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Within a coupled-channel optical model, calculations of photon-nucleus total cross sections
and m+ photoproduction on nuclei at high energy are presented and compared with experi-
mental data. The question of the validity of vector-meson dominance (VMD) is discussed.
It is found that the fair agreement between theory and experiment in a recent paper by Boch-
mann, Margolis, and Tang can be greatly improved if one uses experimental two-body am-
plitudes and allows for deviations from the VMD model for thy production reactions yp p p
and pp ~ 7(' n

The multi-GeV total cross-section measurements
of photons on nuclei and the incoherent photopro-
duction of p' and g+ mesons on nuclei provide in-
teresting tests, of the vector-meson-dominance
(VMD) madel. In a recent paper, ' calculations of
these processes were presented using eikonal
methods. The values of the two-body amplitudes
for those calculations were determined from ex-
periments within the framework of VMD. A rea-
sonable agreement was found between the measured
cross sections and the calculations. However,
within the experimental uncertainties, some dis-
crepancies seemed to be present. The aim of this
paper is to point out these difficulties, and to show2

that one finds excellent agreement with the experi-
mental values if the two-body amplitudes are de-
termined from experiments without the constraints

of VMD. A similar approach for the photon-nucle-
us total cross sections has also been used by
Mennessier and Naehtmann. '

Results of Ref. 1 for photon-nucleus total cross
sections and m' photoproduetion are shown in Figs.
I and 2. The experimental uncertainties are still
fairly large, and it is not possible to say if any
additional assumptions are necessary to describe
the experimental data. However, we note some
apparent difficulties:

(a) The ratio of photon total cross sections on
nuclei and nucleons, respectively, indicates that
for heavy nuclei the calculated values are too low

(Fig. I, full lines).
(h) The theoretical result for the effective num-

her N ff of incoherent w' photoproduction (Fig. 2,
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FIG. 1. Photon-nucleus
total cross sections: Data
from Ref. 5 are compared
to theoretical calculations.
The nuclear parameters
are the same as in Ref. 1.
The effect of a change in
the nuclear radius from R
=1.12''~3 fm to R=1.184'~3
fm is shown for &=208 at
E& =8 GeV. Full lines:
two-body amplitudes from
Ref. 1; Broken lines: two-
body amplitudes without the
VMD constraints.
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TABLE I. Photon-nucleon cross sections. The parame-
ters for the two-body amplitudes are listed as functions
of the incident photon energy. The values {i)of a& are de-.

termined from the values of 0 with (y&2 /4~) ~ =0.5 and a
y

16% contribution (Rej.. 4) to 0'& from the vector mesons co

and Q. The values {ii) are determined from p photopro-
duction on nucleons with (yp2/4x) ~ =0.5 as explained in
Ref. l.

Experiment:

$ t =-0.01 GeV2

f t =-0.04 GeV'

$ &=-0.16 GeV'

f t =-0.46 GeV2

Incident energy E& in GeV

oy in pb
(a fit to experimental data
from Refs. 5 and 6)

0'p ln mb {i)

0"p ln mb (li)

28.5

N (A)
N (C)

}6GeV

~e~ % ~ ~M

The difficulties mentioned above disappear if one
allows for breaking of the VMD model in the pro-
duction reactions yp p p and yp p+z. For po

photoproduction we describe the amount of break-
ing with the factor ~, which is defined by th@ equa-
tion
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PIG. 2. Incoherent x+ photoproduction: The values
of + ff are given for diff erent nuc 1ei normal ized to the
value for carbon. The full lines are calculations from
Ref. 1. The broken lines are calculations without the
VMD constraints. The experimental data are taken from
Ref. 4.

These values of o are listed in Table I.

full lines) is too low for heavy nuclei.
(c) The calculations for m' photoproduction pre-

.dict too strong an energy dependence, as already
noticed by Boyarski et al.'

(d) There are several methods to determine the
p' total cross section on nucleons g, which give
slightly di.fferent results.

In Ref. 1 the total cross section o was determined
from measurements of p' photoproduction on nu-
cleons and the value of the VMD coupling constant
y '/4v. We have now determined the value of o
from measurements" of the photon-nucleon total
cross section o using the VMD relation

For A, =1 we have the, usual VMD model. The phase
P=(Ref)/(Imf) is taken from Ref. 1. The. value of
A. ean be determined by comparing the values of 0
obtained from p' photoproduction on hydrogen (see
Ref. 1 and Table I) and from photon total cross-
section measurements (see Table I). We find A. to
be essentially energy-independent with a mean
value of 3, =0.9. This means the p' photoproduction
amplitude f& is 0.9 times smaller than predicted
by VMD

For g+ photoproduction, the validity of the VMD
model is discussed in the literature. 7' By compar-
ing experiments of g' photoproduction with p pro-
duction by pions on protons, it is found' that the
amplitude f(pp- w'n) is about 0.7 times smaller
than predicted by VMD. %'e have used this value
for the calculations presented here.

We now come to the calculation of the photon
total cross section and the p' photoproduction on
nuclei. In both cases, the VMD-breaking two-body
amplitudes affect the cross sections in a similar
way: The contribution of the two-step process
[Figs. 3(b) and 4(b), respectively] decreases in
ratio to the one-step process [Figs. 3(a) and 4(a),
respectively] . Since the two-step amplitude inter-
feres destructively with the dominating one-step
amplitude, the effective nucleon number increases
appreciabl.

We note that the calculations of incoherent po

production on nuclei of Ref. 1 are not affected by
these considerations.
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FIG. 3. Diagrams from photon forward elastic scat-
tering on nuclei: (a) one-step elastic scattering of the
photon on a nucleon, (b) two-step process with vector-
meson production and photon regeneration.

We have redone the calculations of Ref. 1 using
experimental two-body amplitudes. We include the
contributions to the cross section from one-step
and multi-step processes, as shown in Figs. 3 and

4. The two-body amplitudes are determined as
discussed above. The results of these calculations
are shown in Figs. 1 and 2 (broken iines), and they
exhibit good agreement with the experimental data.

We note that these new results are not sensitive
to the value used for the p-meson coupling constant

y '/4tT. Only the p-nucleon total cross section de-
P

pends on.this value, and it is shown in Ref. 3 that
the photon-nucleus total cross section is insensi-
tive to 0

We come to the conclusion that the VMD model,
together with the eikonal methods used, provide a
reasonable description of the photoreactions on
nuclei described above. ' However, if we allow for
breaking of VMD, and use the measured two-body
production cross sections, we find that the calcula-
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FIG. 4. Diagrams for incoherent 7t.+ photoproduction
on nuclei: (a) one-step process, (b) two-step process
with intermediate vector meson p or cu, and (c) pro-
cesses with two incoherent steps.

tions for photoreactions on nuclei (photon-nucleus
total cross sections and incoherent p' photoproduc-
tion) show a better agreement with the experimen-
tal data. Even though the experimental uncertain-
ties are large, these results indicate that the de-
viations from the VMD model, as they seem to be
observed in two-body reactions, are really present.

It is a pleasure for me to thank Professor B.
Margolis for encouragement and many fruitful dis-
cussions in relation to the work presented here.
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