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The cross section for elastic scattering of y quanta is computed with allowance for the ex-
cited nucleon states as described by the Markov model. The calculated cross sections are
found to agree satisfactorily with the available experimental data.

1 » It is well known that the cross sections of many
processes (scattering and photoproduction of -
mesons etc.) have been found to show only one or
a few maxima. To explain the first of these max-
ima, Tamm has developed a semiphenomenolgical
theory involving a nucleon isobar state. In terms
of this theory he analyzed m-meson! and ¥y -ray?
scattering and the photoproduction of T mesons?
on nucleons. He obtained a qualitative agreement
with the experimental data.

Markov has given another explanation of the ob-
served maxima of the cross sections. It, too, is
founded on the picture of an excited nucleon state
which is identified to be a hyperon instead of an
isobaric state. We have shown earlier® that there
exist two distinct classes of excited nucleon states
in Markov’s model. If these excited states are
identified with the hyperons, then accounting for
the latter in the intermediate states leads indeed
to resonance effects. In reference 5 this was il-
lustrated with the example of 7~ scattering on
protons. However, in that paper a number of es-
sential assumptions were made. They were: ap-
plicability of perturbation theory, pseudoscalar
meson-nucleon interaction, and identical form of
the interaction of the meson both with the nucleon
and the excited state of the nucleon. This example
can therefore be considered only as illustration.
In this connection it is of interest to investigate
the elastic scattering of photons on excited nu-
cleons in terms of the Markov model, since the
above questions can be unequivocally answered
in this case. Such an investigation is furthermore
of interest because some experimental data have
recently been obtained on that process.

A more consequent treatment of the process
should be made in terms of damping theory, since
the cross section at the resonance energy is gen-
erally infinite. However, in a preliminary calcu-
lation of the differential cross section at energies
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differing from the resonance energy, we can
limit ourselves to a perturbation-calculation
treatment. We can also disregard for the time
being effects due to the meson cloud around the
nucleon. These simplifications are taken into
account in the treatment of the problem in the
present paper. Furthermore, we assume that the
first excited state of the nucleon is the A°-particle,
and we take the excitation energy to be 140 Mev
(the excitation energy in this case can lie any-
where between 140 and 180 Mev). Then the ob-
tained cross sections are close to the experimen-
tally-observed values.

2. In the lowest nonvanishing order of pertur-
bation theory the process

y+ Py 4P (I

is described by the diagrams of Fig. 1. The lower
diagrams correspond to the case where the inter-

mediate state consists of the excited nucleon state.
We shall perform the calculation in the laboratory
system.
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FIG. 1

The matrix elements corresponding to the lower
diagrams are given (the notation is that employed
by Akhiezer and Berestetskii®) by
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wp, €4 and w, e, are the energy and polarization
vectors of the incoming and outgoing photon respec-
tively; M=m +a(n; +ny, +ng+ny) is the mass
of the excited nucleon state; a is the excitation
energy; ny, ny, ng, n; are numbers that charac-
terize the excitation of the nucleon; Jpnn’ =

(Inn”In"n’ )1 + (Inn”In7n’ )2 + (Inn”Inn? )3+ . - .+
T = N\ Ho ) . . H s (30)
0
. 1 v 1 - [ .
X exp{—— S— o (pv &) — 7 (fv &) —iky &y ro} di,

k is the energy-momentum vector of the photon;
Inn” corresponds to the transition from the initial
to the intermediate state, and In»,+ to the transi-
tion from the intermediate to the final state. The
subscripts 1, 2 . . . refer to the different diagrams
of a given excited state* (which, in general, is de-
genetrate).

We have assumed that the photons interact with
the excited state in the same way as with the usual
nucleons.’

The two upper diagrams correspond to the fol-
lowing transition-matrix elements:

—ietJyy= [ ify—m A
Soo = 1 ooun{eg 1 e }u
—— Us ) 1( Uiy
2V o0 fi +m? (1)
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where m is the mass of the nonexcited nucleon,
while Jy and Jy, are the respective integrals
over the variables of the intermediate state.

8. To calculate Jy,s which enters the expres-
sion for the cross section, we must know Iyn,s. In
reference 5 we have obtained an expression for I,
for the case where either the initial or final nucleon
momentum vanishes. For our present purposes we
must know I, also for the case when both these
momenta differ from zero (this need arises in the
diagrams where a photon is emitted first and ab-
sorbed afterwards).

By the same method as used in reference 5 we
obtain for an arbitrary coordinate system

Nexp{—ti+...+t—1t24...+1t
+ o

x { expi—88— (5= (R 8 + Ku8) a @)

—
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*In diagrams where the nucleon is not excited, M = m.
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where pj, =p,/m, f},=£,/M, K, =2(t, +t},) -
ikyro.

