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P OLARIZATIO N  PHENOMENA IN  H I GH ENERGY HADRON S CATTERING 

G o  BELLETTINI  

Unt i l  a f ew y e a r s  a g o , the  a s s ump t ion  wa s f re quen t ly 
mad e  tha t h i gh ener gy h ad r o n  s c at t e r ing  ab o u t  the  f o rw ar d  d i r e c­
t ion  w a s  mer e l y  s h a dow s ca t te r ing ! Th i s  w a s  mo t iv a te d  b y  the  
common f e a tur e for  th e va r io u s  r e ac t io n s  wh ich  sh owed  f o rw a r d  
p eaks , w ith  s l o p e s  r o ugh l y  ch ar a c te r i s t i c o f  the t o t a l  c ro s s­
s e c t ions . I t  was  n a t ur a l  to  a s s ume th a t  a s ca l a r  q uan t i ty was  
s u f f ic ien t to  d e s c r ib e  the  s c a t t e r ing  p ro c e s s  th r o ugh o u t  the  
r e g ion  of  the s e  f o rw a r d  p e ak s o  Th i s  a s s ump t ion  w as a l s o  s up po r ted  
by  th e f a c t th a t  th e e xc es s  of  th e f o rw a r d  c r o s s- se c t ion  above  
the  o p t i c a l  v a l ue wa s s ma l l •  th us imp l y in g  mo s t  n a t u r al ly th a t  
t h e  s c a t te r in g  amp l i tude  i n  th e f o rw a r d  r e g io n  w a s  p u r e l y  ima­
g in ar y , as it s h o u l d  be in c as e  o f  p ur e  d i f f r ac t ion c 

How e ve r , r e c en t  e xp e r imen t s on  p ion and p ro ton  s ca t te­
r ing in the  f o rw a r d  d ir e c t io n ( l )  and  of  p ion  c h a rge-e xch ange ( 2 ) 

on  p o l ar i s ed p r o tons  h ave p ro ve d  th a t  s p in d ep end en t e f fe c t s  are  
app r e c iab l e  a l s o  in  the  10  GeV  e n e r gy r e g i o n o  Th e s e  r e s ul t s  
o pened  u s  t h e  q ue s t ion  o f  me a s ur in g  ( and p r ed i c t in g  th e o re t i c a l l y ) 
th e s p in- d e p enden t p ar t  o f  th e h a d ron  s c a t te r in g  amp l i tud e a t  
h igh ener g i e s . 

Wh a t  h as to  b e  meas ur e d  in  the  � - p c a s e o  

Mo s t  o f  th e wo rk i s  b e in g  done  f o r th e � - p c as e , 
wh ich w e  sh a l l  d is c u s s  in s ome d e ta i l . I t  i s  cus t o ma ry to  wr i t e  
t h e  s c a t te r in g  amp l i tud e a s  

F ( s , t ) = f ( s , t ) + i g  ( s e t )  ( 1 )  
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f { s , t ) i s  c a l l ed th e non- s p in- f l ip , and g ( s 9 t )  th e s p in- f l ip p a r t  
o f  the amp l i t ud e o  g ( s , t ) c on t a ins  a s  a fac t o r  the s ine o f  th e 

-+ s ca t t er in g  an g l e , and i s  z e r o  in the  f o rward d ir e c t ion . n is  the  
no rma l to  th e s ca t t e r ing p l ane . S im i l ar e xp re s s ions  can be  wr i t t en 
f o r �+ . � e l a s t i c , and �- ch ar g e - e xchan g e  s c a t ter ing o 

T o  me as ure  f ( s , t ) and g { s , t ) f o r  any o f  the ab o ve r e ac­
t ions  one  h a s  to  me as ur e fo ur s c a l ar quan t i t ie s  ( a t  e ach s and 
t ) , i . e .  to  p e r f o rm f o u r  ind ep end en t  e xp e r ime n t s  (when al l 
r e a c t ions  are  me as ur ed t h oweve r , the  amp l i t ude s are  o ver-d e t e rmi­
ned  d ue to  is o s p in invar i ance ) c  

The  e a s ie s t  e xp e r imen t s  to b e  p er f o rmed a re 

a )  an e l as t ic s c a t ter in g  exp er imen t on  unp o l a r i s e d  p ro tons , t o  
mea s ure  

* { s , t ) = j f ( s , t ) j 2 + j g { s , t ) j 2 ( 2 )  

