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ASYMPTOTIT THEOREMS AND #~p » w°n POLARIZATION

P. Gauron

Division de Physique Théorique+, Institut de Physique Nucléaire,
91406 Orsay, France

and

LPTPE, Université Pierre et Mavie Curie, 75230 Paris Cedex 05, France

Résumé - Les résultats surprenants d'une mesure récente & Serpukhov de la po-~

=

larisation 7 p~+1°n & 40 GeV/c confortent 1'hypothése que les amplitudes ha-
droniques peuvent croitre aussi vite que permis par les principes généraux.

Abstract - The surprising results of the recent 40 GeV/c Serpukhov measure-
ment of the polarization in T p~+7°n are shown to support the comjecture
that hadronic amplitudes may grow as fast as they are permitted to by gene-
ral principles.

The above title may seem a little bit strange. What have the asymptotic theorems to
do with the polarization in 7 p + 7°n ?

This is precisely the subject of this talk, based on a work done in collaboration
with E. Leader and B. Nicolescu /1/.

I - REMINDER ABOUT THE ASYMPTOTIC THEOREMS

a) Maximal behaviour of the total cross-sections I

Experimentally, from the ISR /2/ and collider /3/ data, it seems now well established
that the total cross-sections are increasing like 2n%s between the ISR and collider
energies. If such a behaviour is not a temporary one, that means that the growth of
the total cross-sections is compatible with the maximal growth permitted by the well-
known Froissart-Martin bound /4,5/.

ap §¢ sn2s as s > @

Let us emphasize that this bound is a rigorous result, derived from general princi-
ples.

b) A Pomeranchuk-like theorem

This theorem states that

if UT‘:('Q’HS)Y,Y>O as g + ®

Ao
then i g g Un s)—Y/2
o * oy
where A® is the total cross-section for antiparticle (particle)-particle /16/.

This théorem is also a rigorous result based on general principles.

. . A P
Now we make the assumption that the difference of the total cross—sections O = O

+ . v
Laboratoire associé au C.N.R.S.
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also grows as fast as permitted to by the asymptotic theorems.

Since from point a) y=2, that means that
A P v fn a >
Op = O s s s

Points a) and b) can be resumed by the following assumption, which was made by
Lukaszuk and Nicolescu in 1973 /7/ (see also /8/) ’

The strong forces are supposed to be as strong as they can be.

parts of the even-and-odd under crossing amplitudes FE .
' = 1sC,{tn(s/s,) - in/2)’
F (s,O)AS = is +{!Ln s s+) - din/2}
- 2
F (S,O)AS = sC_{#n(s/s ) - in/2}

+

This behaviour well be referred to respectively for F as the Froissaron behaviour,
which is experimentally supported, and for F~ as the maximal Odderon behaviour, which
is only an assumption.

Because of the generality of the arguments involved, this behaviour should be uni-
versal and should be present in all hadronic reactions.

d) Phenomenological consequences

A first place to look is the pp and pp scattering where the presence of the Odderon
is seen to induce effects at high but finite energies /9/. At t=0, it leads to :

- either a minimum in Ag = ng - ora crossing between o
depending on the sign of the Odderon terii.

Pp

PP
T and Op >

- a crossing between ppp and pﬁp (p = Re F/Im F) or a noticeable diffe-

rence between them, depending again on the sign of the Odderon.

In order to check these effects, we need to know both pp and pp at the same emergy.
But the ISR energies are too low for seeing the effects and pp is not measured at
the collider energy. Then such a study remains inconclusive.

At t#0, the interesting R420 experiment /10/ measured both the pp and pp differential
cross-sections at Vs = 53 GeV. On figure 1, we can see a clear difference between

the two curves in the dip region of pp. If such a difference was confirmed, it would
be a strong evidence for the existence of a non-negligible non-Regge term in the
odd-under-crossing amplitude, a term like our maximal Odderon term. But this experi-
ment is yet a preliminary ome and we have to wait before drawing definite conclusions.

One can find another way of detecting the presence of the Odderon. Because the phase

of the Odderon is very different from those of the conventional Regge terms, it could
lead_to strong interference effects. A good place to look is then the polarization

in m p + 7°n scattering at high energy, for which the amplitude is purely odd-under-

crossing.
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Fig. 1 - pp and pp measutrement at Ys = 53 GeV.

