Quark model for currents and electromagnetic hadron

interactions

V. F. Dushenko, A. P. Kobushkin, and Yu. M. Sinyukov

Institute of Theoretical Physics, Ukrainian Academy of Sciences

(Submitted February 13, 1974)
ZhETF Pis. Red. 19, 400404 (March 20, 1974)

A description is obtained of the elastic e N and elastic e +p—e + A" (1236) scattering within the

framework of the Markov—Yukawa oscillator quark model.

In''? we used the representation that the relative co-
ordinates £ of quarks interacting via a four-dimensional
oscillator potential are located on a hypersurface £,
p=0 (the Markov-Yukawa conditions) connected with the
moving hadron. The matrix element of the electromag-
netic current of the hadrons takes in this approach the
form'?1
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where m, M, p, and p’ are respectively the masses
and momenta of the initial and final states, I ang 19
are the momenta of the quarks in the initial and final
states, J and J' are the spins and X and A\’ are the
helicities of the initial and final hadronic states, QY
is the charge operator of the ith quark, and
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The operator I'{"’ of (1) was chosen in!! in the form
T'{"=9% In this case the electromagnetic form fac-
tors of the nucleons turned out to be in satisfactory
agreement with experiment in a wide range of g2. The
ratio of the magnetic moments is u,/uy=— 3/2. How-
ever, the obtained absolute value of 1, turned out to be
barely a third of the experimental value.

This difficulty can be overcome by choosing the
vertex operator I“f[’ of the quark-photon interaction in
the form
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The operator follows from the equation for the bound
states of a system of three quarks in first order in the
coupling constant, when the electromagnetic field is
turned on, in accord with the minimality principle.
The equation is'?!

ENTE PRI sm1? Ulg (O, 1) 16y g, (4)
The potential U, just as in the preceding paper, is
represented as a sum of three two-particle potentials of
the oscillator type. Equation (4) with such a potential
yields for the hadron mass spectrum M?=mZ + N,
where N is the total number of excitations of the oscil-
lator with frequency €2. In this model, the particle mass
spectrum is essentially degenerate. 14-6] Therefore, just
as in'®), the parameter 2 will be regarded as an ad-
justment parameter for the description of real particles.

The use of the Markov-Yukawa conditions in the nor-
malization condition
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lifts the infinite hadron-spectrum degeneracy that
follows from (4) [see'™ for details).

1. Elastic form factors of the nucleon (NYN vertex).
The wave functions in the oscillator relativistic quark
model have been constructed, for example, in the
Appendix of'*), As before, we assume that the co-
ordinate part of the nucleon wave function is the ground
state of Eq. (4).™!
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FIG. 1. Comparison of the theoretical form factor G(¢#) with
the experimental GE/u,. [

Using the electromagnetic-vertex polarization given
in®7 for a nucleon in the Breit system, we obtain
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where J, =¥ (J; £iJ,)/V2. It follows from (1) that
Gh(q?) Gy (q?)
(;1';3 (q2) = =
Ky My

= G(q%)., G =0, (5)

with p,=3 and py==2.

Thus, using the vertex (3), we actually obtain a pro-
ton magnetic moment close to the observed one. Glg%,
first obtained in'!), was compared with experiment at
Q equal to the slope of the Regge trajectories, 2=1
(GeV/c)?. In view of the foregoing statements, we do not
insist in the present paper on this condition, choose &
unique for the description of the principal SU( 6) multip-
let, and assume it equal to 0.78 GeVZ/c?. The results of
the comparison with experiment are shown in Fig. 1.

2. Let us consider the isobar production ¢ +p—e
+ A*(1236). Assuming one-photon exchange, we
parametrize the vertex Ny A’ (see Fig. 2), following'®3,
in the following manner:
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FIG. 2. Diagram of one-photon exchange for the electroproduc-
tion of the (1236) resonance.
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FIG. 3. Comparison of the theoretical value of 2, (%) with the
experimental data, {10,111

where J, =% (J, FJ,) /V2.

In the oscillator quark model, the longitudinal and
transverse electric components of the current are @,
= E,=0; taking this into account, we obtain for the
stanzd?rd electroproduction cross section at W2=(p +¢)?
:MA 8]

dra
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where T' is the total width of A*(1236), « is the fine-
structure constant, and k= (M5 - m?/2m.

Calculation of the matrix element (1) with the wave
functions ¥, and §, makes it possible to obtain the
standard electroproduction cross section Z, (¢%). Figure
3 shows a comparison of Z,(g?) at the value 2=0.78
(GeV/c)? with the experimental data. As seen from the
figure, the agreement with experiment ceases to be
satisfied in the narrow region 0<—g2<0.1(GeV/c)® It
seems to us that this discrepancy at small ¢° is due to a
disruption of the oscillator interaction between quarks
separated by a large space-time interval.

In conclusion, the authors thank Professor V.P.
Shelest for constant interest in the work and for useful
discussions.
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