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The reaction K+ + p- K + N + rr has been studied at 0.86, 0.96, 

1.20 and 1.58 BeV/c. At all these momenta this reaction is dominated 

by resonance,formation, 
~~ 

N ( 1236) at the lower two momenta and both 

* * * N ( 1236) and K (891) at the higher momenta. The N production is 

reasonably well described by the Stodolsky-Sakurai p exchange model. 

:0:< 
The K production does not fit any simple one -particle exchange model. 

' ' 
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' I .. • INTRODUCTION . ' . . .~: . . . I ' . 

. We have\ made an exposure of the Lawrence Radiation Laboratory's 

. 25 -inch hydrogen bubble chamber to a separated. K+ beam· of va.liable 

I momentum for the purpose of studying the reactions 

+ . 
K +p _.,. Ko+p+'TT+ 

-+ . + 0 
K +p-;K +p+'IT t 

' + ' + + ; 

K +p- K +n+'!T • . } 
. i 

Previou~ studies of these reactions 1 at various momenta. ave 
i 

shown that they are dominated by production of the quasi-two-pa~ticle 
. . I . 

final states ' 

( 1) 

{2) 

( 3) 

, , ·.r 

; ' 

' ;!' . 
·'.' 

: ~ . 

.. , 
. ,. 

.. ·i ;· .. 

.. 
• ~ 'I • • 

. \ 
:"; .. ~ · .... 
·: :r: 

+ i * 
K + p - K + N ( 1236}, (4a). · ·· 

+ . * K .+p- K {891) +p. (4b) ... , . 
' ... ,( 

l . . 
In this experiment we have examined in some detail the behavior 

' . I 
of these production process~s as a function of primary momen~ut over 

the range 0.86 to 1.58 BeY/c. We have completed our analysis at 0.96 

BeV/c, and have preliminar~ results at 0.86, .1.20, and 1.58 BeJVc •. 
I 

Since Processes: ( 4a) and { 4b) both go most strongly through Reacltion ( 1), 

we confine our discussion to this reaction, noting only that at 0. 96 BeV /c. . I . 

where Reactions ( 2) and { 3) have also been studied, the N* prod~ction 
' ! 

via {4a) is consistent with the 9:2.:1 ratio predicted by the Clebsch-Gordan 
* .. . . I . 

coefficients, when N and nonresonant background have been properly 

separated. I 

The Dalit.z plots for Reaction ( 1) corresponding to the fou~ incident 
~ I 

momenta under ~tudy are shown in Fig. 1. In interpreting. the po~ulations 
. I 

in terms o£ resonance formation, we have assumed that Reaction ( 1) 
. I 

I 
! 

. ..... : ~ . . . . I 
: . . .. ·~ I 

' ,· .. · .. · .. · . 
. ~ . . . ~ 

· . .-.:,;-:-· 

.. 
••.. l 

·. ,. 
.· .. 

' ~ i .• 

I ., 
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. -z- .. ·· ·. uCjLjt6'37o , , I 
consists· of an incoherent su~erposition of KN*, K* p, ~ni"nonr,es~nant . . ·: __ · . 

phase space·," ~d have fur~er assumed the validity of the rnassrcOnjugat!~n 
procedure of Eberhard and Pripstein. 2 With these qualifications~ i~ is :-: '·· :_.· .. I 

I ',,· . ,· 
' .· ... .,., 

straightforward to estimate from the Dalitz plot projections the Rroportions · . . I . 
.. . .. 

. I 
of channels (4a) and ( 4b), but it must be emphasized that the validity of 

• I . . . I. 
I ·.... ! : .. '·., .. 

these assumptions has not been demonstrated and is presently under study. ,. , 
. . . , .I ~ , 

. I 
The c~oss -sections for Reaction ( 1) are given in Table t, along 

* * with rough estimates of their apportionment into K , N , 
! 

