE S T U D I E D  NONSTRANGE PBAR P I N T E R A C T I O N S  OBSERVEO I N  7 0 0 0  P I C T U R E S  OF THE 8 0 - I N .  BROOKHAYEN N A T I O N A L  
LABORATORY HYDROGEN B U B B L E  CHAMBER EXPOSED TO AN ANTIPROTON BEAM W I T H  A MOMENTUM OF 6 . 9 4  B E V I C .  THE TOTAL CROSS SECTION 
WAS MEASURED TO BE 57.8 +- 2.8 MB, AN0 T H E  E L A S T I C  I N T E R A C T I O N  CROSS S E C T I O N  1 4 . 2  +- 1.2 ME. THE 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 FOUR-MOMENTUM TRANSFERS ( - T I  s 0.3 l B E V l C I * * 2  I S  WELL D E S C R I B E D  BY THE EXPONENTIAL FORM O S I G l O T  = 
O S I G l O T  I T = O I * E X P  I B  * T I  WHERE B = 1 3 . 1  +- 1.1 I B E V l C l * * - 2 .  THE S I N G L E - P I O N  PRODUCTION CROSS S E C T I O N  I S  4 .0  +- 0.9 UB. 
T H l S  CHANNEL PROCEEDS 7 0  PERCENT THROUGH RESONANCE FORMATION. N * ( 1 2 3 8 1  I S O B A R  AN0 ANTI- ISOBAR FORMATION DOMINATES P I O N  
PRODUCTION I N  FOUR- A N 0  SIX-PRONGED EVENTS; THE OOUBLE-ISOBAR FORMATION CROSS SECTION I N  THE F I N A L  S T A T E  P P I +  PEAR P I -  
I S  1 . 3 5  +- 0.2 MB. I S O B A R  PRODUCTION WAS OBSERVEO TO BE CONSISTENT W I T H  THE P R E D I C T I O N S  OF A W M l N A N T  
ONE-PARTICLE-EXCHANGE PROCESS. THE P I O N - A N N I H I L A T I O N  PROCESS, WHICH HAS A CROSS S E C T I O N  OF 2 5  +- 5 ME, SHOWS 
S U B S T A N T I A L  P I O N  RESONANCE FORMATION. 

CLOSELY RELATED REFERENCES 
SEE ALSO PHYS. REV. 1 5 2 ,  1 1 7 1  1 1 9 6 6 1 .  
T H l S  A R T I C L E  SUPERSEDES NUOVO ClMENTO 3 8 .  1 2  l 1 9 6 5 l r  AN0 NUOVO CIMENTO 3 8 .  1 9  1 1 9 6 5 1 .  

BEAM I S  ANTIPROTON ON PROTON AT 6 . 9 4  GEVIC.  
T H I S  E X P E R I M E N T  USES THE B N L  8 0  I N .  HYDROGEY BUBBLE CHAMBER. A T O T A L  OF 7 0 0 0  P I C T U R E S  ARE REPORTED ON. 
KEY VOROS - CROSS S E C T I O N  E L A S T I C  SCATTERING D I F F E R E N T I A L  CROSS S E C T I O N  D E L T A 1 1 2 3 8 1  

RESONANCE PROOUCTION P I O N  PROOUCTION 
COMPOUND K E Y  WORDS - D E L T A 1 1 2 3 8 1  RESONANCE PROOUCTION P I O N  PROOUCTION 

[ T A B L E  1 1  
LABORATORY BEAM MOMENTUM = 6 . 9 4  G E V l C  t 1.51PER CENT).  

R E A C T I O N  
ANTIPROTON PROTON - 

0 PRONGS 
2 PRONGS 
4 PRJNGS 
6 PRONGS 
8 PRONGS 
TOTAL ........................... 

M I L L I B A R N S  

ANTIPROTON PROTON E L A S T I C  CROSS SECTION. [ P A G E  1 3 0 8 1  

LABORATORY 
BEAM MOMENTUM 

C F V I T  

PER CENT 
6 . 9 4  +- 1.5 

M I L L I B A R N S  

14.2 +- 1.2  

[ T A B L E  2 1  
LABORATORY BEAM MOMENTUM - 6 . 9 4  G E V l C  t 1.51PER CENT).  

R E A C T I O N  
ANTIPROTON PROTON * 

ANTIPROTON PROTON P I 0  
PROTON P I -  ANTINEUTRON 
ANTIPROTON NEUTRON P I +  + CHARGE CONJUGATE 

M I L L I B A R N S  

1 1 1  CALCULATED BY US FROM DATA I N  T H I S  A R T I C L E .  ........................................................................................................................ 
[ T A B L E  3 1  

LABORATORY BEAM MOMENTUM = 6 . 9 4  G E V l C  t 1.5IPER C E N T I .  

R E A C T I O N  
ANTIPROTON PROTON - 

A N T I P R O T O N  PROTON P I +  P I -  
ANTIPROTON PROTON P I +  P I +  P I -  P I -  
ANTIPROTON PROTON P I +  P I -  P I 0  
ANTIPROTON PROTJN P I +  P I +  P I -  P I -  P I 0  
A N T I O E L T A l 1 2 3 8 1 - -  O E L T A l l 2 3 B l + +  

A N T I O E L T A l 1 2 3 8 1 - -  - ANTIPROTON P I -  
O E L T A 1 1 2 3 8 1 + +  - PROTON P I +  

O E L T A 1 1 2 3 8 1 + +  A N T I P R O T O N  P I -  + CHARGE 
CONJUGATE 
O E L T A ( 1 2 3 B I + +  - PROTON P I +  

O E L T A l 1 2 3 8 1 + +  A N T I P R O T O N  P I -  P I -  P I +  + 
CHARGE CONJUGATE 
O E L T A l 1 2 3 8 1 + +  + PROTON P I +  

O E L T A 1 1 2 3 8 1 + +  ANTIPROTON P I -  P I 0  + CHARGE 
CONJUGATE 
O E L T A 1 1 2 3 8 1 + +  - PROTON P I +  

ANTIPROT'lN NEUTRON P I +  P I +  P I -  + CHARGE 
CONJUGATE 

ANTIPROTON NEUTRON P I *  P I +  P I +  P I -  P I -  + 
CHARGE CONJUGATE 

M I L L I B A R N S  



(TABLE 4 1  
LABORATORY BEAM MOMENTUM = 6.94 GEVIC t 1.5IPER CENTI.  

REACTION 
ANTIPROTON PROTON 

P I +  P1- 

H I  LLIBARNS 

. - 
PI+ p i +  PI- PI- 
P I +  P I +  P I +  P I -  P I -  P I -  
P I +  P I -  P I 0  
P I +  P I +  P I -  P I -  P I 0  
P I +  P I +  P I +  P1- P I -  P1- P I 0  
P I +  P I -  w a z p 1 0  
PI+ PI+ PI- PI- n n r z P I o  
PI+ PI+ PI+ PI- PI- PI- MHZZPIO 
TWO PRONG P I O N  ANNIHILAT ION 
FOUR PRONG P ION ANNIHILAT ION 
S I X  PRONG P I O N  ANNIHILAT ION 
RHO176510 P I 0  

RHO176510 P I +  P I -  
RHO176510 P I *  P I -  P I 0  

RHO176510 * P I +  P I -  
RH01765)+  P I +  P I -  P I -  + CHARGE 

RH01765 I+  - P I +  P I 0  
DMEGAl703) P I +  P I -  

OMEGA17831 . P I +  P I -  P I 0  
R H O l 7 6 5 l O  P I +  P I +  P1- P1- 

RH01765)O + P I +  P I -  
RHO176510 P I +  P I +  P I -  P I -  P I 0  

RHO176510 - P I +  P I -  
RH01765)s  P I +  P I +  P I -  P I -  P I -  + 

CONJUGATE 
RH017651+ * P I +  P I 0  

OMEGAl783) P I +  P I +  P I -  P I -  
OMEGA17831 + P I +  P I -  P I 0  

CONJUGATE 

CHARGE 

C11 CALCULATED BY US FROM DATA I N  THIS  ARTICLE. ......................................................*................................................................. 
I T A B L E  5 1  

LABORATORY BEAM MOMENTUM - 6.94 GEVIC t 1.5lPER CENTI. 

M I  LLIBARNS 

< .015  
25 .000  +- 5.000 

DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON - ANTIOELTA l1238) - -  DELTA l1238 l++ .  CFIGURE 8 1  
ANTIOELTAl1238)--  r ANTIPROTON P I -  1 1 1  
D E L T A l l 2 3 8 l + +  + PROTON P I +  1 1 1  

LABORATORY BEAM MOMENTUM = 6.94 GEVIC +- 1.5lPER CENTI. 

NORMALIZED TO 1.35 MB 

***THESE OATA WERE READ FROM A GRAPt!8** 

IGEV/C 1**2 
M l N  MAX 
.02 -04 
- 0 4  .06 
.06 08  
.08 .10 
.10 .12 
.12 - 1 4  
- 1 4  .16  
- 1 6  .18 
. I 8  .ZO 

D-S IGMAlD-T 
M B I  I G E V I C l * * 2  1 2 1  NO. EVENTS 

T I S  THE SQUARE OF THE INVARIANT II(IMNTUM TRANSFER BETUEEN THE C l N C M l I N G  ANTIPROTON1 AN0 THE 1 ANT1OELTAl1238)- I .  

Ill USED SIMPLE MASS CUT I N E G L I G I B L E  BACKGROUND1 [MASS CUT FROM 1.100 TO 1.400 GEVI. 
1 2 1  COUNTS MERE MULTIPL IED BY .456 TO GET THESE. 

1 125 IPRO;~:,:~:~~~:~;;~::,: ;;;,;;; AN0 PEAR P I +  P I -  STATES I N  THE REACTION PBAR P - PBAR P P i +  P l -  AT 3-4 GEVIC. CPHYS. 

T.FERBEL, R.HOLMES. S.STDNE I U N I V .  OF ROCHESTER* ROCHESTER. N. Y . r  USA1 

ABSTRACT WE DISCUSS LOY-MASS ENHANCEVENTS OBSERVE0 I N  THE P P I +  PI- AN0 I N  THE PBAR P I +  P I -  SYSTEMS PRODUCED 1 N  THE 
REACTION PBAR P * PBAR P P I +  P I -  AT 3-4 GEVIC. WE CONCLUDE THAT THESE ENHANCEMENTS NEAR THE MASS OF THE N l 1 4 7 0 l .  AT OUR 
ENERGY* ARE ASSOCIATED U l T H  THE OELTA l1236)++  ANTI-OELTAI12361- CHANNEL. 

CLOSELY RELATED REFERENCES 
SEE ALSO PHYS. REV. LETTERS 16.  8 5 5  ( 1 9 6 6 l 3  PHYS. REV. LETTERS 19. 3 9 7  ( 1 9 6 7 1 1  PHYS. REV. LETTERS 21.  6 9 1  ( 1 9 6 8 ) .  PHYS. 

REV. LETTERS 17. 8 8 4  (19661 .  PHYS. REV. LETTERS 21. 1 3 6 8  ( 1 9 6 8 1 9  AND PHYS. REV. LETTERS 21,  1 8 3 9  (19681 .  
CONTINUATION OF PREVIOUS EXPERIMENT I N  PHYS. REV. 130.  0 1 5 2 8  119651 .  

BEAM I S  ANTIPROTON ON PROTON FROM 3.28 TD 3.66 GEVIC. 
T H l S  EXPERIMENT USES THE BNL 2 0  IN.  HYDROGEN BUBBLE CHAMBER. A TOTAL OF 3 0 0 0 0 0  PICTUPES ARE REPORTED Mi. 
KEY UDRDS RESONANCE PRODUCTION D E L T A l 1 2 3 B l + t  

NO OATA PUNCHED FOR T H l S  ARTICLE 





[PAGE 4 5 1 1  
LABORATORY BEAM MOMENTUM = 2.70 c .07 GEVIC. 

REACTION 
ANTIPROTON PROTON - 

P I +  P I +  P I +  P I +  P I -  P I -  
P I *  P I +  P I *  P I +  P I -  P I -  
P1+ P I +  P I +  P I +  P I -  P I -  
EIGHT PRONG P ION A N N l H l l  
P I +  P I +  P I +  P I +  P I +  P I -  
P I +  P I +  P I +  PI* P I +  P I -  

P I -  P I -  
P I -  P I -  
P I -  P I -  

.ATION 
P I -  P I -  
P I -  P I -  

P I 0  
MMZ2PlO 

P I -  P I -  
P I -  P I -  

M l  CROIARNS NO. EVENTS 

65 .0  +- 11.0 3 8  
87.0 1 2 - 0  5 1  
17 .0  6.0 1 0  

169 .0  1 7 . 0 1 1 1  
1.7 1.7 1 

< 4.0 i . 9 0  CONF LEVEL1 

Ill CALCULATED BY US FROM DATA I N  THIS  ARTICLE. 

ANTIPROTON AND KAON ELASTIC  SCATTERING AT H I G H  ENERGIES. CPHYS. REV. LETTERS 11, 5 0 3  ( 1 9 6 3 1 1  

K. J.FOLEYIS.J.LINDENBAUMnWwA.LOVEIS.OZPKI~J.J .RUSSELL.L.C.L.YUAN [BROOKHAVEN NIT .  LAB. UPTON* L.1. r N. Y. 3 USA1 

BEAM NO. 1 I S  K+ ON PROTON FROM 6.8 TO 14.8 GEVIC. 
NO. 2 I S  K- ON PROTON FROM 7.2 TO 9.0 GEVIC. 
NO. 3 I S  ANTIPROTON ON PROTON FROM 7.2 TO 12.0 GEVIC. 

T H I S  EXPERIMENT USES COUNTERS. 
KEY WORDS - ELASTIC SCATTERING CROSS SECTION 
COUPOUNO KEY WORDS * ELASTIC  SCATTERING CROSS SECTION ........................................................................................................................ ........................................................................................................................ 
ANTIPROTON PROTON ELASTIC CROSS SECTION. [TABLE 1 1  

MILL IBARNS I 1 1  
13 .79  +- 1.00 
13.89 .35 
14.60 3.30 
11 .59  .41 

[ 1 1  ADD POSSIBLE SYSTEMATIC ERROR OF +- 5 PER CENT. .................................................................................................................. 
ELASTIC  DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON. [TABLE 11 

LABORATORY BEAN MOMENTUM = 7.2 GEVIC. 

T-VALUES ARE GOO0 TO 1 PER CENT, NOT 11 PER CENT AS STATEO ON PAGE 504 ;  PRIVATE COMMUNICATION BY K.J.FOLEY3 1 9 7 0  

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE [ INCOMING ANTIPROTONI AND THE [OUTGOING ANTIPROTONI. 

Ill MEAN VALUES. 
I 2 1  ADD POSSIBLE SYSTEMATIC ERROR OF +- 5 PER CENT. ........................................................................................................................ 

ELASTIC  DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON. [TABLE 1 1  

LABORATORY BEAM MOMENTUM = 8.9 GEVIC. 

T-VALUES ARE GOOD TO 1 PER CENT. NOT 11 PER CENT AS STATEO ON PAGE 504 ;  PRIVATE COMMUNICATION BY K.J.FOLEYI 1 9 7 0  

T 1 5  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETUEEN THE [ INCOMING ANTIPROTONI AND THE COUTGOING ANTIPROTONI. 

1 1 1  UEAN VALUES. 
121 A00 POSSIBLE SYSTEMATIC ERROR OF +- 5 PER CENT. ........................................................................................................................ 



E L A S T I C  D I F F E R E N T I A L  CPOSS S E C T l D N  FOR ANTIPROTON PROTON. [ T A B L E  1 1  

LABORATORY BEAM MOMENTUM = 10.  GEVIC.  

T-VALUES ARE GOOD T O  1 PER C E N T *  NOT 11 PER CENT AS STATED O N  PAGE 5 0 4 ;  P R I V A T E  COMMUNICATION RY K.J.FOLEY, 1 9 7 0  

T I S  THE SQUARE OF THE I N V A R I A N T  MOMENTUM TRANSFER BETWEEN T H E  [ I N C O M I N G  ANTIPROTON1 AND T H E  [OUTGOING ANTIPROTONI.  

111 MEAN VALUES. 
1 2 1  ADD P O S S I B L E  S Y S T E M A T I C  ERROR CF +- 5 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  FOR ANTIPROTDN PROTON. [ T A B L E  1 1  

LABORATORY BEAM MOMENTUM = 1 2 .  GEVIC.  

T-VALUES ARE GOOD T O  1 PER C E N T *  NOT 11 PER CENT AS S T A T E D  ON PAGE 5 0 4 ;  P R I V A T E  COMMUNICATION BY K.J.F3LEY9 1 9 7 0  

T I S  THE SQUARE OF THE I N V A R I A N T  MOMENTUM TRANSFER BETUEEN T H E  [ I N C O M I N G  A N T I P R O T O N I  AND T H E  [OUTGOING ANTIPROTONI.  

ill MEAN VALUES. 
( 2 1  ADD P O S S I B L E  SYSTEMATIC ERROR OF +- 5 PER CENT. ........................................................................................................................ 

F I T  I 0  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 ANTIPROTON PROTON. Ill [ F I G U R E  11 

LABORATORY BEAM MOMENTUM = 7.2  GEVIC.  

OATA ARE F I T  OVER -T FROM . 0 3  T O  . 6 0  l G E V I C l * * 2 .  T I S  THE SQUARE OF THE I N V A R I A N T  MOMENTUM TRANSFER BETWEEN THE 
I I N C O M I N G  A N T I P R O T O N I  AND T H E  L W T G O I N G  A N T I  PROTONI 

F I T T E D  FORMULA I S  D - S I G M A I D - T  = A * E X P I B * T I  
WHERE D - S I G M A I D - T  I S  I N  M B / ( G E V I C ) * * Z  AND -T I S  I N  I G E V I C I * * 2 -  

F I T T E D  VALUES 

1 1 1  CALCULATED BY US FROM DATA I N  T H I S  A R T I C L E .  ........................................................................................................................ 
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 ANTIPROTON PROTON. 111 [ F I G U R E  11 

LABORATORY BEAM MOMENTUM = 0.9 GEV/C. 

OATA ARE F I T  OVER -T FROM . 0 3  T O  . 6 0  l G E V I C I * * 2 .  T I S  THE SQUARE OF THE I N V A R I A N T  MOMENTUM TRANSFER BETWEEN THE 
I I N C O M I N G  A N T I P R O T O N 1  AND T H E  [OUTGOING A N T I  PROTONI. 

F I T T E D  FORMULA I S  D-SIGMAID-T = A*EXP( R I T I  
WHERE D - S I G M A I D - T  I S  I N  M B / l G E V I C I * * 2  AN0 -T I S  I N  [ G E V I C  )**Z. 

F I T T E O  VALUES 

I 1 1  CALCULATED BY US FROM OATA I N  T H l S  A R T I C L E .  ........................................................................................................................ 
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 ANTIPROTON PROTON. 1 1 1  [ F I G U R E  1 1  

LABORATORY BEAM MOMENTUM = 1 0 .  GEVIC.  

DATA ARE F I T  OVER -T FROM . 0 3  T O  . 6 0  I G E V I C I * * 2 .  T I S  THE SQUARE OF T H E  I N V A R I A N T  MOMENTUM TRANSFER BETWEEN THE 
C I N C O M I N G  ANTIPROTON1 AND T H E  IOUTGOING A N T I  PROTONI. 

F I T T E D  FORMULA I S  D - S I G M A I D - T  = A*EXP(B*TI  
WHERE 0 - S I G M A I D - T  I S  I N  M B l l G E V I C l * * 2  AND -T 1 5  I N  l G E V / C i * * 2 .  

F l T T E O  VALUES 
A = 1 5 9 .  +- 42. 
B = 11.0 +- 2.9 

11 1 CALCULATED BY US FROM DATA I N  T H l S  A R T I C L E .  ........................................................................................................................ 
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 ANTIPROTON PROTON. Ill [ F I G U R E  11 

LABORATORY BEAM MOMENTUM = 1 2 .  GEVIC.  

OATA ARE F I T  OVER -T FPOM . 0 3  T O  .60 CGEVIC)**2 .  T I S  T H E  SQUARE OF T H E  I N V A R I A N T  NOMENTUH TRANSFER BETWEEN 7 H E  
I I N C O M I N G  A N T I P R O T O N ]  AND T H E  I O U T G O I N G  A N T I P R O T O N I .  

F I T T E D  FORMULA I S  D-SIGMAIO-T = A * E X P l B * T i  
WHERE D - S I G M A I D - T  I S  I N  M B / l G E V I C i * * 2  A N 0  -T I S  I N  l G E V / C i * * 2 .  

F I T T E D  VALUES 
A = 1 4 7 .  +- 6. 
B = 1 2 . 6 6  +- . 2 9  

Ill CALCULATED BY US FROM DATA I N  T H I S  A R T I C L E .  



K ~ J ~ F O L E Y ~ R . S ~ G I L M O R E ~ S ~ J ~ L I N O E N R A U M ~ W ~ A L O V E S O Z A K ~ E H W ~ L L E N R Y A M A O A  L.C.L.YUAN [BROOKHAVEN N I T .  LAB., UPTON, L.I., 
N. Y. ,  USA1 

CLOSELY RELATED REFERENCES 
CONTINUATION OF PREVIOUS EXPERIMENT I N  PHYS. REV. LETTERS 1 0 ,  3 7 6  119631 .  NUCLEAR INSTRUMENTS AN0 METHODS 30 .  4 5  

(19641 .  PHYS. REV. LETTERS 11, 4 2 5  ( 1 9 6 3 1 ,  AND PHYS. REV. LETTERS 11, 5 0 3  119631.  

BEAM NO. 1 I S  PROTON ON PROTON FROM 10 .94  TO 24.63 GEVIC. 
NO. 2 I S  P I -  ON PROTON FROM 14.84 TO 2 5 . 3 4  GEVIC. 
NO. 3 I S  ANTIPROTON ON PROTON FROM 11.80 TO 15 .91  GEVIC. 
NO. 4 I S  K- ON PROTQN FROM 11.08 TO 1 5 . 9 1  GEVIC. 

T H I S  EXPERIMENT USES COUNTERS. 
KEY WORDS . ELASTIC  SCATTERING CROSS SECTION 
COMPOUND KEY WORDS - ELASTIC  SCATTERING CROSS SECTION ........................................................................................................................ ........................................................................................................................ 
ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. ITABLE 1 1  

LABORATORY BEAM MOMENTUM = 11.8 GEVIC. 

-T WSIGMAID-T  
l G E V I C l * * 2  M B I l G E V / C l * * 2  [ 1 ,21  

. I 9 9  10.610 +- - 8 7 0  
. 2 6 1  4.440 . 4 9 0  
- 3 3 1  1.780 . 278  
. 408  - 8 6 6  . I 9 5  
. 490  - 3 4 9  - 1 2 3  

T I S  THE SQUARE OF THE INVARIANT MOUENTUM TRANSFER BETWEEN THE [ INCOMING ANTIPROTON1 AND THE [OUTGOING ANTIP3OTONl. 

L 1 1  ERRORS ARE S T I T I S T I C A L  ONLY. 
1 2 1  A00  POSSIBLE SYSTEMATIC ERROR OF +- 5 PEP CENT. ........................................................................................................................ 

ELASTIC  D IFFERENT lAL  CROSS SECTION FOR ANTIPROTON PROTON. [TABLE 1 1  

LABORATORY BEAM MOMENTUM = 1 5 . 9 1  GEVIC. 

T I S  THE 5QUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE I l N C O H l N G  ANTIPROTON1 AND THE [OUTGOING ANTIPROTONI. 

1 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 2 1  A00  POSSIBLE SYSTEMATIC ERROR OF +- 5 PER CENT. ........................................................................................................................ 

F I T  TO ELASTIC  O IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [ll [TABLE 1 1  

LABOPATORY BEAM MOMENTUM = 11.8 GEVIC. 

OATA ARE F I T  OVER -T FROM .Z TO .5 IGEVIC l * *Z .  T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETUEEN THE 
[ INCOMING ANTIPROTONI AND THE [OUTGOING ANTIPROTONI. 

F I T T E D  FORMULA I S  C-SIGMAID-T = A*EXP lB*T l  
WHERE 0-SIGMAID-T I S  I N  M B I l G E V I C l * * Z  AN0 -T I S  I N  lGEVIC l * *2 .  

F I T T E D  VALUES 
A = 119 .  +- 25. 
B = 12 .33  +- .79  

Ill CALCULATEO BY US FROM OATA I N  TH IS  ARTICLE. ........................................................................................................................ 
F I T  TO ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. 1 1 1  I T A B L E  1) 

LABORATORY BEAM MOMENTUM - 1 5 . 9 1  GEVIC. 

OATA ARE F I T  OVER -T FROH .2D TO .45 IGEVIC I * *Z .  T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE 
I l N C O H l N G  ANTIPROTON] AND THE [OUTGOING ANTIPLOTONI.  

F I T T E D  FORMULA I S  D-SIGMAID-T = A*EXPIB*TI  
WHERE D-SIGMAID-T I S  I N  MBI (GEV/C l * *2  AND -T I S  I N  lGEVIC l * *2 .  

F I T T E D  VALUES 
A = 44 .  +- 13 .  
B = 8.78 +- 1.00 

1 1 1  CALCULATEO BY US FROM DATA I N  T H I S  ARTICLE. 

1 130 (HIGK-ENERGY* SMALL-ANGLE* PP  AND PBAR P SCATTERING, AND PP TOTAL CROSS SECTIONS- CPHYS. REV. LETTERS 19 ,  8 5 7  1 1 9 6 7 1 1  

CLOSELY RELATED REFERENCES 
SEE ALSO PHYS. REV. LETTERS 7 ,  I 8 5  l 1 9 6 1 J r  PHYS. REV. 1 3 8 1  8 9 1 3  1 1 9 6 5 1 7  AND PHYS. LETTERS 8, 2 8 5  (19641 .  

BEAM NO. 1 I S  PROTON ON PROTON FROH 7.82 TO Zb.00 GEVlC. 
NO. 2 I S  ANTIPROTON ON PROTON AT 11.9 GEVIC. 

T H I S  EXPEPIHENT USES COUNTERS. 
KEY WORDS ELASTIC  SCATTERING ........................................................................................................................ ........................................................................................................................ 

NO OATA PUNCHED FOR T H I S  ARTICLE 



SCATTERING OF ANTINEUTRONS BY PROTONS. I P H Y S .  RFV. 1 8 4 ,  1 4 1 3  1 1 9 6 9 1 1  

A.O.FRANKLIN, R.R.SOCASH I U N I V .  OF COLORADO9 BOULOERI C0LO.q U S A 1  

ABSTRACT THE TOTAL A N 0  E L A S T I C  CROSS S E C T I O N S  FOR ANTINEUTRONS ON PROTONS HAVE BEEN MEASURED FOR A N T I N E J T R C N  MOMENTA 
FROM 0 . 5  TO 2.5 C E V I C .  THE RESULTS ARE I N  AGREEMENT W I T H  PREVIOUS PBAR P DATA AT THESE MOMENTA. 

BEAM I S  ANTINEUTRON ON PROTON FROM - 3  TO 2 - 5  GEVIC.  
T H I S  EXPEPIMEYT USES THE B N L  2 0  I N .  HYDROGEN BUBRLE CHAMBER. 
K E Y  UOROS CROSS S E C T I O N  ........................................................................................................................ ........................................................................................................................ 
ANTINEUTRON PROTON T O T A L  CROSS SECTION.  [ T A B L E  11 

LABORATORY 
BEAM MOMENTUM 

G E V l C  M I L L I B A R N S  Ill NO. EVENTS 
.BO + . 2 0  1 0 4 .  +- 4 2 .  6 

I11 ERRORS ARE S T A T I S T I C A L  ONLY. .................................................................... 
ANTINEUTRON PROTON E L A S T I C  CROSS SECTION.  I T A B L E  1 1  

LABORATORY 
BEAM MOMENTUM 

G E V l C  M I L L I B A R N S  
.BO + .20 7 2 .  +- 3 6 .  

- .30 
1 .27 + .23 4 6 .  2 3 .  - . 2 7  
1 . 7 5  + . 2 5  74.  22.  - . 2 5  
2 .25 + - 2 5  2 4 .  1 2 .  

- .25 

111 ERRORS ARE S T A T I S T I C A L  ONLY. 

Ill 

~ l A N T : : S : : y y - P R O T O N  A N N I H I L A T I O N  I N T O  KAONS AND P I O N S  I N  T H E  HOMENTUM REGI'N 3 TO 4 G E V K .  INUOVO C I M E N T O 5 Z A v  438 .- 
B.R.FRENCH, J.B.KINS?N, R.RIGOPOULMI V.SIMAK CCERN, GENEVA. SWITZERLAND1 
F.  MCDONALOI G.PETMEZAS1 L.RIDOIFOR0 [ B I R M I N G H A M  UNIV., R I R M I N G H A M r  ENGLAND1 

ABSTRACT A T O T A L  O F  1 1 2 1  UNAMBlGUOUSLY l O E N T I F I E 0  EVENTS OF THE TYPE PEAR P - KBAR K N P I  I N  = 1 TO 5 1  A T  MOMENTU* 
3.0, 3.6. AN0 4.0 HAVE BEEN ANALYSEO, AN0 P A R T I A L  CROSS S E C T I O N  FOR THE V A R I O U S  CHANNELS ARE GIVEN.  THE TOTAL CROSS 
SECTIONS FOR A N N I H I L A T I O N  I N T O  TWO KAONS W I T H  P I O N S  I S  E S T I M A T E D  TO BE 15.1 +- 0.41 MB OR 1 4  PERCENT OF A L L  
A N N I H I L A T I O N S .  THE AMOUNTS OF RESONANT K * I B 9 0 l r R H O 1  OMEGA AND ASSOCIATED K*K* PRODUCTION I N  THE VARIOUS .CHANNELS ARE 
DETERMINED. E V I D E N C E  FOR THE E-MESON, A K K P I  RESONANCE AT 1 7 0 0  MEV. AND A K * P I  RESONANCE AT 1 2 6 5  MEV I S  PRESENTED. 
STUDY OF 9 5 5  U N F I T T E D  EVENTS C f l N T A l N l f f i  TWO CHARGED P A R T I C L E S ,  A K l l l O  A N 0  2 2 NEUTRAL SECONDARIES G I V E S  R I S E  TO A 
Fnl ln-CTANnARn-9FVlATlnN PFAK I N  A CTRANP.FNFSS-ZFRO H A S 5  SPFCTRUM AT 1 1 8 2 0  +- 1 2 1  MEV U I T H  A W I D T H  IGAMMAI OF I 5 0  +- 2 3 1  .... ......................... . . . . . . . . . . .  -- . 

MEV. THE ANGULAR D I S T R I B U T I O N S  FAVOUR A P E R I P H E R A L  RATHER THAN A S T A T I S T I C A L  OR CORE-CORE WOOEL OF THE A N N I H I L A T I O N  
PROCESS. THE P D S S I B L E  USEFULNESS 0 6  W E I G H T I N G  THE V A R I O U S  C O M B I N A T I O N S  I N  ACCORO W I T H  T H I S  OBSERVATIONI TO ACCENTUATE 
ENHANCEMENTS I N  THE INVARIANT-MASS P I S T R ~ B U T I O N I  1 5  OISCJSSEO. A METHOD OF SEPARATING EACH A N N I H I L A T I O N  I N T O  I T S  MOST 
L I K E L Y  TWO-BODY F I N A L - S T A T E  C O N F I G U R A T I O N  a A S E 0  ON M A X I M I Z I N G  THE FOUR-MOMENTUM TRANSFER I U I  I N  THE CROSS CHANVEL I S  
PRESENTEO AS WELL AS SOME EXAMPLES OF THE ENHANCEMENTS I N  MASS SPECTRP O B T A I N E D  U S I N G  T H I S  METHOD. 

BEAM I S  ANTIPROTON ON PROTON FROM 3 TO 4 GEVlC.  
T H I S  EXPERIMENT USES THE SACLAY 0 1  CM HYLROGEN BUBBLE CHAMBER. A TOTAL OF 3 0 0 0 0 0  PICTURES ARE REPORTED ON. 
K E Y  WORDS + A N N I H I L A T I O N  CROSS S E C T I O N  MESONS RESONANCE PRODUCT I O N  
COMPOUND KEY WORDS - A N N I H I L A T I O N  CROSS S E C T I O N  MESONS RESONANCE PROOUCTION ........................................................................................................................ ........................................................................................................................ 

CROSS SECTION FOR ANTIPROTON PROTON - T O T A L  KAON A N N I H I L A T I C N .  I T A B L E  31 

RESULT I S  MODEL DEPENDENT 

LABORATORY 
BEAM MOMENTUM 

G E V I C  M I L L I B A R N S  1 1 1  
3. 5.1 +- . 4  

Ill ERRORS I N C L U D E  SYSTEMATICS.  



ANTIPROTON-PROTON A N N I H I L A T I O N  I N T O  S I X  CHARGED P I O N S  A N 0  RESONANCE PRODUCTION I N  THE PEAR P . 3 P I +  3 P1- P I 0  CHANNEL AT 
5.7 GEVIC.  I P H Y S .  REV. 1 6 7 .  1 2 6 8  ( 1 9 6 8 1 1  

A.FRI0MAN [CENTRE OES RES. N U C L E A I R E S l  STRASBOURGI FRANCE. AN0 UNIV.  HEIDELBERG. H E I O E L B E R G T  GERMANY1 
G.NAURER9A.MlCHAL0NpJ .OUOET~B.SCHIBYyRRSTRUB C.VOLTOLIN17P.CUER [CENTRE OES RES. NUCLEAIRESI  STRASBOURG, FRANCE1 

ABSTRACT BASED ON 3 5 8 6  SIX-PRONGED EVENTS, T H I S  WORK PRESENTS RESULTS ON PBAR P A N N I H I L A T I O N  I N T O  S I X  AN0 SEVEN P I O N S  
AT 5.7 GEVIC.  THE PRODUCTION OF RHOI OMEGA. A 1  AND A 2  RESONANCES I N  T H E  PEAR P - 3 P I +  3 P I -  P I 0  CHANNEL WAS OBSERVED. 
CROSS S E C T I O N S  FOR T H E  PRODUCTION OF THE RHO AND OMEGA RESJNANCES ARE GIVEN.  THE P A R T I A L  CROSS SECTIONS FOR PEAR P + 
RHO 0 2 P I +  2 P I -  P I 0  AND PBAR P * OMEGA 2 P I +  2 P I -  ARE COMPARED W I T H  OTHER EXPERIMENTAL DATA. THAT THE PEAR P + OMEGA 
2 P I +  2 P I -  CROSS S E C T I O N  I S  SMALL AT 5.7 G E V I C  SHOWS THAT T H I S  R E A C T I O N  CONTRIBUTES I N  A RATHER IMPORTANT MANNER TO 
THE PEAK OBSERVED I N  T H E  PEAR P - 3 P I *  3 P I -  P I 0  CROSS S E C T I O N  AT AN I N C I D E N T  PEAR MOMENTUM OF 3 GEVIC.  OUR DATA SHOW 
SOME I N D I C A T I O N  OF BUMPS I N  T H E  [RHO 01 P I  O l r  I R H O  0, RHO 0 1  MASS FOR SEVEN-PIONS A N N I H I L A T I O N  WHERE RHO 0 I S  D E F I N E D  
AS A ( P I +  P I - )  SYSTEM H A V I N G  A MASS C O M B I N A T I O N  I N  THE RHO 0 BAND. AS YET THE S T A T I S T I C S  0 0  NOT ALLOW U S  TO DRAW A 
D E F I N I T E  CONCLUSION ABOUT THESE EFFECTS.  BY COMPARISON W I T H  OTHER EXPERIMENTAL DATA. I T  SEEMS THAT THE ISOTROPY OF THE 
PION ANGULAR OISTRIBUTION IN THE c.n. SYSTEM INCREASES WITH THE NUMBER OF OUTGOING PIONS. 

CLOSELY R E L A T E D  REFERENCES 
SEE ALSO PHYS. REV. 1 7 6 ,  1 5 9 5  1 1 9 6 8 1 .  

BEAM I S  ANTIPROTON O N  PROTON A T  5.7  GEVIC.  
T H I S  EXPERIMENT USES T H E  CERN 8 0  CM HYDROGEN B U B B L E  CHAMBER. A T O T A L  OF 6 0 0 0 0  P I C T U R E S  ARE REPORTED ON. 
KEY WORDS + ANNIHILATION CROSS SFCTION R F S O N A N ~ F  PP~~I ICTION 

LABORATORY BEAM MOMENTUM = 5.7 G E V I C .  

R E A C T I O N  
ANTIPROTON PROTON - 

P I +  P I +  P I +  P I -  P I -  P I -  
P I +  P I +  P I +  P I -  P I -  P I -  P I 0  
6 PRONGS 

[ T A B L E  1 1  

M I L L I B A R N S  Ill 

[ll ERRORS ARE S T A T I S T I C A L  ONLY. ........................................................................................................................ 
[ T A B L E  2 1  

LABORATORY BEAM MOMENTUM = 5.7 GEVIC.  

REACT 1 ON 
ANTIPROTON PROTON * 

R H O 1 7 6 5 1 0  P I +  P I +  P I -  P I -  P I 0  
RHOl765l.O * P I +  P I -  

R H O 1 7 6 5 1 0  R H O 1 7 6 5 1 0  P I +  P I -  P I 0  
R H O 1 7 6 5 1 0  - P I +  P I -  
R H O ( 7 6 5 1 0  - P I +  P I -  

OMEGA17831 P I *  P I +  P I -  P I -  
OMEGA17831 - P I +  P I -  P I 0  

M I L L I B A R N S  111 

. 2 4 0  +- . 0 6 0  

. 0 2 0  . 0 1 0  

1 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. 

d 
ANGULAR CORRELATIONS AND D I S T R I B U T I O N S  I N  PEAR P A N N I H I L A T I O N  I N T O  E I G H T  AN0 N I N E  P I O N S  AT 5.7  G E V I C .  IPHYS.  REV. 

1 7 6 1  1 5 9 5  ( 1 9 6 8 )  I 

A.FRIOMAN [CENTRE OES RES. NUCLEAIRES.  STRASBOURGI FRANCE* AND U N I V .  HEIDELBERG. HEIDELBERG, GERMANY1 
G.MAURERtA.MICHALONv J . O U O E T T R ~ S T R U B B C ~ V O L T O L I N  P C  [CENTRE D E S  RES. NUCLEAIRES.  STRASBOURGI FRANCE1 

ABSTRACT A P P R E C I A B L E  ANGULAR CORRELATIONS BETWEEN P I O N S  HAVE BEEN OBSERVED FOR BOTH PBAR + P - 4 P I +  + 4 P I -  AN0 PEAR + 
P - 4 P I +  + 4 P I -  + P I 0  REACTIONS.  D E V I A T I O N  BETWEEN THE ANGULAR CORRELATION P R E D I C T E D  BY T H E  PHASE-SPACE CALCULATIONS 
AND OUR E X P E R I M E N T A L  VALUES SEEMS T O  OCCUR FOR OEFINITE-MOMENTUM C O N F I G U R A T I O N S  OF T H E  PRODUCED PIONS.  T H E  SECONDARIES 
ARE NOT E M I T T E D  I N  A J E T  STRUCTURE1 I .E.. THE TRANSVERSE AND C.M. L O N G I T U D I N A L  MOMENTUM OF THE P I O N S  ARE I N  
SATISFACTORY AGREEMENT W I T H  PHASE P R E D I C T I O N S .  BY COMPARING THE RESULTS OF T H I S  EXPERIMENT W l T H  OTHER PEAR P DATA. SOME 
SYSTEMATICS SEEM TO EMERGE FOR T H E  A N W L A R  O I S T R I B U T I O N  OF SECCNDARY PIONS.  

