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photon centre-of-mass energy as compared to the hadron-hadron and the photon-proton
cross sections is observed. Several theoretical models have also been tested.

1. Introduction
√
At high centre-of-mass energies, s, the two-photon process e+ e− → e+ e− hadrons is a copious source of hadron production. Most of the initial energy is taken by the scattered
electrons. As their scattering angle is low, they often go undetected. The hadron system
√
has, typically, a low mass compared to s. A large fraction of the hadrons escape detection, due to the Lorentz boost of the γγ system and to the large diffractive cross section
producing hadrons at small polar angles, where the detector acceptance is limited. For
these reasons, the measured visible mass, Wvis , is less than the two photon effective mass,
Wγγ .
In the following, only data where the scattered electrons are not detected are considered. The statistics is based on the data collected by the L3 [1] and OPAL [2] detectors at
LEP.
The two-photon cross section σ(γγ → hadrons) is derived in the interval 5 GeV ≤
Wγγ ≤ 185 GeV.

2. Event Selection
The results herein reported are based on the statistics collected by the L3 experiment at
√
s = 130 − 202 GeV, corresponding to and integrated luminosity of 408 pb−1 , and by
√
the OPAL experiment at s = 161 − 183 GeV, corresponding to 74 pb−1 of integrated
∗

Speaker.

PrHEP hep2001

Abstract: The reaction e+ e− → e+ e− γ ∗ γ ∗ → e+ e− hadrons for quasi-real photons is
√
studied at LEP using data from s = 130 GeV up to 202 GeV. Results on the total cross
sections σ(e+ e− → e+ e− hadrons) and σ(γγ → hadrons) are obtained for the two-photon
centre-of-mass energies ranging in 5 GeV ≤ Wγγ ≤ 185 GeV. A steeper rise with the two-
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luminosity. The total number of selected events amounts to 1.8×106 for L3 and to 0.3×106
for OPAL.
The selection of hadronic two-photon events is based on the central tracking system,
the electromagnetic calorimeter, the hadron calorimeter and the luminosity monitor.
A typical selection of hadronic two-photon is sketched here [1]:
• to exclude scattered electrons, events with high energy clusters in the luminosity
monitor are rejected. This ensures a low virtuality of the interacting photons. The
distribution of low energy clusters in the luminosity monitor for L3, presented in
Figure 1, shows a good agreement with both PYTHIA [3] and PHOJET[4] Monte
Carlo programs.

• at least six particles must be detected, in order to exclude events containing τ .
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Figure 1: Energy in the luminosity monitor.

Figure 2: Energy in the electromagnetic
√
and hadronic calorimeters, normalised to s.

The visible effective mass of the event, Wvis , is calculated from the four-momenta of
the measured particles. The Wvis spectrum is shown in Figure 3 for the L3 data sample.
The background is below 1% at low masses, where it is dominated by two-photon τ -pair
production. It increases at high masses, due mainly to annihilation processes.
2.1 Unfolding and Cross Section Determination
The distribution of the two-photon effective mass Wγγ is obtained from the visible effective
mass Wvis by using an unfolding procedure [5].
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• a moderate activity in the electromagnetic calorimeter is required, in order to suppress
beam-gas and beam-wall backgrounds. It must be less than 50 GeV, to exclude
radiative events, e+ e− → Zγ. The total energy deposited in the electromagnetic and
√
hadronic calorimeters, Ecal , must be small compared to s, to exclude annihilation
events, as shown in Figure 2.
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The result of the unfolding procedure depends on the Monte Carlo used. Data unfolded
with PYTHIA are in general higher than if unfolded with PHOJET as shown in Figure 4.
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Figure 3: Distribution of the measured visible mass Wvis .
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Figure 4: The measured Wvis and the resulting Wγγ spectrum obtained by unfolding
from Wvis to Wγγ with PYTHIA or PHOJET
Monte Carlo’s.

Given the satisfactory agreement of both Monte Carlo with raw data distributions, the
average of the results obtained by unfolding the data with PYTHIA and PHOJET is used.
After unfolding, the events are corrected for the efficiency, using the ratio between selected
and generated events in each Wγγ interval.
To extract the total cross section of two real photons, the luminosity function Lγγ [6]
is calculated and the hadronic two-photon process is extrapolated to Q2 = 0. This is done
by using an analytical program [7]. The luminosity function is actually responsible for the
fast decrease of the cross section as a function of Wγγ .
The systematic uncertainties are evaluated for each Wγγ bin. The most important
contributions come from the uncertainty on the particle multiplicity and from the Monte
Carlo program used to model the process. The latter is taken as half of the difference
between the results obtained by unfolding the data with PHOJET or PYTHIA and exceeds
the experimental uncertainty in almost all bins.

