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Abstract

Full Text
PHYSICS
A. N. TAVKHELIDZE and V. K. FEDYANIN

APPROXIMATE EQUATIONS FOR THE AM-
PLITUDE OF PHOTON SCATTERING ON
NUCLEONS

(Presented by Academician N. N. Bogolyubov, 20 XI 1957)

The study of the process of photon scattering on nucleons can yield important
information about the mesonic structure of the nucleon. In the present work,
on the basis of dispersion relations for Compton scattering (1), approximate
equations have been obtained for the physical amplitudes.*

1. Kinematic study of the amplitude

Let us denote the initial momenta of the nucleon and photon by p and k, and
the final ones by p’ and k’. From the vectors p and k, p’ and k’, taking into
account the conservation laws for energy-momentum p + k = p’ + k’, one can

construct two independent scalar products v and vy:**

v=(p+p)-k vy =k K. (1)

From the relativistic invariance of the process, the amplitude can be represented
in the form

3
R=D"> Qv alp) R, ulp)ee,, (2)
i v,u=0
where e, e), are the polarization vectors of the initial and final photon; u(p”),
u(p) are spinors characterizing the nucleon in the final and initial states;
Q,(v,v,) are invariant functions possessing only an isotopic structure; R/, are

operators containing the spin structure of the amplitude of the process. The
summation is over all independent structures.

From the conditions of relativistic and gauge invariance one can find the number
of independent structures R,il, and obtain their explicit expression (*). In the
case of a pseudoscalar meson field the number of independent structures is equal
to 10. If one takes into account the invariance of the amplitude with respect
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to time reversal, this number is reduced to 6. As 6 independent structures we

choose the following expressions (Ri = Eu . e;f%:;,,eu :

- 1
Rl:p7~kp'k’ {e-e’'p-kp-K +(e-pe -pp-k—e-pepp ki

R _ (k'k/)l/z {é’(e , E_e / k)—f—é(e’ "k — e ’ k/)}
2= Thp W p'p pp pp p'p ;

~ 1

e m{é/@Jf%’)é—é(%Jr%’)éf};

1 - -
Ri=——{& K(eppk—epp -k+ék(e pp-k —e -pp-k)};
4 p,kp,k,{e (e-p'p-k—e-pp -k)+ek(e-p'p ¢ ppK)}

* Many interesting relations for Compton scattering are contained in the works
(*).

** In the system p 4+ p’ = 0, the photon energy is E = v/2p,, and the recoil
momentum is p? = v, /2.

5 (k'k/)l/Q ~ (1 7\ 2 ’ ~7T. N\ 27 >
5 (k'k/)_l/Q 7 7.7 ’ ’ ’ ’
R6:7p~kp~k’ {2(k+k)e-p'e -pp-k+e  -pe-pp-k)

—2p-kp' ke (e-p +e-p)+éle -p+e -p)]}+ Ry
a-b=ayb, — ab, a = ayy, — ay. (3)
The isotopic dependence of 2, is obvious:

147 m1l—13
QY — 4
2 + 1 2 ) ( )

Q, = Q! + 027, = QP

where Qgp ) describes scattering on a proton, and Qg"), scattering on a neutron.

Let us establish certain symmetry properties of the functions Q,(v, ;). With
the aid of the S-matrix formalism, the matrix element of Compton scattering
can be written in the form !
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i o 07, (y)
Isly) = etlh'z=ky) (@ | =L ® ) dzxdy, 5
(Il 4/€0k6/ Y |5A,(x)| Yy (5)
_(2m)?
“Isly) =i op+k—p — k)R,
(Y'lsl) Tk, (p P —K)
where A (x) is the electromagnetic-field operator; j,(z) = fiLS* |D,)
m & P P\ = 0A,(x)” 7P
is the state vector of the nucleon.
From (5) one can establish that
R(p,k,p', k') = R (p', =k, p, =) (6)

Substituting (3) into (2) and taking (6) into account, we obtain the following
important property of Q,(v,vy):

Qi(yayl):Q:(_Vayl)v (7)

or

ReQ,(v,v;) = ReQ,(—v,vy), ImQ,(v,vy) = —ImQ,(—v,vq).

2. Dispersion relations for the relativistic amplitudes €2,. Using the
analyticity property of the amplitude R in the upper half-plane of the variable

v 4, we have

oo /
ReQ,(v,v)) = lP/ Mdv’. (8)
T ) VUV
The region of negative v in (8) can be eliminated with the aid of (7). The
method of excluding the region 0 < v < 2Mpu + p? — vy for the amplitude R
is given in work !. In this region the Hermitian part of the amplitude R, D, is
written in the form

D=3 a(p) Riu(p)Q = —a(p )/{4(w*M + pe,) Ry +

1/2
~ . ~ v ~
+(2p*M + pe, )Ry + I (2aM + e7,)*Rs + 1TN2R6}U(P>7
vy
1+ 1—r .
T Ty %, ™= "y 2, = Ty + BTy (9)
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where p, and p;, are the anomalous magnetic moments of the proton and neu-
tron.

