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ABSTRACT 

A Vector Dominance Model relation, free of interference terms, 

has been tested to discriminate for values of the yp coupling constant 

in favor of y:/4n = 0.52. The diffractive part of Compton scattering 

is examined under a p-dominance assumption and compared with 
-- ----- ..-- . ---: .-.- 

p” photoproduction, and the behavior of u totd(yp) at high energies I 
, 

is shown. / 
. .._.-- _ ___.-- ------- 
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Recent experimental evaluations’ of the y-p coupling constant have clustered 

around two values: Values which are nearest’ to y,2/4n = 0.52 f 0.03 as determined4 

from from e+e- colliding beam experiments, 394 and one which is obtained from 

recent experiments of p” photoproduction on complex nuclei as y:/47r = 1.10 f 0.15 (5) 

or r,2/4,1= 1.2 f 0.3. (6) 

It has been conjectured that this apparent discrepancy can be due to the fact 

that the smaller yP value is obtained in experiments where an intermediate photon d 
is on the p”-mass-shell, whereas the recent larger yP value is obtained in exper- 

iments where the photon is on the photon-mass-shell; thus, the existence of a q2 

dependent form factor FyP(q2) is implied. 

Measurements of the total hadronic y-p cross sections provide an independent 

method of determining the yv coupling constants at q2 = 0, through a Vector 

Dominance Model relation first obtained by Stodolsky7 and Sakurai. 8 Using this 

relation, we show that e‘xisting photoproduction data favors the lower yP value, 

so that a form factor of Fyp(q2) is not necessary. 
. 

The Compton scattering and vector meson photoproduction scattering ampli- 

tudes are related in the Vector Dominance Model (VDM) by: 

2 

QYP-YP) = c 

em 
$ m - QYP -‘Vtp, (1) 

V 
V 

where yv is a universal vector meson coupling constant, and Vt is a transversely 

polarized vector meson, maintaining the physical photon polarization of h = -f 1. 

Equation (1) relates the diagrams in Figs. la and lb. The subscript, v applies for 
. . ---.-.--- 

the p”, 0’ and 0’ mesons, and the y -(vector meson) transition is taken at the ---- _. -.-- ..~_ ____ -- - 
‘off-mass-shell value of q2 

------------.. 
= 0, with a strength of emy2y,. 

---- -.---_.. __ _ 

-- -_...____ - . . . - 
Experimental observation shows, 

9 that in photoproduction of vector mesons at 

8 cm = 0, the initial photon helicity is preserved by the vector mesons; that is, the 
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p” and o” mesons are produced with a predominant sin2 19~ distribution, where 

OH is the helicity angle, and pro( e,, = 0) = 0. Hence, in the forward direction, 

the transversality requirement Vt of Eq. (1)) already is satisfied experimentally, 

and need not be imposed by a transversality projection. 

The total hadronic y-p cross section is related 7,s to forward vector meson 

photoproduction by: 

a,,t(YP) = G c --L- 

112 

* -L-- l g(YP-VP& = o l TIC (2) 

V [ l+P; Y>4T 1 
where a = e2/4r = l/137, and p, is the ratio of real over imaginary parts of the 

scattering amplitude A( yp -VP), at the forward direction. 

This relation is independent of incident photon energy and should apply at all 

energies which are above yp s-channel resonance formation. Further, Eq. (2) 

has a unique property which is not easily found in VDM relations, in that it is 

independent of “p -0” type interference terms. 

We apply Ei. (2) under three assumptions which are conservative in the sense 

that deviations from these assumptions tend toward requiring a smaller value for 
2 

the yp coupling constant. These are: (a) the pt = [ReA(yp-Vp)/ImA(yp-Vp)] 

terms are negligibly small in the forward direction, (b) the experimentally meas- 

ured forward angular distributions, as given by a parametrization of 

d&t (ype Vp) = A exp (-Bitt - Ct2), are predominantly diffractive, and (c) the 

experimentally measured coupling constants ~2v/47r, whenever used in the scattering 

amplitude sum in Eq. (1), are taken to be in the relatively additive phase for all 

three vector mesons. We remark that in SU(3) symmetry, only the r#~’ term would 

enter in the opposite 10 phase with respect to the p” and w” terms. And with 

regard to assumption (b), the measured energy dependence of channel cross sec- 

tions indicate that, for the case of yp-- pop the assumption is well satisfied; 
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whereas, for the case of yp--c w’p, the nearby to forward region can have a non- 

diffractive part in the above parametrization which comes from a one-pion- 

exchange contribution. This contribution diminishes with incoming energy accord- 

ing to the observed cross-sectional behavior 9 of (r( yp- w”p) = (18.4 ct: 5.8) E -1.6+ 
Y 

(1-9 -f 0.9) E;omo8 pb. As it will be seen, in Eq. (2) the o”-term contribution is 

found to be at - 1570 Ievel and that of the $‘-term at -570, throughout the examined 

Ey range. So that, deviations from our assumptions would require co-measurate 

compensation by a reduction of the yP value, to find agreement with the measured 

atot( yp) cross sections. 

We have used the available experimental data to evaluate the right-hand-side of 

Eq. (2) at 14 incident photon energy points in the range of 1.6 5 Ey 5 17.8 GeV. 

These are energy points where measurements of dc/dt(yp-pop)1 t=O exist. 12. 