• I 
and pl'1-ase- · 

I 

•.· 

space nonre:onant background •. Although both 0.86 and 0.96 BeV1c are ·>".';,J~\l;~~ 

below th'e K . production threshold, it appears fr-om the Dalitz p~ots thaf' ... ,'. ; ·'· · : 
. -... · . . I . ., . . ~,·l ~ . 

I 

there is a clear populat;on increase in the :r:egion of high K-11' mtsses •. · 
: I I • 

Because of the difficulty of estimating accurately the amount of ~*·in- . · .. 
. I - . . . . . 

t ~ • .: . ' • . 

valved, this enhancement has been included in Table I in the nonr~sonant ,";:.~<::, ·_.~-:-! 

background. We now consider K* and N* production in greate~ detail~).···::::"<_. · ,.:·::··! 

.·I ... ·:·i·.;~~Si>\1 
~ ' ' ·... ...\ . . . .. . . ·t 

As mentioned above, :the enhancement of high K-11' _. masse
1
s evident . .:i ··.::~\·:. '. i 

at 0.86. and 0.96 BeV/c is suggestive of the production of a.signifiba~t .·: .. _:: .. -.-~~'.>.':11 *· . I .... . 
amount, namely= 10%, of K production through the tail of the reso- · '·· ... ·:···~.··I 

. . . .:. I · ·· .. ,.; :1 
nance. Since·this K iS completely buri~d under the N*, very tittle .• ... \.:t;:·~~~ 
can be said about the dynamics of production at these momenta. At 1.2 ·. 1 

. i .· . I I 

BeV /c the K* ·still_largely overlaps the N,. .. , but since the K* produc- · .. J • ; 1 
l . ,· ':>· <: •; 

tion. amounts to about 30o/o of the reacti~q it is feasi_ble. ~0 subtract jan appro- .'·'~·:·:-.:-:}: 
. . . i . . : . t • . . .~. 

priate a~ount of N*; dete'rmined by m~ss conjugation, from the 'overlap.·. 

region and inve stig~te the. remain~ng K.*. · Because of this subtradtion .·• .. 

·)'\,·;;;~:·\;~:~.~ 

: * . 
II. K PRODUCTION 

. .. -:1 

,., . ~~: ... ('' 
" : .. ~· ;. · ... . . ' 

,, 

.. I .... ,. 
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procedure, ·the statistical e~rors associated with 'each histograrri bin in 
. . . . . . . I . 

the various figures are greater than those· one ·wou14 estimate frQm the "' · 
, I .... 

. i ' . 1 • •• ~ •• ~ 

number of events in each bin. The distributions of K.:n- mass ahd momen ... ~.· ···: 
I . : ~ . 

. tum transfer squared, 6. 2 (K'YT), are shown in Fig. 2, and folded distribu-
1 
I 

tions of ~ and cos a. are shown in Fig. 3 for two ranges of momentum 
I 

. I 

transfer. Here a. is the polar angle of the outgoing K in the K"!T rest 
! 

frame, measured with respect to the incoming K direction, and ~ is 
. . I ·•. . •. . . 

I , • , .. 

the Treiman-Yang angle. It is clear that pion exchange plays at 1most a 
I .: . . :. ~ .. 

small role, but more detailed conclusions are premature until th:e valid- · 

ity of the method of background removal is further investigated. I :.'., ·~ ·r' 

,i 

* . . . I * . ~- . ·i: . . 
At 1.58 BeV /c, the K band is well. separated from the N band· ·· ' 

I ·fl >~· ...... , 
' : ··:...:· 

over a substantial region of .the Dalitz plot,. and a more dependable anal- . · · · · · 
I : I . 

ysis can be carried out. Th,e K'!T mass and 6 2 (K1r) distributio~s are 
. ··--:. 
. ~ . I : ... , l 

shown in Fig. 4 and the ~ and cos a. distributions shown in Fig~ 5 for , ....... ~ ... : l 
I I 2 . . ' .l I 

1 

three regions o{ momentum transfer. It should be noted that the 16. (K"YT) · . .' ·.' ._ .• 

