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In the coarre of an experiment to study the associated production proce&r 

we have examined eubwquent A interactions in hydrogen of the typer 

In this Letter we present reaulte for reactions (3) and (4), based on a sample 

of 5000 A'. produced in the Alvarez 72-in. hydrogen bubble chamber. [We  postpone 

discueeion of reaction (5) to a later publication. ] 

In addition, we ret an upper limit to the pion-producing reactions 

A + p  - A + p + r o .  

and 



She A '%earn1' momentum extends from 400 to 1000 ~ e v / c ,  and correepondo to 

the associated production processea (1) and (2) for incident nw's  of 1035 ~ e v / c .  Tho 

distribution of A momentum versus pathlength i a  ohawn in Fig. 1. It include8 two 

cutoff corrections: (a) single VO decays of KO or A (without mabaequont scatter) 

are rejected if  the neutral particto travels leas than 0.5 cm before decaying; (b) only 

those A interaction0 that occur within 10 crn of the production point are accepted, 

0 Cutoff (a) server to exclude spurious V ' 8  due to two-prong eventr. Cutoff (b) , 
while including moot of the A path length before decay, eerves to minimize the 

I 

geometrical escape correction, and he lpr to exclude random background recoil protons 

from candidacy, 

Lambda interactions that are followed by the charged decay A 4 p + n- are 

detectable whether or not the associated 1' undergo*, charged decay. Interactionr 

followed by the neutral decay A -n + ro a r c  also d?tectable and a r e  uasd, provided 

0 that the K decays via the charged mode. The kinematico and measuring erroro are . 

r tkh that them i o  no difficulty in distinguishing between rbactiono (3) and (4). 

Some of the interactione were found by  scannag in tbqfirrrt scan. However, 
- y e  s - y * r S  

the main rearch for interactiona consisted of (a) a systematic examination on the 

.canning table of all  single and double V' events which failed'to rimti~fy the kinematics 

for production via reaction8 (1) and (2) ; and (b) an examination on the ocanning 

0 table of all dngle YO events where the decaying neutral i s  identified am a K , Here 

one tookr for a recoil proton starting from the line of flight of the A. 

Recoil protons of lees than 0.5 cm are difficult to detect, and have been excluded, 

Our elastic-scattering crosa section [Reaction (3)] therefore doea not include small 

anale scatters of the A. The excluded angular region depende on the momentum of 

the incident A, and is indicated by the ohaded region in Fig.  2 .  
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The correction to the integrated cross section depends on the shape of the 

angular distribution. The elastic- scattering cross sections include a cutoff correction 

for which uniformity in eoa (c. m. ) and PA (Lab) i a  asrumed. From Pig. 2 we eee 

that, within the limited statistics, theee assumptions are satirfied. The correction 

factor amounts to 1.074 for PA (lab) from 400 to 638 Mev/c, and 1.028 for PA (Lab) 

above 638 hlev/s, the threshold for CO - p production. 

In the casee of the endothermic procerses (4). (5), and (6). the proton range 

exceed. 0.5 cm for all production angles over the entire range of PA (lab), ao that 

there is no corresponding cutoff correction. 

Details of the individual events are found in Table I. Figure 2 lrhowm the laboratory 

momentum of the incident A and the e. m. angle of the final hyperon (relative to the 

incident A )  for  each event. Table II $ivea out crore-section results. The elartic- 

scattering eroee etoction ir given for the antire momentum interval, and ,rr~parately for 

the intervals below and above 638 ~ e v / c ,  the threshold for reaction (4). Ths upper 

limit given for  'the pion-producing reaction ( 6 )  i s  the croslr eection that would corrae- 

pond b f W n p  a aihg1e av4j.t b a u d  ot tb. numb** (s*vof aoffirtly huaQ., 

Our elastic-scattering croolcs eection can be compared with the previow result 

of Crawford et .I., obtained in substantially the Brme rnomentum?ntatrval. Baaed on 

four eventr, they found a crora rection of 40 a20 mb, which is not in dimagreement with 

our resutt 00 22.3 dc5.9 mb. 

Information f rom rtudy of hyperfragment~ h a m  been used by Kovrca and Lichtenberg 2 

to calculate the datrtic*scattaring croslr rection at 416 ~ e v / c  (75 Mav) and at 598 ~ e v / c  

(150 Mev). They choae a phenomenological central potential with a bard core and 

consictared only angular momenta of + 2. Their calculated rerults are 26 and 21 mb 

rat 416 and 598 ~ e v / c ,  respectively, when no epin-orbit t e rm  is included, and 34 and 

32 mb when spin-orbit interaction ia included. Our meaeurcd value of 24.7 a9.3 mb for 



the interval 400 to 638 klev/c is compatible with either calculated result. Thue we 

agree with the prediction from hyperfragment data, but cannot distinguish between 

the pmoence or absence of spin-orbit terms.  

