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Abstract 

The resu l t s  'of an experiment conducted a t  Fermilab t o  measure 
the polarization of the f i n a l  s t a t e  proton i n  the reaction p + p + p t  + X 
and p + C + p +  + X a r e  presented. Measurements were made at beam energies 
of 100, 200, 300, and 400 GeV f o r  PT from 0.5 t o  1.5 GeV/c and Xfbetween 
-0.7 and -0.9. 
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We repor t  here  t h e  r e s u l t s  of an experiment conducted i n  t h e  I n t e r n a l  

Target Area of Fermi National  Accelera tor  Laboratory t o  measure t h e  po la r i -  

z a t i o n  i n  t h e  inc lus ive  processes p + p -+ p +  + X and p + C -+ p + +  X a t  in-  

c iden t  ene rg ies  of 100, 200, 300, and 400 GeV f o r  va lues  of PT from 0.5 t o  

1.5 G ~ V / C  and values  of X between -0.7 and -0.9. A complete desc r ip t ion  
f 

of t h e  i n t e r n a l  t a r g e t  spectrometer and t h e  Indiana polarimeter  have been 

presented i n  an e a r l i e r  ar t icle ' ' ) .  We measured t h e  f i n a l  s t a t e  protons 

produced by t h e  i n t e r a c t i o n  of t h e  main r i n g  proton beam with a room 

temperature hydrogen j e t  o r  a r o t a t i n g  carbon f i lament t a r g e t .  The in- 

c iden t  beam momenta were se lec ted  by pu l s ing  t h e  hydrogen j e t  a t  t h e  appro- 

p r i a t e  t i m e  i n  t h e  beam acce le ra t ion  cyc le  and by s e l e c t i v e l y  ga t ing  t h e  

f a s t  e l e c t r o n i c s .  For a s i n g l e  b u r s t  of t h e  warm jet ,  an in teg ra ted  lumin- 

34 -2 o s i t y  of approximately 10  cm. was a t t a i n e d  f o r  2 x 1013 c i r c u l a t i n g  

protons.  Luminosities from 4 t o  5 times higher  could be a t t a i n e d  with t h e  

carbon t a r g e t .  The spectrometer def ined t h e  incoming p a r t i c l e  t r a j e c t o r y  

and se lec ted  t h e  momentum and production angle.  The acceptance i n  t h e  pro- 

duction angle  w a s  f 2.88' v e r t i c a l l y  and f 0.57O hor izon ta l ly .  

W e  determined t h e  proton p o l a r i z a t i o n  by measuring t h e  l e f t - r i g h t  

asymmetry of t h e  proton s c a t t e r i n g  d i s t r i b u t i o n  on a secondary t a r g e t  ( a  

5 cm. carbon block). This measurement was made in a polarimeter  a t tached 

d i r e c t l y  t o  t h e  downstream end of t h e  i n t e r n a l  t a r g e t  spectrometer.  The 

polar imeter  (Fig. 1)  cons is ted  of  a p ropor t iona l  chamber te lescope before 

and a f t e r  t h e  carbon block. The e n t i r e  polar imeter  could be ro ta ted  180' 

about t h e  incoming beam d i r e c t i o n .  By averaging measurements made 180' 

a p a r t ,  l e f t - r i g h t  instrumental  asymmetries w e r e  reduced. The momentum 

acceptance was r e s t r i c t e d  by t h e  polar imeter  chambers t o  A p/p = f 5%. 

Using s c i n t i l l a t o r s  a t  t h e  beginning of t h e  spectrometer  and in t h e  



polarimeter ,a  t i m e  of f l i g h t  measurement allowed a c lean separa t ion of 

pions and protons over t h e  e n t i r e  momentum range. 