The  r e co i l  p r o ton from  th i s  r e ac t i on  h a s  a po l ar i s a t ion  no rma l 
t o  the  s c a t te r ing p l ane wh ich i s  g i ven b y  

p = 
0 

* 2 Im ( f g ) 

i f l 2 + j g j 2 
( 3 ) 

b )  a s c a t ter ing  e xp e r imen t  on  the  ab ove r e co i l  p ro ton , t o  m e a s ure 
P o The tar ge t a c t s  as  a p o l ar i s a t ion  a n a l y s e r , i o e o i t mus t 0 

h ave the  p r o p e r ty o f  s c a t te r ing  d i f fe r e n tly  dep end in g on wh e th e r  
the p r o ton s p in  i s  " up "  o r  11 d ownn , w i th a known a n a l y s ing p ower  a t  
the us e fu l  pro ton  ene r g ie s  and s c a t te r ing  an gl e s o A typ i c a l  an aly­
s er i s  c arb on for  ene r g i e s  o f  a few h und red MeV  and a t  an g l e s  
b e twe en 20 ° and 3 0 ° . From th e l e f t  and r i gh t  c o un t ing  r a t e s , NL 
and NR ' and f r om th e ana l y s in g  p ower  P C ' 

one ob t a  ins  p a s  0 

p p 
NR NL 

{ 4 )  = 
0 c NR + N

L 
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P c an a l s o b e  me a s ur e d  w i th a s imp l e r  e xp e r ime n t  ( a s in g l e  s c a t-o 
t e r ing in p l ac e  o f  a d o ub l e  one ) i f  one  h a s  a t  one ' s d i s p o s a l  a 
p o l ar i s ed  p ro t o n  t a rg e t .  O ne c an p r o ve t h a t  i f  we  as s ume invar i ance  
w i th r e s pe c t t o  p ar i ty and  t ime r e ve r s al , the  d i f f e r e n t ial  c r o s s­
s e c t ion f o r  s c a t te r ing  on  p o l a r i s ed p ro tons  i s  g iven b y ( 3 )  

= ( 5 )  

PT b e ing th e t a r g e t p o l ar i s a t ion  o r i en te d  " upw a rd s " , and the  + 
s ign  h o l d s  f o r  the  s c a t te r ing  t o  t h e  r i gh t ,  t h e  - f o r  the s c at te­
r in g  t o  th e l e f t o  From  the  l e f t- r i gh t a s ymme t r y  in c o un t in g r ate  
one  can me a s u re P e Ind eed  0 

00 

+ co 

= + 

:It 4 Im ( f g ) 

:It 2 Im ( f g  ) p = 
T ( 6 )  

Exp e r imen t a l l y  i t  i s  mo re  conven ien t t o  me a s ur e  th e c o un t ing  r a t e  
a t  a s in g l e  l ab o r a t o ry an g l e , once  f o r  t ar ge t p o l ar i s a t ion  " up "  
and once  fo r t ar g e t  p o l ar i s a t ion  " d own " ., The  s ame f o rmu l a ( 6 ) 
app l ie s  a l s o  in th i s  cas e e  wh en NU P  i s  s ub s t i t u ted  fo r NR , and 
ND OWN is s ub s t i t u ted  fo r NL . The h i gh ene r gy e xp e r imen t s  t o  
me a s u r e  P , ( 1 )  and ( 2 ) , h ave b e en made i n  th i s  manne r .  0 

c )  Th e th ir d  e xp e r ime n t  o f  o ur l i s t  i s  a d o ub l e  s c a t te r in g  e xpe­
r imen t us ing  a po l ar i s e d  p ro t o n  t ar g e t .  I f  the t ar ge t  p o l a r i s a­
t io n  PT i s  in the  s c a t te r ing p l ane , t r an s ve r s e  t o  th e d ir e c t ion 
of the  in c id e n t  p ion • the  r e c o i l  p ro ton  t r an s ve r s e p o l ar i s at ion  
P F in th e s ame p l ane  i s  p r o p o r t ion a l  to  PT . 

= 

---- - ------ -----

( 7 ) 
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I n  the  non- re l a t iv i s t ic app r o xima t ion  the  f un c t ion A ( s , t ) i s  g iven r 
in  t e rms o f  f ( s , t ) and g ( s & t ) b y  

x 2Re ( fg ) 
1 £ 1 2  + l g l 2 ( 8 ) 

+ Th e p o l ar i s a t ion  PF ' and th us A Jo 2 Re ( fg ) , c an b e  me a s ured  b y  
s c a t te r ing th e r e c o i l  p r o ton  o n  an  an a l y s er a s  d is c u s s ed ab ove , 
and r e c o r d in g the  " up-down" a symme t r y  w i th r e s pe c t  t o  the  
s c a t te r ing  p l ane . 

d )  i f  the  t a r g e t p r o ton i s  p o l ar i s e d  a l o n g  the d ir e c t ion o f  the 
inc iden t p i on , the r e co i l  p ro t on  t r an s ve r s e  p o l a r is at ion in the 
s c a t te r ing p l ane , P� , i s  g iven by ( in the  non- r e l a t iv i s t i c  a p p ro­
x ima t io n )  

P '  F = = l f l 2 - l g l 2 

l f l 2 + l s l 2 
( 9 )  

a g a in ,  P ; c an b e  me a s u r e d  a s  in c )  ab o ve . 

