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POLARIZATION IN ELASTIC SCATTERING AT HIGH ENERGY 

G .  BELLETTINI 

1 .  Tip SCATTERING 

First I want to remind you brief ly that in terms of the non-spin

f l ip and the spin-fl ip amplitudes f and g ,  the Tip scattering amplitude 

is 

+ + 
T = f + igo • n 

The differential cross-section for scattering on unpolarized protons 

and the recoi l  proton polarization i s  
* 2 Im (f g ) P o = ! f ! 2 + j g j 2 

( 1 ) 

( 2) 

( 3 )  

Angular momentum conservation ensures that P o  = O ,  at  8 = 0 ,  and 8 = TI . 

P o  is  currently measured in scattering experiments on a target con

taining hydrogen with a known polarization PT . When the target polariza

tion is reversed from up (t)  to down (+) ,  the asymmetry A in the counting 

rate (Nt or N+) of elastic events on the polarized target protons is re

lated to Po as follows 

A (G , k) ( 4 )  

A polarized target of  composition CH2 , is  now in  operation at CERN ; this  

target i s  � 5 cm long and 1 4  IIUil in  diameter . At  the beginning of  197 0 , 

the polarization PT was raised from � 35% to � 65% , by means of 3He re

frigeration (down to � 0 . 5°K) . 

A compilation of representative P o  data [taken from Andersson et al . 1 ) , 

Esterling et al . 2 ) , Borghini et al . 3 ' 5 ) , and the CERN-Orsay-Pisa 

Co l laboration 4) ] for TI-p forward scattering is  shown in Fig . 1 .  The 

1 0  GeV /c data are preliminary . New data by the CERN-Orsay-Pisa Group 

wil l  soon be availab le at 14 . 0  GeV /c . 

The following features should be observed : 
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a) the first minimum occurs consi stently at j t j rv 0 . 6  (GeV/c) 2 at all  
energies ; 

b )  below j t j rv 2 (GeV/c) 2 the polarization pattern varies only s l ightly 

with energy . Above j t j rv 2 . 0  (GeV/c) 2 there is  an indication that 

P o  remains negative at the highest energies ( in contrast with the 
2 . 74 GeV/c data) ; 

c)  the energy variation of P o at j t j rv 1 . 5  (GeV/c) 2 appears to be weaker 

than that expected if the polarization is due to the p-exchange ampli

tude interfering with a flat Pomeranchuk . A rough estimate of the 

variation of log P o  at l t l rv 1 . 5  (GeV/c) 2 versus log S is shown in 

Fig .  2 .  I f ,  as in the p + P interference model ,  

and ap rv 0 . 5  + t [t in (GeV/c) 2 ] , one expects at t �u -L S (GeV/c) 

a -1 rv -2 . 0  The data of Fig . 2 would favour an energy dependence like p s- 1 (or even weaker than thi s ) . 
+ i - 3  5 6 )  • Representative TI p polarization data ' ' are shown in Fig . 3 .  Ad-

ditional new data by the CERN-Orsay-Pisa Group at 10 . 0 ,  14 . 0 ,  and 

1 7 . 5  GeV/c wil l  soon be available . Backward scattering polarization data 

between 2 . 75 GeV/c and 3 . 75 GeV/c , obtained by the Chicago-Argonne Group , 

are also available ; these data wil l  be discussed in the seminar on back

ward scattering . The 2 . 75 GeV/c data by this group are shown in Fig . 3 
together with the data by Andersson et al . 1 ) 

The fol lowing observations should be made : 

a) At j t j below rv 1 . 5  (GeV/c) 2 , the data are roughly mirror-symmetric 

of the TI p data.  However , at l t l � 0 . 6  (GeV/c) 2 , Po shows a faster 

decrease with increas ing energy than in the TI p case . 

b )  The 6 GeV/c  data show that P 0 might change sign at j t j rv 2 . 0  (GeV/c)  

in contras t to the TI p data.  However ,  this phenomenon needs better 
data in order to be firmly estab lished . 

To i l lustrate the pos s ible  relationships between structures in the 
+ 

differential cros s-section and s tructures in P o  the TI-p differential 
cross-sections at 2 . 74 GeV/c is  shown in Fig .  4 and the corresponding 



III . 34 

polarizations in Fig .  5 .  One sees that in both dis tributions the first 
structure in Po corresponds to the first structure in do/dt , while at larger 
\ t \  the relationship between the strong s tructures in do/dt and in P o is  
less clear . 

+ A comparison of the 6 GeV/c TI p and TI p polarization data by the 
CERN-Orsay-Pisa  Group is  shown in Fig . 6 .  One observes that there i s  some 

indication for a non-mirror-symmetric behaviour at large \ t \ . 

