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Geometrical-scaling principles are used to deduce the asymptotic photoabsorption cross section. Insertion of
such a logarithmically rising total photon-nucleon cross section into dispersion relations for the Compton
amplitude suggests that previous conclusions about the real part must be modified.

Dispersion relations for the photon-nucleon
amplitude were first evaluated in a classic paper
by Damashek and Gilman' in 1970. Using the data
available at that time, they calculated the real
pért of the spin-averaged forward amplitude f(v)
from the equation

e, P v )
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where « is the fine-structure constant, M, is the
proton mass, v is the photon energy, v, is the
pion-photoproduction threshold, and o4(v) is the
total YN cross section. Comparison of this cal-
culated, asymptotic real part with the real part
predicted by standard Regge theory showed a cons-
tant difference in good agreement with the Thom-
son limit —a/M,~ -3.0 ubGeV. (In Regge lan-
guage this limit would correspond to a fixed pole
at J=0.)

For the high-energy total cross section,  how-
ever, they used a parametrization o,(v)=0,
+bvt/2, More recently, predictions®? have been
made that the photon-nucleon total cross section
would rise analogously to other total cross sec-
tions. (While this paper was in review, these
predictions were fulfilled by new data in the en-
ergy range between 40 and 180 GeV.)

Clearly, a change in the high-energy behavior
of 0,(v) will cause a change in the calculated value
of Re f(v) via (1). By the same token, a different
asymptotic form of f(v) will have a different Regge
phase. Consequently, the question of whether the
constant term in (1) is indeed consistent at high
energy with the Regge phase must be re-evaluated.
We report in this paper such an investigation, with
the conclusion that the asymptotic form of the
amplitude retains at most a small vestige of the
fixed pole when geometrical scaling determines
the rise.

The parametrization of o4(v) which we use is
based on the hypothesis of geometrical scaling,*°¢
which has produced numerous useful correlations
among the high-energy properties of hadron elastic
and total cross sections. We extend this hadron-
projectile work to the photon case. The amplitude

17

T(s,b) as a function of the c.m. energy squared
(s) and impact parameter b can be written as
T(b/R(s)), where R(s) is a radial scale param-
eter containing all the s dependence. As first®
considered in proton-proton collisions, shrinkage
suggests the proton is expanding so, e.g., for an
inelastic collision, the matter density does not
change with energy when plotted as a function of
the scaled radius. Geometrical scaling thus ac-
counts for the growth of total cross sectiong,
constant cross-section (0,;,5110/0t01a1 = o1 /0;)
ratios, constant slope- (B) to-cross-section ratios
(B/ g,), and shrinkage of the forward elastic peak.
It was found that R was given by*

R*=R}+RIns, (2)

where R,/R,=0.262 and 0,, < R*, o, < R?, 0, .,
«R? BocR?, Such relations were shown to be
valid for numerous other hadron-hadron collis-
ions.®

From the Compton sum rule, it has been deduced
that o4(v) and the elastic vp cross section would
show rising behavior above v~ 50 GeV.? Because
of the well documented hadronlike character of
high-energy photon interactions, it seems natural
to generalize the hadronic geometrical-scaling
considerations by writing

o (yp)=N[1+(0.262)*Ins] . (3)

The normalization N can be determined from the
empirical observation®” that the photon in hadron
reactions is very hadronlike and a constant fac-
tor 7 (217)" times 7N data produces the corres-
ponding ¥ N result. We therefore know the asymp-
totic o,(vp) behavior from geometrical scaling and

o, (vp) = (211)3) [0y (m*p) + 0, (17p) ],

so that
N=%(217)"(28.2 mb)[ o, (7*p)/a, ( pp)
+0, (17 p)/0, (pp)]plab=360(}ev/c
=81.7+1.5 ub, (4)

where the ratio of cross sections in Eq. (4) is eva-
luated at the highest available pion momentum,®
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FIG. 1. Geometrical-scaling predictions for the photon-energy dependence of the photoabsorption cross section.
The solid and dashed lines represent the bands within which ¢ ,(yp) should lie for Regge (see text) intercepts oz(O)
=0.40 and 0.45, respectively. The dots represent a fit to the Daresbury, SLAC, and Serpuhkov actual data, plus
theoretically simulated data reproducing the results of geometrical scaling up to 3000 GeV of the form o ,=Cy+Cyv~ 1/2
+Cglnyv; C;=67.83 ub, Cy=102.3 ub, and C3=7.737 ub, when v is in GeV. All curves match the end of the resonance

region at 1.68 GeV.

and N=28.2 mb for the pp case.