1

. 

distribution shows a sizable peak below :::::0.3 BeV2 superimposed! on a . · ·.. . 
' . ' j ; .-:·' .: ' j 

rather flat distribution. Furthermore the ~ distribution corresponding ··:- .I 
' l '._,_.,,-~ 

to events in th.e peak is uniform, whereas for the higher values of A 2 (Ktt) ., . ··. · ·1 

the Treiman-Yang distribution shows an increasingly strong sinj~ com- . · ·::· .. , II, 
ponent. It thus seems reasonable to associate the peak in the A 1 (:K"!T) 

distribution with pion exchange and the remaining fl~t distributioJ with . ~·.:::.' ·.''~I·· 
vector exchange. However, it should be noted th.at the' coso. disfribution , ' .:.:.'" 

~::::o:~c:::::.nd;tn~:f. :::::t::~::::f::h:::::::~~. c:;;;:r::: o.:f :·,;>;::1 
~ I 

arid ~ distribut.i,ons are not eas~ly interpreted in terms of any sitple one··.:·;·~,)-:>. :•>'/ 
particle exchang~, or incoherent superposition of one-pa~ticle-e~change ·. -l~.:.5 ;:,:_· 

. , I . "'· -~ , . . 
I • ' : 

.. . I· . . ./ . , .~ .. ,·; .. 
. · .... , 

I ';L 
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' I -
models. Just as is the case for the CERN 3-BeV/c: data, the absorption 

I 
effects appea:r to play an essential role in modifying the detailed eatures 

* of K production.· 

III •. N* PRODUCTION 
·j 

Stodolsky. and Sakurai 3 have proposed a model for N* priduction : 

* . . through p exchange with a magnetic-dipole transition at the ppN ver-
I 

tex. The experimental consequences of this model are best exprbss~d in 
j 

! 
terms of the distributions of the polar angle 'V and azimuth 6 .. of the out-, 

I , 
*i going pion with respect to the production-plane n·ormal.in the N i rest 

i 

\ •. .r, 

. · .. ' 

#:. 

2 frame. Specifically, cos 'V is distributed ~.ccording to 1+3 cos 1'{, and · _,. 

I 
. . ' ~· 

) . ' 

5 is uniform. The experimental distributions of cosy and 6 for the 
I' 

four momenta :under consideration are shown in Figs. 6, 7, 8, a*d 9 along 
I 

with fits of the p1r ~ mass ·distributions with resonance productioh and . 
. . . . . I· . 

·. ,' 

phase -space background in the ratios of Table ·I. Fox all momenta except · 

0.86 BeV/c, K*
1 

background ~as .removed by mas~ conjugation. I To. do 
: . ' ' . * 

this at 0.96 BeV/c, for which there is no well-defined K · band, only 

half of the Dalitz plot"corresponding to eTrK (90~ was taken, whe(e eTrK 
. . . * . . I 

is the angle between the outgoing rr and K in the N · _ rest frame. The' 
I 

6 distribution at 0.96 BeV/c was correspondingly folded •. The d:eviation 

from uniformity of the ~.86 BeV /c ~ distribution is ·probab:y as,ociated 

with the high-mass K-rr enhancement evident in the Dalitz plot. tincc 

there is a strong a priori correlation, essentially kinemat~c in oHgin, 

between K _, mass and 6 •. 'With this qualification it is clear thar the 

cos 'V and o distributions fit the predictions of the Stodolsky-Sa.Kurai 

·. ·.. I . I 

model at all momenta. under study. 

. · . . . 