To fully determine the amplitudes f and g (Eq . 1 ) , one measures two 
other polarization parameters A and R ,  according to the scheme illustrated 
in F ig . 7 [Amblard et al . 7 ) ] . In both cases , the transverse component u 
of the recoil  proton polarization on the scattering plane is  measured . 
If the target polarization P . i s  opposite to the incident beam momentum , i 
as in part A of Fig . 7 ,  one has 

u = A \ P . \ i s in ( 8
* 
p 

• P .  i 

* 
8L) 2 Re ( f  g ) 
p - \ f l 2  + j g \ 2 

* 
cos ( 8  p 

(S )  

at small 8TI , s ince 8; L I * L . 8 � TI 2 . 8 and 8 are the recoil  proton angles p p p 
in the centre of mass  and in the laboratory system,  respectively . If 

the target polarization is oriented as in R, one has 

u = R j P . j = i 

at small 8TI . 

* 
2 Re ( f  g ) 
\ f \ 2 + j g j 2 • p . i 

* 
( 8

* 
8L) 2 Re (f  g ) 

p - p + l f l 2  + j g j 2 
* 

s in (8  p 

(6 )  

S ince in general the spin-flip ampl itude g is  small with respect to 

f ,  the A-measurement is not very sens itive to the spin-flip amplitude 

(A � 1 at small  \ t \ ' s ) .  On the other hand , R measures an interference 

term between f and g ,  as P o  does . Preliminary results  on A and R at 

6 GeV were presented by the Saclay Group at the 1969 Lund Conference7 ) , 
and are shown in Fig . 8 .  The model predictions are from Cohen-Tannoudj i 

et al . a )  (free curves ) , and Barger and Phill ips 9 )  (dotted curves) . 
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+ 
The qual i tative features of the TI-p polarization data can be inter-

preted in the framework of the Regge-pole mode l  by as suming that the 
non-spin-fl ip amp l i tude f is es sential ly imaginary and due to the exchange 
of a f lat Pome!ranchuk , and that the spin-f lip amp l i tude g is due to 
p-exchange .  

Thus , from formulas ( 3 )  and ( 6 ) : 

P o (TI p )  :::; 

+ P o (TI p)  �- s in ( 7 )  

+ According to formula ( 7 ) , P o (TI p)  and P 0 ( TI p )  are (roughly) mirror-symmetric  

and have a quadrat ic  zero at CL "' O ; name ly at l t l  "' 0 . 6  (GeV /c) 2 •  p 
R ( TI-p) has a l inear zero at CLP rv 0 ( compare with Fig . 8) . The energy 
dependence is rv SCLP- 1  (compare with Fig . 2 ) . Detai led fi ts  take into 
account abs orpt ive corrections 8 ) , or contribut ions from add i tional 
poles 9 ) . 

• 1 0 ) An opt ical model has b een proposed by Berlad , Dar and E i lam 
in which the no-spin-flip  amp l i tude is  generated by abs orption and i s  
proportional to  the Bes s e l  funct ion J 1 (x) : 

x = R/Ttf 

The spin-flip amp li tude is  also  proport ional to J 1 (x) , becaus e  contribu
tions to it are assumed to come only from the edge of the nuc leon . There
fore one gets the predict ion 

P o  a: J � (x) /x 

whi ch repoduces the main features of the experimental data . A change in 
s ign of P o  f rom TI p to TT+p s cattering is obtained by assuming that the 
spin-f lip amp l itude is associated wi th p-exchange . In this way one 

CL - 1 acconnnodates also  for the energy dependence P o  a: S P . 
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2 .  Kp SCATTERING 

The formalism [formulas ( 1 ) to ( 6 )]  is the same as for Tip scattering . 

The experimental information i s  s t i l l  l imited to the parameter P o only . 

In the Regg�-pole model one can exchange more poles . than in Tip s cattering . 

Typi cally one would consider two I = 0 poles , the P 1  (or f o ) and the 

w, and two J = 1 poles , the p and the A2 . Thus (disregarding the con

tribution of the cuts ) : 

T (K-p)  = TK + TK + TK + TK + TK 
p f w p A 

(8)  

T (K+p)  = T� + TK - TK - TK + TK 
f w p A 

+ As i t  appears that there are no resonances in the K p channel ,  one can 

as�ume exchange degeneracy between T� and T� , and between T� and T� , 

such that 1 1 ' 1 2 ) 

f (K-p)  

g (K p)  

f (K+p) 

+ g (K p )  

::: ! i 
-K (-nf 
Yp - YwK + -nf ) -ina ypK e 

::: 