Taking (7) and (9) into account, expression (8) is written as follows:

1 o 1 1
ReQ,(v,v) =QY + =P

( - - )Iin(l//,l/l)dl//. (10)
s M %=, Vi —v v +v

3. Dispersion relations for physical amplitudes. The derivation of
dispersion relations for the relativistic amplitudes is an intermediate
stage. In order to obtain dispersion relations for the physical amplitudes
M;(v,v;), we represent the Compton-scattering amplitude, expanded in
three-dimensional structures 7, (all calculations below are carried out in
the center-of-mass system):

6
R=> Mv,n)#, (11)
i1
where
7,=i[c(exn)e’n—d(e xn')en’], 7,=enen, 7;=1i5(e'xn")x(exn),

7, =1i0(n’xn)e'-e, 7;=1id(exe’), rs=ee€, n=k/k|, n =k'/|k'|

Substituting (3) into (2) and comparing with (11), we establish the relation
between M; and §2;:

6
(v,vq) Zcm v,vy) Q. (v, vy). (12)
Jj=1

One can also obtain the inverse relations:

(v,1y) Zb” v,vy) M;(v,vq). (13)

Taking into account (10), (12), and (13), one may write the dispersion relations
for the physical amplitudes M;:

Re M;(v,vy) = Z ci;(v, 1) QY+
J

i 1 1

+ —-P du’( - -
T b vV—v vV ——v

) Cij(’/a Vl)bjk(’//, vy)Im M. (14)
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Because of the unwieldiness of the matrices ¢,;, b;;,, formulas (14) are not written
out explicitly. However, in the energy region where terms of order (k,/M)?
may be neglected, the matrices c;;, and b;;, are simplified, and, retaining the
leading terms of the expansion, we obtain approximate equations for the physical
amplitudes, which are not presented here for lack of space.

4. The unitarity condition. The dispersion relations (14) relate the Her-
mitian and anti-Hermitian parts of the reaction amplitude. The unitarity
condition STS = 1, written in the one-meson approximation, allows us to
express the anti-Hermitian part of Compton scattering through photopro-
duction amplitudes. As a result, (14) acquire the meaning of equations.
From S*S =1 and S =1+ R, in the one-meson approximation we have

(VIR + R™]y) = =(Y'|RF|m)(7|R]v); (15)

|) characterizes the nucleon and meson in the intermediate state with momenta
p”, q and other quantum numbers.

Taking into account (5) and the definition of the photoproduction amplitude ®)
et
(p+k—p"—qT, (16)

where
T=id-eF,+dmdnxe)F,+ic-nm-eF;+id-mm-eF,, m=q/|ql,

after simple calculations we obtain the relation between Im M; and F;:

m

/

Ny

-2 x My ni y — M
Im M, = (4m)~*X [ dQ 7F12+5F21+TT,F13+5F31_F22+n72

+an, — Bm ) F3s + a[Fiy + Fyy + 0, F33 +0n"-m Fyy + n-m Fyz + Fyyl}

Im Mg = (4%)’2)\/d§2 {Fj; —nmF,—n" mF, +n Fo+
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+mp[Fiy + Fyy + 0 Fo3 + 0, Fay + 1 Fyam’-m Fyy +n-m Fy3 + Fyy]};
n2,Im M; — n/,Im My + Im M = (4#)_2)\/dﬂ{—FH +nmF,+n" - mF,—

—mEFy —m2Fy —nl Foy +nlm,BFy —nim2Fz + njm, Foy + njym,m?Fa,};
Im My —n,,Im M, = (47r)*2A/dQ{n;FH —n' ' mF,—nmF,+

+nmyFyy —nfm,BFy + Fay +m; Foy 4+ n2, 32 Fay — 02, fF3 —n2, fmi Fay };

2Tm M, + n/Im M + Im My = (47) 2\ | dQ {—FH + (5 - mx”) Fiy—
nl‘

/
m n m
/7 xT z / / xT /
- (67% v ) Fy — My Fy3—pfn F3; —n’-m o Fiy—nmpBF +n Fy+

x x x

m
+ (n;mz +n-m nf”) Fy3 + (nim2 + fn’-m) Fyy+

x

m m
+77’CF24 + BF, + ani,F&g + ani, (,BFM + nx F43) } ;

4
x x

m
Im(M;3 + My) = (47T>_2>‘/d9 {_n,me — BFy + Foy +mZ(Foy + Fyp)+

x

m"L’
+mi Fag +m3 <5F34 + n,F43> } :
x

(17)

, . ’ ’ . / ’ . /s /

Here n; = sinf, n,, = cosf = n-n’, m, = sinb cosy’, m, = sinf siny’,
m, =n-m =cosf’, n"-m = cosf” = cosfcos® +sinfsind cosy’, dQ =

m x n’ 1 /
=sin® db’ dy’, 5:g, a=—|m,m —&—&(mQ—mQ) , Fu=
,n/m :/E x z ,n/z y T 7
1)
=F'(n" m)F,(n-m), A= %

In conclusion, we express our deep gratitude to Academician N. N. Bogolyubov
and A. A. Logunov for valuable discussions and constant interest in the work.
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