CLOSELY R E L A T E D  REFERENCES 
C O N T I N U A T I O N  OF P R E V I O U S  EXPERIMENT I N  PHYS. REV. 1 6 7 .  1 2 6 8  1 1 9 6 8 1 .  

BEAM I S  ANTIPROTON O N  PROTON A T  5.7  GEVIC.  
T H I S  EXPERIMENT USES THE CERN 8 0  CM HYDROGEN B U B B L E  CHAMBER. A T O T A L  OF 8 7 0 0 0  P I C T U R E S  ARE REPORTED ON. 
K E Y  YOROS A N N I H I L A T I O N  CROSS S E C T I O N  ANGULAR O I S T R I B U T I O N  P I O N  PROOUCTION 
COMPOUND K E Y  WORDS - A N N I H I L A T I O N  CROSS S E C T I O N  P I O N  PRODUCTION ........................................................................................................................ ........................................................................................................................ 

[ P A G E  1 5 9 5 1  
LABORATORY BEAM MOMENTUM = 5.7 G E V I C .  

R E A C T I O N  
ANTIPROTON PROTON - 

P I +  P I +  P I +  P I +  P I -  P I -  P I -  P I -  
P I +  P I *  P I +  P I +  P I -  P I -  P I -  P I -  P I 0  
B PRONGS 

M I L L I B A R N S  



THE FOUR PRONG A N N I H I L A T I O N  OF 1.2 G E V I C  ANTIPROTONS I N  HYOROGEV. IIIIi K +  K- P I +  P I -  AND K+ K- P I +  P I -  P I 0  F I N A L  STATES. 
INUC.  PHYS. 8 1 0 ,  3 0 7  1 1 9 6 9 1 1  

ABSTRACT FROM APPROXIMATELY l Z r O O O  FOUR-PRONG A N N I H I L A T I O N S  OF 1.2 G E V I C  ANTIPROTONS I N  HYOROGEN ABOUT 2UC EVENTS 
I N V O L V I N G  TWO CHARGEO KAONS WERE SELECTED M A I N L Y  ON THE B A S I S  OF I O N I Z A T I O N .  THE CROSS SECTIONS FOR THE <+ K- P I +  P I -  
AND K +  K- P I +  P I -  P I D  F I N A L  STATES ARE 2 6 0  +- 4 0  HU-B AND 2 9 0  + 4 0 ,  - 6 0  MU-8, R E S P E C T I V E L Y .  THE AMOUNTS OF RESONANCES 
PRODUCED HAVE BEEN ESTIMATED.  THF FOUR-BODY F I N A L  STATE I S  DOMINATED RY K * 1 8 9 0 1  PROOUCTIL!NI WHEREAS THE FIVE-BODY F I N A L  
STATE SHOUS AN ABUNDANT PRODUCTION OF K 8 1 8 9 0 1 ,  O M E G A l 7 8 3 i  A N 0  P H I l 1 0 1 9 i .  

CLOSELY RELATED REFERENCES 
C O N T I N U A T I O N  OF P R E V I O U S  EXPERIMENT I N  NUC. PHYS. B 6 r  1 7 4  1 1 9 6 8 ) .  

[ P A G E  3 0 9 1  
LABORATORY BEAM MOMENTUM = 1.2  GEVIC.  

R E A C T I O N  
ANTIPROTOY PROTON - 

K+ K- P I +  P I -  
K+ K- P I *  P I -  P I 0  

MICROBARNS 

TOTAL CROSS S E C T I O N S  OF PROTONS, ANTIPROTONSr AND P I  AND K YESONS ON HYOROGEN AND D E U T E R I U M  I N  THE MOMENTUM RANGE 6-22 11361 GEVIC.  I P H Y S .  REV. 1 3 "  B 9 1 3  1 1 9 6 5 l l  

W . G A L B R A I T H ~ E ~ W ~ J E N K I N S I T . F ~ K Y C l A ~ B . A . L E T I C R . H . P H 1 L L I P S A L . R E A D  IBROOKHAVEN N I T .  LAB., UPTON, L.1.r N. Y.1 U S A l  
R . R U B I N S T E I N  [CORNELL UN1V.r  ITHACA.  N. Y.r U S A l  

ABSTRACT THE TOTAL CROSS SECTIONS S I G M A I T i  OF PI ANTI-PI  CHARGEO P I  AND CHARGEO K ON HYOROGEN AN0 DEUTERIUM HAVE BEEN 
MEASURED BETWEEN b AND 2 2  G E V I C  AT I N T E R V A L S  OF 2 G E V I C  TO A N  ACCURACY GREATER THAN P R E V I O U S L Y  REPORTED. THE METHOD 
U T I L I Z E 0  UAS A CONVENTIONAL GOOD-GEOMETRY T R A N S M I S S I O N  EXPERIMENT W I T H  S C I N T I L L A T I O N  COUNTERS SUBTENDlNG VARIOUS S O L I D  
ANGLES AT TARGETS OF L l O U I D  H I 2 1  AND 0 1 2 1 .  W I T H  THF I N C R E A S E  I N  S T A T I S T I C A L  ACCURACY OF THE DATA. I T  WAS FOUND THAT A 
P R E V I O U S L Y  ADOPTED PROCEDURE OF L I N E A R L Y  EXTRAPOLATING T O  ZERO S O L I D  ANGLE THE P A R T I A L  CROSS SECTIONS MEASURED A7 
F I N I T E  S O L I D  ANGLES WAS NOT A S U F F I C I E N T L Y  ACCURATE PROCEDURE FROM WHICH TO DEDUCE S I G M A I T I .  THE PARTICLE-NEUTRON CROSS 
S E C T I O N S  ARE D E R I V E D  B Y  A P P L Y I N G  T H E  GLAUBER SCREENING CORRECTION TO THE D I F F E R E N C E  BETWEEN THE PARTICLE-DEUTERON AND 
PARTICLE-PROTON CROSS SECTIONS.  THF TOTAL CROSS S E C T I O N S  OF P I + O  AND P I - D  ARE EQUAL AT A L L  MEASURED MOMENTA. WHICH 
CONFIRMS THE V A L I D I T Y  OF CHARGE SYMMETRY UP TO 2 0  L E V I C .  RESULTS ARE PRESENTED SHOWING THE V A R I A T I O N  OF CROSS SECTIONS 
WITH MOMENTUM; E V I D E N C E  1 5  PRESENTED FOP A SMALL BUT S I G N I F I C A N T  DECREASE I N  P P  TOTAL CROSS S E C T I O N S  AND PN TOTAL CROSS 
SECTIONS I N  THE MOMENTUM R E G I O N  ABOVE 1 2  GEVIC.  

BEAM NO. 1 I S  P I +  ON PROTON FROM 6 TO 2 0  GEVIC.  
NO. 2 I S  P I -  ON PROTON FROM 6 TO 2 0  GEVIC.  
NO. 3 I S  P I +  ON DEUTERON FROM 6 TO 2 0  GEVIC.  
NO. 4 1 5  P I -  ON DEUTERON FPOM 6 TO 2 0  GEVIC.  
NO. 5 I S  K*  ON OEUTERON FROM 6 TO 2 0  G E V I C .  
NO. 6 I S  K+ ON PROTON FROM 6 TO 2 0  GEVIC.  
NO. 7 I S  K- ON OEUTERUN FROM 6 T O  18  GEVIC.  
NO. B I S  K- ON PROTON FROM 6 TO 2 0  G E V I C .  
NO. 9 1 5  PROTON ON OEUTERON FROM 6 TO 2 2  GEVIC.  
NO. 1 0  I S  PROTON ON PROTON FROM 6 T O  2 2  GEVIC.  
NO. 11 I S  ANTIPROTON ON DEUTERON FROM 6 TO 1R G E V I C .  
NO. 1 2  I S  ANTIPROTON ON PROTON FROM 6 TO 1 8  G E V I C .  

T H I S  EXPERIMENT USES COUNTERS. 
KEY WORDS - CROSS S E C T I O N  ........................................................................................................................ ........................................................................................................................ 
ANTIPROTON DEUTERON TOTAL CROSS S E C T I O N .  I T A B L E  4 1  

LABORATORY 
BEAR MOMENTUM 

G E V I C  M I L L I B A R N S  
PFR r F N T  - .  - 

6 .  +- 1.75 
8 .  1 . 7 5  

1 2 .  1.75 
14.  1 . 7 5  
16.  1.75 
l a .  1.75 ........................................................................................................................ 

A N T l P k O T D N  PROTON T O T A L  CROSS SECTION.  I T A B L E  4 1  

LABORATORY 
BEAM MOMENTUM 

G E V I C  ~ - 

PER CENT 
M I L L  IBARNS 

ANTIPROTON NEUTRON T O T A L  CROSS SECTION.  I T A B L E  4 1  

T H I S  CROSS S E C T I J N  I S  I D E N T I C A L  TO THE 1 = 1  ANTIPROTON NUCLEON TOTAL CROSS S E C T I O N  

GLALIBER CORRECTIONS A P P L I E D  



BEAM I S  ANTIPROTON ON PROTON A T  1.1 GEVIC.  
T H I S  E X P E R I S E N T  USES THE CERN 2M HYDROGEN BUBBLE CHAMBER. A TOTAL OF 2 4 0 0 0 0  P I C T U L E S  ARE REPOPTFO ON. 
KEY WOROS - A N N I H I L A T I O N  MESONS PRODUCTION 
COMPOUND K E Y  WORDS MESONS PRODUCT104 ........................................................................................................................ ........................................................................................................................ 

N D  D A T A  PUNCHEO FOR T H I S  A R T I C L E  

EVIDENCE FOR THE E X I S T E N C E  OF A NARROW PEAR N BOUNO STATE. I P H Y S .  REV. L E T T E R S  2 6 .  1 4 9 1  ( 1 9 7 1 1 1  

L - G R A Y  P.HAGERTY9 T.KALOGEROPOULOS I SYRACUSE U N I V . 1  SYRACUSE, N. Y., U S A 1  

ABSTRACT A NETHOO OF SEARCH FOR AN NEAR N BOUNO S T A T E  I S  P O I N T E D  OUT AND E V I D E N C E  I S  PRESENTED FOR THE EXISTENCE OF b 
PBAR N BOUNO STATE.  I T  I S  PROOUCED I N  PEAR 0 A N N I H I L A T I O N S  AT REST AYO HAS BEEN OBSERVED DECAYING I N T O  FOUR AND S I X  
PIONS.  THE B I N D I N G  ENERGY I S  83.3 +- 1.4 HEV AND THE W I D T H  = 8 MEV AT THE 95 PERCENT CONFIDENCE LEVEL.  

BEAM I S  ANTlPROTDN ON DEUTERDN FROM -1 T O  .B GEVIC.  
T H I S  EXPERIMENT USES THE BNL 3 0  I N .  DEUTERIUM BUBBLE CHAMBER. 
K E Y  WOROS - RESONANCE PRODUCTION ........................................................................................................................ ........................................................................................................................ 

NO DATA PUNCHEO FOR T H I S  A R T I C L E  

f i l A N T I P R O T O N - P R O T O N  A N N I H I L A T I O N  I N T O  ELEC-ON-POSITRON P A I R S  " 0  GAMMA-RAY P A I R S .  [PHYS. REV. 1 0 4 .  1 4 1 5  1 1 9 6 9 1 1  

-O.L.HARTILL~ B.C.BARISHv O.G.FONGI R.GOMEZ? J . P I N E 7  A.V.TDLLESTRUP [ C A L I F .  I N S T I T U T E  OF TECH., PASADENAr CALIF. .  USA1 
A.W.MASCHKE [ N A T I D N A L  ACCELERATOR LAB.. B A T A V I A l  I L L I N O I S 1  
T.F.ZIPF [STANFORD L I N E A R  ACCEL. CNTR.. STANFOR09CALIF. ,  U S A 1  

ABSTRACT E X P E R I M E N T A L  L I M I T S  HAVE BEEN S E T  ON THE CROSS SECTIONS FOR PBAP + P - E+ + E- FOR ANTIPROTONS W I T H  I N C I D E N T  
MOMENTA OF 1 . 4 7  AND 2.40 GEVIC.  THESE RESULTS I N P L Y  UPPER L I M I T S  ON THE MAGNITUOF OF THE PROTON FORM FACTORS FOR 
T I H E L I K E  FOUR-MOMENTUM TRANSFER OF 5.1 AND 6.6 I G E V l C I * * 2 .  T H E  R E A r T l n N  PBAR + P r GAMMA + CAMHA u d <  R F F N  CTllnrFn A T  

CLOSELY RELATED REFERENCES 
SEE ALSO NUDVO C l M E N T O  4 0 A 1  6 9 0  (1965 I. 

D I F F E R E N T I A L  CROSS S E C T I O N  AT F I X E D  ANGLE FOR ANTIPROTON PROTON - POSITRON ELECTRON. [ T A B L E  4 1  

C O S I T H E T A I  = 0.  I M E A N  V A L U E I .  THETA I S  THE ANGLE THAT THE POSITRON MAKES WITH THE BEAM I N  THE GRAND C.M. 

LABORATORY 
BEAM MOMFNTUM 

G E V l C  
1 . 4 7  
2 . 4 0  ................. 

D I F F E R E N T I A L  CROSS S E C T I O N  AT F I X E D  ANGLE FOR ANTIPROTON PRUTCN - GAYMA RAY GAMMA RAY. [ T A B L E  4 1  

C O S I T H E T A I  = 0. I M E A N  VALUEI .  THETA I S  THE ANGLE THAT T H E  GAMMA RAY MAKES W I T H  THE BEAM I N  THE GRAND C.M. 

LABORATORY 0-SIGMAlD-OMEGA 
BEAM MOMENTUM 

GEV/C U B I S R  
1 . 4 7  . 1 6 +  .19 

D I F F E R E N T I A L  CROSS S E C T I O N  AT F I X E D  ANGLE FOR ANTIPKOTOY PROTCN - GAMMA RAY GAMMA RAY. I T A B L E  4 1  

C O S I T H E T A I  = 0. I M F A N  V A L U E I .  THETA I S  T H E  ANGLE THAT T H E  GAMMA RAY MAKES W I T H  THE BEPM I N  THE GRAND C.H. 

LABORATORY D-SIGMAID-OMEGA 
BEAM NOMENTUM 

G E V l C  UB/SR 
2.4 < .0B 



I C H A R G E - E X I R G N G E  PRODUCTION OF ANTINEUTRONS AND T H E I R  A N N I H I L A T I O N  I N  HYDROGEN. [ P H Y S .  REV. 1 2 7 r  6 1 7  1 1 9 6 2 1 1  

IC.K.HINRICHS, B.J.MOYER, J.A.POIRER. P.H.OGDEN [u.c. LAWRENCE RAO. LAB.. BERKELEY, CALIF.. USA. AND UNIV. OF CALIFORNIA. 
BERKELEY* C A L I F . ,  USA1 

ABSTRACT T H E  CHARGE EXCHANGE OF A N T I P R O T J N S  I N T O  ANTINEUTPONS AND THE SUBSEQUENT A N N I H l L A T l O N  OF ANTINEOTROUS HAVE 
BEEN S T U D I E D  I N  THE 7 2 - I N .  L I Q U I D  HYDROGEN BUBBLE CHAMBER. THE ANTIPROTONS WERE PROCUCEO I N T E R N A L L Y  I N  THE BEVATRON: 
CHANNELED EXTERNALLY BY C O L L I M A T I O N V  QUAORUPOLE FOCUSING MAGNETS, AND B E N D I N G  MAGNETS; AND SEPARATED FROM OTHER 
N E G A T I V E L Y  CHARGED P A R T I C L E S  BY A SYSTEM OF THREE V E L O C I T Y  SPECTROMETERS. A N A L Y S I S  OF THE DATA FOR A RUN W I T H  AN 
ANTIPCOTON MOMENTUM OF 1 . 6 1  B E V I C  HAS B E E N  COMPLETED. THREE CHARGE EXCHANGE R E A C T I O N S  HAVE BEEN STUDIED.  I A 1  PEAR + P - 
NRAR + N. 1 R I  DRAR + D r NRAR + N + P l n .  AND l r l  PRAR + P r NRAR + P + P I - .  THE CROSS S E C T l O N  FOR R E A C T I O N  l A l  PLUS 
REACTION 16: w ~ i  FOUND T O  i~ STRONGLY-PEAKED FDRHARD WITH A V ~ L U E  FOR THE ANGULAR DIFFERENTIAL CROSS SECTION A T  ZERO 
DEGREES FO 4.6 +- 0.5 MBISR.  THE T O T A L  CROSS S E C T I O N  FOR THESE TWO REACTIONS WAS FOUND TO BE 7.82 +- 0.55 MB. THE TOTAL 
CROSS S E C T I O N  FOR R E A C T I O N  I t 1  WAS FOUND T O  B E  0 . 9 9  +- 0 . 2 4  U B i  THE S T A T I S T I C A L  MODEL WOULD P R E D I C T  THE CROSS SECTION 
FOR 1 8 1  TO B E  ABOUT THE SAME AS I C ) .  OF T H E  ANTINEUTRONS PRODUCED I N  REACTIONS ( A 1  PLUS 1 8 1 .  1 2 2  WERE A N N I H I L A T E D  I N  
THE BUBBLE CHAMBER: THE RESULTING A N N I H I L 4 T I O N  CROSS S E C T I O N  WAS FOUND TO BE 45.2 +- 5.4  MB. THE K I N E T I C  ENERGY OF 
THESE ANTINEUTRONS WAS D I S T R I B U T E D  SUCH THAT 8 0  PEHCENT OF THEM HAD ENERGIES BETWEEN 8 0 0  AND 1 0 0 0  MEV. THE AVERAGE 
CHARGED-PION M U L T I P L I C I T Y  I N  THE ANTINEUTRON A N N I H I L A T I O N S  WAS FOUND TO BE 3.5 +- 0.3. T H E  R A T I O  OF THE NUMBER OF 
ANTINEUTRON A N N I H I L A T I O N S  C O N T A I N I N G  F I V E  CHARGED P I O N S  TO THE NUMBER C J N T A I N I N G  THREE CHARGED P I O N S r  AND THE MOMENTUM 
D I S T R I B U T I O N  OF THE P I O N S ,  HAVE B E E N  COMPARED W I T H  P R E D I C T I O N S  OF A S T A T I S T I C A L  MODEL. REASONABLE AGREEMENT WAS 
O B T A I N E D  FOR VDLUHE F I V E  T I M E S  THAT O F  A SPHERE W I T H  A R A D I U S  OF ONE-PION COHPTON WAVE LENGTH. THE CENTER-OF-MASS 
ANGULAP D I S T R I B U T I O N  OF THE P I O N S  I N  THE ANTINEUTRON A N N I H I L A T I O N S  WAS FOUND TO B E *  W I T H I N  S T A T I S T I C S ,  AN I S O T R O P I C  
D I S T R I B U T I O N .  THREE EVENTS WERE FOUND THAT F I T T E D  K-ZEPO-MESON PRODUCTION I N  ANTINEUTRON A N N I H I L A T I O N .  

CLOSELY R E L A T E D  REiERENCES 
SEE ALSO REV. MOO. PHYS. 3 3 ,  3 9 5  1 1 9 6 1 1 .  

NO DATA PUNCHED FOR T H l S  A R T I C L E  

TWO-PRONG I N E L A S T I C  I N T E R A C T I O N S  OF 3.0  G E V l C  ANTIPROTONS I N  HYDROGEN WITH ONE-PION PRODUCTION. I N U K L E J N I K A  9 1  1 2 1  
l l 9 6 4 1  I 

T.HOfHOKL I CERN. GENEVA. S W I T Z E R L A N D 1  

BEAM I S  ANTIPROTON ON PROTON AT 3 GEVIC.  
T H I S  EXPERIMENT USES THE SACLAY 8 1  CM HYMIOGEN BUBBLE CHAMBER. A TOTAL OF 4 4 0 0  P I C T U R E S  ARE REPORTED ON. 
K E Y  VORDS + CROSS S E C T I O N  

[ P A G E  1 1 3 1  
LABORATORY BEAM M3MENTUM = 3 . 0 0 0  +- .045 G E V I C .  

R E A C T I O N  
A N T I P R U T 9 N  PROTON - 

ANTIPROTON PROTON P I 0  
A N T I P R O T 3 N  NEUTRON P I +  
PROTJN A N T I  NEUTRON P I -  
ANTIPROTON NEUTRON P I +  + CHARGE CONJUGATE 

I11 ERRORS ARE S T A T I S T I C A L  ONLY. 
I 2 1  CALCULATED BY US FROM DATA I N  T H l S  A R T I C L E .  

M I L L I B A R N S  t 1 1  



WO- AND THREE-PION PRODUCTION WITHOUT ANNIHILATION IN A N T I P R O T ~ N - P R O T ~ N  1 N T E R A c T I o N s  AT 2 . 4  AND 2.9 G E v I c .  [ P H Y s .  
REV. D 1, 2 4 8 3  1 1 9 7 0 )  I 

R.A.JESPERSEN+ W.J.KERNAN, R.A.LEACOCK [ I O W A  STATE UNIV. ,  AMES, IOWAl U S A 1  

ABSTRACT A STUDY WAS MADE OF THE R E A C T I O N  PBAR P - PBAR P P I +  P I + .  THE CROSS SECTION FOR T H I S  R E A C T I O N  I S  1 . 5 0  +- 0.07 
HB AT 2.4 GEV/C A h 0  2 . 5 7  +- 0 . 1 0  MB A T  2.9 GEVIC.  THE DATA A T  6 0 T H  MOMENTA PRE CONSISTENT W I T H  NEAPLY 1 0 0  PEPCENT 
ANTI-DELTA(- - )  D E L T A ( + + )  DOUBLE-RESDNANCE PRODUCTION. THE R E A C T I O N  I S  PERIPHERAL AT BOTH NOMENTA, T H E  D I S T R I B U T I C N  OF 
T H E  C.M. S C A T T E R I N G  ANGLE BkTWEEk THE INCOMING PEAR AND THE OUTGOING PBAR P I -  SYSTEM B E I N G  PEAKED AT SMALL PNGLES. THE 
R H O ( 1 . 1 1  S P I N - D E N S I T Y  M A T R I X  ELEYENT HAS STRONG DEPENDENCE ON DELTA**2r  THE SQUARE OF THE FOUR-MOMENTUM TRANSFER FROM 
THE INCOMING PEAR TO T H E  OUTGOING PEAR P I -  SYSTEM. THE J O I N T  SPIN-DENSITY M A T R I X  ELEMENTS I N D I C A T E  NO CORRELATION 
BETWEEN T H E  A N T I - D E L T A ( - - 1  AND D E L T A ( + + )  PRDDUCTION A T  E I T H E R  MOMELTUN. CALCULATIONS USING THE DOUBLE-ISOBAR 
DNE-PION-EXCHANGE MODEL WITH FORM FACTORS ARE COMPARED TO T H E  DATA. THE REACTIONS PBAR P * PBAR P P I +  P I -  P I O ,  PBAR N 
P I +  P I +  P I - ,  AND NEAR P P I -  P I -  P I +  d A V E  CROSS S E C T I O N S  OF 1 0  +- 5. 1 4  +- 1 0 ,  AN0 1 7  +- 1 0  MU-0, RESPECTIVELY,  AT 2.4 
GEVIC.  THE CORRESPONDING VALUES A T  2 . 9  G E V l C  ARE 1 2 4  +- 40, 1 4 3  +- 7 0 ,  AND 1 2 7  +- 7 0  MU-0. 

CLOSELY RELATED REFERENCES 
C O N T I N U A T I O N  OF P R E V I O U S  EXPERIMENT I N  BULL.  LM. PHYS. S a c .  14, 1 6 1  ( 1 9 b 9 ) .  AND PHYS. REV. D 1, 4 8  ( 1 9 7 0 ) .  

BEAM I S  ANTI-PROTON ON PROTON FROM 2 . 4  TO 2.9 GEVIC.  
T H l S  E X P E R I M E N T  USES THE BNL 3 1  I N .  HYDROGEN BUBBLE CHAMBER. 
K E Y  UOROS * CROSS S E C T I O N  ANGULAR D I S T R I B U T I O N  RESONANCE PRODUCTlOh D E L T A 1 1 2 3 8 1 + +  

CROSS S E C T I O N  FOR ANTIPROTON PRDTON - ANTI-PROTON PROTDN P I +  P I - .  [ T A B L E  2 1  

LABORATORY 
BEAM MOMENTUM 

G E V l C  M I  L L I B A R N S  
2 . 3 7 5  +- .D75 1.50 +- . 0 7  
2 .885 .OBO 2.57 . l o  ........................................................................................................................ 
CROSS S E C T I O N  FOR ANTIPROTON PRDTON - ANTI-PROTON PROTON P I +  P I -  P I O .  [ T A B L E  2 1  

LABORATORY 
BELM MOMENTUM 

G E V l C  MICRDBARNS 
2 . 3 7 5  +- . 0 7 5  10. +- 5. 
2 .685 . 0 0 0  1 2 4 .  +0. 

CROSS S E C T I O N  FOR ANTIPROTON P R G I O N  bNT1-PROTON NEUTRON P I +  P I +  P I - .  I T P B L E  2 1  

LABORATORY 
BEAM MOMENTUM 

G E V l C  
2 . 3 7 5  +- .D75 
2.885 .D8D .................. 

MICROBARNS 
14. +- 1 0 .  

1 4 3 .  7 0 .  
, ............................. 

CROSS S E C T I O N  FOR ANTIPROTMY PROTON - ANTI-NEUTRON PROTON P I -  P l -  P I + .  ( T A B L E  2 1  

LABORATORY 
BEAM MDHENTUM 

G E V l C  M I  CROBARNS 
2 . 3 7 5  +- . 0 7 5  17. +- 1 0 .  
2 .885 . 0 8 0  1 2 7 .  7 0 .  ............................................................................ 
CROSS S E C T I O N  FDR A N T I P R D T O k  PROTON - dNTI-PROTON NEUTRON P I +  P I +  P I -  + CHARGE CONJUGATE. 1 1 1  [ T A B L E  2 1  

LPBORATORY 
BEAM MOMENTUM 

G E V l C  

1 1 1  CALCULATEO BY US FROM DATA 1 N  T H I S  A R T I C L E .  ........................................................................................................................ 
CROSS S E C T I O N  FOR ANTIPROTON PROTON A N T I - D E L T A 1 1 2 3 8 ) - -  D E L T A ( 1 2 3 R I + + .  I 1 1  [ T b B L E  3 1  

A N T I - D E L T A ( l 2 3 0 1 - -  + ANTI-PROTON P I -  I 2 1  
D E L T A 1 1 2 3 8 1 + +  - PROTDN P I +  I 2 1  

LABORATORY 
REAM MOMENTUM 

G E V l C  
2 . 3 7 5  +- .D75 

M I L L  I BARNS 
1.35 *- . 1 5  

Ill CALCULATEO BY US FRLM DATA I N  T H I S  A R T I C L E .  
I 2 1  F I T T E D  FOR MASS AND/OR U l D T U  [MASS = 1 . 2 2 1  G E V i  U I D T H  = . I 2 0  G E V I ,  AND THEN TOOK ONLY EVENTS ABOVE I F I T T E O I  

BACKGROUND. 

CROSS S E C T I O N  FOR ANTIPROTCXY PR3TON * A N T I - D E L T A I 1 2 3 8 l -  D E L T b l l 2 3 8 1 + + .  I 1 1  [ T A B L E  3 1  
A N T I - D E L T A l 1 2 3 8 ) - -  * 4NTI-PROTON P I -  I 2 1  
O E L T A 1 1 2 3 8 1 + +  f PPOTON P I +  I 2 1  

LABORATPRY 
BEAM MOMENTUM 

GEV/C M I L L 1  BARNS 
2.885 +- . 0 8 0  2 . 4 4  +- . 1 3  

1 1 1  CALCULATED BY US FROM DATA I N  T H l S  A R T I C L E .  
[ 2 1  F I T T E D  FOR MASS AND/OR W I D T H  I H A S S  = 1 . 2 3 1  GEV: W I D T H  = . I 2 0  G E V l r  AND THEN TOOK ONLY EVENTS AeOVE ( F I T T E D )  

BACKGROUND. 



ClFFERENTIAL CROSS SECTION FGh ANTIPROTON PROTON . ANTI-DELTA[12381--  OELTAI lZ381++. 
ANTI-OELTA112381-- * ANTI-PROTON P I -  
DELTA l1238 I++  - PkOTON P I +  

LABOQATUQY BEAM MOMENTUM = 2.375 +- .075 GEV/C. 

NORMALIZED TO 1.35 MB 

+**THESE DATA WERE READ FROM A GRAPH*** 

-T  D-SIGMA/D-T 
iGEV/CI**Z MBI lGEV/C l * *Z  1 1 1  NO. EVENTS 
MIY  
.oo 

M A X  . Ob 
.12 
1 8  
. 2 4  
.30 
- 3 6  
.42 
.48 
.54 
.60  
.66 
.72 
.78  
.84 
.90  
.96 
.02 . 08 
.14 . 2 0  

26  
.32 
.38 
.44 
.50 
.56 
.62 
.6R 
. 7 4  
.so 

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE I lNCOMlNG ANTIPROTON1 AND THE [ANTI-DELTA112381--1. 

1 1 1  COUNTS WERE MULTIPLIED BY - 0 2 5 5  TO GET THESE. ........................................................................................................................ 
DIFFERENTIAL CROSS SECTION FGR ANTlPROTON PROTON - ANTI-DELTAl12381--  DELTA l l2381++ .  [FIGURE 6 8 1  

ANTI-DELTA(l2381--  * ANTI-PROTON P I -  
DELTAI12381++ - PROTON P I +  

LABORATORY BEAM MOMENTUM E 2.885 +- . 0 8 0  GEVIC. 

***THESE DATA WERE READ FROM A GlAPH*** 

-T 
IGEVICI * *Z  
MIN MAX 
.OD .06 
.O6 - 1 2  
- 1 2  .1B 
.18 .24 
.24 .30 
.30 .36 
.36 42  
.42  .48 
- 4 8  .54 
.54  .60 
.60 .66 
.66  - 7 2  
.72 .78 
.78 .84 
.84 .90 
.90 . 96  
- 5 6  1.02 

1.02 1.08 
1.08 1.14 
1 1 4  1.20 
1.20 1.26 
1 - 2 6  1.32 
1.32 1.38 
1.38 1.44 
1.44 1.50 
1 - 5 0  1.56 
1.56 1.62 
1.62 1.68 
1 - 6 8  1 .74  
1.74 1.80 

NO. EVENTS 

T I S  THE SQUARE OF THE INVIRIANT MOHENTUM TRANSFER BFTWEEN THE [INCOMING ANTIPROTONI AND THE [ANTI -DFLTA l l2381- -1 .  

1 1 1  COUNTS YERE MULTIPLlEO B Y  .0412 TO GET THESE. 



143 FORMATION OF A H E S O N I C  STATE I N  THE PEAR P I N T E R A C T I O N  AT 1 . 3 2  GEVIC.  I P H Y S .  LETTERS 2 9 8 ,  2 5 9  ( 1 9 6 9 1 1  0 G - K A L B F L E I S C H ?  R.STRAN0, V.VANDERBURG IBROOLHAVEM N h T .  LAB., U P T O h r  L.1.. N. Y., U S A 1  

ABSTRACT I N  A BUBBLE CHAMBER EXPERIMENT. THE R E A C T I 3 N  PEAR P - RHOO RHOO P I 0  I S  FOUND. ONLY AT 1 . 3 3  +/ -  0.02 G E V l c ,  
W I T H  A CROSS S E C T I O N  OF 0.5 + / -  0 . 1  HB. T H I S  EFFECT I S  A T T R I B U T E D  TO THE FORMATION OF A h  I ( G 1  = 1- STATE,  P I l Z 1 9 O I  - 
RHOO R H O J  P I O .  

CLOSELY R E L A T E 0  REFERENCES 
SEE ALSO PHYS. REV. LETTERS 2 0 1  1 0 5 9  1 1 9 6 R l 1  AN0 BULL. AY. PHYS. SOC. 1 3 1  1 4 4 1  i 1 9 0 8 l .  
C O N T I N U A T I O N  OF P R E V I O U S  EXPERIMENT I N  PHYS. REV. L E T T E R S  18,  1 2 0 9  1 1 9 6 7 1 .  

BEAM I S  ANTIPROTON ON PROTON FROM 1.11 T O  1 . 5 2  GEVlC.  
T H I S  EXPERIMENT USES THE RNL 3 1  I N .  HYDROGEN BURBLE CHAMBER. A TOTAL OF 6 4 0 0 0  P I C T U R E S  ARE REPORTED ON. 
K E Y  WORDS - A N N I H I L A T I O N  CROSS S E C T I O N  HESONS PSDDUCTION 
COMPOUND K E Y  WORDS - A N N l H l L A T l O N  CROSS S E C T I O N  MESONS PRCDVCT I O N  

ANTIPROTON PROTON T O T A L  CROSS SECTIJN. [ F I G U R E  l A l  

***THESE DATA WERE READ FROM A G R A P W * *  

LABORATORY 
B E A N  MOMENTUM 

G E V l C  
1.11 
1 . 3 3  
1.52 

Y I L L I B A R N S  1 1 1  
1 1 2 . 1  +- 2.4  
1 0 6 . 5  1 .5  

9 8 . 8  1.5 

111 ERRJRS I N C L U D E  SYLTEMATICS.  ......................................................................... 
CROSS S E C T I O N  FOR ANTIPROTON PROTON - 0 PRONGS. [ F I G U R E  1 A l  

***THESE DATA WERE REAO FROM A G R A P W * *  

M I L L I B A R N S  I 1 1  
7.69 +- . 2 1  
4 1  .13 
6 .70 .1B 

i l l  ERRORS I N C L U D E  SYSTEMATICS.  

CROSS S E C T I O N  FOR ANTIPROTON PROTON - 4 PRONGS. [ F I G U R E  1 A l  

***THESE DATA WERE READ FROM A GRAPH*** 

LABORATORY 
BEAM MOMENTUM 

G E V l C  M l L L I S A R N S  [ 1 1  
1.11 3 2 . 4  +- . 3  
1.33 3 1 . 0  . Z  
1.52 28.7  . 3  

I 1 1  ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 
CROSS S E C T I O N  FOR ANTIPROTON PROTON r 6 PRONGS. ( F I G U R E  1 A I  

***THESE DATA WERE REAO FROM A GRAPH*** 

LABORATORY 
BEAW MOMENTUM 

G E V l C  M I L L I S A R N S  [ 1 1  
1.11 4.31 +- . l o  
1.33 4 .31 - 0 5  
1 .52 4 .45 . 0 9  

I1  I ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................... 
CROSS S E C T I O N  FOR ANTIPROTON PROTON r P I +  P I +  P I -  P I - .  I F I G U R E  1 8 1  

***THESE DATA WERE READ FROM A GRAPH*: 

LABORATORY 
B E b M  MOMENTUM 

G E V l C  H I L L I B A R N S  1 1 1  
1.11 3 . 6 7  +- - 2 1  
1 . 3 3  3.00 - 1 2  
1.52 2.49 - 1 9  

(11 ERRORS I N C L U D E  SYSTEMATICS.  

CROSS S E C T I O N  FOR ANTIPROTON OR3TON - P I +  P I +  P I -  P I -  P I O .  [FIGURE l a 1  

***THESE DATA WERE READ FROM A GRAPH+** 

LABORATORY 
BEAM MDMENTUH 

G E V l C  
1.11 
1 . 3 3  

1 1 1  ERRORS I N C L U D E  SYSTEUATICS.  ........................................................................................................................ 
CROSS S E C T I J N  FOR ANTIPROTON PROTON - P I +  P I +  P I -  P I -  MM22PIO.  [ F I G U R E  1 0 1  

***THESE DATA HERE REAO FROM A GRAPH*** 

LAbOR*TORY 
BEAM MOMENTUM 

G E V l C  M I L L I B A R N S  1 1 1  
15.67 +- .28 
1 5 . 5 2  . Z 2  
1 6 - 2 6  . 2 9  

111 ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 



CROSS S E C T I O N  FOP. ANTIPROTON PROTON - FOUR PROlJG P I O N  A N X I H I L A T I O . ~ .  111 [ F I G U R E  1 0 1  

LABORATORY 
BEAN MDMFNTUH 

G E V l C  
1.11 
1.33 
1 .52 

M I L L I B A R N S  I 2 1  
3 2 . 7  +- .5  
30.9  . 3  
2 8 . 8  .5 

1 1 1  CALCULATED BY US FROM DATA I N  T H I S  A R T I C L E .  
[ 2 1  ERRORS I N C L U D E  SYSTEMATICS.  

CROSS S E C T I O N  FOR ANTIPROTDN PROTON * OMEGA17831 P I +  PI - .  I F I G U R E  1 C 1  
OMEGA17831 * P I +  P I -  P I 0  

***THESE DATA WERE R E A D  FROM A GRAPH*** 

LABORATORY 
BEAM MOMENTUM 

GEV/C 
1.11 
1.33 
1 .52 

H I L L I B A R N S  1 1 1  
2.33 +- . 2 5  
2 . 3 1  . 1 2  
1 . 8 8  .23 

1 1 1  ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 
CROSS S E C T I O N  FOR ANTIPROTON PROTON - R H O 1 7 6 5 1 0  P I +  P I -  P I O .  [ F I G U R E  1 C 1  

R H O 1 7 6 5 1 0  - P I +  P1- 

*+*THESE DATA MERE READ FROM A GRAPH*** 

LAaORATORY 
BEAM MllMENTUM 

G E V l C  
1.11 
1.33 
1 .52 

M I L L I B A R N S  Ill 
3 . 9 1  +- . 5 9  
3 . 4 1  . 3 6  
2 . 2 1  . 5 3  

Ill ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 
CROSS S E C T I O N  FOR ANTIPPOTON PROTON - R H 0 1 7 6 5 1 +  P I +  P I -  P I -  + CHARGE CONJUGATE. I F I G U R E  1 C 1  

R H O l 7 6 5 t +  - P I +  P I 0  

***THESE DATA WERE READ FROM A GRAPH*** 

[ 1 1  ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 
CROSS S E C T I O N  FOR ANTIPROTON PROTON + R H O 1 7 6 5 1 0  R H O 1 7 6 5 1 0  P I O .  [ P A G E  2 6 1 1  

R H O 1 7 6 5 1 0  + P I +  P I -  
R H O 1 7 6 5 1 0  * P I +  P I -  

LABORATORY 
BEAM MOMFNTUM 

G E V l C  M I L L I B A R M S  1 1 1  
1.33 +- - 0 2  . 5  +- .1 

Ill ERRORS I N C L U D E  SYSTEMATICS.  

