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The average polarl.zation of t h e  C" prod~~ced  i n  the reac t ion  

x- -I- p -. X- + l? has been measured between center-of-mass angles 174 0 

and 166' f o r  an incident n- momentum of 1145 M ~ V / C .  A polarized proton 

t a r g e t  was used, and t h e  C- polar izat ion w a s  found by measuring t h e  

t- difference i n  t h e  production-mte of K mesons fo r  protons polarized 

along t h e  production-plane normal anti agains t  it. Spark chambers were 

+ 
used t o  record t h e  fi- and IC: t r a j e c t o r i e s ,  and t h e  fl- momentum was 

3. obtained frorn a magnetic spec-trometer while t h e  K momentirm wds obtained 

frorn a range telescope.  Each event was kinematically reconstructed i n  a 

one cons t ra in t  f i t  t o  he lp  el iminate events produced from protons bound 

i n  heavy nucle i  of t h e  t a r g e t .  The C- polar izat ion wasfound t o  be 

-0.36 5 0.46 . 
- - -  - -  
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I. I m O D U C T I O N  

&cause of experimental d i f f i c u l t i e s ,  very few measurements have 

4- 1,2 
been made of t he  C- pola r iza t ion  i n  t he  react ion ~ s -  + p  -+ C- + K . 
The problem i s  -that t he  C- decays almost e n t i r e l y  through the  mode 

- - 
C -, n  + fi , but s ince  t h i s  process i s  almost pure S-wave t he r e  i s  no 

decay asymmetry t o  revea l  t h e  polariza-Lion. I f  t he  angular d i s t r i bu t i on  

of t h e  neutron i s  wr i t t en  a s  

t h e  measured value of t h e  asymme-try parameter (a  - ) i s  only -0.017 C 0.042. 3 

There i s  some current  i n t e r e s t  i-n exploring t h e  C- polar izat ion i n  

4- 
fi- I-  p -+ C- -t K b e c a ~ ~ s e  t h i s  react ion could possibly serve a s  a source 

of polar ized C- f o r  inves t iga t ing  -the decay C- -, e- + n  -t- v . Theories 

of weak i n t e r ac t i ons  based on un-itary symme-try predic t  an angular d i s t r i -  

bution i n  which t h e  e lec t ron  tends t o  come off  i n  a d i rec t ion  opposite 

t h e  spin of t h e  C- while t he  V-A theory pred ic t s  an almost i so t rop ic  

dis-tri-bution.'-6 i f  t h e  measured el-ectron asymmetry tu rns  out t o  be 

small, knowledge of t h e  2- polar izat ion i s  necessary t o  i n t e rp re t  t h e  

value round for t h e  asymmetry. 

+ 
We have measured t h e  C- polar izat ion i n  - r ~ -  -t p  -* C- + K by using 

a polarized. pro-ton . target  and measuring t he  di f ference i n  t h e  production- 

-t 
r a t e  of K mesons fo r  protons polarized along t he  production plane normal 

(cfi x Ex) and against  t h e  normal. If I+(@) and I-(@) a r e  t h e  number of 

events per  un i t  of TC- fl-ux, produced with t h e  t a r g e t  protons polarized 

along t he  normal and agains-t t h e  normal respec t i~re ly ,  and P i s  the  
T 

average t a r g e t  po la r iza t ion ,  then the  C- polarizati.on i s  given by 



The incident beam momentum was 1143 M ~ V / C  with a momentum spread of 

2 1.3 percent. Detai ls  of t he  construction and operation of t h e  polarized 

t a r g e t  have been described el sew he^-e.7 Average polar izat ion of the  tar- 

ge t  during t h e  experiment was 37.5 percent. The C- polar izat ion was 

measured f o r  C- produced between center-of-mass angles 134' and 166' 

measured from t h e  d i r ec t i on  of t he  incoming x- . 

