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Results on isolated prompt photon production are presented. The measurements were performed

at HERA in deep inelastic ep scattering and photoproduction, as well as at LEP in photon photon
collisions. Differential cross sections are shown for inclusive prompt photons and those accompanied
by a jet. The results are compared to predictions of perturbative QCD calculations in next to leading

order and to predictions of the event generators PYTHIA and HERWIG.

1 Introduction

Prompt photons in the final state of high en-
ergy collisions allow for a detailed study of
perturbative QCD (pQCD) and the hadronic
structure of the incoming particles. The term
“prompt” refers to photons which are radi-
ated directly from the partons of the hard
interaction, instead of stemming from the de-
cay of hadrons or from QED radiation from
electrons.

In contrast to jets, photons are not af-
fected by hadronisation, resulting in a more
direct correspondence to the underlying par-
tonic event structure. Moreover, the experi-
mental uncertainties connected to the energy
determination of an electromagnetic shower
initiated by a photon are smaller compared
to the measurement of jets of hadrons. How-
ever, the cross section for isolated prompt
photon production is small and the identifi-
cation of photons in the detector is elaborate.

In the following, results from the HERA
experiments H1 and ZEUS are presented, to-
gether with findings from OPAL at LEP. The
OPAL Collaboration studies isolated prompt
photons in the collisions of quasi real pho-
tons at e+e− centre-of-mass energies between
183 GeV and 209 GeV. The HERA experi-
ments exploit photoproduction and deep in-
elastic scattering at an ep centre-of-mass en-
ergy of 319 GeV.

Measurements are presented for the in-
clusive production of prompt photons as well

as for the case where a jet in addition is re-
quired. The inclusion of jet observables al-
lows to distinguish between processes where
incoming photons interact point like (“di-
rect”) or exhibit a hadronic structure (“re-
solved”).

2 Photon Identification

Photons are identified by a three step proce-
dure, which is similar for the different analy-
ses presented here. First a basic photon selec-
tion is performed, where an electromagnetic
cluster is required in the central calorime-
ter. In order to suppress electrons, a veto on
tracks associated with this cluster is applied.

At this stage, a large fraction of the event
sample is still made up of background π →
γγ and η → γγ, especially at high Et of the
photon candidate, where the opening angle of
the photons is small and the pair of particles
cannot be resolved.

Most hadrons are produced together with
a jet, hence in a second step the photon can-
didate is required to be isolated from other
particles in the η − φ planea. This proce-
dure also introduces a sensitivity to energy
deposits on top of the hard process, e.g. to
multiple interactions (m.i.).

aThe pseudo-rapidity is defined as η = − log(tan θ/2)
with θ the polar angle w.r.t to the z-axis. In the H1

and ZEUS coordinate systems the z-axis points in

the direction of the proton beam, while in the OPAL
coordinate system the z-axis points in the direction

of the electron beam
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Figure 1. Inclusive prompt photon differential cross
section for −1 < ηγ < 0.9 in photoproduction,√

s = 319GeV and Q2 < 10 GeV2 from the H1 and

ZEUS Collaborations. a) Comparison to HERWIG
and PYTHIA including multiple interactions, only

the direct contribution (dir) and the prediction with-

out multiple interactions (m.i.). b) Comparison with
NLO pQCD calculations (K&Z and FGH, see text),

corrected for hadronisation and multiple interaction
(h.c. + m.i.) effects.

As the final step, a shower shape anal-
ysis is performed on the candidate cluster,
exploiting the fact that single photons are
more compact than photon pairs from decays.
This makes use of the lateral and longitudinal
resolution of the electromagnetic calorimeter.
With help of estimators constructed from the
shower shape parameters, the ratio of the sig-
nal over the background in the data is fitted
in every result bin. By this the result is in-
dependent from the background rate in the
Monte Carlo used for the fit.

3 Results

Fig. 1 shows the differential inclusive prompt
photon cross section dσ/dηγ as a function
of the pseudorapidity of the photon. The
data were obtained in ep photoproduction
(Q2 < 1 GeV2 and 142 < W < 266 GeV).
Measurements by the H11 and ZEUS2 Col-
laborations are found to be consistent within
errors. A comparison with predictions by
PYTHIA3 and HERWIG4 finds the shape
of the distribution reasonably described, but
the normalisation 40% − 50% too low. The
predictions by PYTHIA are shown with and
without multiple interactions. The latter re-
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Figure 2. Inclusive prompt photon differential cross

section for |ηγ | < 1 and pγ
T > 3GeV in photon pho-

ton collisions,
√

see = 196GeV and Q2 < 10 GeV2

from the OPAL Collaboration. The data are com-

pared to PYTHIA and a NLO pQCD calculation, us-
ing two parametrisations of the photon pdfs (AFG02

and GRV-HO).

sults in a decrease of the cross section, be-
cause additional energy may get into the iso-
lation cone.

