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INTERACTIONS OF U M B D A S  VJf TI1 P W  OTONS 

6idkon ~laxander,  Jared A. Anderson, Frank S. Crawford, , ~ r . ,  
William Laskar, and Leoter J. Lloyd 

Lawrence Radiation Laboratory . ., 

University of California . . 

Berkeley, California . .. . ,  
I 

September 21, 1961 . . 

In the couree of an experiment to etudy the associated production procesabcl 

we have examined eubtaequst~t A  interaction^ in hydrogen of the typo0 

In this Letter we present results for reaction6 (3) and (4), based on a sample 

of 5000 A'; produced in the Alvarez 92-in. hydrogen bubble chamber. [We postpone 

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

In addition, we set an lapper limit to the pion-producing reactions 

and 
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The A "beam" momentum extends from 400 to 1000 ~ e v / c ,  and correoponde to 

t he  associated production procera:;ee (1) nr,d (2) for incident' nwt  s of 1035 ~ e v / c .  The 

distribution of A mornrsntu~n versus pathlcngtl.1 i a  e l ~ ~ w n  in Fig. 1. It includea two 

cutoff corrections: (a) single VO .decays d KO sr. A (without eubaequcnt ecatter) 

are rejected if the neutral particla travels less than 0.5 crn before decaying; @) .only . 

those A internctionar that occur within, 10 c m  of the production point are accepted' 

cutoff (a) serve. to  exclude spurious vats due to two-prong evexita. Cutoff @i , 
while including moat of the A path longttr Befor~l decay, a e r v e ~  to minimize the 

I 

geometrical eecape correction, and helps to exclude random background rocoil protons 

from candidacy, 

Lambda interaction@ that are followed by the charged decay A 4 p + n* are 

delectable whether o r  not the a ~ ~ o c i a t e d  KO undergoes charged decay. Interaction. 

followed by the neutral decay ii * n + oo are also detectable and are used, provided 

0 that the K dacayo via the charged mode. The kinematics and rneaeuring e r r o r e  are 

euch that them is no difficulty in  distinguishing between reactions (3) and (4). 

. Some of the interactions were found by  canners in the f i rs t  ecan. However, 

the main search for interactions consisted of (a) a eyetkrnntfc examination on the 

scanning tablo of al l  single and double Ifo events which failed to satisfy the kinematics 

for production via reactions (1 ) and (2) ; and (b) an examination on the scanning 

table of a l l  eingle VO events where the decaying neutral is identified as a KO , Here 

one looks for a recoil proton starting from the line of flight of the A, 

Recoil protono of less than 0.5 c m  a r e  difficult to detect, and have been excluded, 

Our elastic-scattering CPOSQ section [ ~ e a c t i o n  (3)] therefope does not include s.rnall 

angle scatter8 of the A. The excluded angular region depeiade on the momentum of 

the incident A, and i s  indicated b y  tne ohadcd region in F ig .  2. 



-3-  UCR L-9867 

I 

The correction to the integrated c ross  ecction depends on the shape of the 

angular distribution. The elastic- ecattering c r&s  sections include a cutoff correction 

for which uniformity in coo ell (c. m. ) and PA (lab) i a  assumed. From Fig. 2 we see 
) 

that, within the limited statistice, them assumptions are satisfied. The correction 
I w 

factor amounts to 1.074 for PA (lab) from 400 to 638 ~ e v / c ,  and 1.028 for PA (lab) 

above 638 Mev/c. the threehold for PO - p production. 
i 

In the cases of the  endothermic procewees (4). (5), and (6) .  the proton range 

exceed8 0.5 cm for  'all production anglele over the entire range of P (lab), s o  that. A 
the're ie  no corresponding cutoff corkection. 

I 

Dotaila of the individual events are found in Table I. Figure 2 ehows the laboratory? 
. . \  . 

momanturn of the incident A and the c .  m. angle of the final hyperon (relative to the . 

I incident A )  fo r  each event. Table II gives our croee-section results. The elastic- 
$,' ' 

asattoring otois ad'ction ia given for the entire momentum interval, and ,agparstely for ; 
;-,. 

..: the intervals below and above 638 ~ e v / c ,  - tlre thresh,old for reaction (4), The upper . . . 

: ->. ., 
limit given for 'the pion-producing reaction (6) i s  the croes  section that would cor res -  . 
p ~ n d  bs finding, a single event inotesd of the number ( z e ~ o )  actually found. 