In the Doublet Approximation (DA). tho B - A ma.. difference is neglected 
" 

0 and Ng = [(A + I: ) / 6. C -  1. Both N2 and N3 have the same coupling to the pion 

fibld. Thira pion coupling need not be the same ae that of the nucleon doublet 

Nl 3 [p, n] . In addition, a new quantum number is introduced which prevents mixing 
4- 

of the doublet.. (For instance, To + p -r T. + n + no i* forbidden in  DA). The 

masa difference between N2 or Nj and tho nucleon NI is not neglected. 

One can then ehow that 

0f course, Eq. (7) can oqly be valid at energies high enough that the actual 2; - A mas 

diffsrence is negligibl~l compared with the c . m . kinetic energy. For inetance, Eq. (7) 

i a  c a r t a ~ % k ~ p ~ ~ p 3 k & l s  " - .a-sa A b_gLow- A ,- f h r  ~ h o l d  for &p -.t mation to 
. . 

s teet ol Eq. (7), wa compare our results for the reactions on the left side of Eq. (7) 

4 to those of Strannard for those on the right side. W e  consider the Ap-, Ag cross 

section ~ n l y  for PA (lab) above 638 ~ s v / c ,  the threshold for reaction (4). Our range 

of total c. mi energy correeponde to a 6 - p  c.  m. momentum range of 0 (at threshold) 

to 314 Mev/c [for PA (lab) of 10001. Stannard's reoulte correspond to a L- p c .  m. - 

momentum range of 0 to about 600 ~ e v / c ,  

We find 

Stanziard finds 
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Within tha rtatimtical e r ro i r .  the prediction [Eq. ( f ) ]  of the Doublet Approximation 

i a  well u t i r f ied.  
5 

Ia the theory of Global Symmetry (GS), the orrumption (in addition to thorm of 

DA) ir made that the pion coupling of N2 and N3 i r  the ram. ar that of the nuc Leon N1 . 
and the maam difference between Nt or N3 and N1 i r  neglected. One can then predict 

N1 - N2 o r  N1 - Nj interaction8 from NI - Nl (hucleon-nucleon) interaction.. Do Swart 

md Dullemond have used potential8 that fit available nucbon-nucleon rcattering data, 
1 .  

ia Unear combinationr prercribed by  GS, to predict croar  rsctionr for  hyperon-nuc b o a  

iateractiom. They take mcact ly into account the Z - A mar8 difference in the 

fdaematicr (but neglect the C -nucleon mar8 difference). Their predictionr for 

A - p elart ic  ocattering and for p0 - p production [reaction (4)] are ahom in Fig. 3.  

together with our experimental rssultr .  Within rtatiotica, our croer rectionr agree 

with the predictionr of GS. 

De Swart and Dullemond d u o  predict angular distributions for A - p elastic 

scattering at 475. 640, and 815 ~ e v / c .  Them momenta cover our range of PA fairly 

well (ree Fig. 1). With our limited statistice we can check at most a single parameter 

o$ the angular dirtribution. We examine our ratios for forward to backwrrdr rcattering 

(FIB) and for polar to equatorial scattering (P/E) . Since we ree  no strong momentum 

dependence in  the elaotic-scattering c ros r  section, and since the predicted angular 

dirtributions do not vary drastically over our momentum range, we average with equal 

weight the theoretical predictions for F/B and P/E and compare them with our 

entire sample of 14 events. 

For  FIB we find 7/7 1 1.0 3r0.5. The prediction of GS i r  1.5. 

For  P/E we find 9/5 = 1.8 h 1.0. The GS prediction i r  2.0. 

It ie  a pleasure to acknowledga the guidance and encouragement of Prof. Luir W, 

Alvaree. 
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Tabla I. Details of the interactions. - 

Frame Initial lab momentum C .  m. momentum Cos B y  (c.  rn. ) 
of A 
( ~ e v / c )  Initial - Final . - . IC 

A A + p  & A + J  

602103 418 188 188 + 0.35 

722504 Q Z b  189 189 - 0.92 



Tabla a. Summary of croso-section results. - 
P3 eaction PA ( lab) Ha. s f  events A path length Crosr section 
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FIGURE LEGENDS 

Fig, 1, Distribution of A path length veraus momentum, The arrows 

indicate the threrholdr for reactions (4) and (6). 

Fig, 2. Petaila of the interactions. Solid circles indicate elastic matterr 

[reaction (3)J. Open circles repreaont CO - p production [reaction ( A ) ] .  

Tho rrhaded region corrsspondr to elastic rcattering in which the recoil 

proton b r  r range of < 5 mm, 

Fig, 3, Comparieon & our experimental results with the predictions (bored 

on Global Symmetry) of de Swart and Dullernond. The upper curve and the 

oolid circlds reprerant elortic rcatteping. The lower curve ,and open circle 

comerpond to C' - p production. 



PA (lab.) (Mev/c) 

. Fig.  1 



P, (lab.) (Mev/c) 
M U  - 24692  

Fig .  2 
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