Accordingly, we have matched to these points estimated values and errors for 

dcJ/dt(yp --‘p)I t=O and dc/dt(yp - $‘p)ltZO, by a smooth extrapolation of the 

available data 14,15 for these channels. Here, in the absence of accurate exper- 

imental data at high energies, it may be that we have over-estimated the o” and 

$I’ forward photoproduction values. A recent theoretical investigation 16 of the 

energy dependence in the ratios of p”: 0’: c$’ photoproduction indicates values 

smaller than what we have used. 

The y, and y+ coupling constants recently have been obtained by two inde- 

pendent methods : direct w” and $I’ formation in e’e- colliding beam experiments,4 

and by the measurement of their leptonic decay branching ratios*’ The most 

recent values of y$‘47r = 3.70 6 0.7 and y2/4n = 2.75 -I 0.4 are obtained from the 
+ 

0rsa.y experiments. 4 

With the y. and y$ coupling constants’thus fixed, the VDM predictions for 

utot( yp) has been obtained for the twy yP values in question and the results 
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compared with recent measurements 17,18 of the total hadronic yp cross section. 

Figure 2a shows this comparison. 

It is seen that the existing experimental measurements of utot( yp) (dark 

points) can distinguish between the two indicated yp values, in favor of 

Yp2/4ii = 0.52. We wish to remark that this separation is obtained with yw and 

2 y values measured at q2 
4 

=m o and m2 
cp’ 

respectively. The implication that 

); and y 
4 

would have higher values at q2 = 0, in analogy to 5 , makes this dis- 

crimination even more apparent. The VDM points (open circles) carry errors 

propagated by all of the quantities enterin, m in the right-hand-side of Eq. (2). 

To show the relative importance of the isoscalar vector mesons in this VDM 

relation, the ” w” + 4”’ term has been presented separately. Although here, 

where interference terms are not present, these participate at a level of 15 - 20%; 

it is difficult from this to deduce their effective relative importance in other VDM 
2 

relations where “p - w” type interference terms are present. 

In the range,of 2 - 8 GeV, the VDM prediction shows excellent agreement with . 

the measured gtot(yp) values using the indicated yi/47r = 0.52. Accordingly, 

we have extended this VDM calculation to higher energies, for the benefit of 

current experimental efforts of obtaining the total hadronic Yp cross section at 

these energies. 

Since Compton scattering plays a fundamental role in describing processes of 

the type yp --+vp and Vp --cV’p through VDM, we proceed to estimate the diffractive 

part of ue~(yP). To convert the scattering amplitude relationship of Eq. (1) into 

cross sections would require, not only a knowledge of the cr diff (yp+Vp), but in 

addition, that of the interference terms among the P”, o” and 4’ photoproduction 

amplitudes. The lack of measurements of these terms guide us to invoke a 

p-dominance assumption here, accordingly, o- diff(yp ---yp) = @X/4)* (y;/47r)-1 * 

,diff 
(YP - POP) l 
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We have estimated the diffractive part of the yp-pop cross section by inte- 

grating that part of the available angular distribution data 5,9,11 which has been 

parametrized as do/dt( yp -pop) = A exp (-Bit1 - Ct2). Within errors, the inte- 

grated cross sections agree well with the quoted channel cross sections of 

YP - pop, indicating the predominance of diffraction in this process. Figure 2b 

shows the expected behavior of the diffractive Compton scattering cross section, 

calculated with the YF/47r = 0.52 -f 0.03 value. 

For some time, the high energy behavior of both the diffractive part of 

Compton scattering and the total hadronic yp cross section have caused consider- 

able interest in view of an apparent paradox, 19 independent of VDM. It has been 

expected that the diffractive part of forward Compton scattering should proceed 

via the exchange of a single Pomeranchuk particle Regge trajectory, op(t); where 

op(0) = 1, behaves as a vector under three dimensional space rotations. But, 

when the diagram in Fig. la is viewed in the t-channel for the process of 

Yi/’ -pp at t = 0, the two incoming photons form a system of net helicity 2, 

which inhibits the exchange of a single P particle. In this case, the relation of 

a;,t(YP) = (4x/k) ImA(YP-YP&,O would imply a vanishing total hadronic photo- 

production cross section at high energies - which is not consistent with the results 

shown in Fig. 2a. 

Recent experiments 20 accommodate for a Pomeranchuk Regge trajectory with 

a slope of crP(t=O) Z 1 (GeV) -2 21 . This value is theoretically understood only if 

multiple P exchanges in high energy hadron-hadron scattering are considered. 

The above paradox in photoproduction can be resolved in a similar manner. 

We are pleased to acknowledge Dr.-G. B. Chadwick for valuable remarks. 
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FIGURE CAPTIONS 

1. Diagrams for, (a) Compton scattering; (b) Vector meson photoproduction, and 

(c) Vector meson formation in e+e- colliding beams, through the Vector 

Dominant e MO de1 . 

2. (a) Comparison of the Vector Dominance Model test (open circles) from 

Eq. (2)) with mkasured utot (yp) data, Refs. 17 and 18 (dark points); for 

the values of y;/47r= 0.52 4 0. 03 (band on atot measurements), and 

yp2/47r = 1.10 + 0.15 (lower ban@. The rr~o + $“~~ contribution is shown 

separately (lowest band). 

(b) The diffractive part of Compton scattering cross section, estimated from 

p-dominance and the fl diff 
(YP --pop) values. 
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