Our elaetic -6cattering cros  a section can.be compared with the previoua result 

1 of Crawford et al.. ' obtained in subatantially the aame momentum interval. Based on 
< 

. , four.bvente, they found a crorso section of 40 *ZO mb, which, ie not in dieagreement wi th  

' our resul't of 22.3 &5.9 mb. i * 

Information f rom study of hyperfragmenta hae been uasd by Kovacs and Lichtenberg 2 

- .  
to calcubte  the elat~tic-scattering croee section at 416 ~ e v / c  (75 Mev) and at 998 ~ e v / c  a 

(150 Mev). They chose a phcnomenological central potential with a hard core and 

considered only angular momenta of $ 2. Their calculated results  a r e  26 and 21 mb 

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

I 
32 mb when spin-orbit interaction is included, Our measured value of 24.7 rh9.3 mb for 



the interval 400 to 638 ~ e v / c  i e  compatible with siklzer callculatcd result. Thus we 

agree with the prediction from hyperfragn:et\t data, but cailnot distinguish betwecn 

the preacnce or nbrrcnca of spin-orL10  term^. 

In the Doublet Approximation (DA), the Z - A mass difference is neglected 
' 

and E6 and h are combined into the two doubleta IN2 = LZ' , ( h - 2' ) / fl.1 
0 and Nj = [(A + Z ) / fl, 2-  1 .  Both Hz and Nj have the same soupling to the pion 

field. Ttaie pion couplioxg need not be the Game as that of the nucleon doublet 

N1 = [p, n] . In addition, a dew quanturrl uu~~:bor io in t~uduced  which prevents mixing 
+ 

of tho doublets. (For instance, E- + p -. C + n + n- is forbidden in DA) .  The 

mas8 difference between M2 or Nj and the nucleon PI1 i e  not neglected. 

One can then show that 

0 t 9 2 [ a [ A k , + ~ p )  + o ( ~ p - p  8: p ) ]  = a(z p - . ~  p )  +Q(c"  g -* x* PI. (7) 

01 courae. Eq. (7) can o ~ l y  be valid at energies high enough that the actual Z2 - A rnslro 

Bifferexrce ie nagtigibib compared with t.he c .  r r t  . ~ l t ~ e f  ic energy. F0i7 Inetcanco, Eq. (7)- 

0 is ceFta.in1y inappllcabi~ bslbw threshold for Ap -, 22 p. As a f i r ~ t  approximation to 

a tes t  of &q. (7), W@ compare OUP reliults for the reactions on the left side of Eq. (7) 

4 to those 01 Stannard for thoss on the right side. W e  consider the A p 4  A p  cross 

section only for P (lab) above 638 ~ e v / c ,  the threuhold for reaction (4). Our z-angc! n 
of total c .  m. energy curreoponclsl to a C-p  c .  p r ~ .  mornonturn range of O (at threshoId), 

to 314 ~ e v / c  [ior PA (Lab) of 1000). Stannard's reoulta correspond to a 2- p c .  rn. 

momentum rariga of 0 to about 600 ~ e v / c .  

W e  find 



UCR L-9867 

I Within the rtatiatical e r rors ,  the prediction [Eq. (7)] of the Doublet Approximation 

ir  well satisfied, 
5 

In th0 theory of Global Symmetry (GS), the aseumption (in addition to those of 

DA) ie made that the pion ~oupl ing of N2 and Nj i s  the ram0 ae that of the nucleon N1 , 
and tha mala difference between Nz o r  Nj and Nl ie neglected. One can then predict 

NI - Nd or Nl - Nj interaction. from N, - N, (hucleon-nucleon) interactlonr. De Swart 

and Dullemond have uaed potentials that fit available nuclaon-nucleon scattering data, 
8.  . 

in Unearr combirmtionc prescribed by  GS, to predict ctoracs sectione for hyperon-nucleon 

lntenlctiona. They take exactly into account the Z - A mass difference in the 

kinematice (but neglect the C - nucleon mcatae difference). Their predictions for 

A - p elastic ~ca t t e r ing  and for z0 - p production [reaction (4)) a r e  shown in Fig. 3,  

together with our experimental resulte. Within etatistice, our c ross  eections agree 

with the prediction6 of GS. 

