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From the point of view of checking on the predictions of the unitary symmetry hypothesis
it is of interest to obtain information on the probability of the radiative p-meson decay
p—»=x+ 7. At present, however, there are no direct data on this decay. Considerable in-
terest is therefore attached to attempts of an indirect determination of the ynp interaction
constant, A, especially from data on single photoproduction of pions from nucleons.

Fig. 1

The influence of the ynp interaction on the photoproduction processes are described by
the diagram of Fig. 1, which characterizes the contribution of the p meson to the photopro-
duction amplitudes. This contribution can be separated by comparing the experimental data
with theoretical calculations based on rigorous results of quantum field theory - one-
dimensional dispersion relations [l]. In such an analysis, an important role is played by an
estimate of the accuracy with which the dispersion integrals are calculated, since the un-
certainty in integrals may imitate the contribution of the p meson to the photoproduction am-
plitudes. The purpose of this paper is (i) to find for the photoproduction processes & dif-
ferential characteristic for which the theoretical uncertainties are minimel or nil, and (i1)
analyze the corresponding experimental data for the purpose of determining the constant A.

To avoid the uncertainties connected with the imeginary parts of the photoproduction
amplitudes, we confine ourselves to a consideration of the near-threshold region of photon
energies 1) .

Along with p meson, a contribution to the photoproduction amplitudes is made by the
subtraction constant A of the process y + s > n + «x - N + ﬁ Let us consider the quantity

a=1% g [\/%g () - /& (180‘)], (1)
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where k is the photon momentum in the c.m.s. The contribution of the subtraction constant A
to the value of A is greatly suppressed by kinematic multipliers. This is connected with the
fact that A is a combination of the amplitudes of pion photoproduction in the P state, where-
as A makes the mein contribution to the S-wave amplitude. We shall henceforth neglect the
contribution of the subtraction constant.

The diagram of Fig. 1 contributes only to the isoscalar pion photoproduction amplitude
FO. We therefore determine A from data on the photoproduction of charged pions on nucleons,
the amplitudes of which are expressed in terms of FO and the isovector amplitude F as follows:

F(x') = /2 (F° + F),
Fx) = 2 (F - F).

The dispersion relations for the combination of the amplitudes Ao have the following

structure

(@

=P+ 104, (3)

where PO is the pole term, I0 is the dispersion integral, and D the contribution of the p
meson. The pole term Po was calculated using a value f2 = 0.080 for the pion-mucleon constant.
In the calculation of Io y account was taken of the imaginary parts of the nonresonant S- and
P-wave photoproduction amplitudes, which were calculated on the basis of the static disper-
sion relations with account of corrections of order 1/M (M - nucleon mass) (2] and the known
nN-scattering phase shifis (3 ]. This part of the calculations may contain appreciable un-
certainties (~100% of IO). However, it is indeed for AY that the contribution of Io is negli-
gible (~24). The quantity AO can therefore be used for a reliable determination of the ynp-
interaction constant.

To find AO we used our data (] on the differential cross sections of the process y + p
-n+ n+, and also data on the angular dependence of the ratio do/do’ = do(y + n = p + x*)/
do(y + p-n+ n+). To find the cross sections do+/ dan at 0° and 180°, the experimental cross
sections were approximated by expressions of the type

n
(1 - B coss)? -;lﬂ‘i (®) =2 aicosie, (%)

and the value of (4) at the pole cos8 = 1/ (B = pion velocity) was included among the experi-
mental points. For negative pions, the cross sections do'/ a0 were determined by multiplying
the cross sections do+/ dQ by the ratio do-/da+ obtained by approximating the experimental val-
ues of (do”/do')8 by expressions of the type

n
-+ i
do /do (8) = L b,cos' 6 (5)
/ac” (6) = L bjcos's,
and by including among the experimental points the value 1.00 = 0.05 at the pole cosé = 1/B.
The cross sections obtained for the angles 0° and 180° were used to determine by means of

formule (1) the values of A(u+) and A(x”) from which 20 was cbtained with the aid of (2).
The obtained value of Ao is shown in Fig. 2 by the dashed line, and the interval of the
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experimental standard deviations is shown shaded. The
same figure shows the theoretical curves. It can be
seen from the figure that the experimental values of
Ao deviate systematically from those predicted by the
one-dimensional dispersion relations (A = 0). If this
systematic deviation is attributed to the contribu-
tion of the p meson to AO, then a X2 analysis yields
A= (0.2 + 0.2)ef, where €2 = 1/137 and 2 = 0.08. If
we use the correspondence between A and the width

m",} 107 5cn

: (5]
PDIW of the p-meson radiative decay s the results Fig. 2
of our analysis yield
N +o.25>
Doy = <o.o7 o07) Mev. (6)

This does not contradiet the value T’ = 0,12 MeV predicted by the unitary-symmetry hypo-
thesis [5]. e

The errors in (6) are due principally to experimental uncertainties. Therefore refine-
ment of the differential cross sections of the processes y + p »+n + 1(+ and y + n~p+ n in
the near-threshold region of energy can yield more definite information on the constant A. To
obtain data on the latter process it is necessary to study further the processes y + d - p
+p+x andx +p->n+ 7.
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1) The meson c.m.s. momentum in the near-threshold energy region is q < 1 (we use

h=m=rc=1).
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