I f  r e l a t iv i s t i c  fo rmu l a e  a re u s ed f o r 8 ) and 9 ) ( 4 , s )  

one s e e s  th a t  A Jo Re ( f g+ ) and R :/C> ( l f l 2 - l g l 2 ) c annot  b e  me a­
s ur e d  ind ep end e n t l y  in c )  and  d ) , a mix t u r e  o f  th em  b e ing ac t ua l ­
l y  me a s u r e d  in  b o th e xp e r i men t s . Howe ve r , c )  me a s ure s e s s en t i a l l y  
A ,  and d )  e s s e n t ia l l y R �  B y  p er f o rm in g  b o t h  e xp er imen t s  o n e  c an 
make the c o r re c t io n s  wh i ch are  r e q u i r e d  and f u l l y  s e p a r a t e  A and 
R .  

s ince  
O ne can p r o ve th at  P , A aP d R are  no t independ en t ,  0 

p 2  + A2 + R 2 = l 0 
( 1 0 )  

The r e..--fo r e , w i th e xp e r ime n t s  a ) , b ) , c )  and d )  one  
p ar ame t e r  i s  l e f t  ind e te rm ined in t h e  s ca t t e r ing  amp l i tude , f o r  
e xamp l e  t h e  r e l a t ive ph a s e  o f  f ( s , t ) and g ( s » t ) . Howeve r ,  i f  
n+ . n e l a s t ic and n- ch a rge-e xch ange  s c a t te r in g  a r e  me as ured  
at  the  s ame t ime ,  the  i s o sp in 1 / 2  and 3 / 2  amp l i t ud e s  a re over­
d e t e r mined . 



- 1 1 5  -

Th e p o l ar i s a t ion  p a r ame t e r s  t o  b e  me a s ur e d  in b ) , c ) , 
d ) a r e  i l l us t r a te d  in  f ig e l •  

:I: 
Th e e xper imen t a l s i t u a t ion f o r TI s c a t te r in g o  

W e  s h a l l now b r i e f l y  i l l us t r a te wh a t  h as b e en done  up 
t o  n ow , and wh i ch me a s ureme n t s  are p l anned in the  n e a re s t f u ture , 
c o n c e r n ing-exp e r ime n t s  b ) t o  d ) in h i gh ene r gy p ion  s c a t t e r ing 
and  c h a r ge-exchang e o The  d i f f e r en t i a l  c ro s s - s e c t io n  in the d i f f rac­
t io n  r e g i o n  i s  f a ir l y  we l l  known fo r a l l r e ac t ion s 8 

:I: 
An e xp e r imen t to  me as ure  P in TI - p e l a s t i c s c at te-o 

r in g  b e tween  6 and 1 2  GeV / c w a s  p e r f o rmed a t  C E RN l a s t  y e a r . A 

l ay - o u t  o f  the  exper imen t a l  s y s tem i s  s ke t ch e d  in f ig . 2 ,  Th e 
s y s t em c omp r is e s  a p o l a r i s ed p ro t on t a r ge t ,  a s c in t i l l a t ion  
c o un t e r  h o do s c o p e s  o n  the  incomin g p ion , on  the  s c at t e r e d  p ion  and 
on the  r e c o i l  p r o ton . F o r  e a ch angu l a r  b i t a s  d e f ined  by the p ion 
h a do s co p e s  th e e l as t ic s ca t t e r in g  e ven t s  were i so l a te d  f rom the  
b ack g r o und b y  r e q u ir ing the  r e co i l  p r o t on to  be  c o p l an a r  and  to  
h ave  the c o r re c t  an gul ar c o rr e l a t ion  in  the  s c at t e r ing  p l ane o 
E l as t i c  s c a t te r ing  e ven t s  f r om f re e  p o l ar i s ab l e  hy d r o gen  in th e 
t ar g e t  showed  up a s  a p e ak on  a c o n t in uo u s  b ack g ro und in s uch 
c o rr e l a t i o n  p l o t s , as sh own in f i g . 3 .  A ty p i c a l  p r ob l em in s uch 
an e xp e r ime n t  u s ing  a p o l a r i s e d  p r o ton  t a r g e t i s  in f a c t  the 
s ep a r a t ion  o f  g o o d  even t s  f rom ine l as t ic b a ck g r o un d  
e ven t s ,  and f r o m  e l as t i c e ven t s  o f  b o und n u c l e ons e Th i s  i s  
b e c a u s e  i n  a l l t a r g e t c r y s t a l s u s e d  up  t o  now the con ten t o f  f re e  
p o l ar i s ab l e h y d r o ge n  w as o n l y  ab o u t  3 % i n  we i gh t .  Th e re s ul t s  o f  
th i s  e xp e r i men t ar e s h own i n  f i g . 4  fo r ne g at ive p io n s � and in f i g e 5  
fo r p o s i t ive p io n s . App r e c i ab l e  po l a r i s a t ion  w a s  f o und up t o  

