Measurement of photon production in proton-proton
√
collisions at s = 13 TeV with the ATLAS detector

The production of prompt photons in proton-proton collisions at the LHC provides a testing
ground for perturbative QCD with a hard colourless probe. Since the dominant production mechanism in proton–proton collisions proceeds via the qg → gγ process, measurements of promptphoton and photon plus jet production are sensitive at leading order to the gluon density in the
proton. This contribution presents the latest ATLAS measurements of the ratio of the cross sections for inclusive isolated-photon production at centre-of-mass energies of 13 and 8 TeV, the
√
measurements of isolated-photon plus jet cross sections at s = 13 TeV using a dataset with an
integrated luminosity of 3.2 fb−1 and the differential cross section for isolated-photon production
√
measured at s = 13 TeV using an integrated luminosity of 36.1 fb−1 . The measurements are
compared to next-to-leading-order QCD as well as to next-to-next-to-leading-order QCD calculations.
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1. Introduction

2. Ratio of cross sections for inclusive isolated-photon at

√
s = 13 and 8 TeV

The measurements of ratios of cross sections [11] are based on the measurements presented
in previous ATLAS publications [1, 2]. The impact of the experimental systematic uncertainties
and theoretical uncertainties on the ratio of the cross sections is reduced, allowing a more precise
√
comparison between data and theory. This is achieved by accounting for inter- s correlations in
the experimental systematic uncertainties affecting the measurements and in the uncertainties of the
γ
theory predictions. The measurement of the ratio covers the range ET > 125 GeV and is performed
separately in the four regions of |η γ |, namely |η γ | < 0.6, 0.6 < |η γ | < 1.37, 1.56 < |η γ | < 1.81
and 1.81< |η γ | < 2.37.
γ
γ
The measured 13-to-8 TeV inclusive isolated-photon cross section ratio, R13/8 , as a function of ET
in different regions of |η γ |, together with the NLO QCD prediction estimated by JETPHOX [12],
are shown in Figure 1. Even though there is a tendency for the predictions to underestimate the
data, the measurements and the theory are consistent within the uncertainties. The overall level
of agreement between data and the NLO QCD predictions within the uncertainties validates the
description of the evolution of isolated-photon production in pp collisions with the centre-of-mass
energy.
1
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The production of prompt photons in proton–proton (pp) collisions at the LHC, pp → γ+X,
provides a testing ground for perturbative QCD (pQCD) with a hard colourless probe. All photons
produced in pp collisions that are not products of the hadron decays are considered as “prompt”.
Two processes contribute to prompt-photon production: the direct process, in which the photon
originates directly from the hard interaction, and the fragmentation process, in which the photon
is emitted in the fragmentation of a high transverse momentum (pT ) parton [1, 2]. Measurements
of inclusive prompt-photon production were used recently to investigate novel approaches to the
description of parton radiation [3] and the importance of resummation of threshold logarithms in
QCD and of the electroweak corrections [4]. Since the dominant production mechanism in pp collisions proceeds via the qg → gγ process, measurements of prompt-photon and photon production
in association with jets are sensitive to the gluon density in the proton at Leading Order (LO) [5].
Therefore, new measurements of prompt-photon production are expected to further constrain the
gluon density in the proton.
In the ATLAS experiment [6], photons are identified as clusters of energy in the electromagnetic
(EM) calorimeter in pseudorapidity regions of |η| < 1.37 (central) and 1.56 < |η| < 2.37 (forward) [7]. Additional identification requirements, aimed at the removal of contribution of photons
from decays of energetic π 0 and η mesons inside jets, are applied to the lateral and longitudinal
energy profiles of the EM shower in the calorimeter [8]. Photon candidates are required to be isolated, which is ensured by applying cuts on the total transverse energy in a cone of R = 0.4 centered
γ
γ
around the photon direction: ETiso < 0.0042×ET + 4.8 GeV where ET is the photon transverse energy. To remove the contribution coming from pileup, the calorimeter isolation is corrected using
the jet area method [9]. Remaining non-negligible background is evaluated by using a data-driven
method based on signal-suppressed control regions [10].
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Figure 1: The measured R13/8 (dots) as a function of ET in different regions of |η γ | [11]. The NLO QCD
predictions from JETPHOX are also shown. The lower part of the figures shows the ratio of the NLO QCD
γ
predictions to the measured R13/8 (black lines). The ratios of the NLO QCD predictions based on different
γ

PDF sets to the measured R13/8 are also included.