The arrangement of t h e  spark chambers and counters used t o  detect  

+ 
K mesons i s  shown i n  Fig.  1. The beam of x- mesons passed through 

counter S1 and D, and through a hole i n  veto-counter A1 t o  s t r i k e  t he  

polarized t a r g e t .  Counter D was connected t o  a c i r c u i t  (E ) which vetoed 
C 

events i n  which two p a r t i c l e s  a r r ived  i n  a period of 0.45 psec i n  order 

-?- 
t o  decrease t h e  number of double t racks  i n  t h e  spark chambers. K mesons 

pro&ced i n  t h e  t a r g e t  passed through s c i n t i l l a t o r s  S p  
and S3' 

wate r - f i l l ed  Cerenkov counters C and C and stopped i n  t he  l a rge  water- 1 2' 

f i l l e d  Cerenkov counter T. The Cerenkovthreshold f o r  water i s  f3 = 0.75 

+ so  t he  K mesons (0.7 < p < 0.75) did  not t r i g g e r  veto-counters Cl and - - 
C but  e l a s t i c a l l y  s ca t t e r ed  x- and protons did .  The 1.33 inch copper 2 

-?- block degraded t h e  momentum of t h e  K mesons so that they would s top  i n  

+ T. Once i n  T, a K meson decaying by e i t h e r  K o r  K decay produced a 
x2 ~2 

charged p a r t i c l e  with f3 high enough t o  t r i gge r  T. I f  t h e  p a r t i c l e  passed 

through a s ide  of T covered by one of t h e  4 p counters it would a l s o  

t r i g g e r  a p counter. The T s igna l  and t he  sum of t h e  p counter s ignals  

(p ) were required t o  be delayed by more than 6 nsec from a "promptu 
sum 



I- 
s i g n a l  t o  f 'wther favor t r igger ing  on K mesons. Veto-counter A pre- 2 

vented t r igger ing  on events i n  which there  was an unscattered beam pa r t i -  

c l e .  The master t r i g g e r  can thu.s be wri t ten  a s  

+ 
Once t r iggered,  spark chambers K through K4 recorded t he  K t r a j ec to ry ,  

1 
4- 

while t h e  Mu chambers recorded t h e  t r a j e c t o r i e s  of t h e  K charged decay 

products. Chambers B B and B recorded t h e  t r a j ec to ry  of t h e  incoming 
3' 4 5 - . Not shown i n  Fig. 1 a r e  spark chambers B and B and a bending 1 2 

magnet which i n  conjunction with spark chambers B and B ntade a magnetic 
3 4 

spectrometer measuring t h e  x- momentum. Counter s ignals  were photographed 

on a four-beam oscil loscope,  and t h e  delay-time d i s t r i bu t i on  between any 

p-counter s igna l  and t h e  S s i gna l  was checked f o r  consistency with  t h e  
3 

4- K l i f e t ime .  

111. DATA ANALYSIS AM3 RESULTS 

I n  t h e  pa r t i cu l a r  t a r g e t  used i n  t h i s  experiment only 3 percent by 

weight of t h e  t a r g e t  cons t i tu ted  f r e e  hydrogen and there fore  C- hyperons 

were produced from protons bound i n  heavy nucle i  i n  t h e  t a r g e t  a s  wel l  as 

from f r e e  protons. A l a rge  percentage of these  quas i -e las t i c  events were 

el iminated by reconstructing each event kinematically and discarding those 

events where a l a rge  momentum ( ~ e r m i  momentum) of t he  i n i t i a l  proton was 

indicated.  Kinematic var iables  measured i n  t h i s  experiment were t h e  

-t ' momenta of t h e  incoming n-(I; - )  and bhe outgoing K (%,); t h e  Z- was not 
3t 

measured because it usual ly  decayed before reaching t he  spark chamber 

which could have detected it. However, it i s  very probable t h a t  most of 

4- t h e  detected K corresponded to  t h e  production of a C-, s ince  f o r  a two- 

+ + body f i n a l  s t a t e ,  one f i n a l  p a r t i c l e  being a K and t he  other a A, C , or  



,Yo, production by a s- incident on a nucleon i s  forbidden by charge con- 

servat ion.  However more complicated in te rac t ions  i n  heavy nuclei, such a s  

- + 
7r + p I- p  3 K + h + N, or  t he  production of ex t ra  pa r t i c l e s  i n  the  

f i n a l  s t a te ,cons t i tu ted  pa r t  of t he  quas i -e las t i c  background which had t o  
. . 

be subtracted.  The magnitude of t h e  K-I' momentum was found from i t s  range 

i n  counter T. 

