% UHCTUTYT SIJIEPHOFI ®W3UKH CO AH CCCP /g
UAD

\ S.I. Eidelman, E.A. Kuraev

] BOUNDS ON THE NEUTRAL PION
POLARIZABILITY FROM
ete” ANNIHILATION

PREPRINT 85-101

o mmmemd B

ETEs

P s
ST T P e i R o o T e T M e

HOBOCUBHUPCK




BOUNDS OK THE NEUTRAL PION POLARIZABILITY
FROM ete™ ANNIHILATION

S.].Eidelman, E.A.Kursev

Institute of Nuclear Physics,
630090, Novosibirsk, U S S R

Abstract

The possibility is discussed to extract model independent
bounds on the neutral pion polarizability from the proceases
€’+€,-~bnﬂ'noj H"’i’!a;f at the c.m. energy less than or about 1 GeV.

1. Introduction

In recent experiments on radiative jL+ -meson scattering
on nuclei the charged pion polarizability has been determined
for the first time /1/. The polarizability of the neutral pion
can be measured in experiments on radiative photoproduction
( ¥p—= ymf ) /2/, as well as in the production of the 7
system on nuclei ( Yp— JMP ) /3/ or by €%¢  annihilation
/4/. Wheress in Compton scattering experimentsthe polarizabili-
ty is directly determined, in the case of J°F®* production the
combined effect of the polerizability and final state interac-

tion is meessured.

In the present paper the general form for the amplitudes
of the processes&fﬁt*ﬂﬁf,ﬁﬁﬂgisectiun 2) and (gection 3) has
been used to calculate the corresponding crcss sections. The
expre saions obtained allow model independent bounds on the va-
lue of the neutral pion polarizability at the c.m. energy not
far from the threshold of two-pion production.
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The amplitude of the process gte™ N7’ (rig. 1)
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Fig. 1.

includes the amplitude of ‘;]f‘n“ production by two virtual &’ -
- quants b'}gx'.,nﬂp“ . The main logarithmic contribution to
this amplitude Nﬂq"(‘f’?fmg) » S=4s? , and can be calculated from
digpersion relationa. In the calculation of the imaginary part
of the amplitude with logarithmic accuracy it is sufficient to




consider the intermediate state with two real photone. The ge-
neral form for the amplitude of m}+nﬁﬂ production by two real
photons is
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where tensor structures fl}:j] are given by
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and are gauge-invariant c}_a‘l_q 'Fi| ﬂ?-a Ki 2 +« The coefficient
E;! i®s a smooth function of S et S jf}ﬂn . Similarly to the
amplitude of the pion Compton scattering we write it as[{]
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where o, is the neutral pion polarizability.

The first structure in (1) results in a contribution to
helical amplitudes with equal helicity of electron and positron.
This contribution vanishes at Wig—> 0 and gives an isotropic
differential cross section. The second structure corregponds to
oppoaite helicities ﬁﬁ’ ¢ /4/. The limitation for
the cross section can be ﬂbtained by neglecting the contributi-
on of the second structure not related to the polarizability.

The imaginary part of the amplitude corresponding to the
first structure is
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The numerator of the integrand in (4) can be transformed to
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where terms -~ PK not resulting in a logarithmi- cont-

ribution have been omitted. Integration gives
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The real part of the amplitude can be obtained from dispersion
relatinne. As a result the limitation for the theoroatical erose
gection i=s
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where the factor (1/2) tokes into account identical pions and
integration over the total phase spruace of the pion is assumed.
If an experimental limitation for the cross section at 1 GeV is
5}:}1!<ﬁ::10"ﬂ em* , then from (5) one gets & bound on the pola-
rizebility
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Consider first production of the JUN°Y system by a
virtual photon Xi':

¥ 06} = To(4)+Tolq) + ¥(k2),




Using the technique allowing construction of tensor bases free
of kinematical singularities and zeros in invariant amplitudes
/5/, one can write the general expression for the amplitude

(7):
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are gsuge-invariant. Note that two other existing structures
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L q:ﬁi'ﬂ'(’i;\ffhr*‘"{‘i k‘zf"\} and Lrﬁl‘fz_y(f«h'{?r“ﬂt‘kipi dc not con-
tribute to the cross msection. The numerical factor in (8) is
chosen so that the coefficient in the first structure corres-
ponds to the polarizability (cf. (2)). The matrix element for

the proceas €2 —J°N°Y  has the form
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The cross section is given by
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where dimensionless quantities Cr.'j are combinations of

four-momenta of the final part:icles
2=2
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Ay = Qb tQyly. (13)

Here Plr are components of the four-momentum perpendicular
to the bteam axis. The parameter a{{' is related to the polari-
zability through

(14)

while the parasmeters
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are other characteristics of the neutral pion. As one of the
photona is highly virtual, DZ.',' is the generalized pion pola-
rigability. One can expect that the quantities {g{‘lllﬁ{d}u}]

are of the same order of magnitude. Then all structures in (12)
besides ( are suppressed by a factor of about 10 , since
they contain particle momenta in higher powers than (y . Ad-
ditional suppression comes from the more complicated angular

-
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dependence (zvim-. Eﬁ;, M24 ). Neglecting all the terms but
ar Gy and performing integration in (11), one obtains
the following limitation for the cross section:
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and ] = 0,14 at 22 = 1 GeV. Then an experimrental imita-
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larizability

et 1 GeV corresponds to a bound on the po-

Ore can gee that this bound is much lower thar that of (6&). In
general, the process €¢ = nA% is much more favourable than

efe” —non? for studying pﬂl&rizahjlity effects, since the
cross gection of the latier contains s suppressing fattﬂfiﬂm@ﬁg
Finally, one should remember that we have masumed ol to be
energy independent. Therefore the expressions for the croas
sections cbtained mbove are valid at the c.m. energy not far
from the threshold of two-pion production, i.e. 9% < 1 GeV.

Note that different theoretical models give dramatically
differing predictions for this quantity (see, for example, /6/).

The authors are indebted to A.G.Grozin, V.S.Panin,

V.N.Pervushin and S.I.Serednyakov for stimulating discussions.
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