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The crosss section for scattering of photons against nucleons is computed on the basis of
a semiphenomenological isobaric theory including absorption.

T HE fact that a nucleon is surrounded by a
meson field leads to a scattering cross section
fa photons by nucleons, which differs from the
well-known Klein-Nishina formula. By analogy
with the scattering and photoproduction of mesons
by nucleons, one may expect that in this case, too,
the cross section will exhibit a resonance charac-
ter as a function of energy. Yet, attempts to carry
out corresponding calculations meet with the prin-
cipal difficulties inherent in all present meson
theories. But if one includes the meson field in a
semiphenomenological way by introducing isobaric

states 1’2, then the computations can be carried to

completion, as indeed is done in the present note*.

The Lagrangian for the interaction between the
nucleon and the photons has the form**:

L = VEE_@TALP — VZ;E -/eVI- —B_\uNFu.vTvT5d,) §h)

+V 4= Te/l_ ON*Fo1sBes

0A 0A
Fpp= ot — 22
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A, = —— (ceths + cTemtkx),
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where 7= ((1) 8) is the nucleonic charge operator

* A similar calculation has already been carried out
in Ref. 3. However, the author treats absorption in an
approximate fashion by including it only at resonance.
In the present article, absorption is treated according
to the method of Heitler (see Ref. 4), following the
scheme developed in Ref. 2.

** We use here Pauli’s notation.

is a Hermitian matrix in isotopic spin space de-
scribing transitions from ground to isobaric states,
and vice versa.

The incident photon shall be characterized by
the polarization vector e and the 4-momentum
k(k, iw); we shall denote the 4-momentum of the
nucleon in the initial state by p (p, iE). The
corresponding quantities in the final state shall be
denoted by e”, & and p’. The computations shall
be carried out in the center-of-mass system. The
second order matrix elements U are sums of four
terms corresponding to the four possible scatter-
ing reactions (two of these are the usual ones, and
the other two include an isobar in the intermediate
state ). We represent the nucleon wave function
Y as a product of u , a function of the coordinates

and the mechanical spin and y, a function of the
isotopic spin; then:

U= """ (A+ B)+ " "N*Ny (C+D); @
A = (V4we)*(20) upe' (p + £ + M) éu,;

B = (V' 4me)*(20) Mupe (p — k' + M) &'uy;
—_— 2 '1— —_— A, ’ "
c :(\1/%%} s Uy (&' — €,R))
XK (p + R) (ék\, —-—e‘,/%) Up;

D= (VZ&%)%})-EP, ek, —

e,fc)
X Ky (0 — F') (€' b — ey )up.
The isobaric propagator K, has the form®
K (p) = (0 — 0 {l— i1, (P + )

+2p)] 6’;;{12' -+ aul} (alv - % Tz'h) ’

where » is the mass of the isobar.
Inasmuch as the expressions for 4, B, C and D
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are very cumbersome, let us introduce here coeffi-
cients for expandlng these quantities into the

polynomials L ? of Ref. 6:
5
A=Vimep S anlh?. 3)
i, k=0

= (Y 4re)? 2 EAR
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i,k =0

where £ =1/M2 + w2 is the energy of the nucleon,
and € = £ + w is the total energy of the system. The
nonzero coefficients of A and C are:
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The coefficients bik are related as follows to the

auxiliary quantities 8., 8., ..., B,

where

boo = 4o (By — By — B + Bs 4 /87 + Y5B10) + Yaln x (B,— B3) + f2 (Bs + Bs);
byy = 4y (Bs + Ba— By — B + YaBs+ 1/aBo) + Voln x (8;— B5) 4 f2 (B + Bio);
byy = 4o (Bg — B — 20B; -+ 285 4 /5By — Byo) — Y/of1 (285 + £7)
+ sln xByo + [ (— By + oB2) 4 f5Ps;
bgs = 3o (— 285 + By — oBs + 1/58y) + 3f1Bs + [ (— 31 — 308, — 2840)
+ [ab7 + 5 (4Bs + */38s + 1/3Bs);
by = fo (By— By — 385 — 208y 4 /2B10) 4 f1 (285 — 1/58s) + fals
+ fa (— By —+ aBs) — of 487 4 2586 + 1/4Bss

bss = 3fo (B1 — By — B =+ 1/aB7) + fa (— 384 + 35 — 285) + fa8,
+ [5 (286 + YsB7 + %/3B10);

bzs = bsz = l/gfo (33 - 34 + “ﬁs + 1/239)"‘ ‘V—;; fl?’? + V§f3 (Bl - 0!192)
— 5= Fs (285 + Bo):

bys = bgq = V§f0 (81 — By — 2B — o) + —— fl (285 — Bo)
+ V3f3 (— Ba+aBs) + —= V— fs (486 + B2),

fo= 1/4(1—"%‘"1 x)§ fi=afo 4+ Yslnx; fo= —of, + g Inx;
Is :3/2°‘f0+1/16 In x;

3 1
f4=—'2““f0+76‘mx§ fs”’_““fo‘i'gr X = -—-
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Therefore,
a=L[w; Bi=1-4p"% Bs = 2;

Bi=f+1; B=2

By =B; =By = B = 0; B=(E+ M)/o.