PEAR P E L A S T I C  S C A T T E R I N G  I N  THE T-MESON REGION. I N U C .  PHYS. 8 3 0 9  4 6 6  ( 1 9 7 1 1  1 

G.R.KALBFLEISCHI R.C.STRAND, V.VANDERBURG I BROOKHAVEN NAT. LAB.  UPTONI L.1 N. Y. U S A 1  

ABSTRACT WE HAVE MADE IMPROVED MEASUREMENTS OF 43.8  +- 0.8. 41.3 +- 0.4  AND 3 9 . 3  +- 0.8 MB FOR THE PBAR P E L A S T I C  
CROSS S E C T I O N S  AT 1.11. 1.33, AND 1 . 5 2  G E V l C  LABORATORY MOMENTA RESPECTIVELY.  SHARP FORWARD PEAKS I N  T H E  D I F F E R E N T I A L  
CROSS S E C T I O N S  W l T H  BROAD SECONDARY MAXIMA AGREE W I T H  P R E V I O U S  OBSERVATIONS IPHYS.  REV. 1 1 2 1  1 3 0 3  1 5 8 1 ,  PHYS. REV. 
L E T T E R S  3 7  2 8 5  1 5 9 1 1  PHYS. REV. 1 3 1 1  1 2 1 6  1 6 3 1 ,  A N 0  NUCL. PHYS. 8 1 6 9  1 5 5  1 7 0 1 1 .  T H E  FORWARD D I F F E R E N T I A L  CROSS SECTIONS 
ARE 1 1 1  +- 3 1  PERCENT ABOVE THE O P T I C A L  POSNT I N  AGREEMENT W l T H  REPL A M P L I T U D E S  EXTENDED FROM LOWER MOMENTA U S I N G  
D I S P E R S I O N  R E L A T I O N S  I P H Y S ,  LETTERS 8.  2 8 5  1 6 4 1 1 .  THE E L A S T I C  CROSS S E C T I O N  DO NOT SHOW ANY STRUCTURE I N  THE S-CHANNEL. 
BACKWARD D I F F E R E N T I A L  CROSS SECTIONS SHOW THE ONSET OF A SO-CALLED T H I R D  O I F F R A C T I O N  PEAK. BUT NO E V I D E N C E  FOR OTHER 
STRUCTURE I N  AGREEMENT WITH E A R L I E R  EXPERIMENTS I N U C L .  PHYS. 8 1 6 .  1 5 5  I 7 0 1  AND PHYS. REV. LETTERS 2 3 ,  5 0 6  1 6 9 1  t .  

CLOSELY RELATED REFERENCES 
C O N T l N U A T l O N  OF P R E V I O U S  EXPERIMENT I N  PHYS. REV. L E T T E R S  1 8 .  1 2 0 9  1 1 9 6 7 1 ,  PHYS. REV. D 1. 1 9 1 7  I 1 9 7 0 l 1  AN0 P H I S .  

LETTEXS 2 9 8 ,  2 5 9  ( 1 9 6 9 ) .  

BEAM I S  ANTIPROTON ON PROTON FROM 1.11 T O  1 . 5 2  G E V l C .  
T H I S  EXPERIMENT USES T H E  BNL 3 1  I N .  HYDROGEN BUBBLE CAAMBER. A TOTAL OF 6 4 0 0 0  P I C T U R E S  ARE REPORTED ON. 
KEY WORDS - CROSS S E C T I O N  E L A S T I C  SCATTERING 

ANTIPROTON PROTON E L A S T I C  CROSS SECTION.  [ T A B L E  2 1  

LABORATORY 
BEAM HOMENTOM 

G E V l C  M l L L I 3 A R N S  [ 1 1  
1.11 43.8 +- .8 
1 .33 4 1 . 3  . 4  
1 . 5 2  3 9 . 3  . 8  

Ill ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 
ANTIPROTON PROTON T O T A L  CROSS SECTION. [ T A B L E  2 1  

LABORATORY 
BEAM WMENTUM 

G F V l C  M I L L I B A R N S  I 1 1  
1 1 2 . 6  +- 2.0  
1 0 9 . 6  2 .0  

1 1 1  ERRORS I N C L U D E  SYSTEMATICS.  ....................................................................................................................... 



228 

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 ANTIPROTON PROTON. [ F I G U R E  2 4 1  

LABORATORY BEAM MOMENTUM = 1 . 1 1  G E V I C .  

***THESE DATA WERE READ FROM A GRAPH*** 

-T 
( G E V / C I * * 2  
H I  N MAX 

NO. EVENTS 

T I S  THE SQUARE OF T H E  I N V A R I A N T  MOUENTUM TRANSFER BETMEEN T P E  I l N C O M I N G  ANTIPROTON1 AN0 THE I O U T G O I N G  ANTIPROTON].  

t 1 1  COUNTS WERE M U L T I P L I E D  BY 1. T O  GET THESE. ........................................................................................................................ 



E L A S T I C  D IFFERENTIAL  CROSS SECTION FOR AhTlPROTON PROTON. [FIGURE 2 8 1  

LABORATORY BFAn  MOMENTUM = 1.33 GEVIC. 

***THESE DATA WERE READ FROM A GRAPH*** 

-T 
I G E V I C ) * * 2  
M I N  M A X  
. 02  .03 
.03 
.04 
. 05  

NO. EVENTS 

T I S  THE SQUARE OF THE INVARIANT MOPENTUM TRANSFER BETdEEN TkE  I INCOMING ANTIPROTON1 AND THE IOUTGOlNG ANTIPROTONI. 

Ill COWTS MERE M U L T I P L I E D  BY .42  TO GET THESE. ........................................................................................................................ 



ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [FIGURE 2C1  

LABORATORY BEAM MOMENTUM = 1.52 GEVIC. 

***THESE DATA WERE READ FROM A GRAPHl** 

MAX 
.03 
. 04  
. 05  
- 0 6  
.07 
- 0 8  

0 9  
.10 
-11 
.12 
- 1 3  
. 14  
- 1 5  
. 16  
. 17  
. 18  
- 1 9  
. 20  
. 21  
.22 
- 2 3  
. 2 4  
- 2 5  
- 2 6  
. 2 7  
- 2 8  
- 2 4  

3 0  
- 3 1  

3 2  
. 33  
. 3 4  
.35 
.36 
. 3 7  
.38 
. 3 9  
. 4 0  
. 4 1  . 4 2  
.43  
. 4 4  
.45 
- 4 6  
- 4 7  

4 8  
. 49  
. 5 0  
. 51  
- 5 2  
. 5 3  
r 5 4  
.55 
. 56  

5 7  
- 5 8  
.59 

6 0  
. 6 1  
-62  
.63 
.64 
.65 
- 6 6  
.67 
. 68  
. 69  
.70 

D-S IGMAID-T 
MB/ IGEV/C) * *2  1 1 1  NO. EVENTS 

T 1 5  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE [ INCOMING AYTIPROTONI AND THE [OUTGOING ANTIP3OTONI.  

1 1 1  COUNTS WERE M U L T I P L I E D  BY .9 TO GET THESE. 



PaAP P E L A S T I C  S C A T T E R I N G  AT 3 . 6 6  GEVIC.  IPHYS.  REV. LETTERS 19, 2 6 5  ( 1 9 6 7 1 1  

.M.KATZ, 8.FJRMAkr T.FERREL [ U N I V .  OF ROCHESTERI ROCHESTERT Y. Y.1 U S A 1  

ABSTRACT THE PBAR P E L A S T I C - S C A T T E R I N G  O I F F E R E N T I A L  CROSS S E C T I O N  SHOWS A M l N I W M  AT T APPROX. 5.5 ( G F V I C l * * 2  AND A 
SECONDARY MAXINUM A T  T APPROX. 0.9 ( G N I t l * * 2 .  THE T O T A L  CROSS S E C T I O N  F F P  THE A N N I H I L A T I O N  PROCESS PEAR + P P I -  + 
P I +  I S  6.6 t 3.5 MU-8: THE CROSS S E C T I O N  FOP PBAR + P r K- + K+ I S  L E S S  THAN 2.2 MU-0. 

CLOSELY RELATEO REFERENCES 
ERKATUM PHYS. REV. L E T T E R S  2 2 7  8 8  ( 1 9 6 9 1 .  
SEE ALSO PHYS. REV. L E T T E R S  1 7 ,  7 2 0  1 1 9 6 6 1 .  BULL.  AM. PHYS. SOL. 1 2 .  4 7 0  ( 1 9 6 7 1 1  PHYS. REV. 1 3 1 .  1 2 7 6  ( 1 9 6 3 1 ,  PHYS. 

REV. 1 3 7 .  8 1 2 5 0  ( 1 9 6 5 1 ,  PHYS. L E T T E R S  1 5 .  1 8 8  ( 1 9 6 5 1 ,  CERN REPORT NO. 9 8 3 1 .  T H 4 8 6  ( 1 9 6 4 1 .  BOLOGNA CONFERENCE 1, 2 6 3  
1 1 9 6 3 1 ,  PHYS. REV. 1 3 1 .  1 2 8 7  ( 1 9 6 3 1 ,  K R L  1 0 1 2 9  ( 1 9 6 2 1 .  PHYS. REV. 1 3 7 .  8 1 2 5 0  ( 1 9 6 5 1 .  PHYS. REV. LETTERS 2 1 ,  1 7 5  
1 1 9 6 7 1 ,  PHYS. REV. 1 7 3 ,  1 3 0 7  ( 1 9 6 8 1 .  AND PHYS. L E T T E R S  24.  6 4 2 .  

BEAM I S  ANTIPROTON ON PROTON A T  3 . 6 6  G E V I C .  
T H I S  E X P E k I M E N T  USES THE B N L  2 0  I N .  HYDROGEN BUBBLE CHAMBER. A TOTAL OF 5 0 0 0 0  P I C T U R E S  ARE REPORTED ON. 
K E Y  WORDS r A N N I H I L A T I O N  CROSS S E C T I O N  E L A S T I C  SCATTERING D I F F E R E N T I A L  CROSS S E C T I O N  
COMPOUND KEY WORDS * A N N I H I L A T I O N  CROSS S E C T I O N  E L A S T I C  SCATTERING D I F F E R E N T I A L  CROSS S E C T I O N  

[PAGE 2 6 5 1  
L A B W A T O R Y  BEAM MOMENTUM = 3 . 6 6  t . 0 8  GEVIC.  

REACT1 3 N  
A N T I P R O T 9 N  PROTON - 

P I C  P I -  
K+ K- 

MICROBARNS Ill NO. EVENTS 

6.6  +- 3.5 3 
< 2.2 

[ 1 1  ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 
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 ANTIPROTON PROTON. [ T A B L E  1 1  

LABORATORY BEAM MOMENTUM = 3 . 6 6  +- .08 G E V I C .  

D-SIGNAID-OMEGA 
U B I S R  I 2 1  

1 4 3 0 . 0  + 4 5 0 0 . 0  - 3 9 0 . 0  
3 3 4 . 0  + 2 3 0 . 0  - 7 2 . 0  
1 7 5 . 0  + 82.0  - 39.0 
1 4 0 . 0  + 3 5 . 0  - 3 5 . 0  

NO. EVENTS 
1 6 4  

3 8  

2 0  

1 6  

2 9  

3 5  

2 9  

3 3  

2 4  

1 0  

8 

l o  

5 

4 

9 

5 

4 

2 

THETA I S  THE ANGLE THAT T H E  ANTIPROTON MAKES W I T H  THE BEAM I N  THE GRAND C.M. 

[ll MEAN VALUES. 
1 2 1  ERRORS I N C L U D E  S Y S T E M A T I C S .  

I N T E R P R E T A T I 3 N  OF THE P P I +  P I -  AND PBAR P I +  P I -  MASS SPECTRA I N  THE R E A C T I O N  PEAR P - PBAR P P I +  P I -  AT 2.7 AND 2.9 
GEVIC.  I P H Y S .  REV. D 1. 4 8  1 1 9 7 0 1 1  

W.J.KERNAN. H.8.CRAWLEY1 R.A.JESPERSENs R-A-LEACOCK L I D W A  STATE UN1V.r AMESI I O U A r  U S A 1  

ABSTRACT THE R E A C T I O N  PBAP P * PBAR P P I +  P I -  H A S  BEEN S T U D I E D  FOR P P I +  P I -  A N 0  PEAR P I +  P I -  ENHANCEMENTS U S I N G  7 1 9  
EVENTS AT 2.7  G E V I C  AND 1 0 1 5  EVEVTS A T  2.9 GEVIC.  WE F I Y O  THAT THE P P I *  P I -  A N 0  PEAR P I +  P I -  NASS SPECTRA CAN BE 
ADEQUATELY E X P L A I N E D  BY ASSUMING THAT THE R E A C T I O N  PROCEEDS 1 0 0  PERCENT THROUGH THE A N T I - D E L T A I 1 2 3 6 l - -  D E L T A ( l 2 3 6 1 + +  
CHANNEL, AN0 THAT I T  I S  NOT NECESSARY TO ASSUME THE PROOUCTION OF P P I +  P I -  0 5  PBAR P I +  P1-  RESONANCES I N  T H I S  REACTION 
AT THESE ENERGIES.  

CLOSELY RELATEO REFERENCES 
C O N T I t l U A T I O N  OF P R E V I O U S  EXPERIMENT I N  PHYS. REV. 1 5 4 ,  1 2 6 4  ( 1 9 6 7 1 .  

BEAM 1 5  ANTIPROTON ON PROTON FROM 2.7 TO 2.9 GEVIC.  
T H I S  EXPERIMENT USES T H E  B N L  2 0  I N .  HYDROGEU BURBLE CHAMBER. A T O T A L  OF 4 3 5 0 0  P I C T U R E S  ARE REPDRTED ON. 
K E Y  WORDS * RESONANCE PROOUCTION D E L T A ( 1 2 3 8 ) + +  ........................................................................................................................ ........................................................................................................................ 

NO D A T A  PUNCHED FOR T H I S  A R T I C L E  



PBAR-P E L A S T I C  S C A T T E R I N G  AT 6.9 GEVIC.  IPHYS.  REV. L E T T E R S  21, 1 7 5  ( 1 9 6 8 1 1  

T . K I T A G A L l r  K.TAKAHASHI. S.TANAKA, T.SATO, A.YAMAGUCHI, K.HASEGAWAr R.SUGAWARA, K.TnMAI  I P H Y S l C S  DEPT., TOHOKU UNIv. ,  
SENDAI  I J A P A N 1  

ABSTRACT T H E  PBAR-P E L A S T I C  S C A T T E R I N G  AT 6.9  G E V I C  WAS S T U D I E D  BY THE A N A L Y S I S  OF ANTlPROTON F I L M  TAKE,\ BY THE 
BROOKHAVEN N A T I O N A L  LABORATORY BO-IN.  HYDCOGEN BUBBLE CHAMBER. THE CROSS S E C T I O N  OF THE E L A S T I C  SCATTERIXG WAS 1 4 . 7  +- 
1.5 MB. THE ANGULAR D I S T R I B U T I O N  SHOWED A D I P  I N  THE REGION OF - T  APPROX. = 0.6 I G E V I C I * * Z  AND A SECONDARY MAXIMUM A T  
-T APPROX. 0.8 I G E V / C l * * 2 .  

CLOSELY R E L A T E D  REFERENCES 
SEE ALSO PHYS. REV. 1 7 3 ,  1 3 0 7  1 1 9 6 8 1 .  PHYS. REV. L E T T E R S  11, 5 0 3  1 1 9 6 3 1 1  AND PHYS. REV. 1 8 1 .  1 7 9 4  1 1 9 6 9 1 .  

BEAM I S  ANTIPROTON O N  PROTON AT 6.9 GEVIC.  
T H I S  E X P E R I M E N T  USES THE BNL 8 0  I N .  HYDROGEN BUBRLE CHAMBER. A TOTAL OF 1 5 0 0 0  P I C T U R E S  APE REPORTED ON. 
K E Y  WORDS - 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  D I F F E R E N T I A L  CROSS S E C T I O N  
COMPOUND KEY WORDS - 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  

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 ANTIPROTON PROTON. C 1 1  I P A G E  1 7 5 1  

LABORATORY BEAM MOMENTUM = 6.9 G E V I C  +- .51PER CENT).  

OAT* ARE F I T  OVER -T FROM - 0 5  TO . 4 0  I G E V / C I * * 2 .  T I S  THE SQUARE OF THE I N V A R I A N T  MOMENTUM TRANSFER BETWEEN T H E  
I l N C O M I N G  A N T I P R O T O N 1  AND T H E  LOUTGOING ANTIPROTONI.  

NUMBER OF E V E N T S  = 3 4 0 .  
F I T T E D  FORMULA I S  0 - S I G M A I D - T  - A*EXP(B*TI  

WHERE D-SIGMAID-T I S  I N  M B I I G E b J I C l * * 2  AND T I S  I N  l G E V / C l * * 2 .  T I S  THE SQUARE OF THE I N V A R I A N T  MOMENTUM 
TRANSFER BETWEEN THE [ I N C O M I N G  A N T I P R O T O N I  AND THE I O U T G D I h G  ANTIPROTONI.  

F I T T E D  VALUES 
A = 2 1 1 .  +- 3 2 .  
R * 14.3 +- 1.5 

I11 CALCULATED B Y  US FROM DATA I N  T H I S  A R T I C L F .  .................................................................................................................. 
[ T A B L E  1 1  

LABORATORY BEAM MDMENTUM = 6.9 G E V I C  +- . 5 l P E R  CENT] .  

R E A C T l D N  
ANTIPROTON PROTON r 

0 PRONGS 
2 PRONGS 
4 PRONGS 
6 PRONGS 
8 PRJNGS 
TOTAL 

M I L L I B A R N S  Ill NO. EVENTS 

1 1 1  ERRORS I N C L U D E  SYSTEMATICS.  ................................................................................................. 
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 ANTIPROTON PROTON. [ F I G U R E  1 1  

LABCRATORY BEAM HOMENTUM = 6.9 G E V I C  +- .51PER CENT).  

DATA S U P P L I E D  M Y  AUTHORS I N  T W U L A R  FORM 

-T G-SIGMAID-T 
l G E V / C l * * 2  M B / I G E V / C l * t 2  Ill 
M I N  
.05 
- 1 0  
.20 
. 3 0  
. 4 0  
.50 
. 7 0  
. 9 0  

MAX 
. I 0  
. 2 0  
. 3 0  
- 4 0  
. 5 0  
. 7 0  
. 9 0  

1 . 1 0  

T 1 5  THE SQUARE O F  T H E  I N V A R I A N T  MOMENTUM TRANSFER B E T d E E N  THE I l N C O M I N G  A N T I P R O T O N I  AND THE IOUTGOlNG ANTIPROTONI.  

L 1 1  ERRORS ARE S T A T I S T I C A L  O W Y .  

S P I N  CORRELATIONS I N  PEAR P * LAMBDABAR LAMBDA AT 2.19 G E V I C .  [PHYS. REV. 1 8 6 ,  1 3 9 2  ( 1 9 6 9 1 1  

N.KWAK1 G.H.MALLt J.E.MANWEILER, M.L.NICHOLASI M.S.REDEKER, T.A.STRINGER, R.STUMP I U N I V .  OF KANSAS, LAURENCE. KANSAS. U S A ]  

ABSTRACT LARGE S P I N  CORRELATIONS BETWEEN LAMBDA AND LAMBDABAR HYPERONS HAVE BEEN OBSERVED I N  THE R E A C T I O N  PEAR P + 
LAMBDABAR LAMBOA, AND THEY ARE VERY S I M I L A R  TO T H E  ONES O B T A I N E D  BY B A D I E R .  E T  AL.. AT 2 . 5  GEVIC.  THE CORRELATION ALONG 
THE HYPERON F L I G H T  D l R E C T I D N  I N  THE C.M. SYSTEM I S  FOUND TO BE -0 .96 +- 0.44.  WHICH SUGGESTS THAT THE HYPERONS ARE 
STRONGLY I N  T H E  S P I N  T R I P L E T  STATE.  WE HAVE MADE AN A N A L Y S I S  OF THE D I F F E R E N T I A L  CROSS S E C T I O N  AND S P I N  CORRELATIONS I N  
TERMS OF THE 0 1 3 r l l  MODEL. THE RESULT APPEARS TO BE VERY ENCOURAGING. 

CLOSELY RELATED REFERENCES 
SEE ALSO NUDVO C I M E N T O  3 5 ,  7 3 5  1 1 9 6 5 i r  PHYS. REV. 1 4 0 ,  8 1 0 2 7  ( 1 9 6 5 1 ,  AND PHYS. L E T T E R S  2 5 0 .  1 5 2  1 1 9 6 7 1  

BEAM I S  ANTIPROTON ON PROTON AT 2.19 GEVIC.  
T H I S  E X P E R l M F N T  U S E S  THE B N L  3 1  I N .  HYDROGEN BUBBLE CHAMBER. A TOTAL OF 1 0 0 0 0 0  PICTURES ARE REPORTED ON. 
K E Y  WORDS - A N N l H I L A T l C W  CROSS S E C T I O N  D I F F E R E N T I A L  CROSS S E C T I O N  LAMBDA PRODUCTION 
COMPOUND KEY WORDS - A N N I H I L A T I O N  CROSS S E C T I O N  LAMBOA PRODUCTION ........................................................................................................................ ........................................................................................................................ 

I P A G E  1 3 9 2 1  
LABORATORY BEAM MOMENTUM = 2.19 GEVIC.  

R E A C T I O N  
ANTIPROTON PROTON - 

ANTILAMBDA LAMBDA 
A N T I  LAMBDA S I G M A 0  + CHARGE CONJUGATE 

MICROBARNS 1 1 1  NO. EVENTS 

1 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. ........................................................................................................................ 



D I F F E R E N T I A L  CROSS S E C T I O N  FOR ANTIPROTON PROTON - A N T I L A M B D A  LAMBDA. I F I G U R E  1 A l  

LABORATORY BEAM MOMENTUM = 2 . 1 9  GEVIC.  

***THESE DATA W E t E  READ FROM A GRAPH*** 

-T 
l G E V / C I * * 2  
M I N  MAX 
. 0 4  .OB 
. l o  . 1 5  
. 2 0  . 2 8  
. 2 8  . 3 8  
. 4 2  .4B 
- 4 8  . 5 8  
- 6 2  .68 
. 7 0  . 8 0  
.88 1 . 0 0  

1 . 2 0  1 . 2 8  
1 .66 1 . 8 0  

D-SIGMAID-T 
U B / I G E V I C I * * Z  Ill 

T I S  THE SQUARE OF T H E  I N V A R I A N T  MOPENTUM TRANSFEP BETUEEN T P E  [ I N C O M I N G  ANTIPROTON1 AND THE [ A N T I L P M B D A I .  

Ill ERRO$S ARE S T A T I S T I C A L  3NLY.  ........................................................................................................................ 
D I F F E R E N T I A L  CROSS S E C T I O N  FOR ANTIPROTON PROTON + A N T I L A M B D A  S I G M A 0  i CHARGE CONJUGATE. [ F I G U R E  1 8 1  

LABORATORY BEAM MOMENTUM = 2.19 G E V I C .  

***THESE DATA WERE READ FROM A GRAPH*** 

-T 
i G E V I C l * * 2  
M I N  MAX 
.1 .2 
.2 . 3  
.3 .4 
. 4  .5 
.5  .6 
. 6  .7 
. 7  .8 . B .9 
. 9  1 .0  

1.1 1.2 
1 . 2  1.3 
1 .6  1 . 7  

T I S  THE SQUARE OF T H E  I N V A R I A N T  MOMENTUM TRANSFER BETUEEN THE [ I N C O M I N G  A N T I P R O T O N 1  AND THE I A N T I L A M B D A I .  

Ill ERRORS ARE S T A T I S T I C A L  ONLY. 

149 ANTIPROTON-PROTON A N 0  PROTON-PROTON T O T A L  CROSS S E C T I O N S  FROM 4 T(! 2 0  B E V I C  I P H Y S .  REV. L E T T E R S  7, 1 8 5  1 1 9 6 1 1  I 

uS...I.LINDENBWM~U.AnLOVE~ J J A . N I E O E R E R s S . D Z A K I ~  J J J J R U S S E L L t L . C C L . Y U A N  IBROOKHAVEN NAT. LAB.. UPTON. L.1.. N. Y.. U S A 1  

BEAM I S  ANTIPROTON ON PROTON FRDM 4 TO 2 0  GEV/C. 
T H I S  EXPERIMENT USES COUNTERS. 
K E Y  WORDS - CROSS S E C T I O N  ........................................................................................................................ ........................................................................................................................ 
ANTIPROTON PROTON T O T A L  CROSS SECTION. [ F I G U R E  3 1  

***THESE DATA WERE READ FROM A G R A P W t *  

LABORATORY 
BFAM MOMENTUM 

G E V l C  
4 . 0  
5.0 

M l  L L l  BARNS 1 1 I 
6 5 . 3  +- 1.5 
6 2 . 8  2 .0  
6 3 . 4  1.2 
6 0 . 3  1.5 
6 0 . 5  1.5 
59.5 1 .8  
56.0 1.6 
5 4 . 4  1.8 
5 3 . 8  1 .6  
5 1 . 5  2.2 
52.6 1.8 
4 9 . 4  1 . 6  
5 1 . 5  2 .1  
4 9 . 9  2.2 
46.7  3.7 

1 1 1  ERRORS I N C L U D E  SYSTEMATICS.  

8.LOERSTAD. C-D'ANDLAUI A.ASTIER.  J.COHEN-GANOUNA. M.DELLA-NEGRA [COLLEGE DE FRANCE, P A R I S ,  FRANCE1 
M - A G U I L A R - B E N I T E Z V  J-BARLOHI L.D.JACOBSI P.MALECKI. L.M3NTANET ICERN, GENEVA, S U I T Z E R L A N O I  

ABSTRACT THE 3 .  E A N 0  F '  MESDNS ARE OBSERVED I N  PBAR P A N N I H I L A T I O N S  AT 0.7 G E V I C -  THE QUANTUM NUMBERS OF THE D AND E 
ARE ANALYZED. A L I M I T  I S  G I V E N  FDR THE F' - K K I K I O I 1  K i O l l  BRANCHING R A T I O .  

BEAM I S  ANTIPROTON ON PROTON AT .7 G E V I C .  
T H I S  EXPERIMENT USES THE SACLAY 8 1  CM HYDROGEN B U B B L E  CHAMBER. A TOTAL OF 3 6 0 0 0 0  P I C T U R E S  ARE REPORTED ON. 
K E Y  UOROS - A N N I H I L A T I O N  MESONS RESONANCE PRODUCTION MASS SPECTRUM 
COMPOUND K E Y  WORDS - MESONS RESONANCE PRODUCTION ........................................................................................................................ ........................................................................................................................ 

NO DATA PUNCHED FOR T H I S  A R T I C L E  



SOME LOW ENERGY PROTON-ANTIPROTON CROSS SECTIONS. IPHYS. LETTERS 3% 3 3 4  

J.G.LOKEN, M.0ERRICK IOXFORO U N I V - I  OXFORD, ENGLAND1 

BEAM I S  ANTIDROTON ON PROTON FROM . I 6 8  TO .39b  GEVIC. (BEAM K I N E T I C  ENERGY 
THIS EXPERIMENT USES THE SACLAY 0 1  cn HYDROGEN BUBBLE CHAMBER. 
KEY WOROS + CROSS SECTION CHARGE EXCHANGE ANNIH ILAT ION 

CROSS SECTION FOX 

LABORATORY 
BEAM ENERGY 

GEV 
WIN MAX 

.025 - 0 4 0  

. 040  . 055  

.055 .OBO .................... 

ANTI  PROTON PROTON - TOTAL ANNIH ILAT ION.  

M ILL IBARNS 

. 0 1 5  TO - 0 8 0  GEV l  

[TABLE 2 1  

........... 
CROSS SECTION FOR ANTIPROTON PROTON 0 PRONGS. [TABLE 2 1  

LABORATORY 
BEAM ENERGY 

GEV 
M I N  MAX 

.025  . 040  

. 040  - 0 5 5  
- 0 5 5  - 0 8 0  

M ILL IBARNS 

........................................................................................................................ 
CROSS SECTION FOR ANTIPROTON PROTON - ANTINEUTRON NEUTRON. [TABLE 2 1  

LABORATORY 
BEAM ENERGY 

GEV 
M I N  MAX 

. D l 5  . 025  

. 025  . 0 4 0  
- 0 4 0  - 0 5 5  
- 0 5 5  .OBO 

F I N A L  STATES OF THE ANTIPROTON-PROTON SYSTEH. IREV. MOO. PHYS. 33,  3 9 5  1 1 9 6 1 1 1  

G-R-LYNCH 1U.C. LAWRENCE RAD. LAB., BERKELEY, CALIF., USA1 

CLOSELY RELATED REFERENCES 
PART OF T H I S  ART ICLE  SUPERSEDED BY PHYS. REV. 131 .  1 2 7 6  l 1 9 6 3 1 .  AN0 PHYS. REV. 131 ,  1 2 8 7  119631 .  
CONTINUATION OF PREVlOUS EXPERIMENT I N  PHYS. REV. 121 ,  1 7 8 8  119611.  

BEAM NO. 1 I S  ANTIPROTON ON PROTON FROM 1.59 TO 1.63 GEVIC.  
NO. 2 I S  ANTIPROTON ON PROTON FROM 1.96 TO 2.02 GEVIC. 

T H I S  EXPERIMENT LISES THE LRL 7 2  I N .  HYDROGEN BUBBLE CHAMBER. 
KEY WORDS - CROSS SECTION ANNIH ILAT ION MESONS PROOUCTION 
COMPOUND KEY WOROS - MESONS PROOUCTION ........................................................................................................................ ........................................................................................................................ 

D I F F E R E N T I A L  CROSS SECTION FOR ANTIPROTON PROTON - ANTILAMBOA LAMBDA. [F IGURE 5 1  

LABORATORY BEAM MOMENTUM = 1 .61  GEVIC. 

***THESE DATA WERE READ FROM A GRAPH.** 

M l N  MAX 
-1.0 -.8 

-.B -.6 -. 6 -.4 
-.4 -.2 
-.2 .o 

.o .2 

.Z .4 

.4  .6 

.6 .B 

.8 1.0 

NO. EVENTS 

THETA I S  THE ANGLE THAT THE 4NTILAMBOA MAKES WITH THE BEAM I N  THE GRAND C.M. 

Ill 
1 2 1  

ERRORS 
COUNTS 

ARE S T A T I S T I C A L  
WERE MULT IPL IED 

ONLY 
BY  25.9 TO GET THESE. 

1 153 11~~:::~~::~s OF 1."-BEVIC ANTIPMJT'NS I N  HYOWGEN INVOLVING TWO OUTGOING CHARGEO PARTICLES. IPHYS. REV. 131,  1 2 7 6  

G . R . L Y N C H 1 R . E . F O U L K S I G . R . K A L B F L E I S C H ~ S . L I M E N T A N I J B S H A F E R M L S T E V E N S O N  N-XUONG [U.C. LAWRENCE RAO. LAB., BERKELEY, 
CALIF.. USA, AND UNIV.  OF C A L ~ F O R N ~ A I  BERKELEY* CALIF. ,  USA1 

ABSTRACT INTEaACTIONS OF 1.61-BEVIC ANTIPROTONS I N  HYDROGEN Y IELDING TWO CHARGEO PARTICLES HAVE BEEN STUOIEO, WITH 
PARTICULAR ATTENTION TO ELASTIC  SCATTERING* SINGLE-PION PRODUCTION. AND ANNIH ILAT ION INTC THREE OR MORE PIONS. EFFECTS 
OF MIS INTERPRETATION OF EVENTS ARE ESTIMATFD BY MONTE CARL0 CALCULATIONS. N I N E  PARTIAL  CROSS SECTIONS HAVE BEEN 
MEASURED. THE ELASTIC-SCATTERING DATA SHOW A SECONDARY DIFFRACTION PEAK AT ABOUT B2  DEGREES I N  THE CENTEX-OF-MASS 
SYSTEM. S INGLE P I O N  PRODUCTION I S  FOUND TO BE CONSISTENT WITH CHARGE-CONJUGATION INVARIANCE. I N  THE SINGLE PlON EVENTS 
1PBAR + P - NBAR + N + P I 1  THE PREDOMINANCE OF LOk-MOMENTUY TRANSFER EXCEEDS THAT PREOICTED BY THE SINGLE P lON EXCHANGE 
FORMULA OF CHEW AND LOW. NO TWO-PION RESONANCES HAVE BEEN OBSERVED ANYYHERE I N  THE DATA. 

CLOSELY RELATED REFERENCES 
SEE ALSO REV. ROD. PHYS. 3 3 .  3 9 5  I 1 9 6 1 l 1  AND PHYS. REV. 124,  5 7 5  1 1 9 6 1 )  
T H I S  ART ICLE  SUPERSEDES PART OF PHYS. REV. 1 2 4 .  5 7 5  119611 .  

BEAM I S  ANTIPROTON ON PROTON AT 1.61 GEVIC.  
T H I S  EXPERIMENT USES THE LRL  7 2  IN .  HYDROGEN BUBBLE CHAMBER. 
K E Y  WORDS + CROSS SECTION ANNIHILATION ELASTIC SCATTERING DIFFERENTIAL CROSS SECTION PION 

PRODUCT I O N  
COMPOUND KEY WOROS * P I O N  PRODUCTION ........................................................................................................................ ........................................................................................................................ 



E L A S T I C  D I F F E R E N T I A L  CRDSS S E C T I O N  FOR ANTIPROTON PROTON. [ F I G U R E  2 1  

LABOLATORY BEAM MOMENTUM = 1.61 GEVIC.  

***THESE DATA WEKE READ FROM A GRAPH*** 

C C S I T H E T A J  [ 1 1  D-SIGYAIO-OMEGA 
M B I S R  I 2 1  

2 . 5 0 0  +- . 3 0 0  
1 . 5 0 0  . 2 0 0  

. l a  .osn 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES W I T H  T H E  BEAU I N  THE GRAND C.M. 

[11 MEAN VALUES. 
I 2 1  E R R 0 9 S  I N C L U D E  SYSTEMATICS.  ................................................................................................ 

I P A G E  1 2 8 6 1  
LABORATORY BEAM UOMENTUM - 1 . 6 1  G E V I C  (MEAN V A L U E ) .  

R E A C T I O N  
A N T I P R O T O N  PROTON - 

E L A S T I C  
A N T I P R O T O N  PROTON P I 0  
A N T I N E U T R O N  PROTON P1- 
A N T I P R O T J N  NFUTRON P I +  
A N T I P R O T O N  NEUTRON P I +  + CHARGE CONJUGATE 
P I *  P I -  P I 0  

I 1 1  ERRORS I N C L U D E  SYSTEMATICS.  
[ 2 1  CALCULATED B Y  US FROM DATA I N  T H I S  A R T I C L E .  

) 1 6 4 i T W O - M E S O N  A N N I H I L A T I O N S  OF 1.61-BEVIC ANTIPROTONS I N  HYDROGEN. IPHYS.  REV. 1 3 1 .  1 2 8 7  ( 1 9 6 3 ) l  

-G.R.LYNCH~ P.EBERHAR0. G.R.KALBFLEISCH, J.E.LANNUTT1. B.C.MAGLIC, J.8.SHAFER1 M.L.STEVENSON. N.H.XUONG [U.C. LAURENCE RAO. 
LAB.. BERKELEY, C A L I F . ,  U S A 1  

ABSTPACT PROTON-ANTIPPOTON A N N I d I L A T I O N S  AT 1 . 6 1  B E V l C  U l T H  ONLY TWO MESONS I N  THE F I N A L  STATE HAVE BEEN E X A U l N E D  I N  
THE 7 2 - I N .  BUBBLE CHAMBER. THF P A R T I A L  CROSS S E C T I O N S  UEASUREO ARE 

D R I P  + C r C1- + P I + .  119 +- '40 MU-8: . - . . . . . . . . .  - - . - - .  - - . 
PBAR + P r K- + K+, 5 5  +- 1 8  MU-8. 

T H E  K- D I S T R l B L I T l O N  I N  PBAR + P r K- + K+ I S  PEAKED STRONGLY FCRWARO, W I T H  7 OF THE 11 K- MESONS PRODUCED I N  THE 
FORWARDHOST T E N T H  OF T H E  TOTAL S O L I D  ANGLE. T H E  P I -  EVENTS S n O n  NO SUCH EFFECT,  W I T H  ONLY 2 OF THE 2 2  P I -  MESONS B E I N G  
PRODUCED I N  THE SAUE FORWARD I N T E R V A L .  CAREFUL STUDY OF P O S S I B L E  CONTAMINATION OF THESE EVENTS I N D I C A T E S  THAT ALMOST 
A L L  OF THEf4 ARE G E N U I N F  THO-UESON A N N I H I L A T I O N .  

CLOSELY R E L A T E D  REFERENCES 
SEE A L S O  PHYS. REV. 1 3 1 1  1 2 7 6  ( 1 9 6 3 1 .  
T H I S  A R T I C L E  SUPERSEDES PART OF REV. MOD. PHYS. 3 3 7  3 9 5  ( 1 9 6 1 1 .  

lMPOl lN0 K E Y  WORDS A N N I H I L A T I O N  CRO 

[ P A G E  1 2 8 9 1  
LABORATORY BEAM HOUENTUH = 1 . 6 1  GEV/C. 

R E A C T I O N  
A N T I P R O T O N  PROTON r 

P I +  P I -  
K+ K- 

Ill ERRORS I N C L U D E  SYSTEMATICS.  ..................................................................................................... 
D I F F E R E N T I A L  CROSS S E C T I O N  FOR ANTIPROTON PROTON - P I -  P I * .  [ F I G U R E  4 1  

LABORATORY BEAM UOMENTUU = 1 . 6 1  G E V I C .  

***THESE DATA WERE READ FROM A G R A P W * *  

C O S I T H E T A I  0-SIGMAID-COS I T H E T A I  
UB t 1 , 2 1  

U I N  U A X  
.8 1.0 5 4 . 1 0  +- 3 8 . 2 5  
- 6  .8 5 4 . 1 0  3 8 . 2 5  
. 4  .6 27.05 2 7 . 0 5  
. 2  . 4  27.05 2 7 . 0 5  
.O . Z  01.15 4 6 . 8 5  

-.2 .O 5 4 . 1 0  3 8 . 2 5  
-.4 -.2 .OO 2 7 . 0 5  
-.6 -.4 5 4 . 1 0  3 8 . 2 5  -. 8 -. 6 1 0 8 . 2 0  5 4 . 1 0  

-1.0 - . 8  1 3 5 . 2 5  6 0 . 4 9  

NO. EVENTS 

THETA I S  THE ANGLE THAT THE P I -  MAKES W I T H  THE BEAM I N  T H E  GRAND C.M. 

( 1 1  ERRORS I N C L U D E  SYSTEMATICS.  
I 2 1  COUNTS WERE M U L T I P L I E D  BY 2 7 . 0 5  TO GET THESE.  



DIFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON r K- K+. 

LABORATOSY BEAM MOHENTUH = 1.61 GEVIC. 

***THESE DATA WERE READ FROM A GRAPH*** 

COS lTHETAI  D-SIGMAID-COS (THETA) 
U8  C l r 2 1  NO. EVENTS 

M l N  M A Y  

[FIGURE 4 1  

THETA I S  THE ANGLE THAT THE K- MAKES WITH THE BEAM I N  THE GRANO C.M. 

I 1 1  ERRORS INCLUDE SYSTEMATICS. 
I 2 1  COUNTS WERE M U L T I P L I E D  BY 25.  TO GET THESE. 

FOR RESONANCE FORMATION I N  ANTIPROTON-PROTON ELASTIC  SCATTERING FRJM 1.6 TO 2.2 GEVIC. IPHYS. REV. LETTERS 21. 
1 1 1 6  ( 1 9 6 8 )  1 

J .LYS9 J.W.CHAPMANI 0.G.FALCONER. C.T.MURPHY9 J.C.VAN0ER VELDE [UNIV.  OF MICHIGAN, ANN ARBOR* MICH., USA1 

ABSTRACT WE HAVE MEASURED THE ANTIPROTON-PROTON ELASTIC  D IFFERENTIAL  CROSS SECTION I N  THE CENTER-OF-MASS ANGULAR RANGE 
COS THETA = -0.985 TO +0.40 AT S I X  MOMENTA BETWEEN 1.6 AND 2.2 GEV lC  I N  A BUBBLE CHAMBER EXPERIMENT. ME USE THE DATA TO 
LOOK FOR EVIDENCE OF DIRECT CHANNEL BOSON RESONANCES. 

BEAM I S  ANTIPROTON ON PROTON FROM 1.62 TO 2.20 GEVIC. 
T n l s  EXPERIMENT USES THE ANL-MURA 30 IN. HYDROGEN BUBBLE CHAMBER. 
KEY WORDS - E L A S T I C  SCATTERING OIFFERENTIAL  CROSS SECTI3N 
COMPOUND KEY YOROS - ELASTIC  SCATTERING OIFFERENTIAL  CROSS SECTION 

E L A S T I C  D I F F E R E N T I A L  CROSS SECTION FOR ANTIPROTON PROTON. [FIGURE 1 A 1  

LABORATORY BEAH MOMENTUM = 2.2 GEVlC +- 1 I P E R  CENTI.  