' ' .... · 

.· .. 
'i ' . . ... ~ ..... : ~.. : 
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The distributions ol momentum transfer· squared .. /:;. {pTr)J to the -N* 
-- I 

are shown in Fig. 10 with c'urves calculated from_the Stodolsky:-~akurai 
. I 

model. There is good agreement between theory and experiment except 
·. I . " 

at 1.58 BeV /c, where the experimental data show more forward jcollima-

tion than the theory~ This· behavior is completely in contrad~ctibn with 
I 

the use o·f form factors independent of primary momentum to interpret 
I 
I 

production angular distributions. Finally, note that the cross sections 
. i 

! . 

for the .Stodolsky:-Sakurai model are expected to be in the ratio 1:3.5:16:45 

for the four momenta under consideration. The experimental r~tios are 
I 

1:3:6:5. It is clear that the. absorption effects r-esponsible for the forward· 
. . I ; 

collimation above 1.2 BeV/c are simultaneously cutting off the c~oss sec-

tions. 
i 
I 

. . . . . . I . 

In conclusion it may: be said that the Stodolsky-Sakurai rriodel pro-
I 

-.;·, 

.. 
"•:.._ 

·. 
~ . 'r . 

i<· . l . ··./:• 
vides a satisfactory representation of N · decay angular distributions· for .·· · ·. 

·I 

I . . l 
all momenta under study. It also correctly gives energy depend~nce of 

. I 

.. ' 
i 

·',!· 

. i 

'I 

i· 

;' . : 
1' 
I .. 
I 

·I 

· · the cross sections and the ~roduction angular distribution below !1.2 ;BeV ~~~···> '. ;: 

but clearly requires modifi~ation above this momentum to prope~ly account. .·, 
I 

for absorption effects. 
. I 

j 
I 

This wor_ k was done .
1
'under the auspices of the U. S~ Aton:Hc,' 

I . 
Energy Commission. 
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Table I. Cross sections for the reaction K+ + p ~ K 0 
+ p + rr+ at various incident momenta. 

Incident 
+ K n1on1enturn 

(BeVjc} 

0.86 

0.-96 

1. 20 

1.58 

Nun1b~r of 
events analyzed 

282 

1140 

2446 

706 

Cross section 
(mb) 

0.9±0.2 

2.8:1:0.5 

5.2 ± 0.9 

4.8±0.5 

Percent due to 
K + + p -> K + + N':< ( 12 3 6) 

~ 80% 

~so% 

~65% 

~54% 

Percent due to 
+ >:< ( K + p ··-.. K 891) + p 

-

-

~ 29% 

~ 40o/o 

Percent due to 
nonresonant 
background 

~ 2 Oo/o 

~ 2 Oo/o 

~ 6% 

~ 6% 

I 
-J 

c:: 
0 
~ 
L< 
I 
~ 

"' lN 
--J 
0 
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FIGURE CAPTIONS 

Fig. 1. DaJ.itz plots for the reaction K+ + p ..... K
0 

+ p + n +at 860, 960, 

1200, and 15 80 MeV /c incident laboratory momentum. 

Fig. 2. Distributions of K 
0 

n + invariant mass squared and squared 

momentum transfer to the Kn system at 1200 MeV /c incident 
,., 

momentum. The lower distributions include only events in the K' 

band shown above. Since these distributions involve significant back-

ground subtractions, the statistical errors are sornewhat larger than 

implied by the numbers of events in the histograms. The same qual-

ification applies to most of the other distributions given here. 

Fig. 3. Distributions of cp and cos a for two regions of momentum 

transfer. 

Fig. 4. D . ·b · f K 0 + · · d d d 1str1 utlons o n 1nvar1ant mass square an square 

momentum transfer to the Kn system at 1580 McV/c n10mentum. 

. Fig. 5. Distributions of ¢ and cos a for three regions of momentum 

transfer. 

Fig. 6. + Distributions of pn mass squared and pion-decay angles m 

+ the pn center of mass at incident momentum of 860 MeV /c. 

Fig. 1. Same as Fig. 6 but at 960 MeV /c. 

Fig. 8. Same as Fig. 6 but at 1200 MeV/c. 

Fig. 9. Same as Fig. 6 but at 1580 MeV/c. 

Fig. -10 .. Distributions of squared n1omentun:1 transfer to the + pn system. 

··-The curves represent lV'li p -exchange N.,. production. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 

this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 

of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 




