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Corrections to single photon exchange in the 7° Primakoff production
on heavy nuclei are considered with an emphasis on multiple Coulomb
corrections. Those can be shown to be negligible for small momentum
transfers, the region most crucial for Primakoff measurements of 0. For
the n, which can be produced by the same mechanism, corrections are seen
to be of the order of 1 %.

PACS numbers: 12.38.Qk, 12.20.Ds, 13.60.Le, 14.40.—n

1. Introduction

It has been known since 1969, that the coupling to the electromagnetic
field causes an anomalous term of the form (aemNc)/(127)F,, F* to ap-
pear in the third component of the divergence of the axial isospin current
A, = Uy,7v57¥ [1,2]. This anomalous term is stable against higher order
corrections [3] and assuming pion pole dominance, a firm theoretical predic-

tion for the two photon decay width can be made
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The pion decay constant Fy, defined via < O|Aﬁ|7rj(p) >= iFp,ot, is
known from charged pion decay. Modifications due to higher excited poles
(n',..) can be estimated to be < 1.3 % [4]. This results in a theoretical value
Fiheo = 7.72 eV (£2%). A measurement of o can thus be regarded as a
fundamental test of QCD.

* Presented at the Meson 2000, Sixth International Workshop on Production, Proper-
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The present experimental situation is not satisfactory. The PDB gives a
mean value I,=7.8 £+ 0.6 €V. Plans for a new precision experiment at Jef-
ferson Lab aim at reaching an accuracy of ~ 1.4 % with the Primakoff
technique.

2. The Primakoff effect

The 7° photoproduction in the nuclear Coulomb field via single photon
exchange is known as the Primakoff effect [5] (left part of Fig. 1).
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Fig. 1. The Primakoff effect and multiple Coulomb corrections.

Since the differential cross section is proportional to [0, the decay width
is accessible experimentally in this process. Decomposing the momentum
transfer relative to the collision axis A = (A}, Ap), one finds
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As a function of A the cross section has a pronounced peak at A; = Ay,
=m2/(2E,) (= 2 MeV for E, =5 GeV).

3. Corrections to the Primakoff production

3.1. Strong production mechanism

Strong (non 7 exchange) production yN — 7N on bound nucleons has
clearly to be taken into account. Since the cross sections is not precisely
known, an accurate prediction for yA — 7 A is not possible. It can, how-
ever, be measured for large ¢ in the experiment and extrapolated under the
Coulomb peak, since it is known to vary smoothly there. A cross-check
calculation in Glauber theory can then be carried out.
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3.2. Final state interaction

The 7°%-nucleus FSI, predominantly absorption at impact parameters
b < Ry, is calculable in Glauber theory [6]:

o
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The effect caused by FSI can be cast in a modified form factor as shown
in Fig. 2 for lead. The peak region is also indicated. There the effect is small,
but since the strong production amplitude has to be measured accurately
for large ¢, it is necessary to go up to higher momentum transfers in order
to be able to seperate the two effects here.
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Fig.2. The modified formfactor, including FSI.

3.8. Multiple Coulomb corrections

Both backgrounds, considered so far, are non-singular as ¢ —0, in the
region of the Coulomb peak. Due to the long range of the Coulomb in-
teraction, this is not necessarily the case for multiple Coulomb corrections.
Furthermore the factor Z«, appearing for each additional photon-line, is not
small for heavy nuclei. A related problem: Higher order Coulomb correc-
tions to (w7 ) A scattering can give a contribution of up to 14 % for heavy
nuclei [7].
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For the 70 production it is convenient to introduce t = A? = —A2 — A?
and Ay, = Y Ar; = m2/2E, (right part of Fig. 1). In the high energy
limit, i.e. Ar; = O(1/E,) = 0, we find

A = Ao <1 — const(Za)?A? R? log < 12 )) , (4)
—-R5t

where R, is closely related to the charge radius of the pion. There is a
potential enhancement of the correction by the log(1/(—R%t)) singularity.
At moderately high energies one must also take care of finite Ay, ;. The scale
for the masses of the intermediate states is set by the typical sequence v —

70— p% W — 70, therefore Ary =m2/(2E,) < Ao = (m% —m2)/(2E,).

At the Coulomb peak (A_'2 ~ A%l) the correction is only proportional to
log (1/(R44%,)). In the CEBAF energy range 4.6-5.7 GeV, R4 A%, ~ 1,
hindering the logarithmic enhancement of multiple Coulomb corrections.
Numerical results for lead are shown in the left part of Fig. 3. There are
two major effects: (1) the smallness of Ap; leads to a pronounced peak in
the Born amplitude and (2) large Ao and Aps give a strong suppression of
multiple photon exchange. Thus we find only a negligible correction for the
70 Primakoff production. The production process yA — nA is very similar
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Fig.3. The change to g—‘(’) due to three photon exchange is shown. The Coulomb
peak is indicated with arbitrary normalisation.

in structure. The correction, however, is enhanced in comparison to the 7°
case for two reasons: (1) the Born amplitude is suppressed by a factor of
(my/mz)* ~ 250 and (2) Aps, Ars are smaller, thus the log(l/(RQAiQ;g))
gives a larger contribution (right part of Fig. 3).
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4. Conclusions

Multiple Coulomb corrections are a potentially dangerous background in
the peak region, but were shown to be numerically small in the 7% case. For
the 7, however, the correction amounts to &~ 1 % and should be taken into
account in possible Primakoff lifetime measurements. The background from
strong interaction and %A FSI can either be eliminated in the experiment
or calculated reliably. Thus corrections to the Primakoff technique are un-
der firm theoretical control and from that point of view per mille accuracy
measurements of [0 are indeed possible.
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