II - 7 p > 71°n POLARIZATION

Until recently, the T p > 0 polarization was measured only at low energy (5 GeV/c <
pp < 11.GeV/c) /11,12/. At these energies, the polarization is everywhere positive

in the range 0 < ,t] £ .5 (GeV)2 (see Fig. 2). But a new Serpukhov experiment at”~

P = 40 GeV/c /13/ seems to show an unexpected effect. A zero appears around t = ~.4

(GeV)2, together with a minimum at t=-.5 (GeV)2 (see Fig. 2). Such a behaviour can-
not be explained by any of the conventional models.Also certain possible incompati-

T
on the one hand and the Regge models on the other hand seem to show the necessity of
non-Regge terms.

- +
bilities between the data on Ag = o P - og p, dg/dt and p = Re F(s, t=0)/Im F(s, t=0)

The following analysis will show that these new data lend support to the Odderon-type
behaviour.

a) Deseription of the model

In terms of the invariant amplitudes A' and B, we have

P =—Z~Im A'(s, t=0)
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A' and B are written as the sum of the contributions of the Regge poles p, p' and of
the Odderon term

A'

Al + A', + A’
0 p o}
B =3B, +3B

The contribution of the Odderon term in B was seen to have very weak effects /14/.
In the interest of simplicity and in the absence of any evidence to the contrary, we
will assume that the Odderon term does not contribute to B.

For the Reggeons R = p, p' we have the standard expressions :

aR(t) ARt
dR(t)]aR(t)[aR(t) +1]s e

[i+ tg

SIE

A
a, (t)-1 ARt

aR(t)]bR(t)aR(t)[aR(t) +17Js R e

w
"

[1+ tg

I

h t) = 1 + ct b(t) =b = .
where ap( ) ap( ct) p( ) 0 const
apv(t) = ap‘

L}

const.
and

aR(t) are linear Regge trajectories.

The Odderon term is :

Lt
' = 2 - o
AO Cs [in (s/so) inzn(s/so)]e
where the exponential is a good approximation for the t- dependence in the small t-
range.

With these formulae, we performed a fit of about 300 data points for Ao, do/dt and
the polarization P in the range 6 GeV/c < py < 340 GeV/c. We obtained a good descrip-
tion of these data (x2= 1.6/point).

b) Results and predictions

The change of shape of the polarization between 5 GeV/c and 40 GeV/e is correctly
described (see Fig. 2 and Fig. 3).

At low enexgy, the p @ p' interference term dominates. The polarization is everywhere
positive with the well known zero at t = -.57 which corresponds to the zero of the
Regge p-trajectory.

At intermediate energies (p1'=40 GeV/c), the p @ p' and ¢ ® Odderon term are of the
same order of magnitude and cancel each other. The polarization is small and a moving
zero appears in addition to the usual zero at t = -,57.
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Fig. 2 - Polarization in 7 p + ™n at P = 5 GeV/c and 40 GeV/c. The curves corres-
pond to the maximal Odderon asymptotic behaviour, as given in the text.

At Fermilab energies, the p @ Odderon term becomes dominant. P is negative in the
small-t region showing a pronocunced dip at t = -.5 with a minimum value of the order
of =307 to -50% at P = 100 GeV/e.

More data at moderate energies would be necessary in order to constrain further the
Odderon parameters and therefore to give more precise predictions at Fermilab ener-
gles. However, at the present stage, the qualitative effect described above appears
to be very stable.

III - CONCLUSION

First, we note that the asymptotic theorems, which are based on the general princi-
ples, can have effects at high but finite energy and can then be checked by experi~
ments.

In this context, it seems highly desirable to measure the charge-exchange polariza-
tion 7 p+7°n for py % 100 GeV/c. Via the existence of the Odderon term, such an ex-
periment could have important implications for the ISR and collider physics. Also
the confirmation of the Odderon behaviour of the crossing-odd amplitude would allow
to test the asymptotic theorems and is therefore of fundamental interest for any
theory of strong interactionms.
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Fig. 3 - Theoretical predictions based on the maximal Odderon behaviour, showing the
development and subsequent movement towards t=0 of a new zero in the polarization.
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