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ABSTRACT 

We have measured  the different ial  and total  c r o s s  sections of the 

t reac t ion  r r -p  + ;C-K with 1 1 7 0 - M ~ V / C  pions incident on the Al-varez 

72 -inch hydrogen bubble chamber .  Using 1338 events,  we find the 

coefficients in  the Legendre expansion of the differential  c r o s s  section 

= 7.54 * 0.96 irb/sr, and A2 = 11.10 + 1.21 irb/sr, corresponding to a 

total  c r o s s  section CT = 231  * 6 pb. No polynomials higher than P2 a r e  

needed. The decay a s y m m e t r y  Q P of the decay Z -  + nrr - i s  con- - - 
s i s ten t  with zero .  Using previously repor ted  r e su l t s  for  the differen- 

0 0 t t +  tial  c r o s s  sections of the react ions  IT-^ Z K and IT p + C K a t  

1170 M ~ V / C  incident pion momentum, we have compared the resu l t s  

with the predictions of the hypothesis of charge independence. We 

have found no significant violations of that hypothesis. We have com- 

0 
pared  the measured  polar izat ion of the C with the prediction f r o m  the 

charge  -independence hypothesis , using the measured  differential 

c r o s s  sect ions of the three  production react ions and the polarization 

+ 0 
of the B', a s  determined in the decay Z - pr, . The resu l t s  a g r e e  

with the prediction. 



I. INTRODUCTION 

We have measured  the differential  and total c r o s s  sections for 

the p rocess  

using I l 7 0 - ~ e ~ / c  pion incident on the Alvarez 72-inch hydrogen 

bubble chamber.  The amplitudes fo r  react ion ( l a )  and fo r  the 

reac t ions  

0 0 
s r -p+ 2 K 

and 

f + + 
r r p -  2 K  

a r e  r e l a t ed  by  the hypothesis of charge independence to  only two 

independent isotopic spin amplitudes.  Thus the amplitudes for  

react ions (1) - ( 3 )  a r e  subject  to  a constraint ,  producing the well-  

- 0 + known "triangle1'  inequalit ies on the c r o s s  sections U , 0. , and 0 . 
We compare  the hypothesis of charge independence with our r e su l t s  

f o r  reac t ion  ( I ) ,  combined with previously reported resu l t s  f o r  

reac t ions  (2)  and ( 3 ) ,  " in Section IV below. 

11. EXPERIMENTAL PROCEDURE 

- 
The v beam- t ranspor t  sys t em has  been reported previously. 

4 

Events  corresponding to Z-  production a r e  topologically distinguishable 

f r o m  other  react ions p r e s e n t  a t  this momentum. Since the production 

react ion i s  kinematically overdetermined,  we use  the fitting p rogram 

2 
PACKAGE and se lec t  events on the bas i s  of x . This procedure 



yields 1500 events. This  number i s  reduced by  fiducial c r i t e r i a  to  

1338 events.  (The l a r g e s t  fiducial l o s s  r e su l t s  f r o m  our requi rement  

that  the 2- t r ave l  at l e a s t  0 .3  c m  before decaying. ) 

In calculations of physically interest ing quantities, each event (i)  

c a r r i e s  a weighting fac tor  b 2 1 that includes a l l  fiducial correct ions i 

as well  a s  cor rec t ion  f o r  the attenuation of the pion beam in  the 

chamber .  We choose the decay fiducial volume l a r g e r  than the p ro -  

duction fiducial volume to avoid fluctuations f r o m  accidentally l a rge  

values of b.. The weighted o r  "true" number of events N i s  given in 
1 

t e r m s  of the observed number Nobs by 

where  the sums  extend over  the observed events f r o m  i = 1 to Nabs. 
The brackets  ( j m e a n  a n  average  over  the data. [we use weighted 

counts a s  in Eq. (4) ,  not only f o r  the en t i r e  sample to find the total 

c r o s s  section, but a l s o  f o r  subsamples  to  find the angular distribution. ] 
2 + 

F o r  the en t i re  sample we find the values (b) = 1.1977 and (b ) 

= 1.1997. 

After  correct ing f o r  a scanning efficiency of 0.921, we obtain the 

total  weighted number of Z--production events corresponding to  1338 

observed events:  



111. RESULTS 

Using the r e su l t  (5) and our  total  pion t rack  length of 2.1967 X 10 8 

c m ,  we obtain the total  c r o s s  sect ion f o r  reaction ( l a )  a t  1170 M ~ V / C :  

W e  wr i te  the differential  c r o s s  section for  react ion ( l a )  in the Legendre 

polynomial expans ion 

where  cos 9 i s  the cosine of the angle between the incident pion z 
direction and the produced I= direct ion in the center -of-mass system. 