***THESE OATA WERE 

MAX M I N  
.400  . 3 0 0  
- 3 0 0  .ZOO 
.200  . l o o  
. l o o  . o o o  
.ooo -.loo 

- . l o o  - 2 0 0  
- .200 -.300 
- .300 -.400 
- .400 -.500 
- .500 -.600 
-.600 - .700 
-.TOO -.BOO 
-.BOO -.900 
- .900 -.985 

THETA I S  THE ANGLE 

READ FROM A GRAPH+** 

THAT THE ANTIPROTON MAKES 

. EVENTS 

WITH THE BEAM THE GRAND C.M. 

( 1 1  ADD POSSIBLE  SYSTEMATIC ERROR OF +- 3 PER CENT. 
1 2 1  COUNTS MERE MULT IPL IED BY 2.86 TO GET THESE. 

E L A S T I C  D I F F E R E N T I A L  CROSS SECTION FOR ANTIPROTON PROTON. [FIGURE 1 8 1  

LABORATORY BEAM MOMENTUM = 1.95 GEVIC  +- 1 I P E R  CENTI.  

***THESE OATA WERE READ FROM A GRAPW*: 

COSITHETAI  0-S IGMAID-OMEGA 
UBISR 11 .21  NO. EVENTS 

MAX M l N  

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRANO C.H. 

Ill ADD POSSIBLE  SYSTEMATIC ERROR OF +- 3 PER CENT. 
1 2 1  COUNTS WERE MULT IPL IED BY 2.86 TO GET THESE. ........................................................................................................................ 



ELASTIC  O IFFEKENTIAL  CROSS SECTI'IN FUR ANTlPROTON PROTON. IF lGLlRE 1 C l  

LABORATORY BEAN MOHENTUN = 1.89 GEVIC +- 1 I P E R  CENTI.  

***THESE DATA WERE READ FROM A GRAPH*** 

COSITHETAI 0-SIGMAID-OMEGA 
UBISR 1 1 ~ 2 1  NO. EVENTS 

HAY H I N  

THETb I S  THE ANGLE THAT THE 4NTIPROTON MAKES WITH THE BEAM I N  THE GRANO C.M. 

1 1 1  ADO POSSIBLE SYSTEMATIC ERROR OF +- 3 PER CENT. 
1 2 1  COUNTS WERE M U L T I P L I E D  BY 2.5 TO GET THESE. .......................................................................................... 

ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [FIGURE L D I  

LABORATORY BEAM MOMENTUM = 1.83 GEVIC +- 1 I P E P  CENTI .  

***THESE DATA WERE READ FROM A GRAPH*** 

COSITHETAI 

MA x M I N  
.400  . 3 0 0  
. 300  .ZOO 
.200  . l o o  
. l o o  . o o o  
.ooo -.loo 

- . l o o  -.zoo 
- .200 - .300 
- .300 - .403 
- .400 - .500 
- .500 - .600 
-.600 - .700 
-.700 -.BOO 
-.BOO - .900 
-.900 -.985 

0-SIGMAIO-OMEGA 
UBISR [ l , 2 1  NO. EVENTS 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

1 1 1  A 0 0  POSSIBLE  SYSTEMATIC ERROR OF t 3 PER CENT. 
1 2 1  COUNTS WERE M U L T I P L I E D  BY 3. TO GET THESE. ........................................................................................................................ 

ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [FIGURE 1 E l  

LABORATORY BEAM MOMENTUM = 1.77 GEVIC +- 1 I P E R  CENT). 

***THESE DATA WERE REAO FROM A G R A P W * t  

COSITHETAI  D-SIGMAIO-DMEGA 
UBISR [ I 1 2 1  NO. EVENTS 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.H. 

C11  A00  POSSIBLE  SYSTEMATIC ERROR OF +- 3 PER CENT. 
C 2 1  COUNTS WERE M U L T I P L I E D  BY 3 .  TO GET THESE. .................................................................................... 

E L A S T I C  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [FIGURE 1 F 1  

LABORATORY BEAM MOMENTUM = 1.62 GEVIC +- 1 I P E R  CENTI.  

***THESE DATA WERE REAO FROM A GRIP*** 

COSITHETAI 0-SlGMAIO-OMEGA 
UBISR 1 1 . 2 1  NO. EVENTS 

MAX M I N  
.400  . 3 0 0  317.40 +- 33 .09  9 2  
- 3 0 0  .ZOO 313.95 32 .91  9 1  
. 200  . l o 0  286.35 31.43 8 3  
. l o 0  .OOO 189.75 25 .59  5 5  
.ODD - . l o 0  127 .65  20.99 3 7  

- . l o 0  -.ZOO 51.75 1 3 . 3 6  1 5  
-.ZOO - .300 37.95 1 1 . 4 4  11 
-.300 - .400 75 .90  16 .18  2 2  
-.400 -.500 37.95 1 1 . 4 4  11 
-.500 -.600 48 .30  12 .91  1 4  
-.600 - .700 55.20 13 .80  1 6  
-.700 -.a00 51.75 13 .36  1 5  
-.BOO - .900 82.80 16 .90  2 4  
- .900 -.985 86.25 17 .25  2 5  

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRANO C.M. 

1 1 1  ADD POSSIBLE  SYSTEMATIC ERROR OF +- 3 PER CENT. 
1 2 1  COUNTS WERE M U L T I P L I E D  BY 3.45 TO GET THESE. 



SEARCH FOP DOUBLY CHARGED MESJNS I N  PEAR P A N N I H I L A T I J N S  I N T O  P I O N S  NEAR 1.9 GEVIC.  [PHYS. REV. 0 2 ,  2 5 2 5  1 1 9 7 0 1 1  

J - L Y S I  J.W.CHAPMAN 1 U N I V .  OF HICHIGAI4,  ANN ARBORI MICH., U S A 1  

ABSTRACT WE HAVE SEARCHED FOR E V I O E Y C E  OF OOUBLY CHARGEO MESONS I N  4 5 9 0 0 0  EVENTS OF THE TYPE PEAR P * P I +  P I +  P I -  P I -  
+ N P l o t  N t 0 9  A T  I N C I D E N T  A N T I P R J T O N  MOMENTA 1 . 6  - 2.2 G E V I C .  WE F I N D  NO EVIDENCE FOR SUCH MESONSI AND G I V E  UPPER 
L I M I T S  FOR PRODUCTION CROSS SECTIONS.  

BEAM I S  ANTIPROTON ON PROTON AT 1.9 GEVIC.  
T H I S  EXPERIMENT USES THE ANL-MURA 3 0  I N .  HYDROGEN BUBBLE CHAMBER. A TOTAL OF 1 5 0 0 0 0  PICTURES ARE REPORTED ON. 
KEY WOROS - MESONS PRODUCTION MASS SPECTRUM 
COMPOUND K E Y  WOPSIS - MESONS PRODUCTION ........................................................................................................................ ........................................................................................................................ 

NO DATA PUNCHED FOR T H I S  A R T I C L E  

ANTIPROTON-DEUTERON E L A S T I C  SCATTERING BETWEEN 1 . 6 0  AN0 2.00 G E V I C .  I P H Y S .  REV. LETTERS 27. 3 4 4  ( 1 9 7 1 1 1  

Z.M.MA9 G.A.SM1TH I M I C H I G A N  S T A T E  UNIV.. EAST LANSING,  HlCH. ,  U S A 1  

ABSTRACT YE HAVE S T U D I E D  ANTIPROTON-DEUTERON E L A S T I C  S C A T T E R I N G  BETWEEN 1 . 6 0  AN0 2 - 0 0  G E V I C  I N C I D E N T  MOMENTA. THE 
D I F F E R E N T I A L  CROSS S E C T I O N S  MAY B E  CHARACTERIZED BY A VERY STEEP FOPWARD PEAK I W I T H  B ABOUT 4 3  GEV**-21 AhD A PROMINENT 
BREAK NEAR -T ABOUT 0.2 GEV**2. THE RESULTS ARE U S E 0  TO TEST THE V A L I D I T Y  OF GLAUBER'S MULTIPLE-SCATTEPING THEORY. 
W I T H I N  T H E  E X P E R I M F N T A L  RANGE OF MEASUREMENTS I - T  BETWEEN 0 . 0 2 8  AND 0.46 GEV**217 THE THEORY PROVIDES A GOO0 
Q U A L I T A T I V E  D E S C R I P T I O N  OF THE DATA. 

CLOSELY R E L A T E 0  REFERENCES 
ERRATUM PHYS. REV. L E T T E R S  27, 1 5 5 0  i 1 9 7 1  t .  

BEAM I S  ANTIPROTON ON OEUTERON FROM 1.6 T O  2.0  GEVIC.  
T H I S  EXPERIMENT U S E S  THE ANL-MURA 3 0  I N .  DEUTERIUM BUBBLE CHAMBER. A TOTAL OF 1 2 5 0 0 0  PICTURES ARE REPORTED ON. 
K E Y  WOROS - E L A S T I C  S C A T T E R I N G  O I F F E R E N T I A L  CROSS S E C T I O N  
COMPOUNO K E Y  WORDS E L A S T I C  S C A T T E R I N G  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  O I F F E R E N T I A L  CROSS S E C T I O N  FOR ANTIPROTON OEUTERON. I T A B L E  11 

LABORATORY BEAt4 MOMENTUM = 1.6 GEVIC.  

'COHERENT' E L A S T I C  ANTIPROTON OEUTERON SCATTERING 

T I S  THE SQUARE OF T H E  I N V A R I A N T  MOMENTUM TRANSFER BETUEEN THE I I N C O M I N G  A N T I P R O T O N I  AN0 T H E  [OUTGOING ANTIPPOTONI.  

1 1 1  ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 
E L A S T I C  D I F F E R E N T I A L  CPOSS S E C T I O N  FOR ANTIPROTON DEUTERON. [ T A B L E  1 1  

LABORATORY BEAM MOMENTUM = 1 . 7 5  GEVIC.  

'COHERENT' E L A S T I C  ANTIPROTON OEUTERON 

I G E V / C l * * Z  
M I N  MAX 

. 0 2 8  -036 

T I S  THE SQUARE OF T H E  I N V A R I A N T  MOMENTUM TRANSFER BETvlEEN T h E  11NCOMING A N T I P R O T O N I  AND T H E  I W T G O I N G  ANTIPROTONI.  

1 1 1  ERRORS I N C L U D E  SYSTEMATICS.  ....................................................................................................................... 



ELASTIC  O ICFERENTIAL  CROSS SECTION FOR ANTIPROTON DEUTERCN. 

LABORATORY BEAM MOMENTUM = 1.85 GEVIC.  

'COHERENT' E L A S T I C  ANTIPROTON OEUTiRON SCATTERING 

-T 0-SIGMAIO-T 
IGEVIC) * *Z  MB/ lGEVIC) * *2  Ill 

[TABLE 1 1  

M I N  MAX 
.028 . 036  382 .00  +- 18.00 
. 036  . 044  246 .00  13.00 
. 0 4 4  . 052  152.00 11 .00  
.052 . 060  1 1 0 . 0 0  8.00 
. 060  . 068  89.00 7.10 
.068 . 076  65.00 6.20 
.076 . 0 8 4  49.80 5 .00  
. 084  . 092  34 .50  3.70 
.092 . l o 0  22 .00  3.00 

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE [ INCOMING ANTIPROTON1 AN0 THE [OUTGOING ANTIPROTONI. 

1 1 1  ERRORS INCLUOE SYSTEMATICS. ........................................................................................................................ 
E L A S T I C  D IFFERENTIAL  CROSS SECTI3N  FOR ANTIPROTON DEUTERON. [TABLE 1 1  

LABORATORY BEAN MOMENTUM = 2. GEVIC. 

'COHERENT' E L A S T I C  ANTIPROTON OEUTERON SCATTERING 

-1 D-SIGMAID-T 
IGEVIC) * *Z  M B I I G E V I C l * * 2  1 1 1  
M l N  MAX 

.OLE .036  348 .00  +- 21.00 

. 036  . 0 4 4  252 .00  1 7 - 0 0  

. 044  .052 174 .00  13 .00  

.052 . 060  110.00 10 .00  

. 060  . 068  75.00 8.20 

. 068  . 076  62.50 7.40 

. 076  . 084  34.80 5.30 

. 084  . 092  38.90 5.20 
- 0 9 2  . l o 0  20.70 3.60 
.LOO . I 4 0  11 .60  1.30 
. 140  . I 8 0  2.07 .53 
. 180  . 2 2 0  1.10 . 39  
. 220  . 260  1.24 - 4 1  
- 2 6 0  . 300  1.10 . 3 9  
. 300  . 340  1.24 . 41  
- 3 4 0  . 380  .83 . 34  
. 380  . 4 2 0  - 4 1  .23 
- 4 2 0  - 4 6 0  . 4 1  . 23  

T I S  THE SQUARE OF THE INVARIANT MOWENTUM TRANSFER BETWEEN THE I I N C O M I N L  ANTIPROTON] AND THE [OUTGOING ANTIPROTONI. 

[ 1 1  ERRORS INCLUOE SYSTEMATICS. ........................................................................................................................ 
ANTIPROTON OEUTERDN E L A S T I C  CROSS SECTION. [TABLE 2 1  

'COHERENT' E L A S T I C  ANTIPROTON OEUTERON SCATTERING 

LABORATORY 
BEAM MOMENTUM 

GEVIC MILL IBARNS ( 1 1  

1 1 1  ERRORS INCLUOE SYSTEMATICS. ........................................................................................................................ 
F I T  TO ELASTIC  D I F F E R E N T I A L  CROSS SECTION FOR ANTIPROTON DEUTERON. [TABLE 2 1  

LABORATORY BEAM MOMENTUM = 1.6 GEVIC. 

DATA ARE F I T  OVER -T FROM .O28 TO . l o 0  lGEV/C l * *2 .  T 1 5  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETYEEN THE 
[ INCOMING ANTIPROTON1 AN0 THE [OUTGOING ANTIPROTONI. 

F I T T E D  FORMULA I S  0 -S IGMAID-T  = A*EXPlB*T)  
W E R E  0-SIGMAID-T I S  I N  H B / l G E V I C l * * 2  AN0 -T I S  I N  IGEVIC)**Z.  

F I T T E D  VALUES 
A = 1.63 +- . 1 0  
B = 43.6 t 1.1 ........................................................................................................................ 





( STUDY OF THE P E A C T l O N  P PBAP * P PBAR P I +  P I -  AT AN ANTIPROTON HOHENTUM OF 2.5 GEVIC. INUC.  PHYS. 0 3 3 7  6 1 7  1 1 9 7 1 1 1  

I ' P . M A s ~ N ,  H.MUIRHEA0, A.POPPLETONv K - W H I T E L E Y  I L l V E R P O O L  UNIV. .  L IVERPOOL,  E N G L A N O I  
R.RIGOPOULOSI P . T S I L I M I G R A S ,  b . V A Y A K I - S E P A F I M I O O U  [NUCLEAR RES. CENTRE O E U O K ~ I T O S I  ATHENS, GREECE1 

ABSTRACT A STSOY OF 8 0 2  EVENTS OF T H E  T Y P E  P PBAP - P PEAR P I +  P I -  AT AN I N C I D E N T  PEAR MOMENTUM OF L . 5  SEV/CI OBTAINED 
I N  THE CERN 2 4 HYDROGEN BUBBLE CHAMBER, HAS BEEN MAOE. THERE I S  ABUNDANT ASSOCIATED DELTA A N T I - D E L T A  I S 3 B A R  PRODUCTION 
OF A PERIPHERAL NATURE* WHICH CANNOT BE ADEQUATELY D E S C R I B E D  BY A ONE-PION-EXCHANGE ( O P E )  MODEL ALONE. HCIWEVER, AFTER 
ALLOWING FOR T H E  EFFECT OF AN ENHANCEMENT AT A D E L T A - P I  MASS OF 1 3 7 0  MEV/C**Z I N  ABOUT 4 3  PERCENT OF THE EVENTS, THE 
R E M A I N I N G  EVENTS WERE S A T I S F A C T O R I L Y  OESCRlBEO BY THE OPE MOOEL W l T H  ARSORPTION. I T  I S  SHOWN THAT T H I S  ENHANCEYENT MAY 
B E  I N T E R P R E T E D  AS E I T H E R  A RESONANCE OR AN S-WAVF S C A T T E R I N G  EFFECT. A D I S C U S S I O N  I S  G I V E N  E X P L A I N I N G  WHY T H I S  
CONCLUSION I S  NOT I N  AGREEMENT W l T H  THE WORK OF OTHER GR'JUPS WHO S T U D I E D  THE SAME REACTION AT NEARBY ENERGIES. 

BFAM I S  ANTIPROTON ON PROTON AT 2.5  GEVIC.  
T H I S  EXPERIMENT USES T H E  CERN 2M HYOROGEN B U 6 B L E  CHAMBER. 
K E Y  WORDS + CROSS S E C T I O N  ANGULAR D I S T R I B U T I O N  RES9NANCE PRODUCTION O E L T A ( l 2 3 8 1 + +  

[ T A B L E  11 
LABORATORY BEAM MDMENTUM = 2.5 GEVIC.  

R E A C T I O N  
ANTIPROTON PROTON * 

PROTON ANTIPROTON P I +  P I -  
PROTON ANTIPROTON P I *  P I -  P I 0  
ANTIPROTON NEUTRON P I +  P I +  P I -  
P R O T J N  ANTINEUTRON P I +  P I -  P I -  
ANTIPROTOY NEUTRON P I +  P I +  P I -  + CHARGE 

CONJUGATE 

H l L L I B A R N S  NO. EVENTS 

1 1 1  CALCULATED BY US FROM OATA 1 N  T H I S  A R T I C L E .  ........................................................................................................................ 
CROSS S E C T I O N  FOR ANTIPROTON PROTON - A N T I O E L T A l l 2 3 8 ) - -  O E L T A l 1 2 3 B ) + + .  1 1 1  I T A B L E  2 1  

A N T I O E L T A l 1 2 3 8 ) - -  * ANTIPROTON P I -  
D E L T A I 1 2 3 B l + +  + PROTON P I +  

Ill CALCULATED RY US FROM DATA I N  T H I S  A R T I C L E .  
[ 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. ........................................................................................................................ 

D I F F E R E N T I A L  CROSS S E C T I O N  F P R  ANTIPROTON PROTON - A N T I D E L T A ( 1 2 3 8 1 - -  D E L T A [ 1 2 3 8 ) + + .  I F l G U R E  4 1  
A N T l O E L T A l 1 2 3 B ) - -  * ANTIPROTON P I -  
D E L T A ( l 2 3 8 1 + +  - PROTON P1+ 

LABOSATORY BEAM MOMENTUM * 2.5 GEVIC.  

N O R M A L I Z E D  TO 1 . 2 3  MB 

***THESE OATA WERE READ FROM A GRAPHI**  

-T 
I G E V I C ) * * Z  
M I N  M A X  
. 0 5  
. 1 0  
- 1 5  

D-SIGHAIO-T 
M B / ( G E V I C l * * 2  111 NO. EVENTS 

T I S  THE SQUARE OF THE I N V A R I A N T  MOMENTUM TRANSFER BETUEEN T H E  I I N C O M I N G  ANTIPROTON] AN0 T H E  [ A N T l D E L T A I 1 2 3 8 ) - - I .  

I 1 1  COUNTS WERE M U L T I P L I E D  BY . 0 3 1  TO GET THESE. 



STUDY OF Y YBAR PXOOUCTION IN TWO. THREE, AND FOUR BODY FINAL S T A T E S  BY  3.0, 3.6 AND 4.0 GEVK ANTIPRGTONS IN HYDROGEN. 
INUOVO C l M E N T O  3 5 .  7 3 5  1 1 9 6 5 1 1  

B.MUSGRAVE. G.PETMEZAS? L . R I O 0 I F O R D  I B I R M I N G H A M  UN1V.r BIPMINGHAMI ENGLAND1 
R-ROECK, E . F E T T t  S - R - F R E N C H ,  J.B.KIVSONv C-PEYROU, M.SZEPTYCKA [CERN, GENEVA* SWITZERLAND1 
J.BAOIER, M.BAZIN, L . B L A S K 0 V I C t  B.EPUERv J - H U C  I E C O L E  PCLYTECHNIPUE.  PARIS,  FRANCE]  
S.R.BORENSTEIN. S.J.GOLDSACKI 0 .H.MILLER I I M P E R I A L  COL. OF SCI .  AN0 TECH.r LONOON, ENGLAND] 
J-MEYERI D - R E V E L *  B . T A L L I N 1 .  S - Z Y L B E R A J C H  [CNTR. O'ETUDES NUC. SACLAY, GIF-SUR-YVETTE* FRANCE] 

ABSTRACT WE PRESENT THE RESULTS ON HYPERON-ANTIHYPERON PRODUCTION BY 3 - 0 9  3.6 AND 4.0 G E V l C  ANTIPCOTONS I N  HYDROGEh. 
WE U S E 0  ABOUT 3 0 0 1 0 0 0  P I C T U R E S  TDiKEN I N  AM ANTIPROTON BEAN FROM THE CERN PROTON SYNCHROTRON d l T H  THE 8 1  CM SACLAY 
HYDROGEN B U B B L E  CHAMBER. A SYSTEMATIC STUDY Y A S  MADE DF I N T E R A C T I 3 N S  L E A D I N G  T D  A HYPESON AlvD AN ANTIHYPERON WITH OK 
WITHOUT A D D I T I O N A L  P I O N S  I N  THE F I N A L  STATES. THE A N A L Y S I S  I N D I C A T E S  THAT THE CROSS SECTIONS FOR EACH OF THESE 
PROCESSES ARE OF THE ORDER OF FEU TENS OF MICROBARNS OR LESS AND T H A T *  WHEREAS FOR THE TWO-BODY F I N A L  STATES THE CROSS 
SECTIONS DECREASE WHEN THE ANTIPROTON MOMENTUM INCREASES FROM 3.0 TO 4.0 G E V I C .  THE CROSS SECTIONS FOR 3 AND 4 BODY 
F I N A L  STATES R E M A I N  CONSTANT. FOR MOST OF THESE EVENTS THE ANGULAR D I S T R I R U T I O N S  SHOW A STRONG FORWARD PEAKING OF T H E  
ANTIHYPERON I N  T H E  C.M.S OF T H E  I U T E R A C T I O N .  T H l S  SUGGESTS THAT A PERIPHERAL TYPE MECHANISM I S  PREDOMINANT I N  THESE 
PROCESSES . ABOUT H A L F  OF THE EVENTS OF THE T Y P E  PEAR P r Y YBAR P I  OR PBAR P - Y YBAR P I  P I  PROCEED V I A  THE FORMATION 
OF HYPERON OP A N T I H Y P E R O N  RES0NPI))CES. THE Y B A R l l ) * 1 1 3 8 5 ) r  Y B A R l O ) * 1 1 4 0 5 ~ r  Y B A R I O ) * 1 1 5 2 0 1  RESONANCES AND T H E I R  CHARGE 
CONJUGATES ARE PRODUCED W I T H  MASSES* WIDTHS AND DECAY BRANCHING R A T I O S  CONSISTENT WITH THE VALUES FOUND I N  OTHER 
EXPERIMENTS.  THE CROSS SECTIONS FOR THE R E A C T I O N S  PBAR P - LAMBOA YBAR OR LAMBDA YBAR* ARE CONSISTENTLY LARGER BY A 
FACTOR VARYING FROM 2 TO 6 THAN THOSE CORRESPONDING TO THE R E A C T I O N S  PBAR P + SIGMAO YBAR OR SIGMAO YBAR:. 

BEAM I S  ANTIPROTON ON PROTON FP.OM 3 TO 4 GEVlC.  
T H l S  EXPERIMENT USES THE SACLAY 8 1  CM HYDROGEN BUBBLE CHAMBER. A TOTAL OF 3 0 0 0 0 0  P I C T U R E S  ARE REPORTED ON. 
K E Y  WOROS * A N N I H I L A T I O N  CROSS S E C T I O N  ANGULAR O I S T R I B U T I O N  HYPERON PRODUCTION 
COMPOUND K E Y  WORDS - A N N I H I L A T I O N  CROSS S E C T I O N  HYPEPON PRODUCTION ..................................................................................................................... ..................................................................................................................... 

CROSS S E C T I O N  FOR ANTIPROTON PROTON - LAMBDA ANTILAMBOA. I T A B L E  2 1  

LABORATORY 
BEAM MOMFNTUM 

G E V l C  
PER CENT 

3.0 +- .5  
3 .6  - 5  
4.0 - 5  

M I  CROBARNS 1 1 1  

1 1 1  ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 
CROSS S E C T I O N  FOR ANTIPROTON PROTON ANTILAMBDA S I G M A 0  + CHARGE CONJUGATE. [ T A B L E  2 1  

LABORATORY 
BEAM MOMENTUM 

G E V l C  
PER CENT 

3.0 +- .5  
3.6 .5 
4.0 .5 

MICROBARNS [ 1 1  

111 ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 
CROSS S E C T I O N  FOR ANTIPROTON PROTON * S I G M A 0  A N T I S l G M 4 0 .  [ T A B L E  2 1  

LABORATORY 
BEAM MOMENTUM 

G E Y l C  
PER CENT 

3.0 +- .5 

MICROBARNS I 1 1  

I11 ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 
CROSS S E C T I O N  FOR ANTIPROTON PROTON . S I G M A *  ANTISIGMA-.  [ T A B L E  2 1  

LABORATORY 
BEAM MOMENTUM 

G F V l r  - 
PER CENT 

3.0 +- .5  
3.6 .5 
4.0 .5  

MICROBARNS Ill 

1 1 1  ERRORS I N C L U D E  SYSTEMATICS.  .......................................................................................... 
CROSS S E C T I O N  FOR ANTIPROTON PROTON - SIGMA- ANTISIGMA+.  [ T A B L E  2 1  

LABORATORY 
BEAM MOMENTUM 

G F V l r  
PER CENT 

3.0 +- .5 
3.6 .5 

MICROBARNS [ 1 1  

1 1 1  ERRORS I N C L U O E  SYSTEMATICS.  

CROSS S E C T I O N  FOR ANTIPROTON PROTON * X I -  A N T I X I + .  I T A B L E  2 1  

LABORATORY 
BEAM MOMENTUM 

G E V l C  MICRORARNS [ 11 
PER CENT 

3.  +- .5  2 .  +- 1. 

I11 ERRORS I N C L U O E  SYSTEMATICS.  ........................................................................................................................ 
CROSS S E C T I O N  FOR ANTIPROTON PROTON - X1-  ANTIXI,. ( T A B L E  2 1  

LABORATORY 
BEAM MOMENTUM 

G E V l C  MICROBARNS 1 1 1  
PER CENT 

3.6 +- .5 < 1. 
4.0 - 5  < 1. 

Ill ERRORS INCLUOE SYSTEMATICS.  ........................................................................................................................ 



CROSS S E C T I O N  FOR A N T l P C O T n N  PROTON 

243 

SIGMA* A N T l L A N R O A  P I -  CHARGE CONJUGATE. [ T A B L E  3 1  

LABORATORY 
BEAM MOMENTUY 

GEV/C 
PER CENT 

3 
3 
4 

MICROBARNS Ill 

( 1 1  ERRJRS I N C L U D E  SYSTEMATICS.  

CRJSS S E C T I O N  FOR ANTIPROTON PROTON - SIGMA- ANTILAMBOA P I +  + CHARGE CONJUGATE. [ T A B L E  3 1  

LABORATORY 
BEAM MOMENTUM 

G E V l C  
PER CENT 

3.0 +- .5  
3.6 .5 
4.0 .5  

[ 1 1  ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 
CROSS S E C T I O N  FOR ANTIPROTON PROTON * SIGMA* A N T I S I G M A O  P I -  + CHARGE CONJUGATE. [ T A B L E  3 1  

LABORATORY 
B E A M  MOMENTUM 

G E V l C  
PER CENT 

I 1 1  ERRORS I N C L U D E  SYSTEMATICS. ........................................................................................................................ 
CQOSS S E C T I O N  FOR ANTIPPOTON PROTON * SIGMA- A N T I S I G M A O  P I +  + CHARGE CONJUGATE. 

LARORATORY 
BEAM MOMENTUM 

G E V l C  
PER CENT 

MICROSARNS I11 

[ 1 1  ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................ 
CROSS S E C T I O N  FOR ANTIPROTON PROTON * LAMBOA ANTILAMBOA P 1 0 .  [ T A B L E  3 1  

LABORATORY 
BEAM MOMENTUM 

G E V l C  MICROBARNS I 1 1  
PER CENT 

3.0 +- . 5  5 0 .  +- 1 0 .  
3.6 - 5  6 2 .  1 6 .  
4 . 0  .5 6 0 .  1 4 .  

[ T A B L E  3 1  

.............................. 

t l l  ERRORS INCLUDE SYSTEMATICS.  ............................................................................ 
CROSS S E C T I O N  FOR ANTIPPOTON PROTON * LAMBDA ANTILAMBOA MMS2PIO. 

.................. 
[ T A B L E  3 1  

LABORATORY 
BEAM MOMENTUM 

G E V l C  
PER CENT 

3.0 +- .5  
3.6 - 5  
4.0 .5  

MICROBARNS t 1 1  

1 1 1  ERRORS I N C L U D E  SYSTEMATICS.  

CROSS S E C T I O N  FOR ANTIPROTON PROTON - SIGMA* A N T I S I G M A -  P 1 0 .  [ T A B L E  3 1  

LABORATORY 
BEAM MOMENTUM 

G E V I C  
PER CENT 

MICROBARNS 1 1 1  

[ 1 1  ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 
CROSS S E C T I O N  FOR ANTIPROTON PROTON - LAMBDA KO ANTINEUTRON + CHARGE CONJUGATE. [ T A B L E  3 1  

LABORATORY 
REAM MOMENTUM 

G E V I C  
PER CENT 

3 . 0  +- .5 
3.6 .5  
4.0 - 5  

I1  1 ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 
CROSS S E C T I O N  FOR ANTIPROTON PROTON - LAMBDA K+ ANTIPROTON + CHARGE CONJUGATE. [ T A B L E  3 1  

LABORATORY 
BEAM MOMENTUM 

GEV/C 
PER CENT 

3.0 +- .5 
3.6 . 5  
4.0 .5 

MICROBARNS ( 11 

[ l l  ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 



2 44 

S I G W +  ANTILAMBOA P I -  P I 0  CROSS S E C T I O N  FOR A.NTIPROTON PROTON CHARGE CONJUGATE. I T A B L E  3 1  

LABORATORY 
BEAM MOMENTUM 

G E V l C  
PER CENT 

MICROBARNS I 1 1  

I11 ERRORS I N C L U D E  SYSTEMATICS.  

CROSS S E C T I O N  FOR ANTlPROTON PROTON . SIGMA- ANTILAMBDA P I *  P I 0  + CHARGE CONJUGATE. 

LABORATORY 
BEhM MOMENTUM 

G E V l C  
PER C E N l  

3.0 +- .5 
3 .6  .5  
4 . 0  .5 

1 1 1  ERRORS I N C L U D E  SYSTEMATICS.  .......................................... ............................................................................ 
LAMBDA ANTILAMBOA P I +  P I - .  [ T A B L E  3 1  CROSS S E C T I O N  FOR ANTIPROTON PROTON - 

LABORATORY 
BEAM MOMENTUM 

G E V l C  MICROBARNS C 11 
PER CENT 

3.0 +- .5 2 2 .  +- 9. 
3.6 .5 5 4 .  1 6 .  
4.0 .5 4 6 .  9. 

111 ERRORS INCLUOE SYSTEMATICS.  

CROSS S E C T I O N  FOR ANTIPROTON PROTON * A N T I S I G M A O  LAMBDA P I +  P1-  + CHARGE CONJUGATE. I T A B L E  3 1  

LABORATORY 
BEAM MOMENTUM 

G E V l C  
PER CENT 

3.0 +- .5 
3 .6  .5 
4 .0  .5  

MICROBARNS I 1 1  

C 11 ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 
CROSS S E C T I O N  FOP. ANTIPROTON PROTON - LAMBDA ANTILAMBOA P I +  P I -  P I O .  I T  ABLE 3 1  

LABORATORY 
BEAM MOMENTUM 

G F V l C  MICROBARNS 1 1 1  

1.5 +- 1.5 

- 
PER CENT 

4. +- .5 

C 1 1  ERRORS I N C L U D E  SYSTEMATICS.  ........................................................................................................................ 
[ T A B L E  6 1  

LABORATORY BEAM MOMENTUM = 3. G E V l C  t . 5 I P E R  CENT).  

R E A C T I O N  
ANTIPROTON PROTON - 

LAMBDA A N T I Y * 1 1 4 0 5 )  + CHARGE CONJUGATE 
A N T I Y * 1 1 4 0 5 )  A N T I S I G M A +  P I -  + A N T I S I G M A -  
P f +  r 7 i  . - .-. 

LAMBDA A N T I Y * 1 1 5 2 0 )  + CHARGE CONJUGATE 
A N T I Y * l 1 5 2 0 )  - A N T I S I G M A *  P I -  + A N T I S I G M A -  
P I +  I 2 1  . .-. 

LAMBDA A N T I - Y * C 1 3 8 5 ) 0  + CHARGE CONJUGATE 
A N T I - Y * l 1 3 8 5 ) 0  * ANTILAMBOA P I D  C 2 1  

S I G M A 0  A N T I Y * l 1 4 0 5 )  + CHARGE CONJUGATE 
A N T I Y * 1 1 4 0 5 I  - A N T I S I G M A -  P I +  + A N T I S I G M A +  
P I -  1 2 1  

SIGMAO ANT~Y*I~SZO) + CHARGE CDNJUGATE 
A N T I Y * l 1 5 2 0 )  * A N T I S I G M A +  P I -  + A N T I S I G M A -  
P I *  1 2 1  

S I G M A 0  A N T I - Y * l 1 3 B 5 ) 0  + CHARGE CONJUGATE 
A N T I - Y * 1 1 3 R 5 1 0  - ANTILAMBOA P I 0  I 2 1  

SIGMA+ A N T I Y * 1 1 3 8 5 1 -  + CHARGE CONJUGATE 
A N T I Y * 1 1 3 8 5 ) -  r ANTILAMBDA P I -  I 2 1  . .-. 

SIGMA- A N T I Y * I 1 3 8 5 1 +  + CHARGE CONJUGATE 
A N T I Y * l 1 3 8 5 1 +  - A N T I L A M B D A  P I +  1 2 1  

Y * 1 1 3 8 5 1 +  A N T I Y * 1 1 3 8 5 1 -  
Y * 1 1 3 8 5 ) +  - LAMBDA P I +  I 2 1  
A N T I Y * l 1 3 8 5 ) -  - ANTILAMBDA P I -  1 2 1  

Y * 1 1 3 8 5 ) -  A N T I Y * l l 3 8 5 ) +  
Y * 1 1 3 8 5 1 -  - LAMBDA P I -  1 2 1  
A N T I Y * 1 1 3 8 5 ) +  * ANTILAMBDA P I +  1 2 1  

Ill ERRORS I N C L U O E  SYSTEMATICS.  
1 2 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  MASS A N 0  WIDTH, A N 0  THEN TOOK ONLY EVENTS ABOVE ( F I T T E D )  BACKGROUND. ........................................................................................................................ 



DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON * ANTISIGMA- SIGMA*. 

DATA ARE AVERAGED OVER LABORATORY BEAM MOMFNTUM FROM 3. TO 4 .  GEVIC. 

***THESE DATA WERE READ FROM A GRAPH*** 

-1 0-S IGMAIO-T 
iGEVIC \+*2  U B I  I G E V l C l * * 2  1 1 1  NO. EVENTS 
H I  N MAX 
.10 .15  1 8 7 . 5 0  +- 34.23 3 0  
.15 . 2 0  8 7 . 5 0  23.39 1 4  
- 2 0  .30 5 0 . 0 0  17.68 8 
. 30  . 4 0  37.50 15.31 6 
.40 . 5 0  12 .50  8.84 2 
.50 .60  25 .00  1 2 . 5 0  4 
.60 .70  31.25 13.98 5 
.70 .80 18 .75  10.83 3 
.80 .90 31 .25  13.98 5 
.90  1.00 18.75 10.83 3 

1.00 1.10 1 8 . 7 5  10.83 3 
1.10 1 .20  3 7 . 5 0  15 .31  6 
1.20 1 . 3 0  - 0 0  6.25 0 
1.30 1 .40  6.25 6.25 1 
1.40 1 .50  6.25 6.25 1 
1.50 1 . 6 0  12 .50  8.84 2 
1.60 1 .70  .OO 6 .25  0 
1.70 1.80 .OO 6.25 0 
1.80 1.90 .OO 6.25 0 
1.90 2.00 6.25 6.25 1 
2.00 2.10 .OO 6.25 0 
2.10 2.20 .OO 6.25 0 
2.20 2.30 12 .50  8.84 2 
2.30 2.40 .OO 6.25 0 

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETHEEN THE [ INCOMING ANTlPROTONl AND THE [ANTIS IGMA- I .  

1 1 1  COUNTS WERE MULTIPL lEO BY 6.25 TO GET THESE. ........................................................................................................................ 
DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON - ANTISIGMA+ SIGMA-. I FIGIJRE 1 8 1  

DATA ARE AVERAGED OVER LABORATORY BEAM MOMENTUM FROM 3. TO 4 .  GEVIC. 

***THESE DATA WERE READ FROM A GRAPH*** 

M IN  
.10 
- 1 5  
.20 
.30 
.40 
- 5 0  
- 6 0  
.70 

MAX 
. 1 5  
.20  
. 3 0  
. 4 0  
.50  
.60  
. 7 0  
.a0  

E-SIGMAID-T 
U B / i G E V I C ) * * 2  1 1 1  NO. EVENTS 

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFEC BETHEEN THE [ INCOMING ANTIPROTON] AN0 THE [ANTIS lGMA+I .  

Ill COUNTS WERE M U L T l P L l E O  BY 7 .59  TO GET THESE. ........................................................................................................................ 
DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON - ANTILAMBOA SIGMA0 + CHARGE CONJUGATE. [FIGURE 4 8 1  

DATA ARE AVERAGED OVER LABORATORY BEAM MOMENTUM FROM 3.  TO 4. GEVIC. 

**+THESE DATA WERE READ FROM A GRAPH*** 

-T E-SIGYAID-T 
iGEV/C l * *2  UB/ IGEV/C) * *2  I 1 1  NO. EVENTS 
H I N  MAX 

T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETHEEN TFE [ INCOMING ANTIPROTON1 AND THE IANTILAMBDAI.  

Ill COUNTS WERE MULTIPL IED BY 23.3 TO GET THESE. ........................................................................................................................ 



DIFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON * ANTILAMBCA LAMBDA. [ F I G U R E  4 C l  

DATA bRE AVEPAGEO OVER LABORATORY BEAM MOMENTUM FROM 3. TO 4.  GEVIC. 

***THESE OATA WERE REAO FROM A GRAPW** 

-T D-SIGMAID-T 
I G E V I C i * * 2  UB I (GEVIC) * *Z  1 1 1  NO. EVENTS 
M l N  MAX 
.1 .Z 496.0 +- 110 .9  20.0 
.2  .3 74.4 43.0 3.0 
.3 . 4 37.2 30.4 1.5 
.4  .5 74.4 43.0 3.0 
.5 - 6  24.8 24.8 1.0 

6 .7 24.8 24.8 1.0 
.7 .B - 0  24.8 .O 
+ 8  .9 37.2 30.4 1.5 
. 9  1.0 .O 24.8 .O 

1.0 1.1 - 0  24.8 .O 
1.1 1.2 .O 24.8 .O 
1.2 1.3 - 0  24.8 - 0  
1.3 1.4 .O  24.8 .O 
1.4 1.5 - 0  24.8 .O 
1.5 1.6 .O 24.8 .O 

T I S  THE SQUARE OF THE INVARIANT MOPENTUM TRANSFER BETdEEN THE [ INCOMING ANTIPROTON1 AN0 THE IANT ILAMBDAI .  