The coefficients d, are analogously related to

8, = — 28y a=—203+ 1) the auxiliary quantities 51, 8, .+ 8, Thus,

o= (x2 — M? + 2Ew0) / 20?;
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b= g I = g e ) (M 3

In order to determine the scattering cross sec- .
tion including absorption, we apply Heitler’s in- - i"’lqg U (n*, p° F (p°)dQ
tegral equation® which yields for the scattering of
light by nucleons the following equations:

—in, \U(n, py) F (o) d02;
F (py) = U (py, P7)

F(p%) = U (p° p7) —inqSU (Po, 1) F (n%)dQ
— i, K U(py, n') F (n*)dQ
—in, \U (p°, p°) F (p°)d2
—in, (U (p1, p°) F (p) 2 o

: —in, SU (r°, pY) F (py) dQ,
=i, & Upr, pr) F (p7)dQ

where 9V 2+ 2V gt 4

8r2(V g* L pf Vg2 1 )
w?E .
& (01 E)

m, =

F(n*) = U (n*, py) — iy SU(n n*) F (n*) d
0, =
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and where ¢ is the momentum of the meson.
Here, for example, U(n*, py) and F (nt) gre the

matrix element and amplitude for the photoproduc-

tion process y + p->n + 7. These equations can
be solved by expanding the F”’s and the U’s in the
orthogonal polynomials L%k@, L‘gk@ and L Mk M

of Refs. 2 and 6. A simple calculation yields the
result

5
F(py)= 2 fikL(ika);

i, k=0

Fin = Uip
1 h— y
U e (il + wih3)

where (£) is an integer equal to either (£ +1)/2
or (k + 2)/2, and by means of Egs. (1)-(3),

wip, = () 4dre)? [aik + b

() (g o+ )]

1/2

where u W32

and are the expansion coeffi-
cients of the meson scattering matrix for total iso-
topic spin / = 1/2 and [ = 3/2 (see Ref. 2). The
differential cross section in the center-of-mass
system is given by

do 1 o?F? 1

@@= 5w w7 USPIF

e’e
1
where 2 2 Sp | F 2= My + M, cos b
e’e

) 1
-+ /1/127(3c0528—~ 1) + Mjcos? 9,

and where ¢ is the angle between k and k’, and
where

MO =2 (('900. 00 + {‘Dll, 11) + 4 (,*?22, 22 + £?33, 33 + {'044, 44 —+_ ?55. 55)+8 (’?23, 23+ (F45. 45 )
M]- =2 (2?00. 11 + ('900, 22 + 3(‘?00, 33 + ('Dll. 44 + 3C‘Dll, 55 +5 (Pz?.. a4 3"022, 55

— 30

¥33, 44 - 32?33, 55) + 2 V 3 ((‘DOO. 23 (P22. 45

+ Pl 3(?44, sa  Pag, 03 3(?55, 23);

M2 = ,‘?22, 22 + ('933, 33 + (?44. 44 + (‘955, 55 + 4 ((?23, 23 —|_ ’\‘945, 45) + 2 (CP()O. 44 + 3,‘POO, 55

+ T 3’4?11, s T 3"?22, 5T 3(?44,55) +4V3 (3000. sT9

P11, 28 7 Poz. 03

+ Pas, 23— Pua, 5 + Pss, 45);

M; =4 (3(?22, 55 -+ 3'?33,44 + 4?33, 55 + 6(923, 45) + 16 ]/§ ('?:13, 45 + Pss, 23);

9in tm = 5 (i m + Fhufin)-

Integrating over angles, we finally obtain the

total scattering cross section for the scattering of
light against protons.

o = (w?E? [ =e?) M.

Numerical computations were carried out with
this formula. The values of ulk/z' 3/2 were taken
from Ref. 2, and a = 1.61 in accordance with Ref.
6. The following values of o were obtained as a
function of w (in the laboratory system):

© (mev) 280 340 400
c-10-31 11.6 21.3 20.3

As could be expected, the cross section has a
maximum at € = x in the center-of-mass system,
corresponding to @ = 340 mev in the laboratory
system.

After obtaining the above results, the author

found out that an analogous computation had been
carried out by V. I. Ritus. The methods of solu-
tion differ, however, and so do the numerical re-
sults (which may be due to the choice of con-
stants )
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