By the method of l eas t  squa res ,  using weighted counts a s  in Eq. ( 4 ) ,  

we find the coefficients t o  be  

with off-diagonal e r r o r  t e r m s  

2 
corresponding to x probabili ty 31.43%. No polynomials higher  than 

PZ(cos  e x )  a r e  needed. The differential  c r o s s  section i s  plotted in 



Fig.  1. The decay asymmet ry  cu P i s  found to be -0.028 * 0.048, - - 
which i s  consistent with ze ro .  

IV.  CHARGE INDEPENDENCE 

The hypothesis of charge independence implies that the complex 

+ 
amplitudes a , a o ,  and a -  for  the three  reactions 

4- t t  
-rr p31= K , (8a) 

0 0 
T - ~ - Z  K , (8b) 

a r e  determined by only two independent isotopic spin amplitudes a 3 

and a corresponding to T = 3 / 2  and T = 1/2. Therefore a con- 1 ' 
+ 0 - s t r a in t  i s  implied on the amplitudes a , a , and a , namely 

0 -I- f i  a = a  - a - .  

The three  amplitudes fo rm a t r iangle in the complex plane. This 

I I implies three  triangle inequalities" constraining the differential (and 

t o  
total) c r o s s  sections U , U , and U -, namely 

+ 0 The c r o s s  sections U , a , and U - can re fe r  to completely specified 

5 configurations o r  to spin-summed o r  integrated c ross  sections.  See 

Fig.  2. 



The resu l t s  (7)  fo r  the differential  c r o s s  section for  react ion 

( 8 c )  can  b e  combined with previously repor ted  resu l t s  for  react ions 

(8a) and (8b) a t  the s a m e  pion momentum2'  to t e s t  the charge-  

independence hypothesis.  The coefficients A i n  Legendre polynomial 
n 

expansions of the f o r m  of Eq. (6) fo r  the 0 O and 0' differential c r o s s  

sect ions a r e  given in Table I. The differential  c r o s s  section co- 

efficients and complete e r r o r  ma t r i ces  w e r e  used to calculate the 

o L  t i  1 

quantit ies (20. )2 ,  (0 ) , and (0 -)' and the e r r o r  co r r ido r s  (correspond- 

ing to one s tandard deviation fluctuation) plotted i n  Fig. 3. I n  Fig. 4 

0 5 t L  1 

a r e  plotted (20 ) and (0. ) t  (5 -)', corresponding to the inequality 

of Eq. (10a). I t  can be seen  that the inequality i s  not significantly 

violated. The c loses t  that the data come to violating the inequality i s  

for  values of cos e Z  between about -0.5 and -0.9. The inequalities of 

Eqs .  (10b) and (10c) a r e  sat isf ied by the experimental  resu l t s .  Thus 

reac t ions  (8) a t  1170 M ~ V / C  incident pion momentum satisfy the 

hypothesis of charge independence. 

The constraint  on the polar izat ions of the produced Z ' s  resulting 

f r o m  Eq. (9) has  been analyzed by Michel. 5' In the l imi t  in which 

the equality holds in one of Eqs .  ( l o ) ,  corresponding to a "flat" 

t r iangle  such a s  that in  Fig.  2(b),  this constraint  reduces to 

As  the t r iangle  i n  Fig. 2 depar ts  f r o m  f latness ,  this constraint  i s  

rapidly relaxed.  In Fig.  5 a r e  shown the constraints on the polar i -  

0 
zation of the 2 at 1170 M ~ V / C  b e a m  momentum a s  a function of 

cos 8 calculated f r o m  the measured  differential  c r o s s  sections for  2' 

the three  reac t ions  (8) and the leas t - squares- f i t ted  values for the 

t  polar iza t ion  of the a s  m e a s u r e d  f r o m  the a symmet ry  of the decay 



~f 
prr 0 . 2 The l eas t - squa res  coefficients fo r  the 2 f polarization 

t i m e s  differential  c r o s s  sect ion a r e  given in Table 11. Also plotted 

t 0 
in Fig.  5 a r e  the fi t ted C polarization used  and the 2 polarization 

and e r r o r  co r r ido r  r epor t ed  in Ref. 3. (In the region between cos 

= -0.5 and cos ex = -0.9, the triangle i s  a s sumed  to be flat .  ) I t  

can  b e  seen  that the experimental  resu l t s  ag ree  with the charge-  

independence constraints .  

