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The energy dependence of the photon-proton total cross section, σtot , was determined from e+ p
scattering data collected with the ZEUS detector at HERA at three values of the center-of-mass
energy, W , of the γ p system in the range 194 < W < 296 GeV. This is the first determination
γp
γp
of the W dependence of σtot from a single experiment at high W . Parameterizing σtot ∝ W 2ε ,

ε = 0.111 ± 0.009 (stat.)± 0.036 (syst.) was obtained.
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1. Introduction
The soft hadronic nature of the photon observed in γ p collisions is well described by the vector
meson dominance model, in which the photon is considered to be a superposition of vector mesons
interacting with the proton. Therefore, the energy dependence above the resonance region of the
γp
total γ p cross section, σtot , is expected to be similar in form to that of the total hadronic cross
sections, σtot , for pp, p̄p, π p and K p interactions.
Donnachie and Landshoff [1] demonstrated that the energy dependences of all hadron-hadron
total cross sections may be described by a simple Regge-motivated form,
(1.1)

where W is the hadron-hadron center-of-mass energy, A and B are process-dependent constants,
and αIP (0) (αIR (0)) is process-independent and interpreted as the Pomeron (Reggeon) trajectory
intercept.
γp
At the ep collider HERA, σtot can be extracted from ep scattering at very low squared momentum transferred at the electron vertex, Q2 . 10−3 GeV2 . The measurements of the total γ p cross
section at HERA for W ≃ 200 GeV [2, 3, 4, 5, 6] combined with measurements at low W confirmed
that the total photoproduction cross section has a W dependence similar to that of hadron-hadron
reactions. This similarity extends to virtualities Q2 of the photon up to ≈ 1 GeV2 [7].
γp
This paper presents a determination of the W dependence of σtot from ZEUS data alone, in the
range 194–296 GeV. This was made possible because in the final months of operation, the HERA
collider was run with constant nominal positron energy, and switched to two additional proton
energies, lower than the nominal value of 920 GeV. Many of the systematic uncertainties arising in
γp
γp
the extraction of σtot are now common and do not affect the relative values of σtot at different W .
As the Reggeon term is expected to be small, the function in (1.1) can be simplified to the form
 2ε
W
γp
′
σtot = A ·
.
(1.2)
W0
This is the first extraction of the logarithmic derivative of the cross section in W 2 from a single
experiment [8].
The setup of the experiment is shown in Fig. 1. At a distance of about 6m from the interaction point in the ZEUS calorimeter, a spaghetti type calorimeter, the so-called six meter tagger
(TAG6), was installed. The magnetic field of the HERA magnet, in which the TAG6 was located,
bent the low-angle scattered positrons to the tagger, and thus the tagger was used for tagging photoproduction events. The luminosity was determined by measuring the rate of photons from the
Bethe-Heitler (BH) process (e+ p → e+ γ p). The latter was measured by two independent systems,
the photon calorimeter (PCAL) and the spectrometer (SPEC). The two components (PCAL and
SPEC) enabled the measurement of the luminosity in two independent ways with 1% relative uncertainty. Overall there was a 1.8% uncertainty common to both, due to the geometrical acceptance
of the exit window.
A dedicated trigger logic was designed to collect photoproduction events and keep the rates
at acceptable levels. Two conditions had to be fulfilled, a low-angle scattering positron candidate
detected in the TAG6 and some activity in the main detector. For further details of the analysis,
including the background subtractions and photon flux calculation, see [8].
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σtot = A · (W 2 )αIP (0)−1 + B · (W 2 )αIR(0)−1 ,

γp

σtot (arb. units)
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Figure 2: The W dependence of the total photonFigure 1: The layout of ZEUS and the luminosity
proton cross section, normalized to the value for the
system. To the right of the TAG6 is a side view, left
HER. The shaded band shows the effect of the correof this is a top view. The inset shows the TAG6 and
lated systematic uncertainties. The curve shows the
its cell structure in detail.
γp
fit to the form σtot ∝ W 2ε .

2. Energy dependence of the total cross section
γp

Figure 2 shows the measured relative values of σtot as a function of W , where the cross section
for HER is normalized to unity. The functional form of (1.2) was fit to the relative cross sections,
with the parameter W0 chosen to minimize correlations between the fit parameters A′ and ε . The
fit was performed using only the statistical uncertainties, and separately with all the uncorrelated
systematic uncertainties added in quadrature. The correlated shifts were then applied to the data
and the fit repeated; the change in ε was negligible. The result for the logarithmic derivative in W 2
of the energy dependence is

ε = 0.111 ± 0.009 (stat.) ± 0.036 (syst.) .

(2.1)

In the picture in which the photoproduction cross section is ∝ ln2 (W 2 ) as required by the
Froissart bound, ε ≈ 0.11 is expected, in agreement with the present measurement.
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