1 2  GeV / c .  I n  the s ame e xp e r ime n t  s iz eab le , o l ar i s at ion  was a l so  
f o und f o r th e p ro t o n- p r o t on s c a t te r in g  c a s e . Th e r e s ul t s  ar e  s hown 
in f i g s  6 0  Fo r p-p . s ca t t e r in g  th e e xp r e s s ion  o f  P 0  in te rms o f  
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s p in amp l i tu d e s  i s  comp l i ca t e d , b e ca u s e  o f  the s e ve r a l  s p in c o up l in g s 
th a t  can con tr ib u te t o  the s c at t e r in g e  A t  the s ame t ime , th e s e  
r e s u l t s  are  very  imp o r tan t s imp l y  b e c au s e  th ey show th a t  s p in e f f � c t s  
a r e  impo r t an t  a t  h i gh ene r g i e s  al s o  fo r p-p  s ca t ter in g .  

Th i s  exp e r imen t a l  re s e arch w i l l  b e  f u r t h e r e d  at  CERN 

l a te r  th i s  y e ar ( 6 ) ( 1 9 6 7 ) , and w i l l  al so  be e x tend ed  t o  K+ , K- an d 
an t ip r o t ons , t ak in g  advan t a ge o f  th e h i gh in tens i ty o f  a s e cond a ry 
b e am f r om the  s l ow e j e c ted  pr o ton  b e am o f  C ERN . In th e p r o t on an d 
p ion c as e , ang ul a r  d is tr ib u t ion s o f .  th e p o l ar i s a t ion  p a rame t e r  w i l l 

< < r ange  over  O t l S � - t  � 1 , 1  ( Ge V / c ) 2 t a t  the  e n e r g ie s  up t o  
� 1 5  GeV / c , w i th p o in t s  s p ac e d  a t  a b o u t  o , o s t o  O , l  ( G e V / c ) 2 and 
s t a t is t i c a l  e r r o rs o f  ab o u t  t 3 % .  Th e f o rth c om in g  d a ta sho u l d b e  
g o o d  enough t o  answer  s e ve r a l  th e o re t i c a l l y  re l e van t q ue s t io n s  
wh i ch h ave b e en l e f t o pen b y  t h e  p re s e n t  d a t a  ( a s  we  sh al l b r i e f l y  

d i s c u s s  l a t er ) , Th e info rma t ion  i s  e xp e c ted  t o  b e  p ro g re s s ive l y  
mo re  mo d e s t  f o r k ao n s  and an t i p ro t o n s � A s ch eme o f  t h e  new CERN 

e xp e r imen t is  shown in f i g o 7 •  Th i s  e xp e r ime n t  u s e s  a p o l ar i ze d  
p r o ton t a r ge t and s c in t i l l a t ion coun t e r  h o do s c o p e s  to de f ine 
p ar t ic l e  t r a j e c to r i e s , and a ims to  s e p a r a t e  f r e e  h y dro gen e l as t i c 
s c a t te r ing  eve n t s  in a s im i l a r  manne r  as  in the e xp e r ime n t  o f  
B o r gh in i e t  a l . C l ) , Howe ve r t h e r e  are  s eve r a l  imp o r tan t new fe a t u re s , 
wh ich c an b e  l i s ted  as  fo l l ow s : 

a )  a mo r e  in tens e b e am o f  b o th s i gns  w i l l  b e  us ed t wh ich w i l l 
a l l ow one  t o  c o l l e c t  d a ta o ve r  an a p p r e c i ab l y  w id e r  t- r ange , 

and t o  s t udy f o r  th e f ir s t  t ime K+ and K- , and t o  s o me e x t e n t  
a l s o  an t ip r o tons . 

b )  a new p o l a r is ed t ar ge t  in h i g h e r  magne t i c f ie l d , and h o pe fu l l y  
con ta in ing a d i f fe r e n t  c ry s t a l  w i th a l a r g e r  f r ac t ion o f  f re e  

p o l ar is ab le c o mp o und � w i l l b e  u s e d . 
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c )  Ther e w i l l  b e  an add i t ional  c h e ck , b y  me ans o f  a c o up l e  o f  
thr e sh o l d  C e r enkov  c o un te r s , th a t  th e s c a t te r ed p a r t ic l e b e  

h igh- ener gy par t i c l e  o f  th e s ame n a ture  a s  the  inc id e n t  one . 
T h i s  check  s h o u l d  h e l p  in r e d u c ing  b ac k g r o und l e ve l . 

f:::. n ;- + d )  A ma gne t ic ,  w i th .-..... ·v - 5 % •  w i l l  b e  p er fo r me d  on  the s c a t ­p 
t e r e d  p r o t on s p a l s o  a imed a t  r e d uc in g  b ackg r o und o 

