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1),2)

amplitude together with the assumption that the scattering amplitude does not

It was shown recently that the analyticity of the scattering
oscillate at high energy (in the physical region) imply simple relations between
the differential cross-sections of crossed reactions in the high energy limit.
We would like to discuss here some possibilities of the experimental checking

of the relations of this type.

Let us first remind the main results obtained in the paper by Logunov

2)

et al. . We will present them on a simple example which was not treated in the

latter paper. Consider the pair of crossed reactions :

(a) backward elastic scattering of pions on protons

ot o .
,7«)+/L = 7Z'+/19 (a)

and

(b) -annihilation of antiprotons into two pions

prf = T (v)

In the high-energy limit the processes of the type (a) and type (b) are highly
peripheral. In our notation, equation A+B~— C+D means that the particle ¢
goes in the direction of the particle A, and D in the direction of B. Reaction

A+B = C+D is therefore different from A+B -2 D+C.

The processes (a) and (b) are described.by the scattering amplitudes
lfa(s,t) and 'Z'b(s,t) which are functions of s and t 3), s being the c,m.
energy squared and t = -~ (c.m. momen tum transfer)z. We define the t wvariasbles
in such a way that both the reactions (a) and (b) are described by small values of

(-t) (see figure).
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We make the following assumptions on the behaviour of T (s t) and

Zﬁb(s,t) for fixed t 4)

(i) zja(s,t) has the usual analyticity properties postulated for the scattering
amplitudes, i.e., ‘2J3(s,t) is analytic and bounded by a polynomial in s,
in the upper half s plane : apart from a finite interval Zfa(s,t) is

continuous along the real axis.

(ii) for s—» o along the real axis, the amplitudes & (s,t) and T (s,t)
» a b

do not oscillate. One can take, e.g.,

@) B
ZJ / L) T 4" anb) C ¢
‘J ZL J{(X@G; ij

where O<(t), {Z(t) are real and both ca(t) % 0 and cb(t) can be complex.

It follows from these assumptions and from crossing symmetry that there
exist an interval of t, t_ £t < t, and & value s (-t ~t, 4 s ) such
that, for any s ;; Sy and to 53 t :; ti’ a simple relation holds between the

differential cross-sections for the reactions (a) and (b) :

dogtys) 1 es) Aoy (s T)

e s (2)

where

(s—4M*) | A=ty E
20s) = 5 (5 L Al 4m*) e

(5+ M- m) $Ms (/5—/142)?

M and m denote the nucleon and pion mass, resﬁectively. The region of =

.

and t variables where formula (2) holds is the same in which formula (1) repre-

sents the correct approximation of the amplitudes IZZKs,t) and Z’b(s,t).
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The same kind of argument applies to any pair of reactions of the type
A+B—=> C+D (4)
A+D—=—0C+B ‘ (5)

The cross-sections for reactions (4) and (5) obey the relation

c{o,; '/';/"zt) N 5 ooy (/s,i')
Az TS T 2

with ,/uis) given by
~ 2 5 i _ 2
[/6-/*/1’]4 'Msj ~4/./%:/5 4> eo

We Would like to emphasize that the assumptions made in this discussion
are currently used by people working on the theory of strong interactions and are
considered as rather fundamental ones. It seems, therefore, that detailed experi-
mental study of reactions of types (4) and (5) may be very useful in establishing
the fundemental analyticity properties of the scattering amplitudes. The processes
we consider in this paper have vanishing cross-sections in the high-energy limit.
For such procesées the asymptbtié relations have yet to be investigated experimen-—

tally.

We will discuss now the existing experimental evidence concerning the
reactions (a) and (b) and also another pair of crossed reactions, namely charge-
exchange séattering of protons on neutrons and charge-exchange scattering of

protons on antiprotons :
P+n-> n+p (C)

P+D>n+1n (a)



" at 4 and 10 GeV/e

Reaction (a), i.e., backward peak in 7Z*p elastic scattering was

observed by Kulakov et al. 5) at 4.6 GeV/c in a counter experiment and confirmed

at 4 GeV/b in a hydrogen bubble-chamber experiment by Aachen-Berlin-Birmingham-—
Bonn-Hamburg-London (I.C;) and Minchen collaboration 6). In the latter experiment it
was found that the cross—section for backward scattering is about 407»Lb and that
the angular distribution shows a pronounced backward peak. Similar cross-section
for backward 7f£p scattering in this energy range was found by Alikhanov et al. 7),
Some evidence of the backward pe&k)in this reaction at 8 GeV/c was obtained by

8

Aachen-Berlin—-CERN collaboration ‘. The corresponding cross-section, based

however on two events, is about 7/pub.

Two-pion annihilation of antiprotons of the type (v) with 72% going
in the direction of proton in the c.m. system was observed in a hydrogen bubble-
chamber at 3 GeV/c and at 4 GeV/o 9)’10)'; cross—-sections of 10 & 10/Abb (1 event)
and 7 % S/Abb (2 events), respectively, were found.

t is interesting to note that no events of the reaction p+§-ﬁ5—7f7F7f+
were observed.  This agrees with the fact that in contrast to jt+—p“ elastic

scattering, no evidence exists for a backward peak in the 25—-p elastic scattering
8),11),12)

Charge exchange of pn and p§ was studied at similar momenta, pn

13)

at 2.85 and 3.68 GeV/c by Palevsky et al.. “’/, pp at % and 3.6 GeV/c by a CERN

9831

group 14)’9)0 Lt 2,85 GeV/e CT'épn) = 0.65 £ 0.15 mb, at 3.68 GeV/c

Q‘Cé?g%. = 0,43 £ 0.16 mwb. The g&f?ﬁiential cross-sections in the lab. system at
zero degrees are 26 L 5 mb/sr and 30 £ 7 mb/sr at 2.85 and 3.68 GeV/c, respecti-
vely. For pp charge exchange, the combined data at the two energies give

- . " : ,
o (pp) = 2 £:0.6 mb, %Ei (0°) A 20 mb/sr. Charge exchange cross—sections

ch.ex, o “lab.
for pn and pp are of the same order of magnitude and for small + become
identical within the errors 14). ‘
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In conclusion, the experimental evidence does not contradict formulae
(6) and (7). Clearly, however, one needs more precise measurements before drawing
quantitative conclusions., It would be interesting to look at these reactions at

higher energy.

Finally, let us remind that the same argument applies to any pair of
crossed reactions of the two-body type 2). It seems that it may be possible tn
study reactions of the type p+5 ——>Xi+ 7(:; and p+li—?a Xi+p where X is a
pion resonant state (eeges 57 meson). Another possible example is a backward
scattering of hyperons on protons together with the annihilation into pair of

hyperons, like p+/§—>ﬂ +D, p+-13 -*9/1 +A_.

The authors would like to thank Professor L. Van Hove, Drs. V.T. Cocconi
and D.R.0. Morrison for helpful discussions and encouragement. One of the authors
(A.B.) wishes to thenk Professor L. Van Hove for the hospitality at the CERN
Theoretical Study Division, and the other (0.0.) expresses his gratitude to
Professor Ch. Peyrou for the hospitality extended to him at the CERN Track Chamber

Division.
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