
Pion-Nucleon Charge-Exchange Scattering 
and High-Energy Dynamics 

II. Polarization Effects 

As described in an earlier note1 quoted hereafter as I, the differential 
cross section for TT-p--+TT0n scattering at fixed momentum transfer 
J~ is well described for large laboratory momentum p 1.b by a power 
law 

(1) 

and this p 1.b dependence is very nicely explained by the Regge model in 
terms of exchange of the p-meson Regge trajectory oc(t) between pion 
and nucleon. This model gives to the spin-non-flip and spin-flip 
amplitudes f and g the high p 1.b dependence 

f(t) = f 0(t)z«< t), g(t) = g0(t)z«<t>, (2) 

where z is related to Pi.b and t by 

z = 2M Jm2 +p~.b + !t (3) 

and reduces to 2M p 1.b for large Piab• M and m are the proton and pion 
masses, respectively; in terms of the Mandelstam variables z is !(s - u). 

It now happens that for the particular reaction TT-p --+TT0n, general 
theorems on analyticity of the scattering amplitudes allow to predict 
the phases of f and g from their asymptotic p 1.b dependence. 2 The 
reason is that, if a dynamical system E is exchanged between pion and 
nucleon to produce the reaction TT-p --+ TT0n, it must be of odd spin 
[see Fig. 2 and Eq. (3) in I; in more technical terms one says that the 
process has negative signature]. The predicted phases are [remember 
that oc(t) is real] 
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Since they are the same for f and g, the resulting polarization para­
meter P,i 

(5) 

vanishes. This clear-cut prediction is contradicted by the measurements 
of a Orsay-Pisa-Saclay collaboration at CERN,3 which found the 
following average polarizations: 

Ptah =5.9 GeV/c, (P) = 16.4 ± 3.1 % over 0.045 < - t<0.255 (GeV/c)2, 

Ptah=ll.2GeV/c, (P)=12.3±2.1% over 0.015<-t<0.345(GeV/c)2• 

Although small compared to the maximum of 100%, these polarizations 
must be regarded as sizable, because they are of the same order as the 
values of P found in other reactions like TT±P elastic scattering where 
theory predicts nonvanishing P. 

The most natural conclusion of the P measurement is that the form 
(2) predicted by the Regge model for the amplitudes is too simple. One 
needs a more complicated Ptah dependence. The various possibilities 
can be illustrated by considering two simple cases, corresponding to a 
further power or a logarithmic dependence in Ptah· In the first one, one 
adds to (2) small correction terms 

f=foZ•(t) +J, 

J=foZ•<t>, 

(J=(JoZ"(tl+g, 

g = iJoZ"«<t>, 

(6) 

(7) 

withf0, g 0 functions oft. From general analyticity properties, the phases 
ofj0 , g0 are again given by (4), whereas those off0, g0 are given by similar 
expressions [&(t) is assumed real] 4 

While the terms/, gin (6) will affect only slightly the differential cross 
section given by 

da/dt oc If 12+ I g 12, 

j: P is the average polarization of the recoil neutron in the direction n normal 
to the scattering plane, when the target proton is unpolarized. The actual ex­
periment (Ref. 3) determined P by scattering pions on protons polarized in the 
direction n and by measuring the left-right asymmetry of the scattered particles. 
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they determine completely the polarization, 

{If 12 + I g l2}P 

=lm(f*g)=4za(t)+i(t){lf0g0 I - IJ0g0 J}sin{i[oi(t)-&(t)J}. 

Clearly, if the polarization is to be sizable for small f/f and g/g, the 
difference oi(t) - &(t) cannot be too small compared to 1. If &(t) <oi(t), 
this means that P decreases with p 1.b like a power p1~~)-ii(t). If on the 
contrary &(t)> oi(t), the correction terms J, g will eventually become the 
dominant contributions inf and g at very large p 1.b, so that &(t) rather 
than oi(t) will then become the leading exponent when da/dt is given the 
form (1). This would mean that the p trajectory either would be &(t) 
and would then not have the simple linear shape described in I, or 
would be oi(t) but would no longer dominate the behavior of TT-p--+ TT 0n 
scattering as the energy increases beyond the range measured. 