Expressing the quadratic form in the exponent
as a sum of squares, we obtain the left hand side
of (2) in the form

2 Tt 424 ,
Nl—r:_;z—_;exp[z (Kvay) — 13 tv]v 2)

where
Kva, = 3 K2 — (0, K.) (. K2) [ (o )%,
A = — (p, )2/ mM2.

Thus we have according to (2)
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(3)
X exp [% (Kyay)—1t5 — t;z]}h

tr
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In particular, if nj=ny,=...=n;=0 one sees

from (3) that

1 o {_13.[ (py &) (F, k) — £ (0, 1,) }
V=a o P|7T% —h

(4)
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In the following we shall assume that the excited
state of the nucleon has a lifetime of the order 1071
sec (e.g., a A particle). Then®, ry ~ 107¥ cm
and we therefore shall neglect quantities ~ ryp.

If N=ny+ny +n3=0, ny=0 and N’ =1,
ng = 0 then, for n{ =1, we have

Ipp=—i

(fy &) pr—(p, &) f1 ]

75 Lo [f — NA)

V3 ©)
and analogously for ny =1, nj=1.
If N=n;=0 and N’ =nj=1 then, for nj=1,

Ioy = _;_ Ioo [ 2 (Po(f;v';'v)Pl fo) +0 (ro p)] (6)
/
and analogously for nj =1, nj=1.

As can be seen, the selection rules for the tran-
sition-matrix elements with respect to the internal
coordinates are in the present case the same as for
f = 0, which was treated in reference 5. This
means that the most probable transitions will be
those for which N’ = nj.*

*[t is easy to verify that Eqgs. (4) to (6) go over into Egs.

(10), (11) of reference 5 when f = 0. We use the opportunity
to point out that in Egs. (10) and (11) of reference 5 a term
2(t, + t) should be added in the exponent and the sign of 8
and of 2q,/E should be inverted. The same holds for Egs.
(13) and (14). In the last expressions q signifies that q,
stands for n;, q, for n," etc.
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FIG. 2. Dependence of the differential scattering cross
section on the energy of the incoming photon for the angle
4=90° in the center-of-mass system. (The energy, w,, is
given in the lab. system).

4. We now calculate the differential cross sec-
tion of the process (I).

We limit ourselves to such excitations in the
intermediate state for which N =nj;=1. Then
Jos will be made up of three contributions accord-

ing to the threefold degeneracy of the diagram con-

taining excited nucleons in the intermediate state.
Thus, according to (6) we have
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Furthermore, according to (4) we have
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We finally obtain for the differential cross section
of process (I) the expression

@)/ ()
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FIG. 3. Angular distributions of the scattered photons for
different primary energies: calculated (solid curves) and
measured: x — 239 Mev (right scale), V ~ 193 Mev, 0 — 100 Mev,
O- 90 Mev, ®— 65 Mev.
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where

,_Oz(f” ®1=§0-J00+@3, Dy = + Dy
@y = oo (2 — S — 2T, 0= (S 420 4 )

The elastic photon-proton scattering cross sec-
tion was evaluated from (9) (in units of e*/m?)
for an angle of 90° in the center-of-mass system
and for a = 140 Mev. It is plotted in Fig. 2 using
experimental points taken from reference 9. As
can be seen, there is rather good agreement be-
tween the calculations (in the. range of their appli-
cability ) and the experimental data.

The dependence of the differential cross sec-
tion (in units of e/m?) on the center-of-mass
angle, according to Eq. (9) with a = 140 Mev, has
been plotted in Fig. 3 for several photon energies.
The experimental points are from references 9
and 10.

We see that these experimental data are poor
and contain large experimental errors. The ex-
perimental points evidently indicate a character-
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istic tendency. As the photon energy increases,
almost up to the resonance energy, the backward
scattering becomes more prominent.* If this is

so, then the tendency of our angular distributions
are in opposition with the experimental distributions
up to an energy ~ 100 Mev but have a similar ten-
dency at higher energies. However, a definite com-
parison will be possible only after the calculations
have been performed in the damping theory, with
account of meson effects.

It should be further noted that the cross section
for the scattering of photons on nucleons has been
calculated in several papers. Some have used the
picture of an isobaric state (see, e.g., reference 3,
where further references are given) while others
have used actual meson-theoretical approaches
(see, e.g., reference 12 which also contains fur-
ther references). The results of the different
calculations are rather contradictory.

In conclusion, I would like to thank M. A. Mar-
kov for valuable suggestions and I. A. Egorova for
the numerical computations.
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