Binford, Good, and Kofler have pointed out7 that the Z charge-  

independence t r iangle  i s  f lat  o r  near ly  f la t  in the backward-hyperon 

direct ion fo r  the beam momenta f r o m  threshold up to 1275 M ~ V / C ,  a s  

wel l  a s  a t  higher momenta,  where  backward Z-  production i s  nearly 

t 0 
z e r o  whereas  backward Z and 2 production a r e  la rge  (presumably 

::< 
because  of the exchange of s t range  mesons  such a s  K ). When the 

charge-independence t r iangle  i s  f lat ,  the two isotopic spin amplitudes 

t -  0 a and a ( a s  well  a s  the ampli tudes a , a , and a ) a r e  constrained 
1 3 

to be relat ively real .  Then the measured  values of the differential  

c r o s s  sect ions for  any  two of the three  react ions (8) can be used to  , 

calculate  values of a and a (up to a common phase). F r o m  the 
1 3 

differential  c r o s s  sections of a l l  t h ree  react ions,  these amplitudes 

can be calculated by l eas t - squa res  analysis  with one constraint.  F r o m  , 

the m e a s u r e d  differential  c r o s s  sections of this  experiment  and of 

Refs.  2 and -3, evaluated a t  cos eZ = -0.7 (which corresponds to  the 

center  of the region in which the t r iangle  i s  a s sumed  to be f la t ) ,  the 
1 

ampli tudes a r e  calculated to  b e  a - -7.37 * 0.13 (pb/sr)' and 
1 

1 - 
ag = 2.70 * 0.34 ( p b / ~ r ) '  a t  1170 M ~ V / C  pion momentum. Thei r  ra t io  

i s  a /a - -2.73 rt 0. $5. We have a l s o  calculated this rat io  in s imi l a r  1 3 -  



fashion f r o m  previously repor ted  data f o r  the three  reactions (8) in 

angular  regions where  the t r iangle  i s  f l a t  a t  a number of other beam 

momenta f r o m  threshold up to 1.59 G ~ V / C .  8-12 The resu l t s  a r e  

plotted in Fig.  6. 

13 
Tr ipp  e t  al. have a r r a n g e d  m o s t  of the known baryon resonances 

into SU(3) multiplets by means  of m a s s  formulae,  checking the con- 

s i s tency  of their  ass ignments  by comparison of var ious decay r a t e s  

within each  multiplet. Using the values of coupling coefficients thus 

determined,  one can predict  r a t e s  for  the decay of various resonances 

into previously unobserved channels.  We have calculated the p r e  - 

dicted r a t e s  a t  the center -of -mass  energy  of this experiment for  decay 

t .lr 

into 2- t K of th ree  baryon resonances:  Ni(1518) ,  JP = 3/2-; 
2 

.I. -8% rl. 

N~ 2 ( I 6 7 0 ) >  JP = 5/2-; and NT 2 (1688), J~ = 5/2'. The combined effects 

of these predictions should contribute to  the coefficients A of the n 

Legendre polynomial expansion of the differential  c r o s s  section, 

Eq. (6) ,  a s  follows: 



The coefficients in the f i f th-order  l eas t - squa res  fit to the experimental 

data a r e  

A. = 18.38 * 0.50 i*b/sr, 

with a probability of 46.58%. The experimental  total c r o s s  section, 

which i s  proportional to  A i s  t h ree  t imes  a s  l a rge  a s  that predicted 0' 

f r o m  the baryon resonances.  Thus there  mus t  be  some other  con- 

tributions to the total c r o s s  section. This makes  elaborate compari-  

sons of the higher coefficients quite speculative. However, since the 

other  contributions a r e  l ikely to be  of low angular momentum, i t  m a y  

b e  significant that the predicted coefficient A ar i s ing  f r o m  the 5 

in te r ference  between the D and F resonances ag rees  within the 
5 / 2  5 / 2  

experimental  e r r o r  with the m e a s u r e d  value of A We conclude that 
5' 

the experimental  data a r e  consis tent  with the predictions,  even though 

a n  adequate f i t  requi red  Legendre polynomials only through the second 

o r d e r .  
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Table I. Coefficients in  the Legendre polynomial expansion 
of the differential  c r o s s  section. 