::: 

::: 

s in 8K 
( y�K + -f ) -ina ypK e 

i -K ( -nf 
Yp - YwK + -nf ) a- 1 ypK S 

s in 8 ( -f + -f ) 8a- 1 . K YwK ypK ' 

a- 1 s . 

s a- 1 

(9 )  

where a = af = aw = ap = aA, and the symbols f and nf  stand for spin-fl ip 

and no-spin-fl ip , respectively . The functions y do not have zeros o� 

s ingularities for t .:S. O .  From Eq . ( 9 )  one gets  the following predictions 

for the polarization parameter P o : 

P o (K
-p )  a- 1 ::: s in 8K 

. cos na . s 

+ a.;... 1 P o (K p )  ::: s in 8K 
. s . 

( 10 )  

Thus P 0 (K+p)  i s  zero at  8K 
= O ,  and rises  smoothly as  s in 8K away from 

8K = O .  P 0 (K-p)  i s  also zero at 8K = 0 ,  i s  maximum [and equal to P o (K+p )]  
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at cos TIO'. = 1 ,, namely at l t J = 0 . 5  (GeV/c) 2 , and goes to zero and changes 

s ign at  cos mx = O,  namely at  l t l 'V 1 (GeV/c) 2 • Blackmon and Goldstein
1 3 )  

have made a model of this type , in whi ch they also took into account ( in 

the eikonal f ormalism) the (Pomeranchuk + Regge-pole) cut contribution . 
+ -Their predictions for P (K p)  and P (K p)  are shown in Figs . 9 and 10 , 

respectively . 

A 
. 1 . f . . (K

+ 
) 1 . . d 11+ ' 1 ' 3 ' 6 ) • h compi ation o exis ting · p po arization ata i s  s own 

in Fig . 11 . The s i gnificant information i s  l imited to I t J 'V 1 (GeV /c)  2 , 

when P o  i s  a smooth funct ion of t and decreases with increas ing energy . 

The (K-p) data are shown in Fig . 12 . The 10 GeV/c data by the CERN-Ors ay

Pisa  Group are prel iminary . One c an conclude that the po larization pat

tern at  l t l � 1 . 5  (GeV/c)  does not change much between 2 . 74 GeV/c and 

10 GeV/c , and i s  cons i s tent with the exchange degenerate Regge-pole pic

ture discussed above ( see F ig s . 10 and 11) . S imi lar predictions for the 

Kp po iarization were obtained by Arnold and Logan
1 1 )

, and from Das s , 
• • • 1 5 ) • d . . Michael and Phi l l ips  , who supplemented the high-energy ata with in-

formation front FESR . F igure 1 3 ,  taken from Ref . ( 1 ) , shows a comparison 
+ -of the 2 .  74 Ge�V/c  data on both da/dt and P o  for K p and K p scattering 

wi th predictions derived from the model of Dass  et al . 
l s ) .  

3 .  pp AND pp SCATTERING 

In the Regge-pole model with exchange degeneracy ( assuming that no 

resonances exi s t  in the pp channel )  thi s  case i s  s imi lar to the Kp one , 

even if there are some formal comp li cations bec ause of the pos s ib i l i ty 

of spin-f l ip induced by the exchanged po le at the two nucleon-nucleon

pole vert ices . We write  as in Eq . (8) : 

T (pp) 

T (pp) 

and again assume fw and pA degeneracy , in such a way as to g ive a real 

contribution to T (pp) . Thus , in a s imple-minded Pauli-type formalism 
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- -N ( -nf . -f + +) -i na (-nf -f + ) T (PP) ::: i y P + \0N + i y wN cr l • n e y wN 
+ y wN + cr 2 • � S a- 1 

+ p ,A contribution as for f ,w . 

For pp scattering the formula is  similar but without the e-ina factor . 

Thus one can write 

T (pp) + 
• n + 

T (pp) 

If the NN s cattering matrix is written as 

T (NN) = a + i + + + + + +  + c (cr 1  + cr2 ) · n + m(cr 1  • n) (cr2 • n) 

the polarization parameter is 

* 
Im [ (a + m) c J P o = j a j 2 + 2 j c j 2 + J m j 2 

( 1 1 )  

( 12)  

( 13)  

In our cas e ,  as suming that the (a + m) term is  dominated by T; and conse

quently mostly imaginary , one gets 

P o (pp) a: sin 8- a- 1 . cos TT ct . s p 
( 14) 