Momentum determined from the  range measurement was compared with 

t h e  momentzan measured from t h e  par t ic les '  bending i n  t h e  polarized t a r g e t ' s  

magnetic f i e l d .  This comparison made it possible  t o  eliminate t he  back- 

ground of s- mesons and patons  which had t r iggered  t h e  system i n  s p i t e  

of t h e  b i a s  aga ins t  these  p a r t i c l e s  by t h e  e lec t ron ic  logic .  From < 
7r 

and $ t h e  mass of t h e  unseen Z* was calcula ted from t h e  formula 

+ 
where E and EK a r e  total energies of the  n- and K , respectively,  and 

n 

m i s  t h e  mass of t h e  proton. I f  t h e  event was from a f r e e  proton t h e  
P 

missing mass of  t h e  unseen p a r t i c l e  would be 1197.2 --the mass of t he  C--- ,  

but  i f  it was from a bound proton, t h e  Fermi momentum would usual ly  make 

t h e  missing mass some other  value. Of course some of t h e  quasi -e las t ic  

cvcnts exact ly  simulate events from f r e e  protons, and t h i s  back~round 

was measured by means of a dumr!~ t a rge t  s imi la r  t o  t he  c r y s t a l  t a rge t  

but lacking f r e e  hydrogen. 

Figure 2 shows t h e  d i s t r ibu t ions  i n  missing mass for t h e  f'inal 

sample of. K - ~  events.  Thc urishaded histogram contains pos i t ive  and ncga- 

t l v e  targel; po la r iza t ion  dnka added. together and t he  shaded histogram 

contains t h e  dummy t a r g e t  data .  I n  order t o  nornlalize t he  d~unmy t a rge t  

d i s t r i bu t i on  to t h e  polar ized t a rge t  distr ibtxtion according t o  t h e  number 



of incident  35- mesons, t h e  dummy t a r g e t  da t a  have been mul t ip l ied by a  

f ac to r  4.2. This i s  t h e  r a t i o  of t h e  number of incident K- f o r  polarized 

t a r g e t  da ta  t o  t h e  number of incident K- f o r  dummy t a r g e t  data.  The 

smooth curve i s  a Monte Carlo calcula t ion of the  missing mass d i s t r i bu t i on  

f o r  t h e  c r y s t a l  t a r g e t  normalized t o  t h e  a c t m l  number of events, while 

t h e  dashed l i n e s  show what par t  i s  due t o  quas i -e las t i c  events. Included 

i n  t h e  Monte Carlo ca lcu la t ion  i s  t h e  estimated resolut ion of t h e  experi- 

ment i n  x i ss ing  mass which i s  taken a s  a Gaussian with cr = 6 MeV. Resolu- 

t i o n  i n  missing mass i s  ca lcula ted from t h e  e f f ec t  of Coulomb sca t te r ing  

i n  counter T on Gj and t h e  e f f e c t  of Coulomb sca t te r ing  i n  t he  polarized 

-+ 
t a r g e t  and of inaccuracy i n  measuring spark chamber t racks  on k  and . 

K 

Events i n  t h e  mass i n t e r v a l  11-84 < missing mass < 1210 MeV w i l l  be taken - - 
t o  be i n  t h e  "e las t i c"  peak, which means t lmt  2 standard devia t ions  a r e  

taken on each s ide  of th?  mass of t h e  C-, assuming a 6 MeV resolut ion.  

After  subtract ing t he  dwnmy t a r g e t  d i s t r i bu t i on  (representing events from 

bound protons) -Prom t h e  c r y s t a l  t a r g e t  data,  the re  i s  a t o t a l  of 72 events 

from f r e e  hydrogen. 

Figure 3 shows data  f o r  pos i t i ve  and negative t a r g e t  p o b r i z a t i o n s  

p lo t t ed  separate ly .  The upper graph corresponds t o  negative t a r g e t  

polar izat ion;  the  shaded histograms a r e  normalized dtunmy t a rge t  da ta .  

Figure 11- shows the  decay-time d i s t r i bu t i on  of a l l  events from 

+ c r y s t a l  or  dummy t a rge t  which were accepted a s  K mesons. Agreement with 

+ t h e  K l i f e t ime  i s  seen t o  be s a t i s f ac to ry .  The f i n a l  value found f o r  t h e  

po la r iza t ion  was F = -0.36 t 0.46 . 
C 

S t a t i s t i c a l  e r ro r  i n  t he  po la r iza t ion  amounted t o  ? 0.41, but  i n  

add i t ion  t he r e  were two p r inc ipa l  sources of systematic e r ro r .  One e r r o r  



was a 10  percent uncer ta inty  i n  measuring t a r g e t  polar izat ion.  The other 

systematic e r r o r  came about from t h e  manner i n  which t h e  dummy t a r g e t  

background was normalized t o  t h e  c r y s t a l  t a r g e t  data. Because t h e  dummy 

t a r g e t  was only 0.75 a s  dense a s  t he  c ry s t a l s ,  fewer events occurred per 