To evaluate the Compton-amplitude dispersion
integrals, we need o,(vp) as a function of photon
laboratory energy E, (or v) for all energies. The
low-energy resonance region up to E, =1.68 GeV
is well parametrized for us by the work of Damas-
hek and Gilman. The high-energy dependence re-
quired by geometrical scaling is displayed in Fig.
1 for the two approaches taken. First, it was ‘
required that the strict functional form of Eq. (3)
hold at large energies, with standard Regge
trajectories (P’ and A,) with average intercepts
a(0)=0.45 or 0.40 to account for the falling cross
section in the intermediate-energy region. The
bands in Fig. 1 therefore are the regions bounded
by

0, =(80.2 and 83.2 wb)(1+0.07 Ins) + Bv™ O

(5)
with the solid curves given by @(0)=0.40 and the
dashed curves by «(0)=0.45, with 8 constrained to
match the end of the resonance region at v=1.68
GeV. The curves describe the data® obtained at
SLAC quite well but are high relative to the Serp-

ukhov results® in the 13.4-36.9 GeV range. The
89 data points between 2 and 4.2 GeV measured
at Daresbury'! are very well described; two
representative points at 2 and 3 GeV are on the
plot. The other approach used the SLAC, Dares-
bury, and Serpukhov data®*! to find the best fit
of the form

o, (yp)=C,+Cor /21 Cylnw. (6)

However, theSe data were unable to determine C,,
so we added (theoretical) data calculated from
geometrical scaling Eq. (4) in the range v=300-
3000 GeV. The resulting fit is indicated by the dots
in Fig. 1. Figure 2 shows the comparison between
the real part of f as calculated using these param-
etrizations and the classic earlier result found

by Damashek and Gilman, labeled DG on the plot.
The notation for the other curves correspond to
that used in Fig. 1. Clearly, the Ref curves fol-
lowing from geometrical scaling reach a minimum
near v=15 GeV, and turntoward zero above 15 GeV;
in contrast, the DG curve smoothly decreases as
~Vv. When the DG curve was compared® with the
real part of the simple-Regge-pole contribution
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FIG. 2. Comparison of the real part of the Compton
amplitude predicted by geometrical scaling with that
deduced in the classic analysis of Ref, 8 labeled DG.
The solid, dashed, and dotted curves given by geome-
trical scaling behavior follow the labeling of Fig. 1.

a constant difference of —a/M, = -3 ub GeV was
found as required by a fixed pole satisfying the
Thompson limit. (An alternative evaluation, using
derivative analyticity relations,'? agreed with the
DG result, apparently without any indication of
rising total cross sections.) This same comparison
of a simple Regge-pole term with the real parts
suggested by geometrical scaling indicates no such
constant difference to characterize a fixed pole.
But such a comparison is naive, as this real part
should now be compared with the real part of the
amplitude leading to (3). It is known'® than an
amplitude with correct analyticity and crossing
symmetry can be obtained from the total cross
section by replacing v appropriately by v/i, since
a real analytic function of v/i automatically
satisfies those requirements. When the comparison
is made with the real part obtained from this
prescription, after the method of DG for the

Regge comparison, a difference much less than
—3.0 ub GeV results. Using the fits shown in Fig.
1, we find differences more of the order of -1 pb
GeV.

A logarithmic rise in cross section thus implies,
through dispersion relations, a considerably dif-
ferent real part to a Compton amplitude from that
given by a monotonically decreasing cross section.
Geometrical scaling, resulting from an increase in
size of the photon-proton interaction in similar
fashion to hadron-hadron interactions, ‘requires
that the cross section o,(yp) rise with a particular
functional form. The resulting ratio of real to
imaginary parts appears to behave similarly to
that for e.g., pp scattering. We expect that the
ideas of increasing photon-hadron interactions de-
duced from geometrical scaling for the diffraction
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FIG. 3. Theoretical curves of Fig. 1 for the photon energy 40 GeV <v <200 GeV compared with data presented at the

Hamburg Conference, Ref. 14.
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region will soon be put to stringent tests.

A test has become possible since the initial
submission of this paper. Figure 3 shows data
submitted to the Hamburg Conference by Caldwell
et al.** compared with the curves in Fig. 1;
agreement is excellent. Correspondingly, since
then another approach has been given by Margo-
lis,"® who suggests that vector-meson states in
the J/¥,9’,... sequence explain the data shown
in Fig. 3. Vector-meson dominance was used to
deduce the contribution of such hidden charm
states to the photoabsorption cross section. Like-
wise, contributions from the photoproduction of
many particles, one of which has a ¢ quark and
another particle a T quark, can be deduced from
recent reports.'® However, these are not really
relevant'” to the present work. To use the dis-
persion integral reliany we require a reasonable
representation of the photon-proton total cross
section, o(v) in Eq. (1). Our curves in Fig. 3
essentially “blanket” the data shown in this fig-
ure and connect smoothly to the earlier low-
energy data shown in Fig. 1. Our representation

is above the measurements in the Serpuhkov en-
ergy range, as are the new data, and the pres-
entations'® of these new data do not include com-
parisons with Ref. 10 but simply the smooth trans-
ition into the SLAC range.’ In these data, no
sudden increase in o4(v) is evident anywhere which
might be taken as an explicit threshold effect.
However, we'® have parametrized the charm-pro-
duction cross section in the manner of Barger®
which describes the threshold behavior of photo-
production extremely well. The effect on the

real part of the spin-averaged amplitude is very
small. Therefore we feel our evaluation of the
Compton dispersion integral within the framework
of the geometrical-scaling picture is quite
reliable.
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