1 1 1  COUNTS WERE M U L T I P L I E D  BY 24.8 TO GET THESE. 

DETAILED STRUCTURE OF THE REACTIONS I N  PFiAR P - P I *  P I -  AN0 PBAR P r K+ K- FROW 0.1 TO 2.4 GEVIC. IPHYS.  REV. LETTERS 
23.  6 0 3  1 1  9 6 9 )  1 

H.NICHOLSONv B.C,BARISH1 J.PINE, A.V.TOLLESTRUPv J.K.YOH [ C A L I F .  INST ITUTE OF TECH., PASADENA, CALIF., USA1  
C.DELOR*EI F.LOBKJWICZv A.C.MELISSINOSI Y.NAGASHIMA I U N I V .  OF ROCHESTER. ROCHESTERt N. Y . ,  USA1 
A.S.CARROLLq R.H,PHILLIPS IBRODKHAVEN NAT. LAB.. UPTOY* L.1.. N. Y., USA1  

ABSTRACT D IFFERENTIAL  CROSS SECTIONS FOR THE R E K T I O N S  PBAR P + P I +  P I -  AND PBAR P . K+ K- HAVE BEEN MEASURE0 I N  THE 
ANGULbR REGION FOR ABSOLUTE VALUES OF COS THETA (C.M.) BETWEEN 0.65 AND 1.0 AT 1 3  MOMENTA RETWEEN 0.7 AN3 2.4 GEVIC. 
THESE CROSS SECTIONS HAVE BEEN COMBINED WITH THOSE OF FONG, ET AL.. FOR ICOS THETA iC.M. l I  APPROX. LESS THAN 0.70 TO 
G I V E  COMPLETE FOLDED ANGULAR D ISTRIBUTIONS.  THE OATA ARE CONSISTENT WITH RESONANCES I N  THE J = 3 &ND J = 5 STATES. 

BEAM I S  ANTIPROTON ON PROTON FROM .7 TO 2.4 GEVIC. 
T H I S  EXPERIMENT USES COUNTERS. 
KEY WORDS - A N N I H I L A T I U i  CROSS SECTION OIFFERENTIAL  CPOSS SECTION MESONS PRODUCTION 
COMPOUND KEY WORDS - A N N I H I L A T I O N  CROSS SECTION MESONS PRODUCTION ........................................................................................................................ ........................................................................................................................ 

DIFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON - P I *  P I - .  [FIGURE 1 1  

LABORATORY BEAM MOMENTUM = - 7  GEVIC +- 1 i P E R  CENT). 

DATA FOLDED ABOUT 9 0  DEGREES I N  THE GPANO C.M. 

***THESE OATA HERE REAO FROM A GRAPW** 

D-SIGMAID-OMEGA 
UBISR 1 2 9 3 1  

49. +- 17.  
64 .  15 .  
63. 13. 

109 .  18 .  
114 .  24. 
165 .  36.  

THETA I S  THE ANGLE THAT THE P I +  MAKES WITH THE REAM I N  THE GRANO C.M. 

I 1 1  MEAN VALUES. 
1 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 3 1  ADO POSSIBLE SYSTEMATIC ERROR OF +- 1 0  PER CENT. ........................................................................................................................ 

DIFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON - P I +  P I - .  [FIGURE 1 1  

LABORATORY BEAM MOMENTUM = .99 GEVIC +- 1 IPER CENT). 

OATA FOLDED ABOUT 9 0  DEGREES I N  THE GRANO C.M. 

***THESE DATA WERE READ FROM A GRAPH+** 

COSlTHETA1 1 1 1  0-SIGMAID-OMEGA 
UBISR 1 2 , 3 1  

.6z  77.  +- a. 

THETA I S  THE ANGLE THAT THE P I +  MAKES WITH THE REAM I N  THE GRAND C.H. 

ill MEAN VALUES. 
1 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
C 3 1  ADD POSSIBLE SYSTEMATIC ERROR OF +- 1 0  PER CENT. 



D I F F E R E N T I A L  CROSS S E C T I D N  FOR ANTIPROTON PROTDN * P I +  P I - .  [ F I G U R E  1 1  

LARDRATORY BEAM MOMENTUM = 1.45 G E V l C  +- L I P E R  C E N T 1  

DATA FDLDED ABOUT 9 0  DEGREES I N  THE GRAND C.M. 

***THESE DATA WERE REAO FROM A GRAPH*** 

CDSITHETA) 1 1 1  D-SIGMAID-OMEGA 
U B I S R  1 2 ~ 3 1  

.64 2 0 . 7  +- 3.1 

. 7 1  3 1 . 1  3 . 4  

THETA I S  THE A N G L E  THAT THE P I +  MAKES W I T H  THE BEAM I N  THE GRAND C.H. 

I 1 1  MEAN VALUES.  
1 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 3 1  ADD P D S S I B L E  SYSTEMATIC ERRDR 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 ANTIPROTDN PROTON - P I +  P I - .  [ F I G U R E  1 1  

LABORATORY BEAM MOMENTUM = 1 . 7 2  G E V I C  +- 1 I P E R  C E N T I .  

DATA FDLDED ABOUT 9 0  DEGREES I N  THE GRAYD C.W. 

***THESE DATA HERE READ FROM A GRAPH*** 

C O S I T H E T A I  1 1 1  D-SIGMAID-DMEGA 
U B I S R  [ 2 , 3 1  

THETA I S  THE ANGLE THAT THE P I +  MAKES W l T H  THE BEAM I N  THE GRAND C.H. 

I 1 1  MEAN VALUES.  
1 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 3 1  ADD P D S S I B L E  S Y S T E M b T I C  ERRDR 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 A N T I P R J T D N  PROTON - P I +  P I - .  [ F I G U R E  11 

LABORATORY BEAM MOMENTUM = 1 . 9 9  G E V I C  +- l l P E R  C E N T I .  

DATA FDLDED ABOUT 9 0  DEGREES I N  THE GRAND C.M. 

***THESE DATA WERE READ FROM A G R A P W * *  

C D S l T H E T A l  I 1 1  D-SIGMAID-OMEGA 
U B I S R  1 2 . 3 1  

.64 13.9 +- 2.4 

THETA I S  THE ANGLE THAT THE P I *  MAKES W l T H  THE BEAM I N  T H E  GRAND C.M. 

Ill MEAN VALUES.  
I 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 3 1  ADD P O S S I B L E  SYSTEMATIC ERkDR 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 ANTIPROTON PRDTON + P I +  P I - .  [ F I G U R E  11 

LABORATORY B E A M  MOMENTUM = 2 - 4  G E V I C  +- l l P E R  C E N T I .  

DATA FDLDED ABOUT 9 0  DEGREES I N  T H E  GRAND C.M. 

***THESE DATA WERE PEAD FROM A G R A P W * 4  

C O S I T H E T P I  Ill D-SIGMAID-OMEGA 
U B I S R  1 2 . 3 1  

. 7 1  3 .4  +- 1.2  

.77 1.1 .9  

THETA I S  THE ANGLE THAT THE P I +  MAKES W I T H  THE BEAM I N  T H E  GRAND C.M. 

I 1 1  MEAN VALUES.  
I 2 1  ERRDFS ARE S T A T I S T I C A L  ONLY. 
1 3 1  ADD P D S S I B L E  SYSTEMATIC ERRDR 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  F J R  ANTIPROTON PROTON * K +  K-. 

LABOPATORY BEAM MOMEYTUM = .7 G E V K  +- l l P E R  CENTI .  

DATA FOLDED ABOUT 9 0  OEGREES I N  THE GRANO C.M. 

***THESE DATA WERE REAO FROM A G R A P W S *  

C O S I T H E T A I  111 

1 1 1  MEAN VALUES. 
C 2 1  ERRORS ARE S T A T I S T I C A L  ONLY.  
1 3 1  A 0 0  P O S S I B L E  SYSTEMATIC ERROR OF +- 1 0 , P E R  CENT. .................................................................... 

D I F F E R E N T I A L  CROSS S E C T I O N  FOR ANTIPROTON PROTON - K +  K-. 

LABORATORY BEAM MOMENTUM = .99 G E V I C  +- l(PER C E N T I .  

OATA FOLDEO ABOUT 9 0  DEGREES I N  THE GRANO C.M. 

***THESE OATA WERE REAO FROM A GRAPH*** 

THETA I S  T H E  ANGLE THAT THE K+ MAKES Y I T H  THE BEAM I N  THE GRANO C.M. 

. . ........... 
[ F I G U R E  11 

THETA I S  T H E  ANGLE T H A T  THE K +  MAKES W l T H  THE BEAM I N  THE GRANO C.M. 

[ 1 1  MEAN VALUES. 
[ 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
I 3 1  ADO P O S S I B L E  SYSTEMATIC 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 ANTIPROTON PROTON * K+ K-. [ F I G U R E  11 

LABORATORY BEAM MOMENTUM = 1 . 4 5  G E V l C  +- 1 ( P E R  C E N T I .  

OATA FOLDEO ABOUT 9 0  OEGREES I N  THE GRANO C.M. 

***THESE DATA WERE READ FROM A GRAPH*** 

C O S I T H E T A I  Ill D-SIGMAIO-OMEGA 
U B I S R  1 2 . 3 1  

.66 9 . 3  +- 2.0 

.75 5 . 1  1.5 
- 8 2  1 0 . 4  2 .0  
. 8 9  1 4 . 4  2 .4  
.95 1 7 . 4  2 . 8  
. 9 9  2 1 . 4  4.5 

THETA I S  THE ANGLE T H A T  THE K +  MAKES W l T H  THE BEAM I N  THE GRANO C.M. 

111 MEAN VALUES.  
1 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
I 3 1  ADD P O S S I B L E  SYSTEMATIC ERRRR OF +- 1 0  PEP CENT. .................................................................. 

D I F F E R E N T I A L  CROSS S E C T I O N  FCR ANTIPROTON PROTON - K +  K-. 

LABOPATORY BEAM MOMENTUM = 1.72 G E V l C  +- l l P E R  C E N T I .  

DATA FOLDFO ABOUT 9 0  OEGREES I N  THE GRAND C.M. 

***THESE OATA WERE READ FROM A G R A P H * *  

C O S I T H E T A I  1 1 1  0-S lGMAID-OMEGA 
u a / s R  12.31 

.68 6.3 t 1.7 

.77 9.8 2.3 

THETA I S  THE ANGLE THAT THE K +  MAKES W I T H  THE BEAM I N  THE GRANO C.M. 

C11 MEAN VALUES. 
C Z 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
I 3 1  ADO P O S S I B L E  SYSTEMATIC 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 ANTIPROTON PROTON * K +  K-. [ F I G U R E  1 1  

LABORATORY BEAM MOMENTUM = 1.09 G E V l C  +- 1 I P E P  C E N T I .  

DATA FOLDED ABOUT 9 0  DEGREES I N  THE GRAND C.M. 

***THESF: OATA WEPE REAO FROM A GRAPH*+* 

C O S I T H E T A I  I 1 1  D-SIGMAID-OMEGA 
U B l S R  1 2 . 3 1  

. 6 6  4 .7  +- 1.3 

THETA I S  THE ANGLE T H A T  THE K+ MAKES W I T H  THE BEAM I N  THE GRAND C.M. 

1 1 1  MEAN VALUES. 
I 2 1  EP,RORS ARF S T A T I S T I C A L  ONLY. 
I 3 1  ADO P O S S I B L E  S Y S T E M A T I C  ERROR a +- l o  PER CENT. 

D I F F E R E N T I A L  CROSS S E C T I O N  FOR ANTIPROTON PROTON - K +  K-. [ F I G U R E  1 1  

LABOP~ATORY BEAM MOMENTUM = 2.4  G E V l C  +- l l P E R  C E N T I .  

OATA FOLDED ABOUT 9 0  DEGREES I N  THE GRAND C.M. 

***THESE OATA WERE READ FROM A GRAPH*** 

C O S I T H E T A I  [ll 0-SIGMAID-OMEGA 
U B l S R  C 2 3 3 1  

.79 2 . 3 2  +- . 7 6  

. 8 9  6 . 2 6  1 . 7 9  

. 9 5  4 . 8 0  1 . 2 3  

. 9 9  5 . 9 7  1 . 8 5  

THETA I S  THE ANGLE THAT THE K +  P A K E S  W I T H  THE BEAM I N  THE GRAND C.M. 

Ill MEAN VALUES. 
I 2 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
1 3 1  ADO P O S S I B L E  S Y S T E M A T I C  ERROR OF +- 1 0  PER CENT. 

CROSS S E C T I O N  FOR ANTIPROTON PROTON - P I +  PI - .  [ F I G U R E  2 1  

***THESE OATA WERE READ FROM A GRAPH*** 

LABORATORY 
BEAM MOMENTUM 

G E V I C  MICROBARNS Ill 
PER CENT 

. 7 0  +- 1 2 9 4 . 0  +- 1 1 . 0  

I 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. ............................................................................... 
CROSS S E C T I O N  FOR ANTIPROTON PRDTON * K +  K-. [ F I G U R E  2 1  

***THESE DATA MERE REAO FROM A GRAPHt**  

LABORATORY 
BEAM MDMENTUM 

G E V l C  MICROBARNS I 1 1  
PER CENT 

. l o  +- 1 1 2 9 . 0  +- 1 4 . 0  

. 9 9  1 8 7 . 0  4 .6  
1 .45 1 45.6 2.5 
1 . 7 2  1 3 6 . 8  2 . 1  
1 . 9 9  1 2 3 . 1  1 . 6  
2 . 4 0  1 1 0 . 5  1.2 

[11 ERRORS ARE S T A T I S T I C A L  ONLY. 

=11=1 ENHANCEMENT NEAR 2 3 6 0  MEV OBSERVED I N  NEAR N KAON A N N I H I L A T I O N  CROSS S E C T I O Y S .  I P H Y S .  REV. LETTERS 21,  1 2 5 7  
1107nl1 

I ' - . ' - "  

B.Y.OH, O.L.PARKER, P.S.EASTPAN, G.A.SMITH, C.J.SPRAFKA. Z.M.MA ( M I C H I G A N  S T b T E  UN1V.r  EAST LANSING.  MICH.. U S A 1  

ABSTRACT A S I G N I F I C A N T  I S O S P I N - 1  ENHANCEMENT I N  T H E  CROSS SECTIONS FOR PEAR P I P R A R  N l  . K * 1 8 9 0 l  KBAR P I  P I  IKBAR* K 
P I  P I 1  I S  OBSERVED AT A MASS OF 2 3 6 0  +- 2 5  MEV W l T H  A W I D T H  GAMMA L E S S  THAN 6 0  HEV. T H I S  MASS AND W I D T H  ARE CONSISTENT 
W I T H  THE U MESON A N 0  AN ENHANCEMENT REPOQTEO I N  A RECENT BROOKHAVEN N A T I O N A L  LABORATORY BACKWARD P I -  P MISSING-MASS 
EXPERIMENT.  WHEREAS WE AGPEE W l T H  THE BROOKHAVEN N A T I O N A L  LABORATORY NEAR N TOTAL CROSS S E C T I O N  MEASUREMENTS ON THE 
P I I l l * ( 2 3 5 0 1  P O S I T I O N 1  OUR W I D T H  I S  CLEARLY I N C O N S I S T E N T  W l T H  T H E I R  VALUE OF 1 4 0  MEV. 

REAM N3. 1 I S  AN1 

NO D A T A  PUNCHED FOR T H I S  A R T I C L E  



1 164 IELASTIC SCATTERING OF P I - ,  K- AND PBAR FROM PROTONS AT 9.8 AND 1 3 . 6  GEVIC I P H Y S .  LETTERS 28B. 6 1  1 1 9 6 8 1 1  

C - ~J.OREAP,  D.P.OWEN, F.C.PETER~ON, * .L .~EAo,  ~ . G . R ~ A N .  D.H.uHITE [CORNELL uuIv.. I T H n c A ,  N. r . .  USA1 
A.ASHMORE, C. J.S.DAMERELL, W.R.FRISKEN, R . R J B I N S T E I N  1 BROOKHAVEN NAT. LAB. r UPTDNI L .  I ., N. Y. USA1 

ABSTRACT MEASUREMENTS HAVE BEEN MADE OF THE D I F F E R E N T I A L  CROSS S E C T I O N  FOR P I -  P E L A S T I C  SCATTERING AT 9.8 G E V I C  I N  
THE ANGULAR RANGE 2 5 - 1 2 0  DEGREES C.U.S. TOGETHER W l T H  E X I S T I N G  DATA, AN ALMOST COMPLETE ANGULAF D I S T R I B U T I O N  HAS NOW 
BEEN O B T A I N E D  AT T H I S  MOMENTUM. MEASUREMENTS HAVE ALSO BEEN MADE OVER MORE R E S T R I C T E D  ANGULAR RANGES FCR 9.7 G E V I C  K-  P 
AN0 PEAR P E L A S T I C  S C A T T E R I N G  AND 1 3 . 6  G E V I C  P l -  P AND K- P E L A S T I C  SCATTERING. 

CLOSELY RELATED REFERENCES 
DATA SUPERSEDED RY PHYS. REV. 1 8 1 ,  1 7 9 4  1 1 9 6 9 1 .  
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 M E N r  I N  PHYS. REV. L E T T E R S  2 1 ,  3 8 7  1 1 9 6 8 1 .  

REAM NO. 1 I S  K- ON PROTON FROU 9.7  TO 13.6 GEVIC.  
NO. 2 I S  P I -  ON PROTON FROM 9.7 TO 13.6  G E V I C .  
NO. 3 I S  ANTIPROTON ON PROTON AT 9.7 GEVIC.  

T H I S  EXPERIMENT USES COUNTERS. 
K E Y  WOROS r E L A S T I C  S C A T T E R I N G  

NO D A T A  PUNCHED FOR T H I S  A R T I C L E  

HIGH-ENERGY ELASTIC SCATTERING OF PI+-. K-. AND PEAR ON HYDROGEN AT c.n. ANGLES FROM 2 2  DEGREES TO 1 8 0  DEGREES. 
[PHYS. REV. 1 8 1 ,  1 7 9 4  I 1 9 6 9 1 1  