3. Measurement of the cross section for isolated-photon plus jet at

√
s = 13 TeV

The dynamics of isolated-photon production in association with a jet in proton–proton colli√
sions at s = 13 TeV is studied using a dataset with an integrated luminosity of 3.2 fb−1 [13]. The
kinematics of the photon plus one-jet is studied via measurements of the cross sections as functions
γ
jet−lead
of the ET and the leading-jet transverse momentum (pT
), whereas the dynamics of the system
is studied by measuring the azimuthal angular separation between the leading photon and the leading jet (∆φ γ−jet ), the invariant mass of the leading photon and the leading jet (mγ−jet ) and | cos θ ∗ |.
γ
Photons are required to have ET > 125 GeV. Jets are reconstructed using the anti-kt algorithm with
radius parameter R = 0.4 using topological clusters as input and required to have pT > 100 GeV and
|yjet | < 2.37. Jets are further calibrated using the method described in Ref. [14]. Jets reconstructed
from calorimeter signals not originating from a pp collision are rejected by applying jet-quality
criteria [15, 16]. The selected jets and the photon must be separated by ∆R > 0.8. For the measurements of mγ−jet and | cos θ ∗ | additional constraints |η γ + yjet−lead | < 2.37, | cos θ ∗ | < 0.83 and
mγ−jet > 450 GeV are applied to remove bias due to the selection requirements on the photon and
jet. The dominant sources of uncertainty arise from the jet and photon energy scales and the photon identification. In each case the results are propagated through all steps of the analysis to keep
correlations.
The fiducial measured cross section is: σmeas = 300 ± 10 (exp.) ± 6 (lumi.) pb. The measurement
is consistent with the fiducial cross sections predicted by JETPHOX and a multi-leg NLO QCD plus
2
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Figure 2: Measured cross sections for isolated-photon plus jet production (dots) as functions of ET (left
jet−lead
plot) and pT
(right plot). For comparison, the multi-leg NLO QCD plus parton shower predictions from
SHERPA (dashed lines) and the NLO QCD predictions from JETPHOX corrected for hadronisation and UE
effects (solid lines) are also shown. The bottom part of each figure shows the ratios of the predictions to the
measured cross section [13].

4. Measurement of the inclusive isolated-photon cross section at

√
s = 13 TeV

The differential cross section for isolated-photon production in pp collisions is measured at
√
s = 13 TeV using an integrated luminosity of 36.1 fb1 [20]. The differential cross section as
γ
γ
a function of ET is measured in different regions of |η γ | for ET > 125 GeV and |η γ | < 2.37,
excluding the region 1.37< |η γ | <1.56. In this analysis, the region where the measurement is
γ
limited by systematic uncertainties is extended to ET ∼ 1TeV, beyond what was achieved in the
previous measurement [2]. The NLO QCD predictions of JETPHOX and SHERPA based on several
parameterisations of the PDFs are compared with the measurement. The NNLO QCD prediction
of NNLOJET [19], which has significantly reduced uncertainties due to fewer missing higher-order
terms, is also confronted with the data. The total systematic uncertainty of the measurements is
γ
in the range 3%–17%, depending on ET and the |η γ | region. The dominant sources of uncertainty
arise from the photon energy scale, the photon identification efficiency and the integrated luminosity.
γ
The measurement of the inclusive isolated-photon differential cross section as a function of ET
in different regions of |η γ | is shown in Figure 3. The NNLO QCD prediction gives an excellent
description of the data. The comparison of the NNLO QCD prediction with the measured cross
3
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dσ/dET [pb/GeV]

parton-shower Monte Carlo (SHERPA) [17, 18]. Both types of NLO QCD prediction describe the
data within the experimental and theoretical uncertainties (see Figure 2), although there is a tenjet−lead
dency of the NLO QCD calculations to overestimate the data in the tail of the pT
and mγ−jet .
For most of the points, the theoretical uncertainties are larger than those of experimental origin.
Recently published NNLO pQCD calculations [19] give an excellent description of the measurements with reduced theoretical uncertainties (not shown).
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Figure 3: Left plot shows the measured differential cross section for isolated-photon production as a funcγ
tion of ET in different |η γ | regions. The NLO pQCD prediction from JETPHOX, the ME+PS@NLO QCD
prediction from SHERPA and the NNLO QCD prediction from NNLOJET are also shown. In addition, the
ratio of the NNLO (NLO) QCD prediction of NNLOJET to the measured differential cross sections is shown
on the right plot [20].

5. Summary
The measurement of the ratio of the cross sections for inclusive isolated-photon production at
√
√
s = 13 TeV and 8 TeV, of the isolated-photon plus jet cross sections at s = 13 TeV and of the
√
isolated-photon cross section at s = 13 TeV by the ATLAS experiment at the LHC are presented.
The measurements are compared to NLO QCD calculations made by JETPHOX, the multi-leg NLO
QCD plus parton-shower predictions from SHERPA and the NNLO QCD calculations from NNLO JET. Both types of NLO QCD prediction describe the data within the experimental and theoretical
uncertainties, although they show a tendency to overestimate the data in the photon plus jet meajet−lead
surements in the tail of dσ /d pT
and dσ /dmγ−jet distributions. Comparison of the NNLO
QCD predictions to data shows excellent agreement. These measurements have the potential to
further constrain the PDFs, particularly the gluon density in the proton, within a global QCD fit.
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