Our second example of modified p 1.b dependence introduces logarith­
mic factors in Eq.(2), 

(8) 

with z0 , z~, f3, f3' real functions oft. These expressions are so chosen that 
f 0 and g0 have again the phases of Eq. (4) as a consequence of analy­
ticity.5 The resulting polarization is 

{If 12+ I g 12}P=2 [ '2+ :]fl;2 [''2+ :]fl';2sin(f3<P-f3'<P'), 

'=lnt, ,, =ln~, cP =arg(' - ii), <P' =arg( ,, - ii)· 
It can have sizable values, varies logarithmically with p 1.b and affects 
the Piab dependence ( 1) of da /dt through a logarithmic factor. 

Many other modifications of the simple Regge behavior (2) are of 
course possible in order to produce noRvanishing polarization P. The 
above examples are nevertheless sufficient to illustrate that measure­
ment of the Piab dependence of P is of great importance. The Orsay­
Pisa-Saclay experiment gives3 

(P)v1.b=ll.2 ~eV/c = 0. 8 ± 0. 2 
(P)vl•b= 5.9 GeV/c 

for 0.045<-t<0.255 (GeV/c) 2
• 

The uncertainty is still too large to draw definite conclusions on the 
rapidity of this variation. 

12 



he t h or tical interpretation of th nonvanishing polarization is a 
complete1y pen problem. Tho simple Regge model does not predict 
th effect, and more complicated versions of the model allow for further 
pow r term like in lilqs. (6) and (7) preii rably with &{t) < ix(t) (further 
R gge trajectory) or for Jogarithuu fa tors of ty1 (8) (R gge cut 
instead of Rcgge p ] ), or for c mbinations of th m. L addition, at 
least a1; energi s f der p 11\u,...,6 eV/c, the pi n- nucleon re. onances 
might still giv a. suffici nt c ntTibution t f and (/ in order to affect 
apJ reciablyth alu of P. 

Many possibilities of this type have been worked out in the recent 
literature, most of which have no difficulty in fitting the data. Rather 
than reviewing them, we would like to point out that this lack of 
unambiguous prediction is characteristic of the Regge model as soon 
as one goes beyond its simplest qualitative features. It occurs to various 
dogr s iumany ther pr ces , inc.luding la tic , cattering and proton­
ueatl'O:n charg · xchang sea rin . .Also man. two-body collisions 
having on or two r · nance in the final state as woll as photo­
pr uction 1· a ti ns fall int · at gory, s:pccially when pion exchang 
is allowed. For all such cases jt becom increasiugJy ol ar that in 
ordcl'to lifL th ambiguities of the I egg m cl I, mor p ·eci. dynamical 
m ohanisms wi'll h11ve to be iuv nt d and t tecl again t xp rim nt, 
and .it is hoped that on 'vill 1ind i:iga.in parti ular r>a ·tious allowing to 
test individual · atur of such m hani m. , ju t a 7T7J -">- 7Ton, has 
pTOvjd l a dir ct verificati n fol' th usefuln of the l~eggo-trajeotory 

one pt in describing th energy d p ndcn f du/dt a.s recalled in our 
pr vious communi ation.1 

Tl d sU:ability of mor definite dynamical mod ls fo1· high- n. rgy 
olli ·j ns is a.ls indicated by rec nt t h or tical work a.p lying th 

R O'g model to two-body proce · · wi b particl s fun qual masses 
and !trbitrary spins. Tok · p the scattering amplitud · s fre of unwanted 
singularities without malting them t :p cial t fit the data, it appears 
that certain groups of R gg · tl'aj tories must exist with singularities 
in the contributions of individual traj ctori · and constraints between 
the traj otories in the sam roup, 1 a.cling to a rather g n rat butn n­
singular total ttmplitude. 0 'l'h · constraints are impos d by L r ntz 
in arianoe and analyticity alone, so that th y a.i· quit - w ale .AJ a 
result, the number of fre param ter in th · gg -mod 1 treatment of 
gen ral reactions gi·ows s larg that the m d •l b comes mo!' a frame­
work than a predictive tool, calling again for additional dynamical 
assumptions. 

LEON v AN HOVE 
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