D.P.0WEN9 F.C.PETERSONv J.OREAR9 A.L.READ, D.G.RYAN? D - H - W H I T E  I C O R N E L L  U N I V - I  I T H A C A ,  N. Y., USA1 
A.ASHN0REv C.J.S.DAHERELL9 Y.R.FRISKENI R.RUBINSTEIN [BROOKHAVEN NAT. LAB., UPTON, L.1.r N. V.r USA1 

~~~~~~~~~~~~~~OF PI: P E L A ~ T ~ c ~ ~ c A ~ T E R ~ N G ~ ~ o ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~  DEGKEES~HAVE'BEEN 0 ~ i ~ i N F o  ' i T  L AND ~ ~ - G ~ v ~ c ; - ? H E s E  RESULTS A T  
6 A N 0  1 0  G E V K  AS WELL AS AT B G E V l C  REVEAL A SHARP D I P  I N  P l -  P SCATTERING AT 7 1 - 3  I G E V I C I * 8 2 .  SEVERAI tTRUCTl lRFC 1N 
THE FORM OF D I P S  OR SHOULDERS WERE SEEN IN-THE-PBM P ANGULAR OISTRIBUTIONS ALSO, ;ITITLESS PRONOUNCED-S~RUCTURE--  ' 
OBSERVED I N  K- P SCATTERING.  AT F I X E D  MOMENTUM TRANSFER. A L L  CROSS SECTIONS WHEN EXPRESSED AS D I S I G M A I I D I T I  APPEAR TO 
BE DECREASING W l T H  I N C R E A S I N G  ENERGY. 

CLOSELY RELATED REFERENCES 
T H I S  A R T I C L E  SUPERSEDES PART OF PHYS. REV. LETTERS 2 1 1  3 8 7  1 1 9 6 8 1 .  AND PHYS. L E T T E R S  2 8 8 ,  6 1  1 1 9 6 8 1 .  

BEAM NO. 1 I S  ANTIPROTON ON PROTON A T  5.8  GEVIC.  
NO. 2 I S  ANTIPROTON ON PROTON A T  5.9 GEVIC.  
NO. 3 I S  ANTIPROTON ON PROTON AT 9 . 7 1  GEVIC.  

T H I S  EXPERIMENT USES SPARK CHAUBERS. 
K E Y  WOROS - E L A S T I C  S C A T T E R I N G  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  CROSS S E C T I O N  FOR ANTIPROTON PROTON. [ T A B L E  1 1  

LABORATORY B E A 9  MOMENTUM = 5.8 GEVIC. 

-T 
l G E V I C l * * 2  
M I N  MAX 

. 5 3 9  . 6 1 0  

. 6 1 0  . 6 8 4  

. 6 8 4  . 7 6 2  
, 7 6 2  . 8 4 3  
. 8 4 3  . 9 2 7  
. 9 2 7  1 . 0 1 4  

1 . 0 1 4  1 .104 
1 . 1 0 4  1 . 1 9 6  
1 . 1 9 6  1 . 2 9 1  
1 . 2 9 1  1 . 3 8 8  
1 . 3 8 8  1 . 5 8 8  
1 .588 1 .794 
1 . 7 9 4  2 .006 
2 .006 2.222 
2 . 2 2 2  2 . 4 4 0  
2 . 4 4 0  2 .660 
2 . 6 6 0  2 .991 

D-SIGMAIO-T 
M B I l G E V I C I * * 2  l l . 2  

PER CENT 
. I 3 6 0 0  +- 1 7  
. 1 9 0 0 0  1 4  
- 1 8 7 0 0  1 3  
- 1 6 7 0 0  1 4  
. I 5 4 0 0  1 2  
. I 5 5 0 0  1 2  
. 0 9 4 7 0  1 3  
- 0 7 3 3 0  1 3  
. 0 6 8 4 0  1 2  
- 0 3 1 9 0  1 7  
. 0 2 2 7 0  1 4  
- 0 1 4 5 0  1 7  
.OD889 2 1  
. D O 8 6 7  2 2  
- 0 0 8 7 9  2 4  
. 0 0 4 7 0  3 b  
- 0 0 4 9 9  3 8  

T 1 5  THE SQUARE O F  T H E  I N V A R I A N T  l4OWNTUM TRANSFER BETWEEN THE CINCOHING ANTIPROTON1 AN0 THE I O U T G O I N G  ANTIPROTONI.  

111 ERRORS ARE S T A T I S T I C A L  ONLY. 
I 2 1  A 0 0  P O S S I B L E  S Y S T E U A T I C  ERROR OF +- 5 P E R  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  FOR ANTIPROTON PROTON. [ T A B L E  11 

LABORATORY BEAM MOMENTUM = 5.9 GEVIC.  

-T  0-SIGMAID-T 
I G E V / C l * * 2  N 8 I l G E V I C l * * 2  I l r 2 1  
M I N  MAX PER CENT 

2 . 4 2 1  2 . 7 6 0  - 0 0 4 2 2  +- 2 8  
2 . 7 6 0  3 . 0 9 9  - 0 0 5 1 6  2 2  
3 .599 3 . 5 4 8  - 0 0 1 3 5  2 8  
3 .548 3 . 9 8 8  - 0 0 0 4 6  5 3  
3 .98R 4 . 4 1 3  . 0 0 0 0 9  1 0 0  
4 . 4 1 3  5 .017 . 0 0 0 1 2  1 0 0  
5 .017 5 .485 - 0 0 0 2 3  5 8  
5.485 6 . 0 0 1  . 0 0 0 1 2  1 0 0  

T 1 5  THE SQUARE DF T H E  I N V A R I A N T  M O W N T U H  TRANSFER BETUEEN T b E  [ I N C O M I N G  A N T l P R O T O N l  AN0 THE I O U T G O I N G  ANTIP;1OTONl. 

Ill ERRORS ARE S T A T I S T I C A L  3NLY.  
1 2 1  ADO P O S S I B L E  S Y S T E M A T I C  ERPOR OF +- 5 PER CENT. ........................................................................................................................ 



ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [TABLE 1 1  

LARORATORY BEAM MOMENTUM = 9.71 GEVIC. 

-T 0-SIGMAID-T 
lGEVIC l+ *Z  M B I ( G E V I C I * * 2  11 .21  
M I N  MAX PER CENT 

.690  - 8 2 9  . 0 9 3 5 0  +- 3 0  

. 829  .91° . 0 4 9 8 0  2 1  

. 979  1 .139  . 0 2 8 2 0  2 4  
1.139 1.487 . 0 0 5 9 1  4 0  
1.487 1.868 . a 0 2 5 3  4 8  
1.860 2.277 . 0 0 1 3 2  4 9  
2.277 2.70s . 0 0 1 0 9  5 0  
2.709 3 .388  . 0 0 0 5 8  5 0  
3.388 4.804 . 0 0 0 0 6  1 0 0  
4.804 6 .215  . 0 0 0 0 7  1 0 0  

T I S  THE SQUARE OF THE INVARIANT MOVENTUM TRANSFER BETrlEEN THE I l N C O M l N G  ANTIPROTON1 AND THE IOUTGOING ANTIPROTONI. 

I 1 1  ERRORS ARE S T A T I S T I C A L  ONLY. 
I 2 1  ADD POSSIBLE SYSTEMATIC ERROR OF +- 5 PER CENT. 

ABSTRACT I N  A BUBBLE CHAMBER EXPERIMENT. WE HAVE MEASURED PBAR P E L A S T I C  SCATTERING AT N I N E  MOMENTA I N  THE RANGE 1 .51  - 2.90 GEVIC. THE EXTRAPOLATI'IN OF THE SMALL ANGLE REGION TO T = 0 I S  DISCUSSED AND COMPARED WITH RESULTS OF OTHER 
EXPERIMENTS. THE D IFFERENTIAL  CROSS SECTIONS ARE F ITTED TO AN ADAPTATION OF THE FRAHN-VENTER OPTICAL MODEL AND ALSO 
COMPARE0 TO REGGE-POLE MODEL PREDICTIONS. 

CLOSELY RELATED REFERENCES 
SEE ALSO PHYS. REV. LETTERS 2 4 1  1 2 5 7  ( 1 9 7 0 1 .  

BEAM NO. 1 1 5  ANTIPROTON ON PROTON FROM 1 - 5 1  TO 1.95 GEVIC. 
NO. 2 I S  ANTIPROTON ON PROTON FROM 2.15 TO 2.90 GEVIC. 

T H I S  EXPERIMENT USES THE BNL 3 1  I N .  HYDROGEN BUBBLE CHAMBER. A TOTAL OF 2 7 6 0 0 0  PICTURES ARE REPORTED ON. 
KEY WORDS - CROSS SECTION OIFFERENTIAL  CROSS SECTION ELASTIC  SCATTERING ........................................................................................................................ ........................................................................................................................ 
ANTIPROTON PROTON ELASTIC  CROSS SECTION. I T A B L E  1 1  

LABORATORY 
BEAM MOMENTUM 

GEVIC 
1 .51  
1.65 
1.80 
1.95 
2.15 
2.45 
2.60 

M ILL IBARNS Ill 
39.4 +- 1.3 
3 8 . 1  1.2 
3 6 . 1  1.2 
35.4 1.2 
30 .8  1.2 
27.4 1.1 
25.9 1.0 
25.6 1.0 
24.5 1.0 

Ill ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 
F I T  TO ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [TABLE 1 1  

LABORATORY BEAM MOMENTUM = 1.51 GEVIC. 

OATA ARE F I T  OVER -T FROM .03 TO .2O IGEVIC l * *Z .  T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE 
I l N C O M l N G  ANTIPROTONI AND THE IOUTGOING ANTIPROTONI. 

F I T T E D  FORUIJLA 1 5  C - S I G M A I C - T  = B*EXPIA*TI  
WHERE 0-SIGMAI-T I S  I N  MB/ lGEVIC) * *2  AN0 -T I S  I N  (GEVIC)**2.  

F I T T E D  VALUES 

F I T  TO ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. I T A B L E  1 1  

LABORATORY BEAM MOMENTUM = 1.65 GEVIC. 

DATA ARE F I T  OVER -T  FROM .03 TO .20 lGEVIC) * *2 .  T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETWEEN THE 
I INCOMING ANTIPPOTONI AN0 THE [OUTGOING ANTI  PROTONI. 

F I T T E D  FORMULA I S  D-SIGMAIC-T = B*EXP lA*T l  
WHERE 0-SIGMAID-T I S  I N  MB/(GEV/CI**2 AN0 -T I S  I N  LGEVIC)**2.  

F I T T E D  VALUES 
B = 584 .  +- 23.  
A = 15.9 +- .4 ........................................................................................................................ 

F I T  TO ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [TABLE 1 1  

LABOPATORY BEAM MOMENTUM = 1.8 GEVIC. 

OATA ARE F I T  OVFR -T FPOM .03 TO .20  lGEVIC)**Z.  T I S  THE SQUARE OF THE INVARIANT MOMENTUM TRANSFER BETUEEN THE 
I lNCOMlNG ANTIPROTONI AND THE IOUTGOlNG ANTIPROTJNI. 

F I T T E D  FORMULA I S  0-SIGMAIO-T = B*FXP(A*T)  
WHERE D-SIGMAID-T 15  I N  M B I I G E V / C l * * Z  AN0 -T I S  I N  I G E V I C l * * Z .  

F I T T E D  VALUES 
B = 5 5 1 .  +- 22.  
A = 15.7 c . 4  ........................................................................................................................ 

F I T  TO ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. I T A B L E  1 1  

LABORATORY BEAM MOMENTUM = 1.95 GEVIC. 

OATA ARE F I T  OVER -T FROM .03 TO . 2 0  l G E V l C l * * 2 .  T I S  THE SQUARE OF THE INVARIANT MONENTUM TRANSFER BETUEEN THE 
I l N C O M l N G  ANTIPROTON1 AND THE IOUTGOING ANTIPROTONI. 

F I T T E D  FORMULA I S  D-SIGMAIO-T = B*EXP(A*T) 
WHERE D-SIGMAIO-T I S  I N  M R I l G E V I C ) * * 2  AND -T I S  I N  IGEVIC) * *2 .  

F I T T E D  VALUES 
8 = 5 2 6 .  +- 23. 
A = 15.3 t- . 4  ........................................................................................................................ 



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  FOR ANTIPROTON PROTON. [ T A B L E  1 1  

LABORATORY BEAM MOMENTUM = 2.15 GEVIC.  

DATA ARE F I T  OVER -T FROM . 0 3  T O  .ZO I G E V l C ) * * Z .  T  I S  THE SQUARE OF T H E  I N V A R I A N T  MOYENTUM TRANSFER BETWEEN THE 
[ I N C O M I N G  A N T I P R O T O N I  AND T H E  [OUTGOING ANTIPROTONI.  

F I T T E D  FORMULA I S  0 - S I G M A I D - T  = B * E X P ( A * T I  
UHERE D-SIGHAID-T I S  I N  N B I l G E V I C ) * * 2  AND -T I S  I N  I G E V I C ) * * 2 .  

F I T T E D  VALUES 
B = 4 2 0 .  +- 24.  
A = 1 4 . 5  +- .5 ........................................................................................................................ 

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 ANTIPROTON PROTON. [ T A B L E  1 1  

LABORATORY BEAM MOMENTUM = 2.45 GEVIC.  

DATA ARE F I T  OVER -T FROM - 0 3  T O  . 2 0  l G E V I C L * * Z .  T  I S  THE SQUARE OF THE I N V A R I A N T  MOMENTUM TRANSFER BETWEEN THE 
I INCOMING A N T I P R O T O N 1  A N 0  T H E  [OUTGO1 N6 ANTIPROTONI.  

F I T T E D  FORMULA I S  D - S I G M A I O - T  = B * E X P I A * T )  
YHERE D-SIGMAID-T I S  I N  M B I I G E V I C I * * Z  AND -T I S  I N  i G E V I C I * * Z .  

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 ANTIPROTON PROTON. [ T A B L E  1 1  

LABORATORY BEAM MOMENTUM = 2.6 G E V I C .  

DATA ARE F I T  OVER -T FROM . 0 3  TO - 2 0  (GEV/CI**Z.  T  I S  THE SQUARE OF THE I N V A R I A N T  MOMENTUM TRANSFER BETWEEN THE 
I l N C O M I N G  A N T I P R O T O N 1  AND T H E  [OUTGOING ANTIPPOTONI.  

F I T T E D  FORMULA I S  D - S I G M A I D - T  = B * E X P I A * T )  
WHERE D - S I G M A I D - T  I S  I N  M B I l G E V I C 1 8 + 2  AND -T I S  I N  I G E V I C J * * Z .  

F I T T E D  VALUES 
B = 3 2 8 .  +- 1 9 .  
A = 1 3 . 1  +- .5  ........................................................................................................................ 

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 ANTIPROTON PROTON. [ T A B L E  1 1  

LABORATORY BEAM MOMENTUM = 2.75 G E V I C .  

DATA ARE F I T  OVER -T FROM . 0 3  T O  . 2 0  I G E V I C ) * W .  T I S  THE SQUARE OF THE I N V A R I A N T  MOMENTUM TLANSFER BETWEEN THE 
[ I N C O M I N G  A N T I P R O T O N 1  AND T H E  [OUTGOING ANTIPROTONI.  

F I T T E D  FORMULA I S  D-SIGMAID-T = B * E X P I A * T I  
WHERE 0 - S I G M A I O - T  I S  I N  M B / I G E V I C I * * 2  AND -T I S  I N  I G E V I C l * * 2 .  

F I T T E D  VALUES 
B = 3 4 0 .  +- 21.  
A = 13.6 +- . 6  ........................................................................................................................ 

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 ANTIPROTON PROTON. [ T A B L E  11 

LABORATORY BEAM MOMENTUM = 2.9  GEVIC.  

DATA ARE F I T  OVER -T FROM - 0 3  T O  . 2 0  ( G E V I C l * * 2 .  T  I S  THE SQUARE OF THE I N V A R I A N T  MOMENTUM TRANSFER BETWEEN THE 
[ I N C O M I N G  A N T I P R O T O N 1  AND T H E  I O U T G O I N G  ANTIPROTOYI.  

F I T T E D  FORMULA I S  0-SIGMAID-T = B * E X P I A * T 1  
UHERE D-SIGMAID-T I S  I N  M B / I G E V I C ) * * Z  AND -T I S  I N  I G E V I C I * * 2 .  

F I T T E D  VALUES 
B = 3 2 9 .  +- 21. 
A = 1 4 . 1  +- . 6  ........................................................................................................................ 

E L A S T I C  D I F F E R E N T I A L  

LABORATORY BEAM 

M I N  MAX 
. 9 6  1 . 0 0  
- 9 2  . 9 6  
.B8 . 9 2  
- 8 4  . 8 8  
.BO . 8 4  
. 7 6  - 8 0  

7 2  . 7 6  
. 6 8  .72 

6 4  . 6 8  
. 6 0  .64 
, 5 6  . 6 0  
. 5 2  - 5 6  
.48  . 5 2  
. 4 4  . 4 8  . 4 0  . 4 4  
. 3 6  - 4 0  
. 3 2  . 3 6  
. 2 8  - 3 2  
. 2 4  - 2 8  
.2O . 2 4  
- 1 6  . 2 0  
. 1 2  .16 
. 0 8  . 1 2  
. 0 4  . 0 8  
.OO . 0 4  

-.08 .OO 
- . I 6  -.OB 
- .24 - . I 6  
-.32 -.24 
- . 4 0  -.32 
-.56 -.40 
-.72 - .56 
-.a8 -.72 

- 1 . 0 0  -.8R 

CROSS S E C T I O N  FOR ANTIPROTON PROTON. [ T A B L E  2 . 1 1  

MOMENTUM = 1 . 5 1  GEVIC.  

THETA I S  THE ANGLE THAT T H E  ANTIPROTON MAKES W I T H  THE BEAM I N  THE GRAND C.M. .................................................................................... 



ELASTIC DIFFERENTIAL CROSS SECTIIN FOR ANTIPROTON PROTON. [TAbLE 2.11 

LABORATORY BEAM MOMENTUM = 1.65 GEVIC. 

COSITHETAI 0-SIGMAID-CMEGA 
MBISR 

MI N MAX 
.96 1.00 35.30 +- .70 
.92 .96 33.50 .70  
.8R .92 22.10 .60 
.84 .88 12.20 .40 
.a0 .84 6.90 .30 
- 7 6  .80 3.26 .22 
- 7 2  .76 2.35 .19 
.68 .72 1.26 .14 
- 0 4  .68 .39 .08 
.60 .64 .29 .07 
.56 .60 .20 .06 
.52 .56 .23 .06 
.48 .52 .25 .06 
.44 .48 .26 .06 
.40 . 4 4  .25 - 0 6  
- 3 6  .40 .31 bO7 
.32 .36 .40 .08 
.28 .32 - 3 2  .07 
.24 .28 .46 .08 
.20 .24 .25 .06 
.16 .20 .25 .06 
.12 16 .19 - 0 5  
.08 .12 .17 .05 
.04 .OR .1Z - 0 4  
.OO .04 .14 .05 

-.OB .OO .09 .03 
- . I 6  -.08 .08 .03 
-.32 - . I6  .05 .O l  
-.40 -.32 .07 .02 
-.56 -.40 .05 .01  
-.72 -.56 .07 .02 
-.88 -.72 .05 .01  

-1.00 -.88 .05 .02 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. ................................................................................. 
ELASTIC DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON. [TABLE 2.11 

LABORATORY BEAM MOMENTUM = 1.8 GEVIC. 

COSITHETAI 

MIN 
.96 
.92 
.88 

MAX 
1.00 

.96 

.92 

.88 

.84 
- 8 0  
.7b 
.72 
.68 
.64 

THETA I S  THE ANGLE THAT THE ANTIPROTON HAKES WITH THE BEAM I N  THE GRAND C.M. ................................................................................. 
ELASTIC DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON. ITABLE 2.21 

LABORATORY BEAM MOMENTUM = 1.95 GEVIC. 

THETA] 

MAX 
1.00 

.96 

.92 

.88 

.84 

.80 

.76 

.72 

.68 
- 6 4  
.60 
.56 
.52 
.48 
.44 
.40 
.36 
.32 
.28 

THETA LS THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. ................................................................................. 



ELbSTIC DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON. [TABLE 2.21 

LABORATORY BEAM MOMENTUM = 2.15 GEVIC. 

COSiTHETAI D-SIGMAID-OMEGA 
MBISR 

MlN MAX 
.96 1.00 33.90 +- - 9 0  
-92  .96 28.80 .90 
.88 - 9 2  12.70 .60 
- 8 4  .88 6.00 .40 
.80 .84 2.30 - 2 4  
.76 .80 1.06 .17 
72 .76 .54 .12 
64  .72 .12 .04 

-60  .64 .26 .08 
.56 .6D .31 - 0 9  
- 5 2  - 5 6  .41 .10 
.48 .52 .28 .08 
.44 .48 .39 .10 
.40 .44 .49 .ll 
.36 .40 .28 .08 
.32 .36 .34 .09 
.24 .32 .18 .05 

16 .24 .15 - 0 4  
.08 .16 .17 .05 

-.08 - 0 8  .08 .02 
-.24 -.08 - 0 6  - 0 2  
-.40 -.24 .06 .02 
-.56 -.40 .06 .02 
-.88 -.56 -05 .01 

-1.00 -.88 .07 .02 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. ................................................................................. 
ELASTIC DIFFERENTIAL CROSS SECTIJN FOR ANTIPROTON PROTON. [TABLE 2.21 

LABORATORY BEAM MOMENTUM = 2.45 GEVIC. 

COSITHETA) 

MIN MAX 
.96 1.00 
.92 .96 
.88 - 9 2  
.84 -88  
.80 84 
.76 .80 
-72  .76 
- 6 8  .72 
.64 .68 
.60 6 4  .50 .08 
.56 .60 - 3 3  .09 
.52 - 5 6  - 4 2  . l o  
- 4 8  .52 .54 .ll 
- 4 0  .48 - 3 8  .07 
- 3 2  .40 .19 .05 
.24 - 3 2  - 2 3  .05 
.08 .24 .09 .02 

-.08 .OB .08 .02 
-.24 -.08 .08 - 0 2  
-.72 -.24 .04 .01 

-1.00 -.72 .07 .02 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAU I N  THE GRAND C.M. ................................................................................. 
ELASTIC DIFFERENTIAL CROSS SECTION FOR ANTIPROTON PROTON. [TABLE 2.31 

LABORATORY BEAM MOMENTUM = 2.6 GEVIC. 

COS(THETA) 0-SIGMAID-OMEGA 
MBI S R 

MIN MAX 
.96 1.00 35.60 +- .90 
.92 .96 24.10 .70 
.88 - 9 2  9.50 .50 
- 8 4  .88 3.36 .27 
- 8 0  .84 1 1 6  .16 
.76 .80 - 3 1  .08 
.72 .76 .15 .06 
- 6 8  .72 .31 .08 
- 6 4  - 6 8  .46 .10 
.60 .64 .29 .08 
.56 .60 .35 .09 
52 .56 .42 .10 

.44 .52 .33 .06 

.36 .44 - 2 1  .05 

.28 .36 .23 .05 

.20 - 2 8  .ll .03 
- 0 8  .20 .06 .02 

-. l6 .OR .03 .O1 
-.40 - . l 6  .03 .01 
-.72 -.40 .03 .01 
-.88 -.72 .05 .02 

-1.00 -.88 - 0 7  .02 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM 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  CROSS S E C T 1 3 N  FOR ANTIPROTON PROTON. 

LABORATORY BEAM MOMENTUM = 2.75 GEV/C. 

C O S I T H E T A I  0-SIGMAID-OMEGA 
M B I S R  

M I N  H A Y  

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES W I T H  THE BEAM 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  CROSS S E C T I O N  FOR ANTIPROTON PROTON. [ T A B L E  2 . 3 1  

LABORATORY BEAi4 MOMENTUM = 2.9 GEVIC.  

C O S I T H E T A I  

M l N  MAX 
. 9 6  1 . 0 0  
. 9 2  . 9 6  
- 8 8  . 9 2  
.84 . 8 8  
. 8 0  . 8 4  
. 1 6  .8O 
. 7 2  . 7 6  

6 8  . 7 2  
.64 . 6 8  
. 6 0  . 6 4  
. 5 2  . 6 0  
. 4 4  . 5 2  
. 3 2  . 4 4  
. 1 6  . 3 2  

- . I 6  .16 
-.56 - . l 6  

-1.00 -.56 

0-SIGMAID-OMEGA 
M B I S R  

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES W l T H  THE BEAM I N  THE GRAND C-M. 

PBAR P CHARGE EXCHANGE A T  H I G H  ENERGY (OUR T R A N S L A T I O N  OF PBAR P LADUNGSAUSTAUSCH B E 1  HOHEN E N E R G I E N I  I H E L V E T I C A  
P H Y S I C A  ACTA 41,  4 5 1  1 1 9 6 8 1 1  

E.E.POLGAR I E I D E N O S S I S C H E  TECH. HOCH., Z U R I C H *  SWITZERLAND, AND CERNI GENEVA, SWITZERLAND1 

ABSTRACT THE CHARGE EXCHANGE R E A C T I O N  PEAR P - NBAR N HAS BEEN I N V E S T I G A T E D  W l T H  A LARGE MAGNET SPARK CHAMBER. THE 
EXPERIMENTAL PROCEDURE AND THE A N A L Y S I S  ARE DESCRIBED.  T H E  RESULTS O B T A I N E D  ON THE TOTAL A N 0  D I F F E R E N T I A L  CROSS S E C T I O N  
AT 5. 6 ,  7 AND 9 G E V l C  ARE PRESENTED. COMPARISON I S  MADE W I T H  OTHER CHARGE EXCHANGE PROCESSES. THEORETICAL MODELS ARE 
DISCUSSED. 

CLOSELY RELATED REFERENCES 
SEE A L S O  PHYS. REV. 119, 2 0 6 8  1 1 9 6 0 I r  PHYS. REV. 1 2 7 .  6 1 7  1 1 9 6 2 1 9  AND PHYS. L E T T E R S  2 0 9  5 5 4  ( 1 9 6 6 1 .  
C J N T I N U A T I O N  OF P R E V I O U S  EXPERIMENT I N  PHYS. L E T T E R S  2 2 ,  5 3 7  1 1 9 6 6 1  r AN0 PHYS. LETTERS 2 3 ,  1 6 0  1 1 9 6 6 1 .  

BEAM I S  ANTIPROTON ON PROTON FROM 5 TO 9 GEVIC.  
T H I S  EXPERIMENT USES SPARK CHAMBERS. 
K E Y  WORDS * CHARGE EXCHANGE ........................................................................................................................ ........................................................................................................................ 
F I T  TO D I F F E R E N T I A L  CROSS S E C T I O N  FOR ANTIPROTON PROTON r ANTINEUTRON NEUTRON. [ T A B L E  6 1  

LABORATORY BEAM MOMENTUM = 5. G E V l C  +- l l P E R  C E N T I .  

DATA ARE F I T  OVER -T FROM 0.  TO 1. l G E V I C l + * 2 .  T I S  T H E  SQUARE OF THE I N V A R I A N T  MOMENTUM TRANSFER BETWEEN THE 
I l N C O M l N G  A N T I P R O T O N I  AND T H E  I A N T I N E U T R O N I .  

F I T T E D  FORMULA I S  0 - S I G M A I D - T  = A * E X P I B * 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 l * * 2  AND -1 I S  I N  ( G E V I C t * * Z .  

F I T T E D  VALUES 
A 1 2.69 +- . 4 0  
B - 4 . 4 3  +- .17 ....................................................................................................................... 

F I T  TO D I F F E R E N T I A L  CROSS SECT I O N  FOR ANTIPROTON PROTON - ANTINEUTRON NEUTRON. [ T A B L E  6 1  

LABORATORY BEAM MOMENTUM = 6. G E V I C  +- l ( P E R  CENT] .  

DATA ARE F I T  OVER -1 FROM 0.  TO 1. ( G E V I C I * * 2 .  T I S  T H E  SQUARE OF THE I N V A R I A N T  MOMENTUM TRANSFER BETWEEN THE 
I INCOMING ANTIPROTON1 AND T H E  [ANTINEUTRON I. 

F I T T E D  FORMULA I S  D - S I G M A I D - T  = A * E X P I B * T I  
WHERE 0 - S I G M A I D - T  I S  I N  M B / l G E V I C l * * 2  AND -1 I S  I N  l G E V / C l * * 2 .  

F I T T E D  VALUES 
A = 2.65 +- . 4 0  
B = 4.72 +- . 1 9  ........................................................................................................................ 

F I T  TO D I F F E R E N T I A L  CROSS S E C T I O N  FOR ANTIPROTON PROTON - ANTINEUTRON NEUTRON. [ T A B L E  6 1  

LABORATORY BEAM MOMENTUM = 7. G E V I C  +- 1 I P E R  C E N T I .  

DATA ARE F I T  OVER -1 FROM 0.  TO 1. l G E V I C l * * 2 .  T I S  T H E  SQUARE OF THE I N V A R I A N T  MOMENTUM TRANSFER BETYEEN THE 
I INCOMING A N T I P R O T O N 1  A N 0  T H E  I A N T I N E U T R O N I .  

F I T T E D  FORMULA 1s 0-SIGMA/D-T = A * E X P I B * T I  
WHERE 0 - S I G M A I D - T  I S  I N  M B / l G E V / C l * * Z  AND -1 I S  I N  l G E V I C l * * Z .  

F I T T E D  VALUES 
A = 1 . 6 6  +- . 2 5  
B = 4 . 5 0  +- .Z2 ........................................................................................................................ 



F I T  TO D I F F E R E N T I A L  CROSS S E C T I O N  FOR ANTIPROTON PFOTON * ANTINEUTRON NEUTRON. I T A B L E  6 1  

LABORATORY BEAM MOHENTUM - 9. GEV/C +- 1 I P E R  CENT) 

OATA ARE F I T  OVER -T FPOM 0. TO 1. l G E V / C I * * Z .  T I S  T H E  SQUARE OF THE I N V A R I A N T  MOMENTUM TRANSFER BETWEEN T d E  
I l N C O N l N G  ANTIPROTON1 A N 0  T H E  I A N T I N E U T R O N I .  

F I T T E D  FORMULA 1 5  0 - S I G M A I O - T  = A*EXPI  B * T I  
WHERE 0-SIGMAID-T 1 5  I N  M B / I G E V I C ) * * 2  AND -T I S  I N  I G E V I C l * * 2 .  

F I T T E D  VALUES 

PEAR N E L A S T I C  S C A T T E R I N G  FROM -T = 0.15 TO 1 . 0  l G E V / C l * * 2  AT 3.5  GEVIC.  [PHYS. REV. LETTERS 2 4 ,  1 2 5 1  1 1 9 7 0 1 1  

B-G-REYNOLOSv K.E.WEAVER, J-H.BISHDP. D.O.HUWE, J.A.MALK0 [ O H I O  UhIV. ,  ATHENS, OHIO,  U S A 1  

CLOSELY RELATEO REFERENCES 
SEE ALSO NUC. PHYS. 8 1 2 1  5 1 1 9 6 9 1 ,  PHYS. REV. L E T T E R S  1 9 1  2 6 5  1 1 9 6 7 1 r  PHYS. REV. 1 3 7 9  8 1 2 5 0  1 1 9 6 5 1 1  PHYS. LETTERS 5 9  

1 3 2  1 1 9 6 3 ) ~  PHYS. REV. LETTERS 1 7 .  7 2 0  1 1 9 6 6 1 ,  AN0 PHYS. LETTERS 2 4 8 ,  6 4 2  1 1 9 6 7 1 .  
DATA SUPERSEDED B Y  P w s .  REV. 02, 1 7 6 7  1 1 9 7 0 1 .  

BEAM I S  ANTIPROTON ON DEUTERON AT 3.5 GEVIC.  
T H l S  EXPERIMENT USES THE ANL-MURA 3 0  I N .  DEUTERIUM B U B B L E  CHAMBER. 
K E Y  WORDS * E L A S T I C  SCATTERING ........................................................................................................................ ........................................................................................................................ 

NO DATA PUNCHED FOR T H l S  A R T I C L E  

ANTIPROTON-NEUTRON E L A S T I C  SCATTERING AT 3.5 GEVIC.  I P H Y S .  REV. 0 2 1  1 7 6 7  1 1 9 7 0 ) l  

B.G.REYNOLDS9 K.E.WEAVER1 J.M.BISHOPI 0.O.HUYEv J.A.MALK0 [ O H I O  UNIV.9 ATHENS* O H I O *  USA1 

ABSTRACT WE HAVE MEASURED THE PBAR N D I F F E R E N T I A L  E L A S T I C  CROSS S E C T I O N  FOR - T  2 0.15 I G E V I C I * * Z .  WE COMPARE OUR DATA 
W I T H  E X I S T I N G  DATA FROM PBAR P A N 0  N P E L A S T I C  S C A T T E R I N G  EXPERIMENTS I N  T H I S  ENERGY REGION. OUR OATA SHOW A O I P  I N  THE 
CROSS S E C T I O N  AT -T APPROX. = 0.45 I G E V I C I * * Z  AN0 A SECONDARY MAXIMUM AT -T APPROX. = 0.7 l G E V / C l * * 2 .  WE SEE NO 
E V I D E N C E  FOR BACKWARD P E A K I N G  I N  PBAR N E L A S T I C  S C A T T E R I N G  AT T H I S  ENERGY. EVIDENCE I S  PPESENTEO FOR I = 1. T-CHANNEL 
EXCHANGE I N  NBAR N SCATTERING. 

C L D S E L Y  RELATED REFERENCES 
T H I S  A R T I C L E  SUPERSEDES PHYS. REV. L E T T E R S  2 4 ,  1 2 5 1  1 1 9 7 0 1 .  

BEAM 1 5  ANTIPROTON ON DEUTERON AT 3.5 GEVIC.  
T H l S  E X P E R I M E N T  USES THE ANL-MURA 3 0  I N .  DEUTERIUM BUBBLE CHAMBER. A T O T A L  OF 9 2 0 0 0  PICTURES ARE REPORTED ON. 
K E Y  WORDS * CROSS S E C T I O N  O I F F E R E N T I A L  CROSS S E C T l D N  E L A S T I C  SCATTERING 

[ P A G E  1 7 7 3 1  
LABORATORY BEAM MDMENTUM = 3.5 +- .1 GEVIC.  

R E A C T I O N  
ANTIPROTON NEUTRON - 

TOTAL 
E L A S T I C  

M I L L I B A R N S  

[ 11 GLAUBER CORRECTIONS A P P L I E D .  ........................................................................................................................ 
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  FOR ANTIPROTON NEUTRON. [ P A G E  1 7 7 3 1  

LABORATORY BEAM MOMENTUM = 3.5 +- .1 GEVIC.  

DATA ARE F I T  OVER -1 FROH . 1 5  TO - 4 0  I G E V / C I * * 2 .  T I S  THE 
I I N C O M I N G  A N T l P R O T O N l  A N 0  T H E  [OUTGOING A N T I P R O T O N I .  

SQUARE THE I N V A R I A N T  MOMENTUM TRANSFER BETWEEN T H E  

GLAUBER COPRECTIONS A P P L I E D  
F I T T E D  FORMULA I S  D-SIGMA/O-T - A * E X P I B * T I  

WHERE D--SIGMAID-T I S  I N  M B / I G E V / C I * * 2  AN0 -T 1 5  I N  I G E V / C I * * Z .  
F I T T E O  VALUES 

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 ANTIPROTON NEUTRON. [ T A B L E  4 1  

LABORATORY BEAM MOMENTUM = 3.5 +- .I G E V l C .  

GLAUBER CORRECTIONS A P P L I E D  

-T 0 - S I G M A l D - T  
l G E V / C l * * 2  M B I l G E V I C l * * 2  
M I N  MAX 
- 1 5  . 2 0  3 0 . 2 0 0  +- 3.300 
.20 . 2 5  1 9 . 9 0 0  2 . 4 0 0  
- 2 5  . 3 0  7 . 6 0 0  1 . 2 0 0  
. 3 0  . 4 0  2 . 4 0 0  . 5 0 0  
. 4 0  . 5 0  1 . 0 0 0  . 3 0 0  
- 5 0  - 6 0  1 . 1 0 0  . 3 0 0  

6 0  . 8 0  - 9 0 0  - 2 0 0  
. 8 0  1 .00 . 9 0 0  .ZOO 

1.00 1.20 . 6 0 0  . l o 0  
1.20 1 - 4 0  . 4 0 0  . l o 0  
1 .40 2.00 .ZOO - 0 5 0  
2.00 3 . 0 0  . l o 0  - 0 3 0  
3 . 0 0  4 . 0 0  . 0 4 0  . 0 1 0  
4.00 5.40 . 0 1 9  . 0 0 9  

T 1 5  THE SQUARE OF THE I N V A P I A N T  MOWNTUM TRANSFER BETWEEN THE L I N C O M I N G  A N T I P R O T O N I  AND T H E  [,OUTGOING ANTIPROTONI.  

........................................................................................................................ 

***r****++*r***************+**tr*an*********t**t*r*tr*t+******r*+n++rt+ntt+**+t*******t****+t******+rr+*+*r**rr+***+**r 





LOW ENERGY ANTIPREITON-PROTON ELASTIC  SCATTERING. INUC.  PHYS. 819 ,  5 0 1  1 1 9 7 0 1 1  

O.SPENCER, 0.N.EDdAROS [LIVERPOOL UNIV - ,  LIVERPOOLI ENGLAND1 

ABSTRACT D IFFERENTIAL  CROSS SECTIONS FOR THE ELASTIC  SCATTERING OF ANTIPROTONS ON PROTONS BELOW 7 0  NEV ARE PRESENTED 
AND COMPARED WITH THE PREDICTIONS OF VARIOUS MODELS. 

BEAM I S  ANTIPROTON ON PROTON FROM . I 9 5  TO - 3 6 9  GEVIC. (BEAM K I N E T I C  ENERGY = .02 TO .07 GEVI 
T H I S  EXPEPIMENT USES THE SACLAY 8 1  GM HYDROSEN BUBBLE CHAMBER. 
KEY WORDS r CROSS SECTION D IFFERENTIAL  CROSS SECTION ELASTIC  SCATTERING 

ELASTIC  D IFFERENTIAL  CROSS SECTIZIN FOR ANTIPROTON PROTON. I T A B L E  1 1  

DATA ARE AVERAGED OVER LABORATORY BEAM ENERGY FROM - 3 1 5  TO - 0 2 5  GEV. 

COSITHETA) 1 1 1  D-SIGMAIO-OMEGA 
MBISR 

-.95 2.3 +- . 7  -. 8 5  2.4 .7 
-.75 1.7 .6 
-.65 3.5 .9  
-.55 1.6 .6 
-.45 3.4 .9 
-.35 6.3 1.2 
-.25 7.2 1.2 
-.15 7.8 1 .4  
-.05 5.4 1.2 

.05 12.0 1.7 

.15 11.9 1.7 

. 25  11.1 1.7 

. 3 5  13.6 1.9 

.45 6.6 1.3 

.55 12.1 2.6 

.65 14.9 2.9 

.75 14.7 3 .1  

.85 1 9  3.6 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I h  THE GRAND C.M. 

I 1 1  MEAN VALUES. ........................................................................................................................ 
ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [TABLE 1 1  

DATA ARE AVERAGED OVER LABORATORY BEAM ENERGY FRPM - 0 2 5  TO .035  GEV. 

COSITHETAI C 1 1  0-SIGMAID-OMEGA 
MBISR 

-.95 2.8 +- - 6  
-.a5 1.2 .4 
-.75 1.5 .5 
-.65 2.1 -6 
-.55 1.8 - 5  
-.45 2.1 - 6  
-.35 2.9 - 7  
-.25 3.4 .7 
-.I5 4.1 .B 
-.05 5.4 .9  

.05 6.5 1.0 
- 1 5  6.4 1.0 
. 25  8.4 1.2 
.35 6.4 1.0 
.45 9.3 1.3 
.55 10.4 1.3 
. 65  9.3 1.3 
.75 9.3 1.3 
.85 10.7 1.5 
. 9 Z  13.8 3.0 

THETb I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

1 1 1  MEAN VALUES. ........................................................................................................................ 
ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. I T A B L E  1 1  

DATA ARE AVERAGED OVER LABORATORY BEAM ENERGY FROM - 0 3 5  TO .045  GEV. 

COSITHE TA)  I 1 1  D-SIGMAIO-OMEGA 
MBISR 

1.5 +- .4 
- 7  .3 

1.5 - 4  
1.1 .4 
1.1 .4 
2.5 - 6  
1.9 .5 
2.8 -6 
3.2 .7 
3.3 .7  
4.8 - 8  
5.4 .9 
8.0 1 .0  
8.4 1.1 
9.6 1.2 
9 .1  1.1 

11.6 1.3 
12.2 1.3 
14.7 1.6 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND Can. 

ill MEAN VALUES. ........................................................................................................................ 



ELASTIC  D IFFERENTIAL  CROSS SECT13N FOR ANTIPHOTJN PRPTON. [TABLE 1 1  

OATA ARE AVERAGED OVER LA8ORATORY BEAP ENERGY FRC'M . 0 4 5  TO .055 GEV. 

COSITHETAI 1 1 1  

. 35  7.8 1.0 

.45 9.3 1.2 

.55 12.0 1.3 

.65 12.2 1.3 

.75 14.1 1.5 

.85 13.9 1.5 
- 9 2  13.3 2.5 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