De Swart and Dullemond also predict angular distributions for A - p elastic 

ecattering at 475, 640, and 815 M.V/C. These momenta cover our range of PA fairly 

well ([see F ig .  1). With our limited statisltice we can check a t  moat a slingle parameter 

. of the angular dicetribution. We examine our ratioe for forward to backwarde ecattering 

(F/B) and for polar to equatorial scattering (P/E).. Since we eee no etrong momentum 

dependence in the elastic-scattering croesr aectlon, and eince the predicted angular 

distributions do not vary draetically over our momentum range, we average with equal 

, weight the theoretical  prediction^ for F/B and P/E and compare them with our 

entire sample of 14 events. 

For  F/B we find 7/7 = 1.0 a 0 , s .  The prediction of C S  is 1.5. 

For P/E we find 9/5 = 1.8 a 1 .O. The G S  prediction is 2.0. 

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

Alvar ee , 
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Table I. Cetaile of the irrteractions. - ' C . .  q 

Frame Initial lab momentum 
of A 
( ~ e v / c )  

A. A + p  *A+_P  

C .  M. momentum Cos By (c.m.) ; 

Initial - Final . - < ~ 

. . 
. '. . 

. , 

I 

188 188 + 0.35, * , . 



Table U. .Summarv of cross-section results. 

2 eaction pa (Lab) Ha. ef events A path length , - Cross section 
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FIGURE LEGENDS 

Fig. 1. 'Distribution of A 'path length versus momentum. The arrows 

indicate the threshold8 for reactions (4) and ( 6 ) .  

Fig. 2, Detaila of the interactions. Solid circles indicate elastic ecatterr 

[reoctian (311 . Open d i c l e s  represent Co - p [reaction (4)] . 
The shaded region corrospsnde to elaetic scattering in which the recoil 

proton .bars a range of < 5 ?me 

Fig? .3, Comparieon of our experimental results with the predictions (baeed 

, on G l o b 1  Symmetry) of de Swart a n d D u l l e m ~ n d . ~  The upper curve and the 

: aolid cireles represent elantic mattering. The lower curve ,.and open circle 

- correspond to Z' - p production. 



P
at

h 
le

n
g

th
 o

f 
A

 (
c

m
) 



( A  p --A'p) cutoff 
0.8 

PA (lab.) (Mev/c) 
M U  - 24692 

Fig .  2 



PA ( lab.) 

F i g .  3 



T h i s  r e p o r t  was p r e p a r e d  a s  an  a c c o u n t  o f  Government 
s p o n s o r e d  work.  N e i t h e r  t h e  U n i t e d  S t a t e s ,  n o r  t h e  Com- 
m i s s i o n ,  n o r  any  p e r s o n  a c t i n g  on b e h a l f  o f  t h e  Commission: 

A .  Makes any  w a r r a n t y  o r  r e p r e s e n t a t i o n ,  e x p r e s s e d  o r  
' i m p l i e d ,  w i t h  r e s p e c t  t o  t h e  a c c u r a c y ,  c o m p l e t e n e s s ,  

o r  u s e f u l n e s s  o f  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h i s  
r e p o r t ,  o r  t h a t  t h e  i l se  o f  any i n f o r o l a t i o n ,  appa -  
r a t u s ,  method,  o r  p r o c e s s  d i s c l o s e d  i n  t h i s  r e p o r t  
may n o t  i n f r i n g e  p r i v a t e l y  owned r i - g h t s ;  o r  

B. Assumes any  l i a b i l i t i e s  w i t h  r e s p e c t  t o  t h e  u s e  o f ,  
o r  f o r  damages r e s u l t i n g  from t h e  u s e  o f  any  i n f o r -  
m a t i o n ,  a p p a r a t u s ,  method,  o r  p r o c e s s  d i s c l o s e d  i n  
t h i s  r e p o r t .  , 

A s  u s e d  i n  t h e  a b o v e ,  " p e r s o n  a c t i n g  on b e h a l f  o f  t h e  
Commission" i n c l u d e s  any employee o r  c o n t r a c t o r  o f  t h e  Com- 
m i s s i o n ,  o r  employee o f  s u c h  c o n t r a c t o r ,  t o  t h e  e x t e n t  t h a t  
s u c h  employee o r  c o n t r a c t o r  o f  t h e  Commission,  o r  employee 
o f  s u c h  c o n t r a c t o r  p r e p a r e s ,  d i s s e m i n a t e s ,  o r  p r o v i d e s  a c c e s s  
t o ,  any i n f o r m a t i o n  pursuant ,  t o   hi^ e m p l o y ~ ~ ~ e ~ ~ l  ur  c o h t r a c t  
w i t h  t h e  Commission,  o r  h i s  employment w i t h  s u c h  c o n t r a c t o r .  