+ 
The s e t  o f  e xp er iment s  on  w - p s c a t t er in g  in  the  

d i f fr a c t ion r e g ion  w i l l  be  c o mp l e te d  w i th a n ew e xp er iment  wh ich 
is s ch e d u l ed to b e g in th is  au t umn a t  CERN ( 7 ) to me a s u r e  A and R 

• < < a t  ene r g i e s  b e tween  5 and 1 8  Ge V / c  and a . i s ru - t  ru o , S S  ( G eV / c ) 2 • 
A s k e tch o f  th i s  e xp e r ime n t  i s  s h own in f ig . 8 .  The  magne t i c f ie l d 
a t  the  long i tud in a l ly p o l a r i s ed t ar ge t i s  ob t a ined  b y  s upe r conduc­
t in g  c o il s ,  wh ich  l e ave f re e  s p a ce fo r d e t e c t ion o f  b o th th e 
s ca t te r ed p ion  and th e r e co i l  p r o t o n o  The  e xp e r imen t i s  done  in 
two par ts , w i th th e p o l ar i s ed t a rg e t l on g i tud in a l  and t r ans ve r s e  
t o  the  inc id e n t b e am d ir e c t ion , t o  ob t a in the  two re q u i red  o r ien­
t a t ion s of th e p o l ar i s at ion a S c in t i l l a t ion  c o un te r  h o do s c o p e s  
d e f ine  t h e  e l as t ic s ca t te r in g  e ven t s  i n  a w ay s im i l ar to  th a t  u s ed 
in r e f e ( l ) . Ana l y s i s  o f  the  r e co i l  p r o ton  p o l ar i s at ion i s  ma de 
b y  me ans of a l ar g e  c a rb on- p l a te s p ark chamb e r .  

The e xper i men t a l  s i tu a t ion  fo r p ion  ch arge - e xch ange . 

The ana l y s i s  o f  the  d a ta co l l e c ted  in th e e xp e r iment  o f  
B o namy e t  a l o ( Z ) i s  b e in g  c o mp l e ted  now ; a s  f ar a s  I know , th is  
e xp e r ime n t  w i l l  rema in fo r s ome t ime the o n l y  one on  p o l a r i s a t ion  
in cha r ge e xchange  a t  h igh ene r gy o  A p e r sp e c t ive d r aw in g of  th e 
l ay- o u t  i s  p r e s en t e d  in f i g o 9 o  A s im i l a r  t a r g e t a s  in r e f . ( l )  w a s  
us ed  o Ne u tr  a l  p i o n s  p r o duced  ab o u t  th e fo rwa r d  d i re c t  i o n  w e  r e  
d e t e c ted  b y  me ans o f  a th i ck p l at e  o p t i ca l  s p ark ch amb e r .  Re co i l  
n e u tr o n s  w e r e  d e te c te d  i n  an a r r ay o f  p l a s t i c  s c in t i l l at ion  c o un te r s o  
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E l a s t i c  s c a t te r ing  e ven t s  f r om f re e  hy d ro g en wer e  i s o l at e d  ab o ve 
I 

the  b ack g r o und b y  r e q u i r ing th e n e u tron  t o  b e  em i t ted  ai t h e  
k inema t i c a l l y  c o r re l a te d  d ir e c t ion  t o  t h e  p ion • i n  a n  ana l o go u s  
manner  to  the  e l as t ic  s c a t t e r in g  exp e r ime n t ( l ) o Howeve r . d u e  t o  
th e favo ur ab l e  cond i t ion o f  f r e e d om f r om mu l t ip l e  s c a t t e r in g  o f  
the l ow ene r gy r e c o i l  n uc l e o n g and b y  mak ing  u s e  o f  i t s t ime o f  
f l i gh t v  a b e t te r  s i gna l- to-no i s e  r a t i o w a s  ob t a ined o Th i s  i s  s e en 
in a t y p i c a l  n e u tron  t ime- o f - f l igh t d i s tr ib u t ion • wh ich is  shown 
in f ig o lO o  Par t i a l  re s ul t s  on P a t  0 � - t  � 0 , 3  ( GeV / c ) 2 and a t  0 
6 and 1 1  GeV / c  are  shown in f i g o l l e  App re c iab l e p o l ar i s a t ion i s  
f o und a t  6 GeV/ c �  wh i ch r ema ins  the  s ame w i th in th e e r ro r s  a t  
1 1  G e V / c o  The s e  r e s u l t s  are  ob t a ined  f rom ab o u t  80  % o f  th e 
c o l l e c t e d  d a t a o  

Comme n t s on  ope n  po int� .  

