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1. Introduction

Recently much attention has been devoted to the current algebra. An im-
portant tool for deriving results from the current algebra is the dispersion tech-

nique of Fubini, Furlan and Rossetti/ 1 .

An alternative approach, based on the usual one-dimensional dispersian
2
relations, has been developed by L.D.Solovievj 3/ . Some results reported in
these papers have also been obtained earlier from the current algebra, These re-

sults are similar to those which are obtained from trivial commutators {ABRO.

This approach assumes the existence of local meson fields, These local
fields cannot be Introduced in composite models of the elementary particles, for

example, in the quark model,

It is more natural to begin with the local vector and axial currents in the
composite particles models, In this paper we propose further development of the
dispersion approach without postulating any current algebra, Let us consider the
local operators J,=divA, which have the same quantum numbers and the

transformational properties as the pseudoscalar mesons. For such quantities as

F(k)-fdxe—“'(i)(xokAI[j-a(x),fﬁ@”B> (1.1)

D()=fdze™ " 06, )AL,V OI]B> (1.2)

where Ve(x) is electromagnetic current, the dispersion relations (d.r,) can be

proved for negative and sufficiently small positive K*..

The number of subtractions in the d.r, is determined by the dynamics of
the interaction. We shall suppose that the d.r. for (1.1)(1,2) as also the cor-
responding scattering and virtual photoproduction amplitudes with the real 77

mesons have the same number of subtractions.



In order to pass to the physical amplitudes we may use the pole approxi-
mation for the matrik elements of the operators J,(x)

C (1.3)
<A|J(0)B>=____"8 T, pi0 ,
mi-q?
a
where T, .. » is the vertex function for the real 7 -meson,

Further we shall consider concrete processes,

2, Dispersion Sum Rules for Strong Interaction

Let us consider the dispersion relation for the quantity

. t21)
Flg)=fdxe™ " @ (x, XAl (x)jg (O {B>

where J,(x) is the divergence of the axial current which has all quantum

numbers of the 7 -meson.

The quantity F(q) has an isotopic structure and transformational proper-

ties of the #—N scattering amplitude and can be presented in the form

F(q)=U(A+QB)U , (2.2)
where Qmy{ q+&2'_p.2_]« and p.,p, are the baryon momenta. The amplitude
B corresponds to the spin-flip n~N - scattering amplitude, For this reason it
is naturdl to assume that the dispersion relations for B and EB have no

subtractions,
Thus we get the following sum rule:
TimBE,31)E=0 ( 23)

where E=q o and 3

is the momentum of the nucleon in the Breit coor-
dinate system,

The isotopic structure of B can be written in the form

- - 1 (=)
B=dygBoaat-ltardB = . (2.4)

The sum rule (2.3) is nontrivial only for the amplitude B,,,
function of E, Writting the sum rule (2.3) for ﬁodd

which is an odd

in terms of the usual

Mandelstam variables $§ and t and picking out the one-nucleon term we

get

2ye < o4
i G )‘ﬂNN(q:)"-J”-(M‘[ﬂ){n LD L (2.8)

where g, (") is deflned by

NE T ONG > =i (@, =2 )VE, )y, UG, (2.6)

In calculating lml; 0dd we shall take into account only the contribution of

N;/2 (1236) .

The matrix element of transition to N* has the following form

NENTG(OIN@,)>= V2, F2,.,€,-7,), (2.7)

We obtain

- - 2y, 2 2 2y _ n 2,08, o Dy
grrNN(q,l)gymN(qz) %ENN‘N(ql )inlN(qz)l 3'+25T(m”‘) +(ql+q1)(2 M)

(2.8)
—lig(ltla—m’+qf)()d2 -m2+q:)} ..

7The right-hand side of equation (2,8) Is dependent on t-(ql-qﬂ)z
left-hand side is dependent on ¢} and ¢

whereas the

only, The explanation is that in

deriving the sum rule (2.8) we confine ourselves to the contribution of N* in-
stead of an Infinite set of states,

As the functions q(q?)

are fast decreasing with ¢2-= the equation
(2.8) iIn limit q2--~e

is trivially satisfied, Apparently, the eq./(2.8) has the
most accuracy with zero values of the transfer moments,

: ’
For zero values of quantities q},q} and t the dispersion relations

definitely can be proved and we obtain
-2 2 2 _M2yo2 '
B2 (O=F1r2) 2 (4mMn? -ME B2 2 (O) - (2.9)
The limitation to zero momentum is useful when one calculates the coupling con-
stants with the help of the quark model.