1 1 1  MEAN VALUES. ................................................................................. 
ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTIPROTON PROTON. [TABLE 1 1  

DATA ARE AVERAGEO OVER LABORATORY BEAM ENERGY FRLM . 0 5 5  TO - 0 6 5  GEV. 

COSlTHETAl  1 1  1 D-SIGMAIO-OMEGA 
nwsu 

-.95 2.1 +- .6 -. 8 5  2.1 - 6  
-.75 . 4  .3 
-.65 1.1 .5 
-.55 .6 .3 
-.45 2.1 .6 
-.35 1.0 . 4  
-.25 1.6 .6 
- . I 5  2.0 .6 
-.05 2.4 .7 

.05 2.2 .7  

.15 4.0 .9 

. 25  6.9 1.2 

.35 4.9 1 .0  

.45 8.3 1.3 

.55 9.7 1 .4  

.65 16.0 1 .9  

. 75  14.2 1 .8  

.85 14.3 1.9 

.92 18.0 3.6 

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE 8EAM I N  THE GRAND C.M. 

Ill MEAN VALUES. ................................................................................. 
ELASTIC  D IFFERENTIAL  CROSS SECTION FOR ANTlPROTON PROTON. [TABLE 1 1  

DATA ARE AVERAGEO OVER LABORATORY BEAM ENERGY FROM .O65 TO .075 GEV. 

COSITHETAI 1 1 1  O-SIGMAID-OMEGA 
MBISR 

-.95 1.7 +- 1.0 
-.85 2.2 1.1 
-.75 .6 .6 
-.65 1.1 .8 
-.55 .6 - 6  

THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM' I h  THE GRAND C.M. 

1 1 1  MEAN VALUES. ................................................................................. 
ANTIPROTON PHOTON ELASTIC  CROSS SECTION. I T A 8 L E  1 1  

CROSS SECTION FOR ANTIPROTON PROTON * TOTAL ANNIH ILAT ION.  [TABLE 1 1  

LABORATORY 
BEAM ENERGY 

MILL IBARNS 
200.  +- 30. 
184. 22. 
142.  1 8 .  



S P I N  AND P A R I T Y  OF T H E  OMEGA MESON. I P H Y S .  REV. 1 2 5 ,  6 8 7  1 1 9 6 2 1  1 

M.L.STEVENSONIL.W.ALVAREZZB.C.MAGLICCA.HROSENFELD 1U.C. LAWRENCE RAO. LAB., BERKELEY,  CALIF. .  USA1 

ABSTRACT T H E  S P I N  AN0 P A R I T Y  OF T H E  OMEGA MESON HAVE BEEN DETERMINED TO BE 1- BY A Q U A N T I T A T I V E  COMPARISON OF THE 
D E N S I T Y  OF P O I N T S  ON T H E  D A L I T Z  P L O T  WITH THE P R E D I C T E D  D E N S I T Y  OF P O I N T S .  THE S I M P L E S T  M A T R I X  ELEMENT F 3 C  THE J = l -  
MESON (WHICH P X E O I C T S  MAXIMUM D E N S l T Y  OF P O I N T S  AT THE CENTER CF T H E  O A L I T Z  PLOT AND ZERO D E N S I T Y  ON T H E  BOUNDARY1 F I T S  
THE DATA REMAPXABLY WELL. ON T H E  OTHER HANOI THE S I M P L E S T  M A T R I X  ELEMENTS FOR I +  AND 0- MESONS ( B O T H  OF N H I C H  P R E D I C T  
ZERO D E N S I T Y  AT THE CENTER OF THE P L O T 1  DO NOT F I T  AT ALL.  A Q U A N T I T A T I V E  TREATMENT FOP HIGHER J VALUES HAS NOT BEEN 
ATTEMPTED. HOWEVERITHE S I M P L E S T  M A T R I X  ELEMENTS FOR J = 2 +  AND 2- A L S O  V A N I S H  AT THE CENTER OF THE O A L I T Z  PLOT, AND ARE 
A G A I N  I N C O N S I S T E N T  W I T H  THE DATA. 

CLOSELY RELATED REFERENCES 
SEE ALSO PHYS. REV. L E T T E R S  7 .  3 2 7  ( 1 9 6 1 1 .  
T H l S  A R T I C L E  SUPERSEDES PHYS. REV. LETTERS 7,  1 7 8  1 1 9 6 1 1 .  

BEAM I S  ANTIPROTON ON PROTON AT 1.61 GEVIC.  
T H I S  EXPERIMENT USES THE L R L  7 2  I N .  HYOROGEN BUBBLE CHAMBER. 
K E Y  WORDS - RESONANCE PRODUCTION MASS SPECTRUM 

NO DATA PUNCHED FOR T H l S  A R T I C L E  

. 
G . V O N D A R D E L ~ O . H ~ F R I S C H ~ R R M E R M O D ~ R . H . M 1 L 8 ~ N P . A . P I R O U E M . V I V A R G E N T G . W E B E k  K.WINTER ICERN, GENEVA, S W I T Z E R L A N D 1  

CLOSELY RELATED REFERENCES 
DATA SUPERSEDED B Y  PHYS. REV. L E T T E R S  7 1  1 2 7  1 1 9 6 1 1 .  

BEAM NO. 1 I S  K+ ON PROTON FROM 3 TO 1 0  G E V I C .  
NO. 2 I S  PRDTON ON PROTON FROM 3 TO 1 0  GEVIC.  
NO. 3 I S  ANTIPROTON ON PROTON FROM 3 TO 1 0  GEV/C. 
NO. 4 t C  K- ON P R n T n N  FROM 3 T n  10 SFVIC .  .............................. 
NO. 5 15 P I +  ON PRDTON FROM 3 T n  10 G F V I C .  . . . . . . . . . . . .  - . -. .............. 
NO. 6 I S  P I -  ON PROTON FROM 3 TO 10 GEVIC.  

T H I S  EXPERIMENT USES COUNTERS. 
K E Y  WORDS - CROSS S E C T I O N  ........................................................................................................................ ........................................................................................................................ 
ANTIPROTON PROTON T O T A L  CROSS SECTION.  [ F I G U R E  3 1  

***THESE DATA WERE READ FROU A GRAPHc** 

LABORATORY 
BEAM MOMENTUM 

G E V I C  

E V I D E N C E  C O N F I R M I N G  THE T - 0  THREE-PION RESONANCE. I P H Y S .  REV. L E T T E R S  7 ,  3 2 7  ( 1 9 6 1 1 1  

N;U.XUONG, G.R.LYNCH 1U.C. LAWRENCE RAD. LAB., BERKELEY.  C A L I F . ,  U S A 1  

CLOSELY RELATED REFERENCES 
DATA SUPERSEDED BY PHYS. REV. 1 2 8 .  1 8 4 9  1 1 9 6 2 1 .  
C O N T I N U A T I O N  OF P R E V I O U S  EXPERIMENT I N  PHYS. REV. L E T T E R S  7.  1 7 8  ( 1 9 6 1 1 .  

BEAM I S  ANTIPROTON ON PROTON A T  1.61 GEVIC.  
T H I S  EXPERIMENT U S E S  T H E  L R L  7 2  I N .  HYDROGEN BUBBLE CHAMBER. 
K E Y  WORDS - CROSS S E C T I O N  OMEGA17831 PRODUCTION 
COMPOUND K E Y  UORDS + D M E G A ( 7 8 3 1  PRODUCTION ........................................................................................................................ ........................................................................................................................ 

NO DATA PUNCHED FOR T H l S  A R T I C L E  

NTIPROTON-PROTON INELASTIC INTERACTIONS AT  1.61 BEVIC AND THEIR USE FOR A TEST OF CHARGE-CONJUGATION INVARIANCE IN STRONG 
INTERACTIONS.  I P H Y S .  REV. 1 2 4 ,  5 7 5  I 1 9 6 1 1  1 

N.XUONG, G.R.LYNCH. C.K.HINRICHS [U.C. LAWRENCE RAD. LAB., BERKELEY* C A L I F . .  U S A 1  

... - .. 
NUCLEONS BACKWARD I N  T H E  CENTER-OF-MA~S SYSTEM. ~ H E S E  EVENTS CAN BE USED TO CHECK CHARGE-CONJUGATION I N V A R I A N C E  i~ 
STRONG I N T E R A C T I O N S .  

CLOSELY RELATED REFERENCES 
DATA SUPERSEDED BY PHYS. REV. 1 3 1 ,  1 2 7 6  ( 1 9 6 3 1 .  
T H I S  A R T I C L E  SUPERSEDES REV. MOO. PHYS. 3 3 .  3 9 5  1 1 9 6 1 1 .  

NO DATA PUNCHED FOR T H l S  A R T I C L E  



l F I S E A R C H  FOR R U L T I P I O N  RESONANCES I N  THE R E A C T I O N  P8AR + P - .PI+ + 3 P I -  + N P I O .  W H Y S .  REV. 1 2 8 7  1 8 4 9  1 1 9 6 2 1 1  

N . H . X U O N G , G . R . L Y N C H  1U.C. LAWPENCE RAO. LAB., BERKELEY,  C A L 1 F . r  U S A l  

ABSTRACT WE REPORT HERE T H E  STUDY OF THE R E A C T I O N  PEAR + P + 3 P I +  + 3 P I -  + N P I 0  AT 1.61 B E V I C  l E I C . M . ) ~ 2 . 2 9 0  BEV)  I 

W l T H  THE A I M  OF D E T E C T I N G  M U L T I P I O N  RESONANCES I N  THE F I N A L  STATES. THE EXPERIMENT WAS PERFORMED I N  THE LAWRENCE 
R A D I A T I O N  LABORATORY'S 7 2 - I N  L IQUID-HYDROGEN BUBBLE CHAMBER. THE TOTAL NUMBER OF SIX-PRONG EVENTS I N  THE SAMPLE I S  7 1 5 .  
T H E  EVENTS WERE AFASUREO W I T H  THE FRANCKENSTEIN MEASURING PROJECTOR. THE EVENTS WERE ANALYZED BY U S I N G  THE PANG, K I C K ?  
AND E X A H I N  PRDGRAMS W I T H  I B M  7 0 4 .  7 0 9 .  AND 7 0 9 0  CGMPUTERS. T H E  CROSS S E C T I O N S  OF VARIOUS PROCESSES ARE FOUND TO BE 
SIGMA(PBAR + P - 3 P I +  + 3 P I - )  = 1 . 1 6  +- 0 . 1  NB,  SIGMA(PBAR + P + 3 P I +  + 3 P I -  + P I 0 1  = 1.8 +- 0 . 2 5  HBI S I G M A I P B A R  + P 
r 3 P I +  + 3P1-  + 2 P I O )  = 1 . 0 5  +- 0 . 2 5  MB. THE ANGULAR D I S T R I B U T I O N S  ARE SYMMETRICAL FOR ALL THREE TYPES OF EVENTS. THE 
E X I S T E N C E  OF THE OMEGA MESON l T = O  THREE-PION RESONANCE AT 7 8 0  MEV) I S  FURTHER CONFIRMED. Y l T H  THE H Y P O T H E S l S  OF 
G-PARITY CONSERVATION I N  T H E  DECAY PROCESS (STRONG D E C A Y ) ,  THE S P I N  AND P A R I T Y  OF THE OMEGA MESON I S  CONFIRMED AS 1- BY 
THE O A L I T Z - P L O T  METHOD. EVEN W I T H  THE HYPOTHESIS OF G-PARITY NONCONSERVATION I h  THE OECAY PROCESS (ELECTROMAGNETIC 
D E C A Y ) ,  THE 1- S P I N - P A R I T Y  ASSIGNMENT I S  S T I L L  STRONGLY SUGGESTED BY T H E  SMALL VALUES OF THE R A T I O S  OF R I I O M E G A  - 4 P I 1  
I (OMEGA - P I +  P I -  P I 0 1  I A N 0  R I ( 0 M E G A  - NEUTRAL)  I IDREGA + P I +  + P I -  + P l O l l .  WE DO NOT OBSERVE ANY T=O 3 - P I O N  
RESONANCE AT 5 5 0  MEV ( E T A  MESON). T H E  NEUTRAL FOUR-PION E F F E C T I V E  MASS M 4  D I S T R I B U T l O N  SHOWS A SUGGESTIVE PEAK AT 1.04 
BEV. THE O l S T R I B U T I O N  OF THE TWO-PION E F F E C T I V E  YASS H Z  OF THE PEAR + P - 3 P I +  + 3 P I -  EVENTS SHOWS A B I G  DIFFERENCE 
BETWEEN I Q I = Z  I F O R  L I K E - P I O N  P A I R S )  AND 0.0 (FOR U N L I K E  P I O N  P A I R S )  A T  THE LOW-VALUE REGION OF M2. AT T H I S  R E G I O N  THE 
HZ D I S T R I B U T I O N  OF L I K E - P I O N  P A I R S  L I E S  ABOVE THAT FROM PHASE-SPACE CALCULATIONSv AND THE ONE OF U N L I K E - P I O N  P A I R S  I S  
WELL BELOY. UE T E N T A T I V E L Y  A T T R I B U T E  T n I S  EFFECT TO THE B O S E - E I N S T E I N  EFFECT ON THE PIONS.  THE R A T I O  R l I R H O c -  * P i c -  + 
ETA FOLLOWED BY E T A  - P I +  P l -  P I 0 1  I (RHO+- + P I + -  P I 0 1 1  I S  DETERMINED TO BE 1.2 +- 2.0 PERCENT. T H l S  SMALL R A T I O  
AGREES W l T H  O-+ ASSIGNMENT FOR S P I N ,  P A R I T Y  AND G P A R I T Y  OF T H E  ETA MESON, BUT CANNOT RULE OUT THE 1- P O S S I B I L I T Y .  
UPPER L I M I T S  OF SOME OTHER DECAY R A T E S  OF RHO AN0 OMEGA MESONS ARE PRESENTED. 

CLOSELY RELATED REFERENCES 
SEE ALSO PHYS. REV. 1 3 1 1  REV. PHYS. AND PHYS. REV. 1 2 4 ,  

BEAM I S  ANTIPROTON ON PROTON AT 1.61 GEVIC.  
T H l S  EXPERIMENT USES THE L R L  7 2  I N .  HYOROGEN RUBBLE CHAMBER. 
K E Y  UOROS - A N N l H l L A T l O N  CROSS S E C T I O N  P I O N  PRODUCTION OMEGA17831 
COMPOUND K E Y  WORDS - A N N I H I L A T I O N  CROSS SECTION P I O N  PRODUCTION 

I T A B L E  3 1  
LABORATORY BEAM MOMENTUM = 1 . 6 1  GEVIC.  

R E A C T I O N  
ANTIPROTON PROTON 

T O T A L  KAON A N N I H I L A T I O N  
P I +  P I -  H M 2 2 P I O  
P I +  P I *  P I -  P I -  
P I +  P I +  P I -  P I -  P I 0  
P I +  P I +  P I -  P I -  Y M L Z P I O  
FOUR PRONG P I O N  A N N I H I L A T I O N  
P I +  P I *  P I +  P I -  P I -  P I -  
P I *  P I +  P I +  P I -  P I -  P I -  P I 0  
P I +  P I *  P I +  P I -  P I -  P I -  P I 0  P I 0  
P I +  P I *  P I +  P I +  P I -  P I -  P I -  P I -  
P I +  P I +  P I +  P I +  P I -  P I -  P I -  P I -  

H I L L I B A R N S  

[ll CALCULATED BY US FROM DATA I N  T H I S  ARTICLE.  ........................................................................................................................ 
CROSS S E C T I O N  FOR A I U I P R O T O N  PROTON . OMEGA(7831 P I *  P I +  P I -  PI - .  I P A G E  1 8 5 7 1  

OMEGA17831 - P I +  P l -  P I 0  1 1 1  

M I  L L I B A R N S  
. 6 0  +- . 1 5  

ill F I T T E D  FOR MASS ANOIOR WIDTH. AN0 THEN TOOK ONLY EVENTS ABOVE ( F I T T E D )  BACKGROUND. 

SEARCH FOR A FOUR-PION RESONANCE. AND SOME OECAY MODES OF THE RHO A N 0  OMEGA MESONS. [NUOVO C l R E N T O  2 5 ,  9 2 3  1 1 9 6 2 1  1 

N.H.XUONGIG.R.LYNCH IU.C.  LAWRENCE RAO. LAB., BERKELEY, C A L 1 F . r  USA* AN0 U N I V .  OF C A L I F O R N I A r  BERKELEY, CALIF. ,  U S A l  

ABSTRACT A SEARCH FOR FOUR-PION RESONANCES AMONG SIX-PRONG A N N I H I L A T I O N S  OF 1.61 GEVIC ANTIPROTONS I N  THE BERKELEY 7 2  
I N .  HYDROGEN B U B B L E  CHAMBER HAS B E E N  WIDE. NO FOUR-BODY OECAYS OF THE RHO OR OMEGA MESONS HAVE BEEN OBSERVED AN0 UPPER 
L I M I T S  FOR THESE OECAYS ARE QUOTED. THE F R A C T I O N  OF THE CHARGED RHO MESONS WHICH DECAY V I A  RHO+- r E T A  + P I + -  I S  
DETERMINED TO B E  1 1 . 2 + 2 1  PERCENT, I N  AGREEMENT W I T H  A P O S I T I V E  G P A R I T Y  ASSIGNMENT FOR THE ETA. THE NEUTRAL FOUR-PION 
E F F E C T I V E  MASS D I S T R I B U T I O N  SHOWS A SUGGESTIVE,  BUT I N C O N C L U S I V E  PEAK AT 1.04 GEV. 

CLOSELY RELATED REFERENCES 
SEE ALSO PHYS. REV. 1 2 1 .  1 7 8 8  1 1 9 6 1 1 .  

BEAM I S  ANTIPROTON ON PROTON AT 1 . 6 1  GEVIC.  
T H I S  EXPERIMENT USES THE L R L  7 2  I N .  HYOROGEN BUBBLE CHAMBER. 
K E Y  WORDS - MASS SPECTRUM ........................................................................................................................ ........................................................................................................................ 

NO DATA PUNCHED FOR T H I S  A R T I C L E  



f i l K A O N I C  ANNIH ILAT IONS OF ANTIPROTONS I N  HYDROGEN AT 7 BEVIC  1PHYS. REV. 150 .  1 2 7 5  1196711  

-N.YEH, C.Y.CHIEN. J.LACH1 J.SANOWEISSr H.D.TAFT [YALE  UNIV.. NEW HAVEN, CONN.. USA1 
Y.OREN M.S. WEBSTER [BROOKHAVEN NAT. LAB.. UPTON, L.1.r N. Y.I USA1 

CLOSELY RELATED REFERENCES 
SEE ALSO NUOVO CIMENTO 3 8 ,  1 3  ( 1 9 6 5 1 ,  AND PHYS. REV. 1 5 2 ,  1 1 7 1  1 1 9 6 6 1 -  

BEAM I S  ANTIPROTON ON PROTON AT 6.935 GEVIC. 
T H I S  EXPERIMENT USES THE BNL 8 0  I N .  HYDROGEN BUBBLE CHAMBER. A TOTAL OF 8 0 0 0 0  PICTURES APE REPORTED ON. 
KEY WORDS + ANNIH ILAT ION CROSS SECTION KAON PROOUCTION K * 1 1 4 2 0 )  
COMPOUND KEY WORDS A N N I H I L A T I O N  CROSS SECTION KAON PRODUCTION ........................................................................................................................ ........................................................................................................................ 

[TABLE 2 1  
LABORATORY BEAM MOMENTUM = 6.935 GEVIC  +- 1 IPER CENT). 

M ILL IBARNS 

2.50 +- .50 1 1 1  
< .02  

1 1 1  RESULT CALCULATED WITH THE ASSUMPTION THAT K+ K-, K+ KOBAR, KO K-, AND KO KOBAR ARE PRODUCED WITH EQUAL 
PROBABILITY.  

(IPBAR P BACKWARD E L A S T I C  SCATTERING FROM 0.7 TO 2.16 GEVIC IPHYS. REV. LETTERS 2 3 1  5 0 6  I 1 9 6 9 1 1  

-J.K.YOH. B.C.BARISH. H.NICHOLSON, J.PINE, A.V.TOLLESTRUP [ C A L I F .  INST ITUTE OF TECH., PASAOENAr CALIF., USA1  
A.S.CARROLL R.h.PHILL1PS I BROOKHAVEV NAT. LAB., UPTONl L.1. I N. Y.. USA1 
C.OELORME, F.LOBKOWIC2, A.C.MELISSINOS, Y. NAGASHIMA [UNIV .  OF ROCHESTER, ROCHESTER, N. Y., USA1 

ARSTRACT E L A S T I C  SCATTERING OF PEAR ON P HAS BEEN STUDIED FOR COS-THETA 1C.M.l BETWEEN -0.88 AN0 -1.0 AND P ILABIPBAR 
BETWEEN 0.70 AN0 2.16 GEVIC.  THE MOMENTUM DEPENDENCE OF THE CROSS SECTION SHOWS A SHARP D I P  AT 0.9 GEVIC AND A RROAO 
PEAKING AROUND 1.4 GEVIC.  THE P O S S I B I L I T Y  OF THE PEAK RESULTING FROM DIRECT FORMATION OF BOSON RESONANCES HAS BEEN 
STUDIED. ALTERNATIVELY, A D IFFRACTION MODEL AGREES QUAL ITAT IVELY WITH OUR DATA AN0 OTHER ELASTIC  DATA AT DIFFERENT 
ANGLES. 

CLOSELY RELATED REFERENCES 
SEE ALSO PHYS. REV. LETTERS 17 .  7 2 0  119661 .  PHYS. REV. LETTERS 21, 1 1 1 6  ( 1 9 6 8 1 ,  AN0 PHYS. REV. LETTERS 20,  1 0 5 9  ( 1 9 6 8 )  

BEAM I S  ANTIPROTON ON PROTON FROM .703  TO 2 .370  GEVIC. 
T H I S  EXPERIMENT USES SPARK CHAMBERS. 
GENERAL COMMENTS ON T H I S  ART ICLE  

1 DATA OBTAINED FROM J. K. YOHI THESIS,  CAL IF .  INST ITUTE OF TECH., 1 9 6 9  
KEY WORDS - E L A S T I C  SCATTERING D IFFERENTIAL  CROSS SECTION ........................................................................................................................ ........................................................................................................................ 
E L A S T I C  D IFFERENTIAL  CROSS SECTION AT F I X E D  ANGLE FOR ANTIPROTON PROTON. IF IGURE 2 1  

COSITHETAI 3 -.99 IMEAN VALUE). THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAU I N  THE GRAND C.M. 

DATA OBTAINED FROM YOH THESIS,  TABLE 4.1 

LABORATORY D-SIGMAID-OMEGA 
BEAM MOMENTUM 

GEVIC 1 1 1  UB lSR t 2 1  
.703 225.3 +- 4 3 . 1  
. E l 2  8 7 . 1  25 .4  
- 8 7 3  73.3 1 6 - 4  
.935 44.8 16 .9  
. 987  83.9 14 .7  

1.115 102.9 15.5 
1.338 146.6 1 9 . 9  
1.447 179.2 2 1 . 1  
1 .590  136.9 16 .0  
1.610 153.5 17.2 
1.716 137.0 15.5 
1.797 91.4 11 .4  
1.844 1 0 1 . 1  1 1 . 9  
2.032 58.4 7.6 
2.155 49.3 6.4 
2.370 30.3 5.7 

1 1 1  MEAN VALUES. 
1 2 1  ERRORS INCLUDE SYSTEHATICS. ........................................................................................................................ 

E L A S T I C  D IFFERENTIAL  CROSS SECTION AT F I X E D  ANGLE FOR ANTIPROTON PROTON. [FIGURE 2 1  

COSITMETAI = -.97 IMEAN VALUE].  THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

DATA OBTAINED FROM YOH THESIS*  TABLE 4.1 

LABORATORY 
BEAM nonENTun  

GEVIC 1 1 1  
.TO3 
- 8 1 2  
.873 
. 935  
. 987  

1.115 
1.338 
1.447 
1.590 
1.610 
1.716 
1.797 

D-SIGMAID-OMEGA 

UBISR 1 2 1  
329.3 +- 57.9 
112.8 3 1 . 4  

89.2 17.5 
49.3 19.9 
60.1 14 .7  

101.9 14 .2  
137.0 17 .4  
134.8 15.4 
140.9 13.7 
113.5 11.3 
112.4 10.5 

90.8 1 0 . 1  
92.1 9.4 

I 1 1  MEAN VALUES. 
1 2 1  ERRORS INCLUDE SYSTEMATICS. ........................................................................................................................ 



E L A S T I C  D IFFERENTIAL  CROSS SECTION AT F I X E D  ANGLE FOR ANTIPROTON PROTON. [F IGURE 2 1  

COSITHETAI  = - .95 (MEAN VALUEI.  THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE REAM I N  THE GRANO C.M. 

DATA OBTAINED FROM YOH THESIS.  TABLE 4.1 

D-SIGMAID-OMEGA 

UBISR 
361 .1  +- 6 8 . 4  
149 .1  39 .0  

86.0 22.3 
78.2 24.7 
55 .5  16 .3  
90.7 14 .6  
97.3 1 6 . 4  

113 .1  15 .2  
93.4 1 3 . 1  

108 .3  12.2 
1 0 6 . 5  10 .5  

67.5 1 0 . 1  
63.2 8.5 
34 .1  5 . 9  
26.4 5.2 
14.4 4 .9  

L 1 1  MEAN VALUES. ........................................................................................................................ 
E L A S T I C  D IFFERENTIAL  CROSS SECTION AT F I X E D  ANGLE FOR ANTIPROTON PROTON. [F IGURE 2 1  

COS lTHETAI  = -.93 IMEAN VALUEI.  THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRANO C.M. 

DATA OBTAINED FROM YOH THESIS, TABLE 4 - 1  

LABORATORY D-SIGMAIO-OMEGA 
BEAM MOMENTUM 

GEV lC  Ill UBISR 
.703  279.3 +- 70 .8  
. E l 2  1 7 9 . 1  4 6 . 1  
.873 145 .8  3 0 . 1  
. 935  86.4 31.1 
. 987  55.4 1 6 . 4  

1.115 101 .6  1 6 . 9  
1 .338  1 0 9 . 1  1 8 . 5  
1.447 9 7 . 5  15.1 
1 .590  80 .1  14 .7  
1.610 01.2 11 .3  
1 . 7 1 6  79.0 10 .2  
1 .797  80.6 12 .0  
1 .844  92.3 10 .4  
2 .032  41 .0  6.8 
2 .155  12.6 5.2 
2.370 7.9 4.6 

[ 1 1  MEAN VALUES. ........................................................................................................................ 
E L A S T I C  D IFFERENTIAL  CROSS SECTION AT F I X E D  ANGLE FOR ANTIPROTON PROTON. [F IGURE 2 1  

COSITHETAI  = -.91 (MEAN VALUEI.  THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WlTH THE BEAM I N  THE GRAND C.M. 

DATA OBTAINED FROM YOH THESIS,  T A B L E  4.1 

LABORATORY 
BEAM MOMENTUY 

GEVIC  Ill 
.703  
. E l 2  
. 873  
. 935  
. 987  

1.115 
1.338 
1 .447  
1 5 9 0  
1 .610  
1.71 h 

UBISR 

C 1 1  MEAN VALUES. ........................................................................................................................ 
ELASTIC DIFFERENTIAL CROSS SECTION AT FIXED ANGLE FOR ANTIPROTON PROTON. [F IGURE 21 

COSITHETAI  = -.B9 IMEAN VALUEI.  THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WlTH THE BEAM I N  THE GRAND C.M. 

DATA OBTAINED FROM YOH T H E S I S *  TABLE 4.1 

LABORATORY 
BEAU MOMENTUM 

GEVIC [ 1 1  
- 8 1 2  
- 8 7 3  
- 9 3 5  
. 987  

1.115 
1.338 
1.447 

UB ISR 
182 .4  +- 52.1 

85.4 26.8 
.o 

111 MEAN VALUES. ........................................................................................................................ 



E L A S T I C  D IFFERENTIAL  CROSS SECTION AT F I X E D  ANGLE FOR ANTIPROTON PROTON. [FIGURE 2 1  

COS(THETA1 = -.87 IMEAN VALUE).  THETA I S  THE ANGLE THAT THE ANTIPROTON MAKES WITH THE BEAM I N  THE GRAND C.M. 

DATA OBTAINED FROM YDH THESIS,  TABLE 4.1 

UBISR 
33.8 +- 14 .7  
47.3 11.2 

I 1 1  MEAN VALUES. 

K I P B A R  P ANNIHILAT ION INTO P I +  RHO AT SMALL ANGLES BETWEEN 1 AND 2 GEVIC. [PHYS. REV. LETTERS 2 6 ,  9 2 2  1 1 9 7 1 ) l  

J . K . Y O H ,  B.BARISH, H.W.NICHOLSON, J.PINE, A.V.TOLLESTRUP [CALIF. INSTITUTE OF TECH., PASADENA, CALIF., U S A ]  
A.S.CARR0LL IBRWKHAVEN NAT. LAB. UPTON* L.1 . r  N. Y.1 USA1 
F.LOBKOWICZI A.MELISSINOSr Y.NAGASHIMA [UNIV .  OF ROCHESTER, ROCHESTERt N. Y., USA1 

ABSTRACT WE HAVE STUDIED THE PROCESS PBAR P INTO P I +  X- USING WIRE SPARK CHAMBERS. THE DATA COVER THE ANGULAR RANGE OF 
COS THETA lPBAR1 P I+* ]  BETWEEN 0.96 AN0 1.0 AT SEVERAL INCIDENT MOMENTA BETWEEN 1 AND 2 GEVIC. THE PEACTION PEAR P * 
P I +  RHO- WAS OBSERVED WITH ( 0  S IGMAID OMEGA)* OF THE ORDER OF 1 0 0  MU-BISR AT SEVERAL MOMENTA. 

CLOSELY RELATED REFERENCES 
SEE ALSO PHYS. REV. LETTERS 23.  6 0 7  119691 .  
CONTINUATION OF PREVIOUS EXPERIMENT I N  PHYS. REV. LETTERS 23. 6 0 3  119691 ,  PHYS. REV. LETTEPS 23,  5 0 6  11969) .  AND PHYS. 

REV. LETTERS 21,  1 2 8 2  ( 1 9 6 8 ) .  

BEAM I S  ANTIPROTON ON PROTON FROM 1.0 TO 2.1 GEVIC. 
T H I S  EXPERIMENT USES SPARK CHAMBERS AN0 COUNTERS. 
KEY WORDS - ANNIHILAT ION D IFFERENTIAL  CROSS SECTION MESONS PRODUCTION 
COMPOUND KEY YDRDS * ANNIHILAT ION D IFFEREYTIAL  CROSS SECTION MESONS PRODUCTION 

D IFFERENTIAL  CROSS SECTION AT F I X E D  ANGLE FOR ANTIPROTON PROTCN - P I +  RHO(7651-. [FIGURE 2 1  
RHD1765)-  + P I -  P I 0  1 1 1  

COS1THETAI = .99 (MEAN VALUE). THETA I S  THE ANGLE THAT THE P I +  MAKES WITH THE BEAM I N  THE GRAND C.M. 

***THESE DATA WERE READ FROM A GRAPH*** 

LABORATORY 
BEAM MOMENTUM 

GEVIC 
.8759  
.9675  

1.1169 
1 .3313  
1.4470 
1 .6060  
1.7193 
1 .7964  
1.8422 
2.0301 

UBISR 1 2 ~ 3 1  
28.35 +- 28.35 
46.02 21.35 
51.53 28 .17  

119 .94  21.19 
95.17 17 .78  
01.57 13 .91  
68.00 14.08 
34 .78  10.61 
33 .99  9.72 
13.96 6.81 

I11 F I T T E D  FOR MASS ANOIDR WlOTHt AN0 THEN TOOK ONLY EVENTS ABOVE I F I T T E O )  BACKGROUND. 
1 2 1  ERRORS ARE STATIST ICAL  ONLY. 
1 3 1  ADD POSSIBLE SYSTEMATIC ERROR OF + 3 0  - 5 0  PER CEYT. 



Section IV. 

INDICES 



With all  of the information for  each 

article stored in a computer-searchable 

fashion, one could generate numerous types 

of indices; several  that we have found most 

useful a r e  included in this section. 

A. MOMENTUM INDICES - Here we 

l is t  all  of our pp and 'i;d articles ordered 

according to increasing beam momentum. If 

a particular paper reports  results at  more  

than one energy, that paper is listed once for 

each momentum value reported. The ref - 
erence number in the las t  column is the 

article number in Section 111. 

art icles  and inserted the appropriate new 

words. Thus references may be missing 

f r o m  some of the categories. 

C. REFERENCES - The l is t  of all  

ar t icle  references in Section 111 is  presented 

he re  alphabetically by f i r s t  author and chron- 

logically within the same f i r s t  author. Each 

article has the same reference number a s  in 

Section 111. 

D. REFERENCE TITLES - The full 

title and journal reference of each arti'cle i s  

given here  in the same order as  the reference 

l is t  by author. 

B. KEYWORDS CLASSIFICATION - As E. REVIEW ARTICLES - A lis t  of 

stated in Section 111, each article i s  assigned several recent review art icles  i s  included 

certain KEYWORDS. These words (or phrases)  for completeness. In addition to pro- 

a r e  intended to indicate the contents of the viding valuable comments on much of the data 

article. As our l is t  of KEYWORDS has grown, in this compilation, these articles often dis - 
we generally have not yet gone back to older cuss other topics which we have not included. 



Momentum Index (pp) 

BEAM MOMENTUM 1 S T  AUTHOR JOURNAL VOLUME, PAGE I N S T I T U T I O N S  DETECTOR YEAR PUBL ISHED REF.NR. 

BENVENUTI 
SPENCER 
LOKEN 
SPENCER 
LOKEN 
BENVENUTI 
SPENCER 
CORK 
LOKEN 
SPENCER 
CESCHIA  
AMALOI 
SPENCER 
CONFORTO 
C L I N E  
BENVENUTI 
C L I N E  
LOKEN 
SPENCER 
AMALOI 
C L I N E  
C L I N E  
B I Z Z A R R I  
C L I N E  
AMALDI  - - 

CONFORTO 
C L I N E  
CORK 
C L I N E  
B I Z Z A R I  
AMALDI  
C L I N E  
B I Z Z A R R I  
CONFORTO 
.CL INE 
BENVENUTI 
AMAL 0 1  
C L I N E  
CONFORTO 
AMALDI  
C L I N E  
C L I N E  
AMALDI  
CONFORTO 
C L I N E  
B I Z Z A R R I  
AMALDI  
COOMBES 
C L I N E  
AMALDI  
CONFORTO 
C L I N E  
AMALDI  
C L I N E  
CORK 
B I Z Z A R I  
C L I N E  
CLINE 
BENVENUTI 
CONFORTO 
AMALOI 
AMALDI  
C L I N E  
AMALDI  
CONFORTO 
B I Z Z A R R I  
AMALDI  
AMALOI  
CONFORTO 
AMALOI 
CESCHIA  
AMALOI  
COOMBES 
C L I N E  
BENVENUTI  
AMALDI  
NICHOLSON 
LOERSTAD 
AGUILAR-BE 
AGUILAR-BE 
AGUJLAR-BE 
AGUILAR-BE 

PRL 
N P 
P L  
NP 
PL  
PRL 
N P 
NC 
P L 
NP 
PR 
NC 
NP 
NC 
PRL 
PRL 
PRL 
PL  
NP 
NC 
PRL 
PRL 
NC L 
PPL 
NC 
NC 
PRL 
NC 
PRL 
NC 
NC 
PRL 
NC L 
NC 
PRL 
PRL 
NC 
PRL 
NC 
NC 
PRL 
PRL 
NC 
NC 
PRL 
NCL 
NC 
PR 
PRL 
NC 
NC 
PRL 
NC 
PRL 
NC 
NC 
PRL 
PRL 
PRL  
NC 
NC 
NC 
PRL 
NC 
NC 
NC L 
NC 
NC 
NC 
NC 
PR 
NC 
PR 
PRL 
PRL 
NC 
PRL 
NP 
NP 
P L  
PL  
PL  

WISC 
L I V P  
OXF 
L I V P  
OXF 
WISC 
L I V P  
L R L  
0 XF 
L I V P  
TR S'T 
CERN ROMA TRST 
L I V P  
CERN ROMA TRST 
W I SC 
WISC 
WISC 
OXF 
L I VP 
CERN ROMA TRST 
WISC 
w 1 s c  
ROMA TRST 
WISC 
CERN ROMA TRST 
CERN ROMA TRST 
w isc  
L R L  
WISC 
ROMA TRST 
CERN ROMA TRST 
WISC 
ROMA TRST 
CERN ROMA TRST 
WISC 
WISC 
CERN ROMA TRST 
WISC 
CERN ROMA TRST 
CERN ROMA TRST 
WISC 
WISC 
CERN ROMA TRST 
CERN ROMA TRST 
WISC 
ROMA TRST 
CERN ROMA TRST 

WISC 
CERN ROMA TRST 
CERN ROMA TRST 
WI SC 
CERN ROMA TRST 
W I SC 
LF  L 
ROMA TRST 
WISC 
WISC 
WISC 
CERN ROMA TRST 
CERN ROMA TRST 
CERN ROMA TRST 
WISC 
CERN 
CERN ROMA TRST 
ROMA TRST 
CERN ROMA TRST 
CERN ROMA TRST 
CERN ROMA TRST 
CERN ROMA TRST 
TRST 
CERN 
L R L  
WISC 
WISC 
CERN 
C A L T  ROCH BNL 
COEF CERN 
CERN CDEF 
CERN CDEF 
CERN CDEF 
CERN CDEF L I V P  

HBC 
HBC 
H 8C 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
H BC 
HBC 
HBC 
HBC 
HBC 
HBC 
H BC 
H BC 
HBC 
H BC 
HBC 
HBC 
HBC 
H BC 
HBC 
HBC 
H BC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC. 
HBC 
HRC 
HBC 
HBC 
HBC 
H BC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
CNTR 
H 8C 
HBC 
HRC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
H BC 
HBC 
CNTR 
HBC 
HBC 
HBC 
HBC 
HRC 
HBC 
H8C 
CNTR 
CNTR 
HBC 
H BC 
CNTR 
CNTR 
HBC 
HBC 
HBC 
HBC 
HBCS 







RASON NP 
DANYSZ P L 
CONVERSI NC 
CLAYTON NP 
CLAYTON NP 
CLAYTON NCL 
BAR1 SH PRL 
BAD1 ER NP 
ABRAMS PR 
ABRAMS PR 
PARKER NP 
ABR AMS PR 
ABRAMS PR 
AMALDI  NC 
DOMI NGO PL 
SEARS P L  
SCHROEDER PR 
KERNAN PR 
F I S H E R  NP 
F I S H E R  PR 
DOMING0 PL  
CRAWLEY PR 
ABRAMS PR 
PARKER NP 
ABRAMS PR 
ARMENTEROS PR 
BOMSE NC 
BACON PR 
ABRAMS PR 
ABRAMS PR 
JESPERSON PR 
AMALDI  NC 
PARKER NP 
KERNAN PR 
ABRAMS PR 
AMALOI NC 
ABRAMS PR 
DAUM NP 
MUSGRAVE NC 
HOFMOKL NUKE 
FRENCH NC 
ESCOUBES P L 
DANYSZ NC 
DANYSZ PL 
CERN PRL 
BRICMAN P L 
BOECK P L  
ABRAMS PR 
ABRAMS PR 
AMALDI  NC 
ABRAMS PR 
ABRAMS PR 
ABRAMS PR 
AMALOI  NC 
FERBEL PRL 
B A L T A Y  P R L  
BALTAY PRL 
ABRAMS PR 
FERBEL PRL 
FERBEL  PR 
FERBEL PR 
FERBEL PR 
BALTAY PR 
BROWN PRL 
ABRAMS PR 
ABRAMS PRL 
RUSGRAVE NC 
CZYZEWSKI PL  
AMALDI  NC 
BAKER NP 
ATHERTON NP 
MUSGRAVE NC 
ESCOUBES P L  
DEHNE PR 
DEHNE PL  
DANYSZ NC 
K A T Z  PRL 
FERBEL  PRL 
FERBEL  PR 
FERBEL PR 
B A L T A Y  PR 
B A L T A Y  PR 
BALTAY PRL 
BALTAY P R L  
BALTAY PRL 
AMALDX NC 
MUSGRAVE NC 
L INDENBAUM PRL 
CZYZEHSKI  PL  
AMALDI  NC 
AMALOI  NC 
AMALDI  NC 
VON DARDEL PRL 
LINOENBAUM PRL 
ASTBURY PL 
ASTBURY P L  
AMALDI  NC 

L I V P  ATEN 
CERN L I V P  
CERN 
L I V P  ATEN 
L I V P  ATEN 
L I V P  ATEN 
C A L T  BNL  SLAC 
EPOL I P N P  
BNL 
BNL  
M I C H  
BNL  
BNL 
CERN 
COLO 
COLO 
AMES COLO 
AMES 
COLO 
COLO AMES 
COLO 
AMES 
BNL 
M I C H  
BNL 
L R L  BERK 
VAN0 
VAN0 
BNL 
BNL 
AMES 
CERN 
M I C H  
AMES 
BNL 
CERN 
BNL 
CEPN 
B I R M  CERN EPOL L O I C  
CERN 
CERN B I R M  
CEPN OESY HAMB 
CERN 
CERN L I V P  
CERN EPOL SACL 
CERN CAEN SACL 
CERN EPOL L O I C  
B NL 
BNL 
CERN 
BNL 
BNL 
BNL 
CERN 
YALE BNL  CCNY 
Y A L E  BNL 
Y A L E  BNL 
BNL  
ROCH 
YALE BNL CCNY 
YALE BNL  CCNY 
YALE 8NL  CCNY 
YALE BNL 
BNL YALE 
BNL 
BNL 
B I R M  CERN EPOL LOIC 
CERN 
CERN 
CERN SACL 
CERN I P N P  
B I R M  CERN EPOL L O I C  
CERN OESY HAM8 
OESY 
PSEH OESY 
CERN 
ROCH 
ROCH 
YALE BNL CCNY 
YALE BHL  CCNY 
YALE BNL 
Y A L E  BNL 
YALE BNL 
YALE BNL 
YALE BNL 
CERN 
B I R M  CERN EPOL L O I C  
BNL 
CERN 
CERN 
CERN 
CERN 
CERN 
BNL 
CERN ETHZ 
CERN ETHZ 
CERN 

HBC 
HBC S 
CNTR 
HBC 
HBC 
HBC 
CNTR 
HBC 
CNTR 
CNTR 
HBC 
CNTR 
CNTR 
CNTR 
HBC 
HBC 
HBC 
HRC 
HBC 
HBC 
HBC 
HBC 
CNTR 
HRC 
CNTR 
CNTR 
D BC 
OBC 
CNTR 
CNTR 
HBC 
CNTR 
HBC 
HBC 
CNTR 
CNTR 
CNTR 
CNTR 
HBC 
HBC 
HBC 
HBC 
HBC 
HBCS 
HBC 
CNTR 
HBC 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
HBC 
HBC 
HBC 
CNTR 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
CNTR 
CNTR 
HBC 
HBC 
CNTR 
SPRK 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
CNTR 
HBC 
CNTR 
HBC 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