P o (pp) a: sin e a- 1 . s 

which are similar to Eq .  ( 10 ) . Thus the two polarizations should have the 

same s ign at smal l J t J , and P o (pp) should exhibit a cos na behaviour . A 
. 1 . f d l 6 ' 3 ' 1+  ' 6 ) • h " . F . 14 h 17  5 I d compi ation o pp ata is s own in ig . • T e . GeV c ata 

by the CERN-Orsay-Pisa Group are very preliminary . At J t J  � 1 (GeV/c) 2 

P o is  a smooth function of t and decreases with energy , being � 4 . 5% at 

1 7 . 5  Gev/c . Something interesting might happen at J t J  :::: 1 GeV/c , but one 

needs better data (which are at the moment on the magnetic tape) to really 

say something about it . 
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The proton-ant iproton polarization data are shown in Fig . 15 . The 

10 GeV / c  data by the CERN-Orsay-Pi s a  Group are preliminary . The 2 . 74 GeV/c  

data  are cons i s tent wi th the exchange-degenerate Regge-pole model dis

cus sed above , but  at 10 GeV / c ,  the p i cture looks rather different . Thus 

the pp and pp polarization might provide us wi th s ome surprises , but at 

the moment no firm conclusion should be drawn . To clarify this s i tua

t i on ,  further data will  be col lected by the CERN-Orsay-P i s a  Group in the 

near future . 
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Figure captions 

Fig . 1 

Fig . 2 

F ig .  3 

Fig . 4 

Fig . 5 

Fig . 6 

Fig . 7 

F ig .  8 

F i g .  9 

Fig . 10 

Comparison of representative P o (TI p )  data at several energies 
between 2 . 74 GeV/c and 12 . 0  GeV/c . (Data at 2 . 74 ,  5 . 15 ,  6 . 0 ,  

1 0 . 0 ,  and 12 . 0  GeV/c :  Refs . 1 ,  2 ,  3 ,  4 and 5 respectively . )  

Estimate of the variation of log P 0 as a function of 

log S (S = c .m .  energy squared) at l t l � 1 . 5  (GeV/c) 2 , from 

data of Fig .  1 .  A l ine with energy dependence s- 1 
i s  shown for comparison . 

Comparison of representative P o (TI+p)  data at several ener

g ies between 2 . 74 GeV/c and 14 . 0  GeV/c .  (Data at  2 . 74 ,  
5 . 15 ,  6 . 0 ,  10 . 0 ,  and 14 . 0  GeV/c : Refs . 1 ,  2 ,  3 ,  5 ,  and 

6 respectively . )  

. + -da/dt for TI p and TI p at 2 . 7  GeV/c (from Ref . 1 ) . 

+ -P o (TI p )  and P o (TI p )  at 2 . 74 GeV/c  (from Ref . 1 ) . 

+ -P o (TI p )  and P o (TI p )  at 6 . 0 GeV/c  (from Ref . 3) . 

The target polarization orientations to measure the polari

zation parameters A and R by means of a measurement of the 

u-component of the recoil  proton polarization (from Ref . 7 ) . 

The polarization parameters A and R for TI p scattering 

at 6 . 0  GeV/c  7)  

Polarization in K+p elastic scattering (from Ref . 13) , for 

complete exchange degeneracy . 

Polarization in K p elastic  scattering (from Ref .  13) , for 

complete exchange degeneracy . 



Fig .  11  

Fig . 12 

Fig . 13 

Fig . 14 

Fig .  15 
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+ Representative polarization data in K p elastic scattering 

at high energies . (Data at 2 . 74 ,  4 . 40 ,  6 . 0 ,  and 14 . 0  GeV/c :  

Refs .  1 ,  14 , 3, and 6 ,  respectively . )  

Representative polarization data in K p e lastic scattering 

at high energies . (Data at 2 . 74 ,  6 . 0 ,  and 10 . 0  GeV/c : 

Refs . 1 ,  3 ,  and 4 ,  respectively . )  

+ 

K-p elastic scattering and polarization data at 2 . 74 GeV/c 

( from Ref .  1) . The curves are predictions obtained in the 

model by Dass et al . i s ) (free curve : K+p ,  dotted curve : 
K-p) . 

Representative polarization data in pp elastic  scattering 

at several energies between 2 . 74 GeV/c and 17 . 5  GeV/c .  

(Data at 2 . 74 ,  5 . 15 ,  6 . 0 ,  14 . 0 ,  and 17 . 5  GeV/c : Refs . 1 ,  

16 , 3 ,  6 ,  and 4 ,  respectively . )  

Polarization data in pp elastic  scattering at high energies . 

(Data at 2 . 74 ,  6 . 0 ,  and 10 . 0  GeV/c :  Refs . 1 ,  3 ,  and 4 ,  

respectively . ) 
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