un i t  a rea  with a given incident  f lux  of x- mesons; but  because t h e  dummy 

t a r g e t  was l a r g e r  it intercepted more of t h e  beam, which tended t o  equa- 

l i z e  production r a t e s  of events from bound protons i n  dummy and c r y s t a l  

t a rge t s .  What i s  usual ly  done i n  polarized t a r g e t  experiments t o  ge t  

t h e  cor rec t  background normalization i s  t o  t ake  t h e  shape of t h e  dummy 

t a r g e t  da ta  and normalize it t o  t h e  quas i -e las t i c  t a i l s  of t h e  c r y s t a l  

data i n  whatever manner it i s  p lot ted.  I n  t h i s  experiment t h e  number of 

events i n  t h e  i n e l a s t i c  t a i l s  of t h e  dummy t a r g e t  was only 20 events which 

i s  t oo  small t o  be useful .  Another p o s s i b i l i t y  would be t o  ignore t h e  

dummy t a r g e t  data and use t he  Monte Carlo ca lcu la t ion  t o  est imate t he  

quas i -e las t i c  background. Agreement of the  flux-normalized background 

with t h e  Monte Carlo calcula ted background i s  c e r t a in ly  encouraging; but 

t h e r e  a r e  l a rge  uncer ta in t ies  i n  t h e  ca lcu la t ion  too,as a r e s u l t  of t he  

oversimplif ied nuclear model used. The procedure f i n a l l y  adopted was t o  

ca lcu la te  t h e  po la r iza t ion  a s  i f  t h e  flux-normalization was correct  but 

increase  t he  e r r o r  t o  t ake  account of t h e  p o s s i b i l i t y  of an incorrect  

normalization. From considerations of t h e  maximum possible e r r o r  i n  the  

normalization, t h i s  systematic e r ro r  i n  t h e  value of t he  C- polar izat ion 

i s  estimated t o  be f 0.2 which when combined with t he  other e r ro rs ,  a l l  

taken i n  quadrature, y i e ld s  t he  s t a t ed  e r ro r  LS;PC- = + 0.46 . 
Although t h i s  measurement of C- pola r iza t ion  i s  lacking i n  s t a t i s t i -  

c a l  accuracy, it does serve t h e  purpose of concretely demonstrating the  



4- 
f e a s i b i l i t y  of t he  method used. Enlarged K detectors  and longer experi- 

ments f o r  g rea te r  s t a t i s t i c s  will make polarized t a rge t  experiments very 

p rac t i ca l  f o r  invest igat ing C- polar izat ion i n  t he  react ion rr- + p -t C- K' . 
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FIGURE CAPTIONS 

Fig. I. Elevation diagram of t h e  counter and spark chamber arrangement. 

Fig. 2. Missing mass f o r  dwnmy t a rge t  (shaded) and c r y s t a l  t a r g e t  data  

normalized t o  t h e  TC- f lux .  The smooth continuous curve i s  a  

Monte Carlo ca lcu la t ion  of t he  c r y s t a l  t a r g e t  data,  and the  

smooth dashed curve shows what part i s  due t o  events from pro- 

tons  bound i n  heavy elements of t h e  t a r g e t .  Normalization of 

t h e  Monte Carlo calcula t ion i s  t o  t h e  number of events i n  t he  

c r y s t a l  t a r g e t  data.  !The calculated resolut ion i n  missing mass 

i s  i l l u s t r a t e d  by an i n t e r v a l  which should contain 68% of t he  

events from f r e e  hydrogen i n  t h e  c r y s t a l  t a r g e t .  

Fig. 3. Missing mass p lo t t ed  separate ly  f o r  pos i t ive  and negative t a r g e t  

po la r iza t ion .  Shaded histograms ind ica te  dummy t a r g e t  data  

normalized t o  t h e  c r y s t a l  t a r g e t  data .  The t op  graph corresponds 

t o  t h e  t a r g e t  p o l a r i z e d o p p s i t e  t h e  production-plane normal. 

f Fig. 4. Decay-time d i s t r i b u t i o n  of K mesons f o r  summed polarized t a r g e t  

and dummy t a r g e t  data.  A l i n e  with a slope corresponding t o  t h e  

+ 
K l i f e t i m e  of 12.3 nsec i s  shown f o r  comparison. 
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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   warrant,^ 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  
imp1 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  d a m a g e s  r e s u l t i n g  f rom 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 ,  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 .  

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  
Commiss ion"  i n c l u d e s  any  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 ,  any  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 .  