t $ 4 -  Reaction n -p  + B O K O  Reaction n p + Z. K 

Coefficients 
( t w s r )  

E r r o r  
correlat ions 

(@/s r )  



Table 11. Leas t - squa res  coefficients in  a n  expansion of the form 
Pz + d o / d ~  = s in  e 2. B cosneZ 

t Z n  n 
fo r  the C polar izat ion t imes  differential  c r o s s  section. 

t t i -  
Reaction .rr p -. Z K 

(IJb/sr) B o  = 7.03 & 3.19 

E r r o r  
cor re la t ions :  



FIGURE CAPTIONS 

Fig.  1. Cor rec ted  absolute differential  c r o s s  section in pb/sr for  the 

react ion r r -p  -r 2-K+ and l eas t - squa res  fitted function with e r r o r  

co r r ido r  (corresponding to one s tandard  deviation fluctuation), plotted 

a s  functions of cos eZ, the angle  between the incident pion and p ro -  

duced hyperon direct ions in  the center  -of -mass  system. 

+ Fig.  2. Charge-independence t r iangle  for  the react ions n p -+ z ~ K + ,  

0  0 t 
T - ~  -. C K , and rr-p + Z-K . ( a )  General  configuration of the con- 

t o  - s t r a in t  on the corresponding c r o s s  sections U , 0 , and C implied 

by  the charge  -independence hypothesis. (b) " ~ l a t "  t r iangle ,  a 

l imiting case  of Fig. 2(a) ,  f o r  which Pz+ = Pz- = P z O .  
I 1 

Fig.  3 .  The quantit ies (U ') ', (U -)', and (2U plotted vs. cos e z 
a t  1170 M ~ V / C  incident pion momentum, a s  calculated f r o m  the 

r e su l t s  of Refs. 2 and 3 and this  experiment .  The e r r o r  co r r ido r s  

cor respond to one s tandard  deviation fluctuation and w e r e  calculated 

by  propagating the complete e r r o r  ma t r i ces .  
1 1 1 

Fig. 4. Comparison of the quantit ies (20 O) ' and (U ')T + (0 -15 a s  

functions of cos  6 corresponding to the t r iangle  inequality of Eq. (10a). 2' 

Fig. 5. Charge -independence cons t ra in ts  on the polarization of the 

0  produced Z (indicated by dotted l ines) ,  a s  calculated by using the 

m e a s u r e d  differential  c r o s s  sect ions of the three reactions (8) and the 

m e a s u r e d  polarization of the Z+ f r o m  reac t ion  (8a). Also plotted a r e  

t the m e a s u r e d  2 polarization (solid l ine) and the measured  Z 0 

polarization (solid l ine) with e r r o r  co r r ido r  (dashed l ines)  a s  reported 

in Ref. 3 .  Between cos e Z  = -0.5 and cos e I= = 
-0.9, in the region of 

apparent  violation of the inequality of Eq. (10a), the t r iangle  i s  - .  * 

a s s u m e d  to b e  flat. 



Fig.  6. The rat io  a / a  of isotopic spin amplitudes corresponding to 
1 3  

T = 1/2 and T = 3/2 in react ions (8), calculated for  values of cos ex 

a t  which the charge-independence t r iangle  is flat, plotted a s  a function 

of beam momentum. 
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T h i s  r e p o r t  was p r e p a r e d  a s  a n  a c c o u n t  o f  Government  
s p o n s o r e d  w o r k .  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  a n y  p e r s o n  a c t i n g  on b e h a l f  o f  t h e  Commiss ion :  

A. Makes a n y  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  u s e  o f  a n y  i n f o r m a t i o n ,  a p p a -  
r a t u s ,  m e t h o d ,  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  a n y  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  f r o m  t h e  u s e  o f  a n y  i n f o r -  
m a t i o n ,  a p p a r a t u s ,  m e t h o d ,  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 .  

As 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  o n  b e h a l f  o f  t h e  
Commiss ion"  i n c l u d e s  a n y  e m p l o y e e  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  e m p l o y e e  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  e m p l o y e e  o r  c o n t r a c t o r  o f  t h e  C o m m i s s i o n ,  o r  e m p l o y e e  
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 ,  a n y  i n f o r m a t i o n  p u r s u a n t  t o  h i s  employment  o r  c o n t r a c t  
w i t h  t h e  C o m m i s s i o n ,  o r  h i s  employment  w i t h  s u c h  c o n t r a c t o r .  