D i f fe r e n t i a l  c r o s s- s e c t ions  and p o l a r i s a t ion d a� a  in 
n - p s c a t t e r ing  a t  h i gh ene r g ie s f  and the charge-exchange  
c r o s s- s e c t ion � h ave b e en  in t e r p r e t e d  in  t e rm s  of  Re gge  p o l e  
e xchange  i n  t h e  cro s s e d  ch anne l ( 8 ) o T h e  known p o l e s  wh i ch c an 
b e  e xch ang ed  in  n± p e l a s t i c s c a t te r ing are  P ,  p u  and p �  O n l y  the  
p c an c o n t r ib u t e  t o  n = p cha rge e xchan ge o Howe ve r a l s o  the  p 9 , 
i f  i t  e x is t s ( 9 ) , c an b e  e xchan g e d  in  a l l r e ac t i on s o P o l ar i s at ion 
in e l a s t ic s c a t te r ing was a t t r ib u ted  to  in t e r fe rence  b e tween t h e  
s p in- f l i p  p a r t  o f  the  p amp l i tude a n d  the  non- sp in- f l i p  p a r t  o f  
th e P and p u  a mp l i t ud e s o Two c l e a r  p re d i c t ions  are  made in th i s  
mod e l .  F irs t �  th a t  p o l ar i s a t ion  w i l l  b e  inden t i c a l  in magn i tude 
b ut o p p o s i te in  s ign in n- and n+ s c a t t e r ing • s imp l y  b e ca u s e  the 
amp l i tude en te r s  wi th o p p o s i te s ign in the two re ac t ion s o  Se cond , 
th a t  P sh o u ld van i s h  a t  t � -0 9 6  ( Ge V / c ) 2 , wh e re the  s p in- f l ip 0 
p a r t  o f  the p t e r m  van i s h e s  t o g e th e r  w i th the t r a j e c t�ry a ( t )  p 
i t se l f  a P o l a r i s a t io n  d a ta b y  Bo r gh i n i  e t  a l e are  in gene r a l  
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a g r e e me n t  w i th t h e s e  p re d i c t iom e ve n  i f  they  are  no t f i t te d  in al l 
+ d e ta i l s  b y  th e mod e l  ( s e e  f ig o l 2 ) o  I n  p a r t i cul a r . in the  TI d at a  

one  may f in d  an  ind i c a t ion  o f  an ene r gy d e c r e a s e  wh i ch i s  mo re  
r ap id th an in  th e TI - c a s e o A l s o 9 whe th e r  and  at  wh ich momen t um 
t r an s f e r s  P 0  b e come s z e ro an d ch an ge s s ign  i s) t o  a l a rge e xten � 
an o pe n  ques t io n o H o p e ful l y , the  new C ERN e x p e r ime n t ( 6 ) w il l  make 
th e s e  p o in t s  c le a r o  

The ab o ve mod e l  a l s o  p red i c t s  a d i f f e r en c e  o f  th e o rd e r  
o f  O e 2  b e tween  A and R i n  TI + 

- p and TI -
- p 9  a t  5 Ge V / c 9  f o r  

0 � 1 5 � - t  � 0 0 40 ( G eV / c ) 2 < 7 > 0  A t  h igh e r  e n er g ie s  th e s e  d i f fe r en­
c e s  s h o u l d  van i s h o Th is  p red i c t io n  w i l l  be  t e s t e d  in the  f o r th co­
ming  CERN e xp e r ime n t ( ? ) o 

+ -S i z e ab.J.e p o l ar i s a t io n  in TI p e l a s t i c s c a t t e r in g  may b e  
a l s o  pr e s en t  away f r o m  the f o rw a r d  d ir e c t ion o In th e int e rp r e t a­
t io n  o f  b ackw a r d  n - p s c a t te r in g  in t e rm s  o f  s- ch anne l  r e s o n an c e s 
and b aryon  Re g g e  p o le e xchange  in the  u- ch ann e l  ( l O )  

• s izeable p o l a­
r is a t io n  i s  p r e d i c t e d  up to  s ever a l  G e V / c ,  in  the  r e g ion  o f  the  
b a ckwa r d  p e ak s � The  p re d i c t e d  po l ar i s a t ion  d e p e nd s  very  mu ch on  
the  c on t r ib ut io n  of  t e rms to  wh i ch the d i f f e ren t ia l  c ro s s- s e c t ion 
is  n o t v e ry s en s i t ive � show ing  in a l l  c a s e s a g r e a t  d e a l  o f  s t ruc­
t ur e o S uch a s i t u a t ion  i s  i l l u s tr a t e d  in  f ig o l 3 .  I t  i s  c l e ar th at 
an e xp e r imen t a l  inve s t i g a t ion  o f  th i s  p o in t  wo u l d  b e  e x t reme l y  
val uab l e o How e ve r � t h e  p rob l e m  o f  b ackg ro und d i s c r imina t ion  l o o k s  
in  s uch · an e xp e r ime n t e x t r eme l y  h a r d ,  a t  l e a s t  un t i l  new p o l ar i �d 
p ro t on t a r ge t s  w i th h igh e r  con t en t  of  f r e e  p o l a r i s ab l e  p ro to n s  a re 
ava i l ab l e o  The  e xp e r ime n t  deman d s  magne t ic an a l y s i s  o f  b o th f inal  
s t a te p a r t i cl e s  w i th l a rge  s pe ct r ome t e r s ,  and  h a s  to  de a l  w i th a 
v e r y  l ow c o un t in g  r a te � a s e v e r e  l im i t a t ion p a r t i c u l a r l y  in a 
p o l ar i s at ion  e xp e r imen t o  I t  h a s b e en con s ide red  w i th in t e r e s t a t  
C E RN ,  b ut i s  n o t o n  s ch e d ul e  fo r the ne a r  f u t ur e o 