Also shown is a comparison of the H1
data with next to leading order (NLO) pQCD
calculations by Fontannaz, Guillet and Hein-
rich (FGH5) and Krawczyk and Zembrzuski
(K&Z6). The calculations use the photon and
proton parton density functions AFG7 and
MRST28, respectively, and BFG9 fragmenta-
tion functions. On parton level the calcula-
tions provide a reasonable description of the
data. However, after corrections determined
with PYTHIA for hadronisation and multiple
interactions have been applied, the normali-
sation is found to be 20% − 40% below the
data.

Fig. 2 depicts the inclusive prompt pho-
ton cross section measured by OPAL10, dif-
ferential in the transverse momentum and
pseudorapidity of the photon. The data mea-
sured in photon photon collision (

√
see =

196 GeV and Q2 < 10 GeV2) are compared to
PYTHIA and NLO pQCD calculations per-
formed by Fontannaz et al11. PYTHIA gives
a good description of the shape, but the nor-
malisation of the distributions is low by 50%.
On the other hand, the NLO calculation on
parton level describes the data rather well.
Two sets of parton density functions of the
photon were used (AFG027 and GRV-HO12),
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Figure 3. Prompt photon cross sections in photopro-
duction with an additional jet requirement (Ejet

T >

4.5GeV and −1 < ηjet < 2.3). Data from the H1

Collaboration are compared with NLO pQCD calcu-
lations.

whereby the resulting change in the predic-
tions is small compared to the uncertainty of
the data.

Fig. 3 shows cross sections measured by
the H1 Collaboration in photoproduction,
where an additional jet (Et > 4.5 GeV and
−1 < ηjet < 2.3) is required. The differen-
tial cross section as a function of the trans-
verse momentum and the pseudorapidity of
the photon are compared to the pQCD calcu-
lations. In contrast to the inclusive case, both
NLO calculations13,14 are consistent with the
data in most bins, and also the NLO/LO
corrections are reduced. The hadronic and
m.i. corrections improve the description of
the data only in some regions.

The ZEUS Collaboration15 has measured
the inclusive prompt photon in DIS (Q2 >

35 GeV2), shown in Fig. 4. In addition to
the prompt photon a jet is required (Ejet

T >

6 GeV and −1.5 < ηjet < 1.8). A pQCD
calculation16 to order O(α3α1

s) on parton
level describes the normalisation of the data
rather well. However, the description of the
shape is poor at low ET and in the more for-
ward (proton beam) direction.

In order to distinguish direct and re-
solved processes, variables xLO

γ (H1) and x−LL

(OPAL) are introduced:

xLO
γ =

Eγ
T (e−ηjet

+ e−ηγ

)
2yEe

,
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Figure 4. Prompt photon cross sections in DIS (Q2 >

35 GeV2 ) with an additional jet requirement (Ejet
T >

6, GeV and −1.5 < ηjet < 1.8) Data from the ZEUS

Collaboration are compared with a NLO pQCD cal-

culation.
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Figure 5. Prompt photon cross section with an ad-
ditional jet requirement in ep photoproduction (left
hand side) and photon photon collisions (right hand

side), differential in xLO
γ resp. x−LL, which approxi-

mates the fractional part of the incoming photon en-
ergy, taking part in the interaction.

x−LL =
pγ

T (e−ηjet
+ e−ηγ

)
y−
√

see
,

where pT , Et and η denote the transverse
momentum, transverse energy and the pseu-
dorapidity of the jet and prompt photon, re-
spectively. y is the inelasticity , Ee the elec-
tron beam energy and y− = Eγ/Ee the frac-
tional energy of the quasi-real initial photon
oriented towards the negative z axis. Low
values of x denote resolved photon processes,
whereas values around one correspond to di-
rect photon interactions.

Fig. 5 shows results from the H1 and
OPAL collaborations. The differential cross
section rises towards large values of x for the
ep photoproduction case, in contrast to the
photon photon collision measurement, which
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is compatible with a flat distribution. In
both cases the NLO pQCD calculations are
consistent with the data. The H1 measure-
ment shows that multiple interactions be-
come more important at low x, corresponding
to the regime of resolved photon processes.

4 Conclusion

The production of isolated prompt photons
has been studied in photoproduction, deep
inelastic scattering and photon photon colli-
sions. In general the predictions of the Monte
Carlo event generators PYTHIA and HER-
WIG undershoot the data, while the shape is
rather well described. NLO pQCD calcula-
tions on parton level are in reasonable agree-
ment with the data. However, if multiple in-
teractions and hadronisation effects are taken
into account, the NLO calculations somewhat
undershoot the data.
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