SPRK 
SPRK 
CNTR 



FR I DMAN PR 
FRIDMAN PR 
BRAUN NC 
BRAUN NP 
BOECKMANN NC 
SOECKMANN PL 
BOECK PL 
ATHERTON NP 
ATHERTON NP 
ATHERTON PL 
ALLES-BORE NC 
ALLES-BORE NC 
ALLES-BOPE NC 
ALLES-BORE NC 
ACCENSI PL 
OWEN PR 
ASHMORE PRL 
OWEN PR 
VON DARDEL PRL 
LINOENBAUM PRL 
GALBRAITH PR 
BORGHINI  PL 
BIRNBAUM PRL 
ASTBURY PL  
FERBEL NC 
FERBEL NC 
LINDENBAUM PRL 
K I T A G A K I  PRL 
Y EH PR 
C H I E N  PR 
F ERBEL PR 
BAR-NIR NP 
ALEXANDER NP 
ALEXANOER PRL 
VON DARDEL PRL 
ASTBURY PL  
FERBEL NC 
FERBEL NC 
FOLEY PRL 
ASHMORE PRL 
LINDENBAUM PRL 
GALBRAITH PR 
BIRNBAUM PL 
BIRNBAUM PRL 
BIRNBAUM PRL 
FOLEY PRL 
ASTBURY P L 
ASTBURY PL  
LINOENBAUM PRL 
OREAR PL 
OWEN PR 
VON DARDEL PRL 
LINOENBAUM PRL 
FOLEY PRL 
BORGHINI  P L  
VON DARDEL PRL 
VON DARDEL PRL 
LINDENBAUM PRL 
FOLEY PRL 
FOLEY PR L 
GALBRAITH PR 
FOLEY PRL 
LINDENBAUM PRL 
LINDENBAUM PRL 
GALBRAITH PR 
BORGHINI  PL 
LINDENBAUM PRL 
FOLEY PRL 
S A L B R A I T H  PR 
BIRNBAUM PL  
BIRNBAUM PRL 
LINDENBAUM PRL 
LINDENBAUM PRL 
G A L B R A I T H  PR 
LINDENBAUM PRL 
ALLABY SJNP 
ALLABY P L  
LINOENBAUM PRL 
DENISOV PL 
ALLABY PL  
DENISOV PL  
ALLABY PL 
DENISOV PL  
DENISOV PL 
OCNISOV PL 
ALLABY PL  
DENISOV PL 
DENISOV PL  
ALLABY PL 
DENISOV P L  
ALLABY PL 
DENISOV PL 
ALLABY PL 

STUB H E I D  STRB 
STRB H E I D  STRB 
STRB 
STRB 
BONN DESY MILA  
BONN DESY MILA  
CERN SACL 
CERN 
CERN PRAG 
CERN 
CERN BONN 
CERN 
CERN 
CERN 
CERN 
CORN BNL 
BNL CORN 
CORN BNL 
CERN 
BNL 
BE!L CORN 
CERN ORSA P I S A  
CARN BNL 
CEPN ETHZ 
YALE BNL 
YALE BNL 
BNL 
TOHO 
YALE BNL 
YALE BNL 
YALE BNL 
TELA 
TELA 
TELA 
CERN 
CERN ETHZ 
YALE BNL 
YALE BNL 
BNL 
BNL CORN 
BNL 
BNL CORN 
CARN BNL 
CAPN BNL 
CARN BNL 
BNL 
CERN ETHZ 
CERN ETHZ 
BNL 
CORN BNL 
CORN BNL 
CERN 
BNL 
BNL 
CERN ORSA P I S A  
CERN 
CERN 
BNL 
BNL 
BNL 
BNL CORN 
BNL 
BNL 
BN L 
BNL CORN 
CERN ORSA P I S A  
BNL 
BNL 
BNL CORN 
CARY BNL 
CARN BNL 
BNL 
BNL 
BNL CORN 
BNL 
CERN SERP 
CERN SERP 
BNL 
SERP 
CERN SERP 
SER P 
CERN SERP 
SERP 
SERP 
SERP 
CERN SERP 
SERP 
SERP 
CERN SERP 
SERP 
CERN SERP 
SERP 
CERN SERP 

HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
HBCS 
HBC 
HBC 
HBC 
HBC 
HBC 
HBC 
SPRK 
SPRK 
SPRK 
CNTR 
CNTR 
CNTR 
CNTR 
CNT R 
SPRK 
HBC 
HBC 
CNTR 
HBC 
HBC 
HBC 
HBC 
HBC 
HRC 
HBC 
CNTR 
SPRK 
HBC 
HBC 
CNT R 
SPRK 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
SPRK 
SPRK 
CNTR 
CNTR 
SPRK 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
C NTR 
CNTR 
CNTR 
CNTR 
CNT R 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 



Momentum Index (pd) 

BURROWS 
GRAY 
BURROWS 
BURROWS 
BURROWS 
BURROWS 
BURROWS 
BURROWS 
BURROWS 
SURROWS 
BURROWS 
GRAY 
BURROWS 
BURROWS 
BURROWS 
B E T T I N I  
ABRAMS 
AaRAMS 
ABRAMS 
ABRAMS 
E L I O F F  
ABRAMS 
ABRAMS 
ABRAMS 
ABRAMS 
CAMERINI  
E L I O F F  
ABRAMS 
ABRAMS 
BERRYHILL  
ABRAMS 
E L I O F F  
ABRAMS 
ABRAMS 
3 H  
MA 
B E T T I N I  
ABRAMS 
E L I O F F  
ABRAMS 
ABRAMS 
MA 
ABRAMS 
E L I O F F  
ABRAMS 
MA 
ABRAMS 
ABRAMS 
ABRAMS 
ABRAMS 
ABRAMS 
BACON 
OH 
MA 
ABRAMS 
ABRAMS 
ABRAMS 
ABRAMS 
ABRAMS 
ABRAMS 
A88AMS 
ABRAMS 
ABRAMS 
ABRAMS 
ABRAMS 
ABRAMS 
ABRAMS 
ABRAMS 
ABRAMS 
ABRAMS 
BACON 
BACON 
BACON 
ABRAMS 
ABRAMS 
ABRAMS 
ABRAMS 

AU J P  
PRL 
AUJP 
AUJP 
AUJP 
AUJP 
AUJP 
AUJP 
AUJP 
AUJP 
AUJP 
PRL 
AUJP 
AUJP 
AUJP 
NC 
PR 
PR L 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
NC 
PR 
PR 
PR 
PRL 
PR 
PR 
PR 
PR 
PRL 
PRL 
NC 
PR 
PR 
PR 
PR 
PRL 
PR 
PR 
PR 
PRL 
PR 
PR 
PR 
PR 
PR 
PR 
PRL 
PRL 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PRL 
PR 
PR 
PR 
P R 
PR 
PR 

MELB AUNA 
SYR 
MELB AUNA 
MELB AUNA 
NELB AUNA 
MELB AUNA 
MELB AUNA 
MELB AUNA 
MELB AUNA 
MELB AUNA 
MELB AUNA 
SYR 
MELB AUNA 
MELB AUNA 
MELB AUNA 
PADO LRL  P I S A  TORI  
BNL 
B NL 
BNL 
BNL 
LRL  
BNL 
BNL 
BNL 
BNL 
W l  SC 
LRL  
BNL 
BNL 
WISC 
BNL 
LRL 
BNL 
BNL 
MICH 
MICH 
PAD0 LRL  P I S A  T O R I  
BNL 
L R L  
B NL 
BNL 
MICH 
BNL 
L P L  
BNL 
M I C H  
BNL 
BNL 
BNL 
BNL 
BNL 
BNL CARN 
M I C H  
M I C H  
BNL 
BNL 
BNL 
BNL 
BNL 
BNL 
BNL 
BNL 
BNL 
BNL 
BNL 
BNL 
BNL 
BNL 
BNL 
BNL 
VAND 
VAN 0 
BNL CARN 
BNL 
BNL 
BNL 
BNL 

DBC 
OBC 
DBC 
O K  
DBC 
DBC 
DBC 
DBC 
DBC 
DBC 
DBC 
OBC 
DBC 
DBC 
OBC 
DBC 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
DBC 
CNTR 
CNTR 
CNTR 
D8C 
CNTR 
CNTR 
CNTR 
CNTR 
HBC, 
DBC 
DBC 
CNTR 
CNTR 
CNTR 
CNTR 
DBC 
CNTR 
CNTR 
CNTR 
DBC 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
DBC 
HBC I 

DBC 
CNTR 
CNTR 
CNTR 
CNTR 
CNT R 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
DBC 
DBC 
OBC 
CNTR 
CNTR 
CNTR 
CNTR 



ABRAMS PR 
ABRAMS PR 
ABRAMS PR 
ABRAMS PR 
ABRAMS PR 
ABRAMS PR 
ABRAMS PR 
ABRAMS PRL 
REYNOLDS PR 
REYNOLDS PRL 
CAMERINI NC 
BRAUN PR 
BRAUN PR 
BRAUN PR 
ZALBRAITH PR 
DENISOV PL 
ANTICH NP 
SALBRAITH PR 
SALBRAITH PR 
SALBRAITH PR 
SALBRAITH PR 
SALBRAITH PR 
ALLABY SJNP 
ALLABY PL 
ALLABY PL 
ALLABY PL 
ALLABY PL 
ALLABY PL 
ALLABY PL 
ALLABY PL 

BNL 
BNL 
BNL 
BNL 
B NL 
BNL 
BNL 
BNL 
ATHO 
ATHO 
WISC 
STR B 
STRB 
STRB 
BNL CORN 
SERP 
JHOP 
BNL CORN 
BNL CORN 
BNL CORN 
BNL CORN 
BNL CORN 
CERN SERP 
CERN SERP 
CERN SERP 
CERN SERP 
CERN SERP 
CERN SERP 
CERN SERP 
CERN SERP 

CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNT R 
DBC 
ORC 
OBC 
OBC 
0 BC 
DBC 
CNTR 
CNTR 
DBC 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNT R 
CNTR 
CNTR 
CNTR 
CNTR 
CNTR 
CNT R 
CNTR 



2 74 

Keyword Index 
ANGULAR D I S T R I B U T I O N  

I 2 8 1  ATHERTON ET  AL.7 NUC. PHYS. 8 1 8 ,  2 2 1  ( 1 9 7 0 1  
I 4 2 1  BALTAY ET AL.9 PHYS. REV. LETTERS 11, 3 4 6  ( 1 9 6 3 1  
1 4 3 1  BALTAY ET  AL.9 PHYS. REV. 1 4 0 9  8 1 0 2 7  ( 1 9 6 5 )  
I 4 4 1  BALTAY ET  AL.. PHYS. RFV. 1 4 7 .  92.7 1 1 9 k A l  

.- -.  
I 1 6 0 1  
[ I 6 1 1  

A N N I H I L A T I O N  
1 3 1  

- . - - - - -. .-- 
BAR-NIR ET  AL.. NUC. PHYS. 8 2 0 ,  4 5  1 1 9 7 0 )  
BRAUN ET  A L - I  PHYS. REV. D2,  1 2 1 2  ( 1 9 7 0 )  
C H I E N  E T  AL.. PHYS. REV. 1 5 2 9  1 1 7 1  ( 1 9 6 6 1  
C n n M R F C  FT A1 . D - - - . . - - - - . 
CZYZEWSKI E 
OOMIh 

--., . HYS. REV. 112 ,  1 3 0 3  1 1 9 5 8 )  
T AL., PHYS. LETTERS 20.  5 5 4  ( 1 9 6 6 1  

360 ET  AL.. PHYS. LETTERS 2 5 8 .  4 8 6  1 1 9 6 7 )  - - 

F I S H E R  ET AL.. PHYS. REV. 1 6 1 ,  1 3 3 5  ( 1 9 6 7 1  
FRIDMAN ET  AL.. PHYS. RFV. 176. 1595 1 1 9 h R 1  - - .  
JESPERSEN E T  AL.. PHYZ. RFV. n 

, --.- 
~ - - 1, 2 4 8 3  ( 1 9 7 0 )  

LYNCH E T  AL.. PHYS. REV. 1 3 1 1  1 2 8 7  1 1 9 6 3 1  
MAGLIC  ET  AL., PHYS. REV. LETTERS 7 ,  1 3 7  1 1 9 6 1 1  
MASON E T  AL.7 NUC. PHYS. 8 3 0 7  6 1 7  ( :  
MUSGRAVE E 

ACCENSI  ET AL., PHYS. LETTERS 2 0 1  5 5 7  ( 1 9 6 6 )  
AGUILAR-BENITEZ ET AL.. PHYS. LETTERS 2 9 8 7  6 2  ( 1 9 6 9 1  
AGUILAR-BENITEZ ET AL., PHYS. LETTERS 2 9 8 .  2 4 1  1 1 9 6 9 1  
AGUILAR-BENITEZ ET  AL., PHYS. LETTERS 2 9 6 ,  3 7 9  1 1 9 6 9 )  
AGUILAR-BENITEZ ET  AL., NUC. PHYS. 6 1 4 9  1 9 5  1 1 9 6 9 1  
ALEXANOER E T  AL.? PHYS. REV. LETTERS 2 5 ,  6 3  ( 1 9 7 0 )  
ALEXANDER E T  AL.? NUC. PHYS. 8 2 3 ,  5 5 7  ( 1 9 7 0 )  
ALLES-BORELL I  ET AL.9 NUOVO CIMENTO 5 0 8 ,  7 7 6  ( 1 9 6 7 )  
A L L I S O N  ET  AL.9 PHYS. REV. LETTERS 2 4 1  6 1 8  1 1 9 7 0 )  
A S T I E R  ET  AL.9 PHYS. LETTERS 2 5 8 .  2 9 4  ( 1 9 6 7 )  
ATHERTON ET  AL .?  NUC. PHYS. 8 1 6 .  4 1 6  1 1 9 7 0 1  
ATHERTON E T  AL., NUC. PHYS. 8 1 8 .  2 2 1  1 1 9 7 0 )  
8 A D l E R  ET  AL .?  NUC. PHYS. 0 2 2 .  5 1 2  1 1 9 7 0 )  
BALTAY ET  AL.. PHYS. REV. 142 ,  9 3 2  1 1 9 6 6 1  
BARLOW E T  AL.9 NUOVO CIMENTO 5 0 A -  7 0 1  ( 1 9 6 7 )  
BAR-NIR ET AL., NUC. PHYS. 820 .  4 5  ( 1 9 7 0 )  
BENVENUTI  E T  AL.9 PHYS. REV. LETTERS 2 7 ,  2 8 3  ( 1 9 7 1 1  
B E T T I N I  ET AL.9 NUOVO CIMENTO 1 A, 3 3 3  ( 1 9 7 1 1  
BIRNBAUM ET AL.9 PHYS. REV. LETTERS 2 3 7  4 3 3  ( 1 9 6 9 )  
B I Z Z A R R I  ET AL. v NUOVO CIMENTO LETTERS 1 9  7 4 9  ( 1 9 6 9 )  
BOECKMANN ET  AL., NUOVO CIMENTO 42A. 9 5 4  1 1 9 6 6 1  
BRAUN E T  AL.. NUC. PHYS. 8 3 0 ,  2 1 3  ( 1 9 7 1 1  
BURNS E T  AL.9 NUC. PHYS. 0 2 7 9  1 0 9  1 1 9 7 1 )  
BUTTON ET  AL.1 PHYS. REV. 1 2 1 ,  1 7 8 8  1 1 9 6 1 1  
C A M E R I N I  ET  AL.. NUOVO CIHENTO 68A7  6 8 6  ( 1 9 7 0 )  
CHAPMAN ET AL.. NUC. PHYS. 8 2 4 ,  4 4 5  ( 1 9 7 0 )  
CLAYTON E T  AL.? NJOVO CIMENTO LETTERS 1, 7 7 9  ( 1 9 6 9 )  
CLAYTON ET  AL.. NUC. PHYS. 022 .  8 5  1 1 9 7 0 )  
CLAYTON ET  AL.9 NUC. PHYS. 8 3 0 ,  6 0 5  ( 1 9 7 1 )  
CONVERSI E T  AL.. NUOVO CIMENTO 4 0 A t  6 9 0  1 1 9 6 5 1  
OANYSZ ET AL., PHYS. LETTERS 248 .  3 0 9  ( 1 9 6 7 1  
DANYSZ ET  AL.. NUOVO CIMENTO 5 1 A r  8 0 1  1 1 9 6 7 )  
O E F O I X  E T  AL.7 PHYS. LETTERS 28.8, 3 5 3  1 1 9 6 8 1  
DOBRZYNSKI ET  AL., PHYS. LETTERS 22. 1 0 5  ( 1 9 6 6 )  
DOMING0 E T  A L - .  PHYS. LETTERS 2 5 0 9  4 8 6  ( 1 9 6 7 )  
DONALD ET AL.7 PHYS. LETTERS 2 6 8 ,  3 2 7  ( 1 9 6 8 1  
OONALD ET  AL.9 NUC. PHYS. 86,  1 7 4  ( 1 9 6 8 )  
OONALD ET AL.. NUC. PHYS. E l l r  5 5 1  ( 1 9 6 9 )  
DONALD ET  AL., NUC. PHYS. 8 1 2 .  3 2 5  ( 1 9 6 9 1  
OUBOC E T  A L - 7  PHYS. LFTTERS 3 4 8 ,  3 4 3  1 1 9 7 1 1  
E L I O F F  ET  AL.9 PHYS. REV. 1 2 8 ,  8 6 9  ( 1 9 6 2 1  
FERBEL ET  AL .?  NUOVO CIMENTO 3 8 1  12 ( 1 9 6 5 )  
FERBEL ET  AL.9 NUOVO CIMENTO 3 8 7  1 9  ( 1 9 6 5 )  
FERBEL ET  AL .1  PHYS. REV. 1 3 7 9  8 1 2 5 0  ( 1 9 6 5 )  
FERBEL ET  AL.. PHYS. REV. 1 4 3 .  1 0 9 6  ( 1 9 6 6 )  
F I S H E R  ET  AL.. PHYS. REV. 1 6 1 ,  1 3 3 5  ( 1 9 6 7 )  
F I S H E R  ET  AL., NUC. PHYS. 0 1 6 ,  4 5 0  ( 1 9 7 0 )  
FRENCH E T  AL.9 NUOVO CIMENTO 52Aq  4 3 8  1 1 9 6 7 1  
FRIDMAN ET  A L - t  PHYS. REV. 1 6 7 1  1 2 6 8  1 1 9 6 8 1  
FRIOHAN ET  AL.. PHYS. REV. 176 .  1 5 9 5  ( 1 9 6 8 1  
FRODESEN ET AL.9 NUC. PHYS. 0 1 0 ,  3 0 7  1 1 9 6 9 1  
GOLDBERG ET AL., NUOVO CIMENTO LETTERS 1, 6 2 7  1 1 9 7 1 )  
H A R T I L L  E T  AL.9 PHYS. REV. 1 8 4 ,  1 4 1 5  ( 1 9 6 9 1  
H I N R I C H S  E T  AL.r  PHYS- REV. 1 2 7 .  6 1 7  11962 . )  
K A L B F L E I S C H  ET  AL., PHYS. LETTERS 2 9 0 .  2 5 9  ( 1 9 6 9 )  
KATZ E T  AL.7 PHYS. REV. LETTERS 1 9 ,  2 6 5  ( 1 9 6 7 )  
KWAK ET AL., PHYS. REV. 1 8 6 ,  1 3 9 2  ( 1 9 6 9 )  
LOERSTAD ET  AL.? NUC. PHYS. 8 1 4 ,  63  ( 1 9 6 9 1  
LOKEN E T  AL.. PHYS. LETTERS 3. 3 3 4  1 1 9 6 3 )  
LYNCH, REV. MOD. PHYS. 3 3 1  3 9 5  ( 1 9 6 1 )  
LYNCH E T  AL.. PHYS. REV. 1 3 1 ,  1 2 7 6  ( 1 9 6 3 )  
LYNCH E T  AL.. PHYS. REV. 1 3 1 .  1 2 8 7  ( 1 9 6 3 1  
MAGLIC  E l  AL.. PHYS. REV. LETTERS 7, 1 3 7  ( 1 9 6 1 )  
MUSGRAVE ET  AL., NUOVO CIMENTO 3 5 7  7 3 5  ( 1 9 6 5 )  
NICHOLSON E T  AL., PHYS. REV. LETTERS 2 3 .  6 0 3  ( 1 9 6 9 )  
OH ET  A L a r  PHYS. REV. LETTERS 2 4 .  1 2 5 7  ( 1 9 7 0 1  
SCHROEDER ET  AL.. PHYS. REV. 1 8 8 ,  2 0 8 1  ( 1 9 6 9 1  
XUONG E T  AL- .  PHYS. REV. 1 2 4 ,  5 7 5  ( 1 9 6 1 )  
XUONG E T  ALIV PHYS. REV. 1 2 8 9  1 8 4 9  ( 1 9 6 2 1  
YEH ET AL.7 PHYS. REV. 1 5 8 1  1 2 7 5  1 1 9 6 7 )  
YOH ET AL.. PHYS. REV. LETTERS 2 6 ,  9 2 2  I 1 9 7 1 1  

ANTI  D E L T A ( 1 2 3 8 )  
1 3 2 1  BACON ET AL.? PHYS. REV. 139 ,  8 1 4 2 0  1 1 9 6 5 )  
1 6 4 1  BRAUN ET  AL., PHYS. REV. 0 2 ,  1 2 1 2  ( 1 9 7 0 )  

A N T I O E L T A ( l 2 3 8 ) - -  
I 6 3 1  BRAUN E T  AL., PHYS. REV. D 2, 4 8 8  ( 1 9 7 0 )  

ANTI  X I 0  
1 4 1 1  BALTAY ET AL.r PHYS. REV. LETTERS 11, 1 6 5  ( 1 9 6 3 )  

A N T I X I +  
1 6 9 1  BROWN E T  AL., PHYS. REV. LETTERS 8, 2 5 5  ( 1 9 6 2 )  
I 7 7 1  CERN ET AL., PHYS. REV. LETTERS 8 ,  2 5 7  1 1 9 6 2 )  

A21  1 3 0 0 )  
I 4 1  AGUILAR-BENITEZ ET AL., PHYS. LETTERS 2 9 8 ,  6 2  1 1 9 6 9 1  

I1111 DONALD ET AL., PHYS. LETTERS 2 6 8 ,  3 2 7  ( 1 9 6 8 1  
I 1 1 4 1  DONALD ET  AL., NUC. PHYS. 0 1 2 ,  3 2 5  1 1 9 6 9 1  

CHARGE EXCHANGE 
I 2 1 1  bRMENTEROS ET AL., PHYS. REV. 1 1 9 ,  2 0 6 8  ( 1 9 6 0 1  
I 2 3 1  ASTBURY ET A L - r  PHYS. LETTERS 2 2 ,  5 3 7  ( 1 9 6 6 1  
I 2 4 1  ASTBURY ET  AL.. PHYS. LETTERS 2 3 .  1 6 0  ( 1 9 6 6 1  
i l o l  ATWOOO ET  AL.,'PHYS. REV. D 2 , - 2 5 1 9 ~ ( 1 9 i o j - .  
( 5 4 1  B I Z Z A R R I  ET AL.7 NUOVO CIMENTO 54Av 4 5 6  1 1 9 6 8 )  
I 6 8 1  BRICMAN ET AL., PHYS. LETTERS 2 9 8 ,  4 5 1  ( 1 9 6 9 )  
1 9 6 1  CZYZEWSKI ET  AL., PHYS. LETTERS 20 ,  5 5 4  ( 1 9 6 6 )  

1 1 1 6 1  F L I O F F  ET AL.. PHYS. REV. 1 2 8 9  8 6 9  1 1 9 6 2 )  
1 1 4 0 1  H I N R I C H S  ET AL., PHYS. REV. 1 2 7 .  6 1 7  ( 1 9 6 2 1  
I 1 5 1 1  LOKFN E T  A L + ?  PHYS. LETTERS 3, 3 3 4  ( 1 9 6 3 1  
1 1 6 7 1  POLGAR, HELVETICA PHYSICA ACTA 41.  4 5 1  ( 1 9 6 8 1  

CROSS SECTION 
I 1 I 
1 2 1  

ABRAMS ET AL., PHYS. REV. LETTERS 18, 1 2 0 9  ( 1 9 6 7 )  
ABRAMS ET  AL., PHYS. REV. 0 1 ,  1 9 1 7  1 1 9 7 0 )  
ACCENSI ET AL., PHYS. LETTERS 2 0 1  5 5 7  ( 1 9 6 6 1  
ALEXANOER ET AL., NUC. PHYS. 8 2 3 .  5 5 7  ( 1 9 7 0 1  
ALLABY ET AL.. PHYS. LETTERS 3 0 8 .  5 0 0  ( 1 9 6 9 1  

ET AL. NUOVO I 
AMALDI ET  AL.. NUOVO CIMENTO 3 4 1  8 2 5  ( 1 9 6 4 1  
AMALDI ET AL., NUOVO CIMENTO 46A.  1 7 1  ( 1 9 6 6 1  
ANTICH ET  AL., NUC. PHYS. 0 2 9 7  3 2 7  ( 1 9 7 1 )  
ARMENTERDS ET AL., PHYS. REV. 1 1 9 .  2 0 6 8  ( 1 9 6 0 )  
ASTBURY E T  AL., PHYS. LETTERS 2 3 ,  1 6 0  1 1 9 6 6 )  
ATHERTON ET AL.. PHYS. LETTERS 3 0 B r  4 9 4  1 1 9 6 9 )  
ATHERTIN  ET  AL., NUC. PHYS. 0 1 6 7  4 1 6  ( 1 9 7 0 1  
ATHERTDN ET  AL., NUC. PHYS. B 1 8 r  2 2 1  ( 1 9 7 0 )  
ATHEPTON ET AL., NUC. PHYS. 8 2 9 ,  4 7 7  ( 1 9 7 1 )  
BACON ET AL., PHYS. REV. 1 3 9 .  8 1 4 2 0  ( 1 9 6 5 1  
BACON E T  AL.? PHYS. REV. 0 2, 4 6 3  ( 1 9 7 0 1  
RADIER ET AL.. PHYS. LETTERS 2 5 9 1  1 5 2  ( 1 9 6 7 1  
BAOIER E T  AL., NUC. PHYS. 0 2 2 ,  5 1 2  1 1 9 7 0 )  
BALTAY ET  AL.9 PHYS. REV. 1 4 0 1  6 1 0 2 7  ( 1 9 6 5 )  
BALTAY ET AL.9 PHYS. REV. 1 4 2 .  9 3 2  1 1 9 6 6 1  



D I F F E R E N T I A L  
1 1 5 1  
1 2 1 1  
( 2 4 1  
1 3 0 1  
( 3 2 1  
( 3 6 1  
1 3 7 1  
1 3 9 1  

E L I O F F  E T  AL.r PHYS. REV. 128 ,  8 6 9  1 1 9 6 2 1  
ESCOUBES E T  AL.9 PHYS. LETTERS 59 1 3 2  ( 1 9 6 3 )  
FERBEL E T  AL. s NUOVO CIMENTO 3 8 9  1 2  1 1 9 6 5 1  
FERBEL ET  AL.9 PHYS. REV. 1 3 7 ,  0 1 2 5 0  1 1 9 6 5 1  
FERBEL ET  AL.9 PHYS. REV. 1 4 3 ,  1 0 9 6  1 1 9 6 6 )  
FERBEL ET AL., PHYS. REV. 173 .  1 3 0 7  1 1 9 6 8 )  
F I S H E R  ET  AL.9 PHYS. REV. 1 6 1 9  1 3 3 5  1 1 9 6 7 )  
F ISHER E T  AL.9 NUC. PHYS. 0 1 6 .  4 5 0  1 1 9 7 0 1  
FOLEY E T  AL., PHYS. REV. LETTERS 11, 5 0 3  1 1 9 6 3 1  
FOLEY E T  AL.. PHYS. REV. LETTERS 15.  4 5  1 1 9 6 5 )  
F R A N K L I N  ET  AL.9 PHYS. REV. 184 ,  1 4 1 3  1 1 9 6 9 1  
FRENCH E T  AL.? NUOVO CIMENTO 5 2 A 1  4 3 8  1 1 9 6 7 1  
FRIOMAN ET  AL., PHYS. REV. 1 6 7 9  1 2 6 8  1 1 9 6 8 1  
FRIOMAN ET  AL.7 PHYS. REV. 1 7 6 1  1 5 9 5  1 1 9 6 8 1  
FRODESEN ET  AL.? NUC. PHYS. B l 0 1  3 0 7  1 1 9 6 9 )  
GALBRAITH ET AL.. PHYS. REV. 1 3 8 1  8 9 1 3  ( 1 9 6 5 1  
H A R T I L L  ET  AL.. PHYS. REV. 1 8 4 .  1 4 1 5  1 1 9 6 9 )  

KWAK ET AL., PHYS. REV. 1 8 6 ,  1 3 9 2  1 1 9 6 9 1  
LINOENBAUM ET AL .?  PHYS. REV. LETTERS 7, 1 8 5  ( 1 9 6 1 1  
LOKEN E T  AL.. PHYS. LETTERS 3. 3 3 4  1 1 9 6 3 )  
LYNCH* REV. MOO. PHYS. 33,  3 9 5  1 1 9 6 1 1  
LYNCH E T  AL.. PHYS. REV. 1 3 1 9  1 2 7 6  1 1 9 6 3 1  
LYNCH E T  AL.. PHYS. REV. 1 3 1 9  1 2 8 7  1 1 9 6 3 1  
HASON E T  AL., NUC. PHYS. 8 3 0 ,  6 1 7  1 1 9 7 1 )  
MUSGRAVE E T  AL.9 NUOVO CIMENTO 3 5 7  7 3 5  1 1 9 6 5 )  
NICHOLSON ET  AL.9 PHYS. REV. LETTERS 2 3 ,  6 0 3  1 1 9 6 9 )  
PARKER ET AL.. NUC. PHYS. 8 3 2 .  2 9  1 1 9 7 1 1  
REYNOLDS ET  AL.9 PHYS. REV. D 2. 1 7 6 7  1 1 9 7 0 )  
SCHROEOER E T  AL.? PHYS. REV. 1 8 8 1  2 0 8 1  1 1 9 6 9 )  
SEARS E T  AL., PHYS. LETTERS 2 9 8 ,  7 0 0  1 1 9 6 9 1  
SPENCER ET  AL.9 NUC. PHYS. 019 ,  5 0 1  1 1 9 7 0 1  
VONDARDEL ET  AL.7 PHYS. REV. LETTERS 59  3 3 3  1 1 9 6 0 1  
XUONG E T  AL.. PHYS. REV. LETTERS 7 1  3 2 7  1 1 9 6 1 )  
XUJNG ET  AL., PHYS. REV. 1.28, 1 8 4 9  1 1 9 6 2 )  
YEH ET  AL.? PHYS. REV. 158 ,  1 2 7 5  1 1 9 6 7 1  

+ 
ALLES-BORELL I  ET  AL.. NUOVO CIMENTO 4 6 A 1  4 3 8  1 1 9 6 6 1  
ANTICH E T  AL.9 NUC- PHYS. 8 2 9 ,  3 2 7  1 1 9 7 1 1  
BACON E T  AL.. PHYS. REV. 162 .  1 3 2 0  1 1 9 6 7 1  
BOHSE E T  AL.9 NUOVO CIHENTO 6BA9 3 8 3  1 1 9 7 0 1  
BRAUN E T  AL.. NUOVO CIMENTO +A9  7 0 3  1 1 9 7 1 1  
FERBEL ET AL.. PHYS. REV. LETTERS 229  1 1 4 1  1 1 9 6 9 1  
JESPERSEN E T  AL.9 PHYS. REV. 0 1, 2 4 8 3  1 1 9 7 0 )  
KERNAN ET  AL., PHYS. REV. D 1, 4 8  1 1 9 7 0 1  
MASON E T  AL.9 NUC. PHYS. 8 3 0 ,  6 1 7  1 1 9 7 1 )  
OH ET  AL. PHYS. REV. LETTERS 24 ,  1 2 5 7  I 1 9 7 0 1  

ALLES-BORELL I  ET  AL.. NUOVO CIMENTO 4 8 4 1  3 6 0  1 1 9 6 7 1  
BACON E T  AL.. PHYS. REV. LETTERS 227 4 3  1 1 9 6 9 1  
BACON ET  AL., PHYS. REV. 0 2, 4 6 3  1 1 9 7 0 )  
BOECKMANN ET  AL., PHYS. LETTERS 15 ,  3 5 6  1 1 9 6 5 )  
BOECKMANN ET  AL.. NUOVO CIMENTO 4 2 A 1  9 5 4  ( 1 9 6 6 )  
CRAWLEY ET  AL.9 PHYS. REV. 154 ,  1 2 6 4  1 1 9 6 7 )  
DEHNE ET  AL., PHYS. REV. 136 .  8 8 4 3  1 1 9 6 4 )  
FERBEL ET AL., PHYS. REV. LETTERS 9. 3 5 1  1 1 9 6 2 1  
FERBEL ET  AL., PHYS. REV. 1 3 8 1  6 1 5 2 8  1 1 9 6 5 1  
FERBEL ET AL.. PHYS. REV. 173 ,  1 3 0 7  1 1 9 6 8 1  
CROSS SECTION 
ALLES-BORELL I  E T  AL.? NUOVO CIMENTO 4 8 A 1  3 6 0  1 1 9 6 7 1  
APMENTEROS ET AL.. PHYS. REV. 1 1 9 7  2 3 6 8  ( 1 9 6 0 )  
ASTBURY E T  AL.. PHYS. LETTERS 23 .  1 6 0  1 1 9 6 6 )  
ATWOOO ET AL., PHYS. REV. 0 2 ,  2 5 1 9  ( 1 9 7 0 )  
BACON ET  AL., PHYS. REV. 139 ,  E l 4 2 0  1 1 9 6 5 )  
BACON E T  AL., NUC. PHYS. 832 .  6 6  1 1 9 7 1 1  
BAOIER ET AL., PHYS. LETTERS 2 5 0 1  1 5 2  1 1 9 6 7 1  
BAKER E T  AL.. NUC. PHYS. 0 1 2 ,  5 1 1 9 6 9 1  
BARISH ET AL., PHYS. REV. LETTERS 17, 7 2 0  1 1 9 6 6 1  
BERRYHILL  ET AL.. PHYS. REV. LETTERS 21,  7 7 0  1 1 9 6 8 1  
BIRNBAUM ET AL.9 PHYS. REV. LETTERS 23 .  4 3 3  1 1 9 6 9 1  
BIRNBAUM ET AL.9 PHYS. REV. LETTERS 2 3 ,  6 6 3  ( 1 9 6 9 1  
BIRNBAUM ET AL.? PHYS. LETTERS 3 1 8 7  3 6  1 1 9 7 0 1  
B l Z Z A R R I  ET AL., NUOVO CIMENTO 54A. 4 5 6  1 1 9 6 8 1  
CHAPHAN ET AL.r PHYS. REV. LETTERS 21,  1 7 1 8  1 1 9 6 8 )  
C L I N E  E T  AL., PHYS. REV. LETTERS 219 1 2 6 8  1 1 9 6 8 1  
CONFORTO E T  AL. NUOVO CIMENTO 54A. 4 4 1  1 1 9 6 8 1  
CONVERSI ET AL.9 NUOVO CIMENTO 406 .  6 9 0  1 1 9 6 5 1  
COOPER ET AL., NUC. PHYS. 0 1 6 ,  1 5 5  1 1 9 7 0 1  
CORK ET  AL., NUOVO CIHENTO 259  4 9 7  1 1 9 6 2 1  
CZYZEWSKI ET AL.. PHYS. LETTERS 15,  1 8 8  1 1 9 6 5 1  
DAUM ET AL., NUC. PHYS. 8 6 ,  6 1 7  1 1 9 6 8 1  
DOMING0 E T  AL.. PHYS. LETTERS 2 4 8 9  6 4 2  1 1 9 6 7 )  
FERBEL ET AL., PHYS. REV. 173 ,  1 3 0 7  1 1 9 6 8 1  
F ISHER ET  AL., PHYS. REV. 1 6 1 ,  1 3 3 5  1 1 9 6 7 )  
KATZ ET AL.. PHYS. REV. LETTERS 19.  2 6 5  ( 1 9 6 7 1  
K I T A G A K I  ET  AL.9 PHYS. REV. LETTERS 2.1, 1 7 5  1 1 9 6 8 )  
KWAK ET AL., PHYS. REV. 1 8 6 .  1 3 9 2  1 1 9 6 9 )  
LYNCH E T  AL., PHYS. REV. 131 .  1 2 7 6  1 1 9 6 3 1  
LYS ET  AL., PHYS. REV. LETTERS 2 1 ,  1 1 1 6  1 1 9 6 8 )  
MA ET AL.. PHYS. REV. LETTERS 27 ,  3 4 4  1 1 9 7 1 1  
NICHOLSON E T  AL.r  PHYS. REV. LETTERS 2 3 ,  6 0 3  1 1 9 6 9 1  
OWEN ET  AL., PHYS. REV. 1 8 1 r  1 7 9 4  1 1 9 6 9 1  
PARKER ET AL., NUC. PHYS. 8 3 2 1  2 9  1 1 9 7 1 1  
REYNOLOS ET  A L - r  PHYS. REV. 0 2,  1 7 6 7  1 1 9 7 0 1  
SPENCER E T  AL.9 NUC. PHYS. 8199  5 0 1  1 1 9 7 0 1  
YOH ET AL., PHYS. REV. LETTERS 2 3 ,  5 0 6  1 1 9 6 9 1  
YOH ET AL.. PHYS. REV. LETTERS 26 ,  9 2 2  1 1 9 7 1 1  

E L A S T I C  SCAT 
( 8 1  

1 1 9 1  
1 2 1 1  
1 2 2 l  
I 3 6 1  
[ 3 9 1  
1 4 5 1  
( 4 9 1  
( 5 2 1  
1 5 3 1  
[ 4 9 1  
C 1 8 1  
1 8 5 1  
( 8 7 1  
I 8 9 1  
1 9 1 1  
( 9 3 1  
( 9 5 1  

1 1 0 1 1  

'TERING 
ALBROW ET AL., NUC. PHYS. 8 3 1 1  3 4 9  1 1 9 7 2 )  
AMALOI ET AL., NUOVO CIMENTO 4 6 A 1  1 7 1  1 1 9 6 6 1  
ARMENTEROS ET AL., PHYS. REV. 1 1 9 ,  2 0 6 8  1 1 9 6 0 )  
ASHMORE ET AL.. PHYS. REV. LETTERS 21 ,  3 8 7  1 1 9 6 8 1  
BACON ET AL.. NUC. PHYS. 8 3 2 7  6 6  1 1 9 7 1 1  
BAKER E T  AL.. NUC. PHYS. B12 ,  5 1 1 9 6 9 )  
BAPISH ET AL.? PHYS. REV. LETTERS 1 7 9  7 2 0  1 1 9 6 6 1  
BERRYHILL  ET AL., PHYS. REV. LETTERS 2 1 1  7 7 0  1 1 9 6 8 1  
BIRNBAUM ET AL.? PHYS. REV. LETTERS 2 3 ,  6 6 3  1 1 9 6 9 1  
BIRNBAUM ET AL., PHYS. LETTERS 3 1 8 7  3 6  1 1 9 7 0 1  
BOECKMANN ET AL., NUOVO CIMENTO 42A. 9 5 4  1 1 9 6 6 )  
CESCHIA, PHYS. REV. 0 2 1  2 5 5 5  ( 1 9 7 0 )  
C L I N E  ET  AL., PHYS. REV. LETTERS 21, 1 2 6 8  1 1 9 6 8 )  
CONFORTO ET AL., NUOVO CIMENTO 5 4 A 7  4 4 1  1 1 9 6 8 1  
CODMBES ET AL.9 PHYS. REV. 1 1 2 ,  1 3 0 3  1 1 9 5 8 )  
COOPER ET AL.. NUC. PHYS. 8 1 6 ,  1 5 5  1 1 9 7 0 )  
CORK E T  AL. NUOVO CIMENTO 25 .  4 9 7  1 1 9 6 2 )  
CZYZEWSKI ET  AL.. PHYS. LETTERS 1 5 7  1 8 8  1 1 9 6 5 )  
DAUM ET AL.. NUC. PHYS. 8 6 .  6 1 7  1 1 9 6 8 1  

1 1 0 9 1  DOMING0 E T  AL.. PHYS. LETTERS 2 4 8 ,  6 4 2  1 1 9 6 7 )  
( 1 1 6 1  E L l O F F  ET AL., PHYS. REV. 1 2 8 ,  8 6 9  ( 1 9 6 2 )  
( 1 1 7 1  ESCOUBES ET  AL.9 PHYS. LETTERS 59 1 3 2  1 1 9 6 3 )  
1 1 2 1 1  FERBEL ET AL., PHYS. REV. 1 3 7 .  8 1 2 5 0  1 1 9 6 5 )  
1 1 2 4 1  FERBEL ET AL., PHYS. REV. 1 7 3 .  1 3 0 7  I 1 9 6 8 1  
1 1 2 8 1  FOLEY E T  AL., PHYS. REV. LETTERS 11. 5 0 3  1 1 9 6 3 1  

FOLEY ET  AL.. PHYS. REV. LETTERS 1 5 1  4 5  1 1 9 6 5 1  
FOLEY ET  AL., PHYS. REV. LETTERS 1 9 ,  8 5 7  1 1 9 6 7 1  
KALBFLEISCH ET  AL.. NUC. PHYS. 8 3 0 ,  4 6 6  1 1 9 7 1 1  
KATZ ET AL., PHYS. REV. LETTERS 1 9 9  2 6 5  1 1 9 6 7 1  
K I T A G A K I  ET  AL.r  PHYS. REV. LETTERS 2 1 ,  1 7 5  1 1 9 6 8 )  
LYNCH E T  AL., PHYS. REV. 1 3 1 ,  1 2 7 6  ( 1 9 6 3 1  
L Y S  ET AL.. PHYS. REV. LETTERS 2 1 ,  1 1 1 6  1 1 9 6 8 1  
MA ET AL.. PHYS. REV. LETTERS 27 .  3 4 4  1 1 9 7 1 )  

1 1 6 4 1  OREAR ET AL.. PHYS. LETTERS 2 8 8 . ' 6 1  1 1 9 6 8 1  ~ 

1 1 6 5 1  OWEN ET ALT, .PHYS. REV. 1 8 1 ,  1 7 9 4  1 1 9 6 9 1  
1 1 6 6 1  PARKER ET AL., NUC. PHYS. 8 3 2 ,  2 9  1 1 9 7 1 1  
1 1 6 8 1  REYNOLDS ET AL.9 PHYS. REV. LETTERS 2 4 1  1 2 5 1  1 1 9 7 0 )  
1 1 6 9 1  REYNOLDS ET AL.. PHYS. REV. 0 2,  1 7 6 7  1 1 9 7 0 1  
( 1 7 2 1  SPENCER ET  AL.9 NUC. PHYS. 8 1 9 9  5 0 1  1 1 9 7 0 1  
I 1 8 0 1  YOH ET AL.. PHYS. REV. LETTERS 2 3 9  5 0 6  1 1 9 6 9 1  

ELECTRnN - - . . . - . 
1 8 8 1  CONVERSI ET AL.9 NUOVO CIMENTO 4 0 A r  6 9 0  1 1 9 6 5 )  

1 1 3 9 1  H A R T I L L  ET  AL.9 PHYS. REV. 1 8 4 9  1 4 1 5  1 1 9 6 9 1  
F 1 1 2 6 0 1  

1 3 1  ACCENSI ET  AL., PHYS. LETTERS 20 ,  5 5 7  1 1 9 6 6 )  
GAHMA RAY 

1 1 3 9 1  H A R T I L L  ET AL., PHYS. REV. 184 ,  1 4 1 5  1 1 9 6 9 1  
HYPERON 

1 2 6 1  ATHERTON ET AL.1 PHYS. LETTERS 3 0 8 9  4 9 4  1 1 9 6 9 )  
1 2 9 1  ATHERTON ET  AL.9 NUC. PHYS. 8 2 9 ,  4 7 7  1 1 9 7 1 1  
( 3 1 1  BACON ET  AL.? PHYS. REV. 1 3 4 ,  8 1 3 3 9  1 1 9 6 4 1  
1 4 0 1  BALTAY ET AL., PHYS. REV. LETTERS 11, 3 2  1 1 9 6 3 1  
1 4 1 1  BALTAY ET AL.. PHYS. REV. LETTERS 11. 1 6 5  1 1 9 6 3 )  
1 4 3 1  BALTAY ET AL.. PHYS. REV. 1 4 0 ,  8 1 0 2 7  1 1 9 6 5 1  
( 5 7 1  BOECK ET  AL.. PHYS. LETTER< 17 .  1 6 6  ( 1 9 6 5 1  - - - . - . - - - 
1 6 9 1  BROWN ET AL.. PHYS. REV. LETTERS 8, 2 5 5  1 1 9 6 2 1  
1 7 2 1  BUTTON ET AL., PHYS. REV. LETTERS 4 r  5 3 0  ( 1 9 6 0 1  
1 7 3 1  BUTTON ET AL., PHYS. REV. 1 2 1 ,  1 7 8 8  1 1 9 6 1 1  
1 8 1 1  C H I E N  ET  AL., PHYS. REV. 1 5 2 .  1 1 7 1  1 1 9 6 6 1  

1 1 2 6 1  FISHER ET  AL., PHYS. REV. 161. i 3 3 5  1 1 9 6 7 1  
I 1 6 1 1  MUSGRAVE ET  AL.r NUOVO C lMENTO 3 5 ,  7 3 5  1 1 9 6 5 1  

K KBAR PRODUCTION 
( 2 5 1  ASTIER ET AL.9 PHYS. LETTERS 2 5 8 ,  2 9 4  1 1 9 6 7 1  
( 4 4 1  BALTAY ET AL., PHYS. REV. 1 4 2 1  9 3 2  1 1 9 6 6 1  
( 4 6 1  BARLOW ET AL.. NUOVO CIMENTO 50A.  7 0 1  1 1 9 6 7 )  

KAON 
1 4 8 1  BENVENUTI ET  AL., PHYS. REV. LETTERS 27 ,  2 8 3  1 1 9 7 1 1  
1 5 5 1  B I Z Z A R R I  ET AL.9 NUOVO CIMENTO LETTERS 1, 7 4 9  1 1 9 6 9 1  

1 1 7 9 1  YEH ET AL.1 PHYS. REV. 158.  1 2 7 5  1 1 9 6 7 )  
K * 1 1 4 2 0 )  

( 1 7 9 1  YEH ET AL.9 PHYS. REV. 1 5 8 9  1 2 7 5  1 1 9 6 7 1  
LAMBDA 

1 3 7 1  BAOIER ET AL.? PHYS. LETTERS 2 5 8 ,  1 5 2  ( 1 9 6 7 1  
1 4 0 1  BALTAY Ef AL., PHYS. REV. LETTERS 1 1 9  3 2  1 1 9 6 3 1  
1 4 3 1  BALTAY ET AL., PHYS. REV. 1 4 0 1  8 1 0 2 7  1 1 9 6 5 )  
1 7 3 1  BUTTON ET  AL., PHYS. REV. 1 2 1 ,  1 7 8 8  1 1 9 6 1 1  

I 1 4 8 1  KWAK ET  AL.. PHYS. REV. 1 8 6 .  1 3 9 2  I 1 9 6 9 1  
MASS SPECTRUM 

1 5 6 1  BOECK ET AL.. PHYS. LETTERS 1 2 9  6 5  1 1 9 6 4 1  
( 6 6 1  BRAUN E T  AL.. NUC. PHYS. 8 3 0 ,  2 1 3  1 1 9 7 1 1  
1 7 4 1  BUTTON ET AL., PHYS. REV. 1 2 6 ,  1 8 5 8  1 1 9 6 2 )  
l B 2 1  CLAYTJN ET  AL.. NUOVO CIMENTO LETTERS l r  7 7 9  1 1 9 6 9 1  

( 1 5 0 1  LOERSTAO ET  AL.9 NUC. PHYS. 8 1 4 .  6 3  1 1 9 6 9 )  
( 1 5 6 1  LYS ET AL., PHYS. REV. D 2 ,  2 5 2 5  ( 1 9 7 0 )  
1 1 7 0 1  SCHROEDER E T  AL.. PHYS. REV. 1 8 8 .  2 0 8 1  1 1 9 6 9 )  
1 1 7 3 1  STEVENSON ET  AL., PHYS. REV. 1 2 5 1  6 8 7  1 1 9 6 2 1  
L 1 7 B l  XUONG ET AL.. NUOVO CIMENTO 2 5 1  9 2 3  1 1 9 6 2 )  

MESONS 
1 4 1  AGUILAR-BENITEZ ET AL.. PHYS. LETTERS 2 9 8 .  6 2  1 1 9 6 9 )  
( 5 1  AGUILAR-BENITEZ ET AL.. PHYS. LETTERS 2 9 8 1  2 4 1  1 1 9 6 9 1  
1 6 1  AGUILAR-BENITEZ ET AL.. PHYS. LETTERS 2 9 8 ,  3 7 9  1 1 9 6 9 )  
( 7 1  AGUILAR-BENITEZ ET AL.7 NUC. PHYS. 8 1 4 ,  1 9 5  1 1 9 6 9 1  
1 9 1  ALEXANOER ET  AL.7 PHYS. REV. LETTERS 25 ,  6 3  1 1 9 7 0 1  

1 1 0 1  ALEXANOER E T  AL.1 NUC. PHYS. 8 2 3 .  5 5 7  1 1 9 7 0 )  
1 1 7 1  A L L I S O N  ET  AL.. PHYS. REV. LETTERS 2 4 9  6 1 8  1 1 9 7 0 )  
1 2 7 1  ATHERTON ET  AL.9 NUC. PHYS. 0 1 6 ,  4 1 6  1 1 9 7 0 1  
( 3 8 1  BADIER ET AL.? NUC. PHYS. 8 2 2 .  5 1 2  1 1 9 7 0 )  
( 5 1 1  BIRNBAUM ET AL.7 PHYS. REV. LETTERS 23 ,  4 3 3  1 1 9 6 9 )  
1 7 0 1  BURNS E T  AL.? NUC. PHYS. 8 2 7 .  1 0 9  1 1 9 7 1 )  
1 7 9 1  CHAPHAN ET  ALmr PHYS. REV. LETTERS 2 1 1  1 7 1 8  1 1 9 6 8 )  
1 8 0 1  CHAPHAN ET AL.. NUC. PHYS. 8 2 4 ,  4 4 5  1 1 9 7 0 1  
I 8 3 1  CLAYTON E T  AL., NUC. PHYS. 822 .  8 5  1 1 9 7 0 1  



MU MESON 

CLAYTON ET  AL., NUC. PHYS. 830 ,  6 0 5  1 1 9 7 1 1  
O'ANOLAU ET  AL., NUC. PHYS. 85. 6 9 3  1 1 9 6 8 1  
OANYSZ ET AL.. PHYS. LETTERS 240 ,  3 0 9  1 1 9 6 7 1  
OANYSZ E T  AL.r  NUOVO CIMENTO 5 1 A 1  8 0 1  1 1 9 6 7 1  
OEFOIX  ET AL.. PHYS. LETTERS 288 ,  3 5 3  1 1 9 6 8 1  
DOMING0 ET AL.9 PHYS. LETTERS 2 5 0 ,  4 8 6  1 1 9 6 7 )  
DONALD ET  AL.. NUC. PHYS. 06,  1 7 4  ( 1 9 6 8 1  
DONALD ET  AL., NUC. PHYS. 8 1 1 9  5 5 1  1 1 9 6 9 )  
OUBOC ET  AL., PHYS. LETTERS 3 4 0 ,  3 4 3  1 1 9 7 1 1  
FRENCH ET  AL.. NUOVO CIMENTO 5 2 A 1  4 3 8  1 1 9 6 7 1  
FROOESEN ET AL.. NUC. PHYS. 0 1 0 .  3 0 7  1 1 9 6 9 1  
GOLOBERG ET AL.. NUOVO CIMENTO LETTERS l r  6 2 7  1 1 9 7 1 1  
K A L B F L E I S C H  ET  AL.. PHYS. LETTERS 2 9 8 ,  2 5 9  1 1 9 6 9 )  
LOERSTAO ET  AL.9 NUC. PHYS. 814 ,  63 1 1 9 6 9 )  
LYNCH, REV. MOO. PHYS. 3 3 9  3 9 5  1 1 9 6 1 1  
LYNCH ET  AL., PHYS. REV. 131 .  1 2 8 7  1 1 9 6 3 1  
L Y S  E T  AL., PHYS. REV. 0 2 1  2 5 2 5  1 1 9 7 0 1  
MAGLIC  ET  A L m r  PHYS. REV. LETTERS 77  1 3 7  I 1 9 6 1 1  
NICHOLSON E T  AL.. PHYS. REV. LETTERS 23.  6 0 3  1 1 9 6 9 1  
OH E T  AL., PHYS. REV. LETTERS 2 4 ,  1 2 5 7  1 1 9 7 0 1  
SCHROEDER ET  AL.9 PHYS. REV. 180 ,  2 0 0 1  1 1 9 6 9 1  
YOH ET AL.1 PHYS. REV. LETTERS 2 6 ,  9 2 2  1 1 9 7 1 1  

CONVERSI ET  AL.. NUOVO CIHENTO 40A. 6 9 0  1 1 9 6 5 1  

ALLES-BORELL I  ET  AL., NUOVO CIMENTO 4 7 A 1  2 3 2  1 1 9 6 7 1  

XUONG E T  AL.t PHYS. REV. LETTERS 79 3 2 7  1 1 9 6 1 1  
XUONG E T  AL.9 PHYS. REV. 1 2 8 9  1 8 4 9  1 1 9 6 2 1  

ACCENSI ET  AL.. PHYS. LETTERS 2 0 ,  5 5 7  1 1 9 6 6 1  
ATHERTON ET AL.. NUC. PHYS. 0 1 0 9  2 2 1  ( 1 9 7 0 1  
BACON E T  AL.9 NUC. PHYS. 0 3 2 9  6 6  1 1 9 7 1 1  
BAR-NIR E T  AL.r NUC. PHYS. 020 .  4 5  1 1 9 7 0 1  
B i Z Z A R R I  ET  AL.r NUOVO CIMENTO LETTERS 1, 7 4 9  
BCECKMANN E T  AL.r NUOVO CIMENTO 42Ag  9 5 4  1 1 9 6 t  
BRAUN E T  AL.9 NUC. PHYS. 0 3 0 1  2 1 3  1 1 9 7 1 1  
BUTTON E T  AL.. PHYS. REV. 1 2 6 ,  1 8 5 0  1 1 9 6 2 1  
C A M E R I N I  ET AL.1 NUOVO CIMENTD 6 8 A ~  6 8 6  1 1 9 7 0 1  
W H N E  E T  AL.? PHYS. LETTERS 9 ,  1 8 5  1 1 9 6 4 1  
ULI 'NE E T  AL.1 PHYS. REV. 1 3 6 1  0 0 4 3  1 1 9 6 4 1  
FLRDEL ET  AL.. NUOVO CIMENTO 38,  1 2  1 1 9 6 5 1  
FEPGEL E T  AL., M O V O  CIMENTO 38,  1 9  1 1 9 6 5 1  
FERBEL ET  AL., PHYS. REV. 1 3 7 ,  8 1 2 5 0  1 1 9 6 5 1  
FkRBEL ET  AL.. PHYS. REV. 1 3 8 1  0 1 5 2 0  1 1 9 6 5 )  
FERBEL ET  AL.? PHYS. REV. 1 4 3 ,  1 0 9 6  I 1 9 6 6 1  
FEPBEL ET  AL.9 PHYS. REV. 1 7 3 ,  1 3 0 7  1 1 9 6 8 )  
F I S H E R  E T  AL.. NUC. PHYS. 8 1 6 ,  4 5 0  1 1 9 7 0 1  
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