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We measured the differential cross section for elastic scattering of photons by protons at angles 90°
and 150° in the energy interval from 70 to 110 MeV. The experimental data were used to determine

the coefficients of the electric and magnetic polarizabilities of the proton, &=:(10.74+1.1)X10™* cm

and B=(—0.741.6)x10~* cm’, respectively.

Measurements of the differential cross section of
elastic scattering of photons by protons were carried
out with the synchrotron of our Institute at maximum
bremsstrahlung spectrum energies 127 and 148 MeV.
The investigated process y + P~y + P was separated by
registering the scattered photons. The target dimen-
sions and the angular and energy intervals were chosen
such as to practically eliminate the influence of the
background process. The main difficulty in the organi-
zation of the experiment was the need for ensuring a
1—2% accuracy in the absolutization of the measured
cross sections, since the contribution of the structure
corrections for the photon polarizability to the differen-
tial cross section amounted to 15—20% at a photon
energy 100 MeV and at photon scattering angles 6 =90—
150°, Direct methods of measuring the absolute cross
sections at this accuracy are difficult because of a num-
ber of errors connected with measurements of the in-
tensity and the shape of the incident-photon spectrum,
the registration efficiency, etc. Most of these errors
can be eliminated by registering in succession, using
one and the same vy telescope in identical energy in-
tervals, two processes: the main process y+P—y+ P,
and a monitoring process y +¢ ~ y +e whose cross sec-
tion can be calculated with the necessary accuracy. The
differential cross section of the monitoring process
y+e —~y+e was measured at an angle 1°46’, correspond-
ing to the best agreement with the kinematic conditions
of the registration of the main process y +P—~y + P at
an angle #=90°. A detailed description of the experi-
ment will be published later, The differential cross sec-
tion of the monitoring process was calculated by the
Klein-Nishina~-Tamm formula with account taken in the
lowest order in a=1/137, of the radiative corrections
for the emission of the additional hard photon. "7 The
need for taking into account the latter correction is
dictated by the fact that the energy interval of the
registered photons was approximately 40 MeV. The cal-
culations were made with a computer and took into ac-
count the geometry of the experiment, the variant of
the assembly of the y telescope (I or II), the shape of
the bremsstrahlung spectrum, and the energy depen-
dence of the efficiency of the v telescope. The table lists
the experimental results for the cross section do/d$
=f(y + P—~ y+ P), absolutized relative to the cross sec-
tion do/dQ2=f(y +e =y +e). The error in the values of
the cross sections take into account the random mea-
surement and reduction errors, and the small systema-
tic error (about 1%) of the absolutization of the cross
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Experimental results for elastic scattering of photons by pro-
tons, absolutized against a monitor process.

el Il R e el FgTE
telescope deg.
I 90 85.4" (1.52 £0.05) - 10~ 1.09 : 0.04
il 90 80.9 (1.60 £ 0,09) - 107 1.15 + 0.06
1 150 86,3 | (1.92 :0.14)- 10~7 1.37 +0.20
1 150 81.9 (2.02 :0.17)- 1077 1.44 :0.12
I 990 109.9( (1.44 :0.07)-10~7 1.03 £ 6.06
I 150 111.1 (2.02 £ 0.06)- 107 1.44 + 0.06
i 150 106.7 (2.22 £ 0.09). 107 1.60 +0.08

sections against the monitoring process. The value of
the cross section do/de=f(y + P— v + P) obtained in the
present paper agree with the values given in other
papers (see, e.g., the review™?), but the total errors
are much smaller,

The differential cross section for the elastic scatter-
ing of a photon by a proton in the laboratory system,
expanded in the energy w of the incident photon (Z=c =1)
with allowance of the w® terms, is given by®=%%;
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In Eq. (1), e, M, and » are the charge, mass, and the
anomalous magnetic moment of the proton (in nuclear
magnetons), @ and S are generalized coefficients of the
electric magnetic polarizability of the proton, respec-
tively, and 6 is the photon scattering angle. The first
term in (1) is the cross section for the scattering of

the photon by a pointlike charged particle with spin 1/2
and an anomalous magnetic moment A, ®? and the second
term is the structure correction for the proton polariz-
ability. Approximating the experimental data by formula
(1), we obtain the following values of the polarizability
coefficients: G**= (10, 7x1.1) X107 cm?®, and 8°*
=(-0.7+1.6) %107 ¢m®, The errors in @**® and £°** are
determined by the total errors of the cross section
{do/dQ)(y + P~y +P). It is assumed here that the con-
tribution of the terms discarded in (1) is small. An
estimate with the aid of the Kramers-Kronig dispersion
relation'”” for the forward scattering amplitude of the
photon has shown that their contribution to the cross
section (1) at w =100 MeV and 6=0° is less than 2%.

Let us compare the sum (@ + 8)®**= (10. 0+ 2, 3) X10™%
cm® (the error was calculated with allowance for the
correlations of the values of @°® and £°*), with the the-
oretical values given by the sum rule

oo

= 1 f
2

2n Wy @

olw)

@+ B)theer - dw, @)

which is the consequence of the Kramer-Kronig disper-
sion relation and of the definition of the coefficients o
and 8. % In Eq. (2), o(w) is the total cross section of
the hadronic photoabsorption by a proton. Substituting in
(2) the experimental data on the total cross section up to
w =30 GeV and the usual Regge extrapolation into the re-
gion at higher energies, %111 we obtain (a + 5)t"e°r
=(14.1+0.3) X107 cm?,

Thus, there is a small excess (about two standard

deviations) of the theoretical (@ +$) over the experimen-
tal one: (@ + B)1M0" — (@ + B)™ = (4.1£2,3) X107 cm®. I
this excess is taken seriously, then it must be borne in
mind that it is larger than the possible contribution to

@+ B of a fixed pole with /=2, bounded from above by
the quantity 0. 25X10™3 cm?, 12132

The experimental values of @ and Bare in good agree-
ment with the results of a calculation based on the dis-
persion relations for six amplitudes: @*"°*=10, 4 X104
cm?® and 3ttt =0, 7x10™ em?. "4? These theoretical val-
ues differ strongly from the values obtained in"*? on the
basis of two dispersion relations for the forward and
backward scattering amplitudes.
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