3. Comparison with Theoretical Models
3.1 Regge Parametrisation
The total cross sections for hadron-hadron, σpp , photon-hadron, σγp , and photon-photon,
σγγ , production of hadrons show a characteristic steep decrease in the region of low centreof-mass energy, followed by a slow rise at high energies. From Regge theory this behavior is
understood as the consequence of the exchange of Regge trajectories, α(t), in the t-channel.
The total cross section takes the form σtot ∝ sα(0)−1 . The low energy region is sensitive to
the exchange of a Reggeon R (R = ρ, ω, f, a ..), with αR (0) ' 0.5. At high energies, the
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Pomeron exchange dominates, with αP (0) ' 1. A parametrisation of the form
σtot = A sε + B s−η

(3.1)

3.2 Models for γγ Total Cross Sections
Several models [10, 11, 12] were compared to the L3 and OPAL measurements. Their
predictions for the two-photon total cross section are typically derived from measurements
of proton-proton and photoproduction total cross sections via the factorization relation:
2 /σ
σγγ ≈ σγp
pp [13]. In general, these models give an energy dependence of the cross section
similar to the universal fit discussed above. An example is shown in Figure 6 in comparison
with the band constrained by γp and pp measurements.
For both lower and higher values of Wγγ , the L3 data show a much steeper energy
dependence than the theoretical predictions. Another comparison with a theoretical model
and with previously measured cross sections is shown in Figure 7 [14].
In the Regge theory, the Pomeron intercept is 1, yielding a constant total cross section.
When the rise of the proton-proton total cross section was first observed, it was explained
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accounts for the energy behavior of all hadronic and photoproduction total cross sections,
the powers of s being universal [8]. This is confirmed by the recent compilation of the total
cross section data [9] where a fit of Equation 3.1 for all hadron total cross sections gives a
result compatible with the universal values ε = 0.093 ± 0.002 and η = 0.358 ± 0.015. The
coefficients A and B are process and Q2 dependent. If photons behave predominantly like
hadrons, this expression may also be valid for the two-photon total hadronic cross section,
2 .
with s = Wγγ
Considering only the experimental uncertainties, statistical and systematic, several
Regge fits are performed on the data and their results are presented in Table 1. The
exponent η is fixed to the universal value, since the low mass range is too small to be
sensitive to this parameter. Using the whole Wγγ range, the fit with the exponents ε and
η fixed to the universal value does not represent the σγγ energy dependence as reported in
Table 1. Fits with A, B and ε as free parameters, represented as full lines in Figure 5, are
performed both by L3 and OPAL. Their results are also reported in Table 1.
The fitted value of ε for L3 is
ε
χ2 /d.o.f. CL
more than a factor two higher than
L3 Fixed ε
0.093
55/6
10−9
the universal value. It is indepenL3 Free ε
0.225 ± 0.021
12/5
0.04
dent of the Monte Carlo model used
OPAL Free ε 0.101 ± 0.022
68/3
to correct the data and it is in agreement with the results obtained by Table 1: Results of the universal fit fixing or not the
the OPAL collaboration on a re- parameter ε.
stricted Wγγ region.
The parameter ε is strongly correlated to the Reggeon component. To avoid this
correlation, only the Pomeron exchange for sufficiently high Wγγ values is fitted. The
value of ε increases by increasing the lower mass cutoff, thus indicating that its value is
not universal, but it reflects the onset of QCD phenomena, as ε increases with increasing
Wγγ .
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Figure 5: Two photon total cross section
as measured by L3 and OPAL. Regge fits to
both distributions are also shown as continuous lines.
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Figure 6: Measured differential cross section compared to theoretical band constrained by γp and pp measurements.

[15] with an increase of the number of hard partonic interactions. The predictions of a model
[16] that calculates such effects, using an eikonalized prescription to enforce unitarity, are
shown in Figure 8.

Schuler - Sjostrand

800

800

σ γγ [nb]

σ γγ [nb]

600

L3

600

400

400

L3
OPAL
Pluto
TPC-2γ
MD-1

200

0
1

10

10

Minijet
200

0

2

W γγ [GeV]

Figure 7: Predictions from Reference [14]
compared to all measured differential cross
section.
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Figure 8: Predictions of the minijet model.
The band correspond to different choices of
the model parameters.

The parameters of the model are determined from photoproduction data and the L3
results are well inside the uncertainty related to this extrapolation.
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4. Conclusions
The total γγ into hadrons cross section has been measured at LEP and compared with
several theoretical models. The experimental values from L3 and OPAL experiments are
in agreement between each other while on the theoretical side the models based on hard
QCD processes seem to be preferred.
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