The asymmetry (E) i s  defined a s  E = (L - R) / (L + R) where L and R 

r e f e r  t o  t h e  number of l e f t  and r i g h t  protons s c a t t e r i n g  from the  carbon 

block i n t o  t h e  projected angle region (ex) between 6' and 22'. An onl ine  

hardware preprocessor was used t o  e l iminate  events  ou t s ide  of t h e  desired 

angular  region. This device increased our e f f e c t i v e  da ta  logging r a t e  by 

a f a c t o r  of 20 i n  t h e  angular region between 6' and 22'. The polar iza t ion 

(P) of t h e  incoming protons was ca lcula ted  us ing -E = PA where A is t h e  

analyzing power of the  carbon block which w a s  determined i n  an e a r l i e r  ex- 

periment(2). The minus s ign i s  included t o  conform t o  standard e l a s t i c  

(3)  a s c a t t e r i n g  s ign  conventions f o r  po la r i za t ion  i n  t h e  l i m i t  of Xf + -1.0 . 
One must be ca re fu l  t o  use exact ly  t h e  same event se lec t ion  c r i t e r i a  

f o r  l e f t  and r i g h t  s c a t t e r s  i n  order t o  prevent t h e  in t roduct ion of a system- 

a t i c  e r r o r .  To achieve t h i s ,  we have s tud ied  both chamber alignment and 

s e l e c t i o n  c r i t e r i a  f o r  events i n  t h e  case of mul t ip le  t r acks .  The chambers 

were al igned s o  t h a t  t h e  accepted angular  region was t h e  same f o r  0' and 

180° o r i en ta t ions .  The alignment was checked pe r iod ica l ly  by analyzing 

a sample of small angle s c a t t e r i n g  events.  A good event i n  the  case of 

mul t ip le  t r a c k s  upstream o r  downstream of t h e  carbon w a s  se lec ted  by fo l -  

lowing c r i t e r i a :  (a) only one t r a c k  was present  upstream of the  carbon 

block and (b) no more than 2 t r acks  w e r e  present  downstream of t h e  carbon 

block. In  t h e  case of 2 t r acks  downstream of t h e  block (3 - 8% of t h e  events,  

depending on momentum), t h e  t r a c k  wi th  t h e  smaller angle was used t o  c a l c u l a t e  

the  asymmetry. This se lec t ion  procedure i s  cons i s t en t  with t h e  one used i n  

(2) t h e  measurement of t h e  analyzing power . 
W e  have t h r e e  consistency checks a v a i l a b l e  f o r  our measurements: 

(1) About equal  numbers of pion and protons were taken a t  p = 0.73 G ~ V / C  



and p = 1.21 G ~ V / C  f o r  t h e  hydrogen and carbon t a r g e t s  respect ive ly .  In  

both cases  t h e  pion r e s u l t s  were cons i s t en t  with zero  asymmetry wi th in  a 

s t a t i s t i c a l  unce r t a in ty  of + 0.003. 

(2) The proton up-down asymmetry f o r  a l l  po in t s  and beam energies  

was found t o  be zero wi th in  s t a t i s t i c a l  e r r o r s .  This must be true f o r  a 

p a r i t y  conserving reac t ion  s ince  t h e  up-down d i r e c t i o n  i s  perpendicular  t o  

t h e  primary s c a t t e r i n g  plane. 

(3) The d a t a  from t h e  two pos i t ions  of r o t a t i o n  of t h e  polarimeter  

were analyzed separa te ly  and found t o  agree  wi th in  s t a t i s t i c a l  e r r o r s .  

Af ter  averaging,  the  r e s idua l  instrumental  asymmetry i s  much less than t h e  

indica ted  s t a t i s t i c a l  e r r o r .  

The p o l a r i z a t i o n  of proton-proton inc lus ive  s c a t t e r i n g  f o r  P = 0.5 G e ~ / c  
T 

f o r  beam energ ies  of 100, 200, 300, and 400 GeV i s  shown i n  Fig. 2 .  For 

Xf = -0.7 and -0.8 t h e  po la r i za t ion  is  v i r t u a l l y  independent of beam energy 

but  f o r  Xf = -0.9 t h e r e  appears t o  be a decrease of p o l a r i z a t i o n  wi th  in- 

creas ing beam energy. Since t h e  point  PT = 0.5 and Xf = -0.9 is  i n  t h e  t r i p l e  

Regge region,  we used t h e  formalism of F ie ld  and Fox(4) t o  c a l c u l a t e  t h e  s 

dependence which is  expected. By assuming t h a t  only t h e  PRR amplitude con- 

t r i b u t e s  t o  t h e  po la r i za t ion  i n  p + p -+ pl. + X, t h e  observed po la r i za t ion  

should be 

a30/ap3 (PRN 
P = K' 

. 
d30/dp3 ( a l l  terms) 

For a constant  X and P then, t h e  t r i p l e  Regge p red ic t ion  is P = IC/s4. 
f T 

F i t t i n g  t h i s  equation t o  t h e  da ta  we f i n d  t h a t  K = 93.3 f 20 GeV. The 

curve is  p l o t t e d  i n  Fig. 2(c) .  