------------- - - - ---·-----· 
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Fo r the  p - p  s c a t te r in g  c a s e v th e max imum p o l a r i s a t ion  
a t  1 2  GeV / c  i s  s t i l l  ab o u t  1 0  % �  a s  f o un d  b y  B o r gh in i e t  a l . ( f i g . 6 ) .  
The over a l l  s i t ua t ion  a t  h i gh e ne r g i e s  i s  s umma r iz e d  in f ig ., 1 4 o 
D a ta a t  h i ghe r  e ne r g ie s  are  n e e d e d  to s e e  we the r  P con t inue s t o  0 
d e c r e a s e  ab ove 1 2  Ge V / c 9  o r  t en d s  t o  rema in a p p r e c i ab l y  d i f fe ren t 
f rom z e ro { an in d i c a t ion  o f  th i s  tendency  may b e  found in th e d a t a 
o f  B o r gh in i e t  a l . { l ) o S ince  s p in e f f e c t s are  s t i l l  ap p re c i ab l e  at 
1 2  GeV/ c ,  one f a c e s  th e p rob l e m  th a t  p r e v io u s  an a l y s is of e l as t i c 
s c a t te r ing  d a t a  made  un der  th e a s s ump t i o n  o f  a s p in- ind e p en d e n t 

� 

f o rw ard s ca t te r in g  amp l i tude sho u l d b e  re v i sed . As  an e x amp l e  one  J 
c an c i t e  th e d e r iva t io n  o f  th e r e a l  p a r t  o f  the fo rw a r d  s cat te r in g  
amp l i tude  w i th th e C o u l omb in t e r f e r en ce me tho d ( l l ) o O n  the o th e r  
h an d , th i s  w i l l  o n l y  b e  p o s s ib l e whe n  a comp l e t e s e t  o f  po l ar is at ion 
e xp e r ime n t s  on  th e p-p  sy s tem is  ava i l ab l e 9 and th e s t ren g th o f  th e 
v a r i o u s  s p in- o rb i t  and  s p in- s p in in t e r ac t i o n s  a re known s e p a r at e ly o 
S ome o f  th e se e xp e r imen t s  w i l l  ne ce s s ar i l y  r e q u i r e  the  u s e  o f  a 
p o l a r is e d  p r o t o n  b e am an d s uch b e ams a re no t ava i l ab l e  to- d ay at 
h igh ene r g ie s .  Howe ve r �  i t  h a s  to  b e  ob se rve d th at  i f  sp in in te­
r a c t io n s  a re i n d e e d  a p p re c i ab l e  a t  h i gh ene r g ie s 9 one  c an in  p r in­
c ip l e  s o l ve the p r ob l em o f  con s t ru c t in g  a h i gh ene r gy po l a r i z e d  
p r o ton  b e am .  T o  g i ve an e x amp l e �  due  t o  th e re s ul t s  o f  Bo r gh in i 
e t  a l �J one  kno w s  th a t  b y  s c at te r i�g p ro t on s  on  h y d ro g e n  a t  
� 1 0  Ge V / c  an d a t  t � 0 � 3  { Ge V / c )  a � 1 0  % p o l a r i s e d  p ro ton  b e am 
c o u l d b e  ob t a in e d o Th i s  p o l a r i s at ion  l e ve l i s  c e r t a in l y  p o o r , b u t  
i t  i s  no t inc o n c e ivab l e  th a t  one  may u s e  s uch a b e am fo r s p in- s p in 
in t e r a c t ion s e xp e r imen t s .  

O ne may a l s o  h o p e  tha t  a b e am w i th a h i gh e r  d e g r e e  o f  
p o l a r i s a t ion  c o ul d b e  ob t a in e d  i n  th e coh e r e n t  s c a t te r ing o f  p ro t o n s  
o n  me d i um an d h e avy n uc l e i .  F i g . 1 5  shows the  an gul a r  d i s t r ib u t i o n s  
o f  p ro t on s  e l a s t ic a l l y  o r  quas i-e l a s t i c a l l y  s c at t e re d  o f f co p pe r ,  
l e ad and u r an i um a t  1 9 o 2  Ge V / c  a s  ob t a in e d  in a CERN e x p e r imen t 
a co up l e  o f  y e ar s  age ( l 2 )  