Using the Goldberger- Treiman relations we can get the following equation
for the coupling constants with the real 7 -mesons:

£l =S LB (UnN-n® M) 2L . (2.10)

In addition to nucleon and N* other resonances, for instance, N:/( 1518)
2




and the resonances with negative parity, can appear in the sum rule (2.8).

However, as the equation (2,10) is satisfiled with great accuracy, the con-

tributions of the other resonances, apparently compensate each other.

3. The Sum Rules for the Magnetic Moments

Let us consider the dispersion relations for

O, ()= fe 1= 8 (xy }A[LT4(0),V, (D[ B>d*x (3.2)
where ]fa (x) is the divergence of the axial current and has the quantum num-
ber of the 7 - meson, @ () has an isotopic structure and the transforma-

tional properties of the virtual photoproduction amplitude of the real n-mesons/ 3.4/

We shall suppose that the scalar amplitude 5, which corresponds to the
structure Uysl?(iy.—y.f)u decrease and for &, and E®, the disper-
sion relations without subtractions can be written, From these assumptions the

sum rule follows:

Tds In®, (s, 4,62 ,q D=0 . (3.2)

After picking out the one-nucleon term it takes the following form:

- . T Imdives - .
By @R W RE [ 1ndYe*s,t, % k50 (3.3)

where F""tk’) are the isovector and the isoscalar magnetic form factors of
the nucleon, In the integral (3.3) only the contribution from the resonances

1
N:,/2 (1236) and Nx/2 (1518) is taken into account, With this approximation the
sum rule (3.3) takes the following form for k2=0

- 2 .
Eann @ )(“p"‘n—l)*inN'N(q2)(“”' “Ha ﬂ")-%g:_gﬂaﬁ—)—[ m2+%n—+"§lT—

-—4;2---‘}%;_-3(1“,)]. , : (3.5)

- 2 - 2
o @) 41 =1)+g o Y o+p e )0,

where yNN, and g* are the magnetic moments of the transitions N' +N+y
v

~—

and NX+N+y Going to the limlt of zero transfer momentum and repeating the
discussion of § 2 we obtain equations which connect the magnetic moments and

the coupling constants with the real 7 _mesons:

) 8 _\ 2 Mm ms 3.6
g""NN(up.-“n-l)ﬁﬂN’N(uPP'-"nn' ot L aanlUile ) (3.6)
, - - 3.7
'WNN(“p+“n 1)."gYTN'N o‘pp'+“nn’) 0 . ( )

There is no experimental data about the magnetic moments of the transition

N's N4y and we cannot check the relations (3.6),(3.7))d.irecﬂy.

4, The Transition Magnetic Moments in the Quark Model

We can estimate the constants &, in the sum rules (3.9){3.10)

using the quark model.
In the.quark model the electromagnetic interaction and the interaction with

the * -mesons can be phenomenologically described by the effective hamilto-

nians

ik x
T IS (a1)
H”-Hz#—ﬁ( ﬂaz(;ra )1 eu l N T (4.2)
., 1
where M_ is the quark mass, 9, is the coupling constants of the 7 -

mesons with the quarks, The matrix elements of the operators (4.1))( 4.2) between

the nucleons are given by the following formulas:

BANN = =
<NIH"IN>--2!EIT ikmgorg Y [ -Sgo y (4’3)
2= (4.4)
<N|H.|N>"T§:H"FN , yp-3 un-—2 ,
7




The transition matrix elements are determined by the SU(6) structure of the
wave function N? We shall use the relativistic composite model of the higher

resonances developed in/ 5/.

According to this paper the higher baryon resonances are considered as
bound states of the three quarks in the P -wave, The relativistic wave func-
tion together with the negative parity resonances describes the positive parity
resonances, The wave function of these states have the structure of the SU(6)
group 70-plet, After the calculation of the matrix elements from (4.1) and (4.2)

we get

Ernk” 5 Bann ,

4.5
Jam -_an . ( )
Fpp’ m e ton LIV
From the experimental decay width [y, y4n = 140 + 20 MeV
2 =
we find —g#:—h——ul,S:O,Z o
n
Finally we obtain for the isoscalar magnetic moment
p +p =0,85¢0,03 . (4.6)
P n

The calculations show that the sum rule for the isovector magnetic moment is in

a satisfactory agreement with the experimental data,

The authors wish to thank Academician N,N,Bogolubov for suggesting this

~problem and for many valuable discussion and remarks,
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