I n  Fig. 3, t h e  po la r i za t ion  f o r  PT = 1.0 GeV/c is shown. I n  general ,  

t h e  p o l a r i z a t i o n  shows very l i t t l e  dependence on X o r  beam energy. The f 



average po la r i za t ion  f o r  a l l  values of X f and Ebeam 
f o r  P = 1.0 G ~ V / C  is 

T - 
P = +0.011 4 0.005. It should be noted t h a t  a more s i g n i f i c a n t  polar i -  

za t ion has been seen f o r  t h e  inc lus ive  A process a t  t h i s  value of P 
( 5 )  

T *  

The po la r i za t ion  f o r  t h e  proton i n  the  reac t ion  p + C -+ p t +  X is  shown 

i n  Fig. 4. I n  con t ras t  t o  t h e  p + p + p +  + X da ta  (Fig. 3c) ,  t h e  polar iza t ion 

using t h e  carbon t a r g e t  (Fig. 4c) i s  s i g n i f i c a n t l y  d i f f e r e n t  from zero. In 

order t o  expla in  t h i s  d i f fe rence  w e  have postula ted  t h a t  t h e  inc lus ive ly  

produced proton, which is r e l a t i v e l y  slow i n  t h e  labora tory ,  has  a secondary 

s c a t t e r  wi th in  t h e  carbon nucleus. W e  have attempted t o  es t imate  t h e  polar i -  

za t ion due t o  t h i s  r e s c a t t e r i n g  by a simple model t h a t  assumes a l l  inc lus ively  

produced protons s c a t t e r  only once i n  the  carbon nucleus.  W e  use t h e  measured 

proton-carbon d i f f e r e n t i a l  c ross  sec t ion  and analyzing power(6) t o  descr ibe  

the  secondary s c a t t e r  and t h e  proton-proton inc lus ive  d i f f e r e n t i a l  c ross  

sec t ion  t o  descr ibe  t h e  primary interact ion( ' ) .  With t h e  above model, w e  

find t h a t  t h e  n e t  po la r i za t ion  due t o  r e s c a t t e r i n g  is  approximately -.08 a t  

PT = 1.0 G ~ V / C  and Xf - -0.9 which is  cons i s t en t  with our observed r e s u l t .  

For t h e  PT = 1.5 GeV/c carbon da ta  (Fig. 4 (a ) ,  4 (b) ) t h e  r e s c a t t e r i n g  model 

would p red ic t  a smaller observed po la r i za t ion .  This i s  a l s o  cons i s t en t  with 

t h e  data .  
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FIGURE CAPTIONS 

FIG. 1 Elevation view of polarimeter. T1 and T2 a r e  t r i gge r  counters. 
PC 1-8 a r e  multiwire proport ional  chambers. HX and Em are hodoscope 
counters. R1-3 form a range telescope.  Protons r e sca t t e r  in carbon 
block C. 

FIG. 2 Polar izat ion r e s u l t s  at P - 0.5 GeV/C from A2. (a) X a -0.7, . 
(b) Xf = -0.8, and (c) X '= -0.9. The curve shown in 2 (c) is a 
f i t  t o  a 4rip1.e Regge mo6e1. 

FIG. 3 ~ o l a r i r a t i o n  r e s u l t s  a t  P - 1.0 GeV/C from. H2. (a) Xf = -0-7, 
(b) Xf = -0.8, and (c) X -0.9. 

FIG. 4 Polar izat ion r e s u l t s  from carbon. (a) PT - 1.5 GeV/C, X = -0.8, 
(b) PT = 1.5 G ~ V / C ,  X = -0.9, and (c) PT = 1.0 G ~ V / C ,  X = -0.9. 