o The s e d a t a h ave b ee n  in te r p re te d in an 
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o p t i c a l  mo d e l  b y  F r ah n  an d W ie ch er s ( l J ) o The  p r o t on-n u c l e u s  p o t e n­
t ia l  w a s  f o un d  t o  b e  e s s e n t ia l ly the s ame  a t  2 0  GeV  a s  at  ene r g i e s  
o f  t h e  o rd e r  o f  l G eV . Th e  s p in-o rb i t  p a r t  o f  th i s  p o t en t ial  shoul d ,  
on  the  o th e r  h an d ,  c au s e  s t rong  p o l a r i s at ion  maxima in  the  s ame 
ang ul a r  r e g ion , a s  i s  a c t ua l l y  foun d  e xp e r imen t al ly  at l ow ene r g i e s o  
To s e e  whe th e r  s uch a po l ar i s a t ion  s t il l  e x i s t s  a t  20  GeV / c ,  one  
would  h ave t o  p er f o rm a doub l e  s c a t t e r in g  e xp e r imen t on s ome n uc l e us . 
S uch an e xp e r imen t i s  b e ing  con s i de r e d  w i th s ome  in t e re s t  a t  C E RN , 
b u t  the re a r e  n o  d e f in i t e  p l an s  f o r  t h e  n e a r  f u t ure � 

---- - --- ------ ---- --- -------- - - -------- --�---
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F I GURE CAPTIONS  � ·  

F ig $  1 - S chema t i c r e a c t ion  d ia g r ams  to  i l l u s t r a te th e po l a r i s a­
t ion p a r ame t e r  P ( up pe r  p ar t ) , and th e two p ro t o n  po l a­o 
r i s  a t i ons  t;o measure A (central p art)  and R ( lower par t) • 

' '  

F i g .  2 - S ch e ma t ic d r aw ing  f o r th e e xp e r iment a l  s y s tem  o f  B o r gh in i 
e t  a l . ,  r e f .  ( 1 ) 6 

F i g .  3 - D i s tr ib u t ion  o f  Co p l an a r  e ve n t s  a l on g  th e l o n g i tud in a l  
c o o r d in a te ( on th e s c a t t e r ing  p l ane ) o f  th e r e c o i l  p r o t o n  
h o do s c o p e 9 f o r  s e ve r a l  angu l a r  b in s  ( re f 0 ( l ) ) .  T h e  p e ak s  
c o r r e s p ond to  e l a s t i c s c a t te r in g  on  f r e e  p o l ar is ab l e 
h y d rogen . 

F ig e  4 - P o l ar i s a t ion p a r ame t e r  f o r  n - p s ca t t e r ing  a t  6 ,  8 an d 
1 0  G e V / c �  in the d if f r ac t io n  r e g ion ( r e f . ( l ) ) ,  

F i g o  5 - P o l a r i s a t ion p a r ame t e r  f o r n+ - p s c a t te r in g  a t  8 and 
1 0  G e V / c �  in  the  d i f f r a c t ion re g ion ( r e f 0 ( l ) ) ;  

F i g .  6 - P o l ar i s a t ion p a r ame t e r  fo r p�p  s c a t t e r ing  a t  6 , 1 0 an d 
1 2  G e V / c e  in the d i f f ra c t ion r e g ion ( re f $  (1 ) ) �  

S ch ema t i c l ay - o u t  o f  the + + 
to me a s ur e  P in n , K- , 0 
the d if f rac t ion  r e g io n o  

fo r th comin g CERN e xp e r ime n t ( 6 )  
+ 

p - s c a t t e r ing  on p ro ton s , in 

F i g . 8 - S chema t ic l ay - o u t  o f  the  fo r th coming  CERN e xp e r imen t ( 7 ) 

to  me a s ur e  A and R in n ±  � p s c a t t e r in g o  

F i g 6  9 - S ch e ma t i c l ay - o u t  o f  t h e  e xp e r ime n t  b y  B on amy e t  a l o ( 2 ) • 
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F i g o  1 1  - P a r t i a l  r e s ul t s  o f  the  e xp e r imen t  o f  B o n amy e t  al � < 2 >  

o n  th e p o l ar is a t ion  p arame t e r  a t  6 an d 1 2  GeV / c c  

F i g .  1 2  - P o l ar is a t ion  d a ta b y  B o r gh in i e t  al o ( l ) • f i t t e d  in the  
( P +P w ) - p in t e r f e r en ce mo d e l o  

F i g o  1 3  - P r e d ic ted  p o l a r i s a t ion  in th e r e g ion o f  the b ackw a r d  
p e ak , f o r  1T - p s c a t te r  i n  g ( re  f � 1 1 )  • 

F ig .  1 4  - Max imum p o l a r i s a t ion  in p - p  s c at t e r in g o  

F i g 0  1 5  - Forward  angul a r  d i s tr ib u t ions  o f  p ro t on s  e l as t i c a l l y  
o r  q ua s i- e l a s t i c a l l y  s c a t t e r e d  o f f  n a t u r a l  copp e r . 
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