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Abstract

The production of jets and prompt isolated photons at hadron colliders provides strin-
gent tests of perturbative QCD. We present the latest measurements of photon+jets and
diphoton production using proton-proton collision data collected by the ATLAS exper-
iment at the LHC. The measurements are compared to state-of-the-art NLO and NNLO
predictions.
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1 Introduction

The production of prompt photons in association with hadronic jets in proton-proton colli-
sions, pp→ γ+ jet+X , provides a testing ground for perturbative Quantum Chromodynamics
(pQCD) in a cleaner enviroment than in jet production, since the colourless photon originates
directly from the hard interaction. The measurement of the angular correlations between the
photon and the jet can be used to probe the dynamics of the hard-scattering process. Diphoton
production offers a clean final state for the study of the properties of the Higgs boson and a
possible window into new physics phenomena. Prompt photon production can proceed via
‘direct’ production, where the photon originates from the hard scatter, or the ‘fragmentation’
process where it is produced in the fragmentation of a parton with high pT [1]. This contri-
bution summarises the studies on the photon + two jet [2] and photon pair productions [3]
with the ATLAS detector [4] at the Large Hadron Collider (LHC).

2 Photon + 2 jets production

The production of prompt photons with two associated jets provides a solid testing ground
for pQCD by looking at the angular correlations between the photon and each of the jets and
between the two jets. In addition, measurements of the invariant-mass distributions of the
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Figure 1: Differential cross-sections of the photon + 2 jet production measured as a
function of Figure EγT (a) and mγ-jet-jet (b) for both direct and fragmentation process
and compared to the theoretical MC predictions [2].

dijet system and the γ-jet-jet system are sensitive to the dynamics of the hard interaction. A
comprehensive study of the observables describing this final state is of relevance for the de-
velopment of pQCD calculations as well as for the tuning of Monte Carlo (MC) models. These
studies were performed using a dataset with an integrated luminosity of 36.1 fb−1, collected
with the ATLAS detector during Run 2.
Photons are required to pass isolation and identification requirements and have EγT > 150 GeV.
Jets are reconstructed with the anti-kt algorithm with radius parameter R=0.4 and are re-
quired to have pT > 100 GeV. A ‘fragmentation-enriched’ sample is selected by requiring EγT <
pjet2

T , where pjet2
T is the transverse momentum of the sub-leading jet. A ‘direct-enriched’ sample

is selected with the requirement EγT > pjet1
T , where pjet1

T is the pT of the leading jet. The tree-
level plus parton-shower predictions from leading order (LO) Sherpa [5] and Pythia8 [6] as
well as the next-to-leading-order (NLO) QCD predictions from Sherpa are compared with the
measurements. Figure 1 shows the differential cross-section of the photon + 2 jet production
as a function of EγT and the invariant mass of the γ-jet-jet system, mγ-jet-jet . The NLO QCD pre-
dictions of Sherpa describe the data adequately in shape and normalisation except for regions
of phase space such as those with high values of the invariant mass, where the predictions
overestimate the data. The Sherpa LO predictions are in good agreement with the data.

3 Diphoton production

Measurements of a photon pair production were studied with the full Run 2 dataset collected
with the ATLAS detector with an integrated luminosity of 139 fb−1. At least two photon can-
didates are required per event with transverse momentum above 40 GeV and 30 GeV, respec-
tively. The photon pseudorapidity is required to be |ηγ| < 2.37, excluding the transition re-
gion between the barrel and the endcap (1.37 < |ηγ| < 1.52). In this acceptance region,
the high granularity of the calorimeter system allows the efficient identification of photons.
The unfolded data were compared to several state-of-the-art predictions: Fixed-order NNLO

016.2

https://scipost.org
https://scipost.org/SciPostPhysProc.15.016


SciPost Phys. Proc. 15, 016 (2024)

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

ATLAS
√

s = 13 TeV, 139 fb–1ATLAS
√

s = 13 TeV, 139 fb–1
bData

DIPHOX

NNLOJET

SHERPA

10–4

10–3

10–2

10–1

1
dσ

/d
p T

,γ
1

[p
b

G
eV

–1
]

b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b

50 100 200 300 400 500
0

0.2
0.4
0.6
0.8

1
1.2
1.4
1.6

pT,γ1
[GeV]

Th
eo

ry
/D

at
a

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b
b b b b b b b b b b b b b b b b b b b b b b b b b b b

50 60 70 80 90

0.2

0.4

0.6

0.8

1

1.2

1.4

(a)

b

b

b b

b
b

b

b
b

b b

b
b

b b

b

b

b

b

b

b

b
b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

ATLAS
√

s = 13 TeV, 139 fb–1ATLAS
√

s = 13 TeV, 139 fb–1
bData

DIPHOX

NNLOJET

SHERPA

10–4

10–3

10–2

10–1

1

dσ
/d

m
γγ

[p
b

G
eV

–1
]

b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b

20 50 100 200 500 1000
0

0.2
0.4
0.6
0.8

1
1.2
1.4
1.6

mγγ [GeV]

Th
eo

ry
/D

at
a

b

b

b b

b b

b

b b

b b

b b

b b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b

b
b

b b b b b b b b b b b b b b b b b b b b b b b b b b

20 40 60 80 100 120 140 160 180

0.1

0.2

0.3

0.4

0.5

(b)

    0 10 20 30 40

Integrated fiducial cross section [pb]

Sherpa MEPS@NLO

NNLOJET NNLO

NNLOJET NLO

NNLOJET LO

Diphox NLO

ATLAS
-1 = 13 TeV, 139 fbs

data
syst
stat

(c)

Figure 2: Differential cross-sections of the photon pair production measured as a
function of pγ,1T (a) and mγγ (b) for both direct and fragmentation processes and com-
pared to the theoretical MC preditions. Figure (c) shows the integrated fiducial cross
section comparisons between the ATLAS data and the theoretical predictions [3].

with NNLOJet framework [7] to obtain the diphoton predictions up to NNLO QCD accuracy;
Fixed-order NLO with Diphox [8]; Multi-leg Sherpa 2.2 generator with matrix elements for
the pp → γγ + 0,1 jet process at NLO and pp → γγ + 2,3 jet process at LO, matched and
merged with the parton shower using the MEPS@NLO prescription [9]. Differential cross sec-
tions are measured as functions of the main variables of the photon pair system, together with
the transverse component of pT,γγ with respect to the thrust axis, aT. Figure 2a and 2b show

the differential cross section for the photon pair production as a function of pγ,1T and mγγ,
respectively. Only the NNLO, as implemented by NNLOJET, and Sherpa NNLO predictions
provide a satisfactory description of the data. The fixed-order NNLO calculation has a higher
formal precision than Sherpa and leads to lower theoretical uncertainties in the perturbative
QCD governed regions. Fixed-order predictions of DIPHOX and NNLOJET are not expected to
be valid in regions dominated by multiple collinear and soft QCD emissions. The mγγ distri-
bution is governed by the pT requirements on the individual photons of 40 GeV and 30 GeV,
respectively. The γγ+multi-jet configurations are dominant in the mγγ < 70 GeV region. The
integrated fiducial cross sections are shown in Figure 2c. NNLOJet and Sherpa MEPS@NLO
are in better agreement with respect to the other predictions considered.
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4 Conclusion

In this contribution, high-precision measurements involving the production of photons and
jets at the centre-of-mass energy of 13 TeV are presented. All the measurements are in good
agreement with the pQCD predictions within the theoretical uncertainties. The Sherpa multi-
leg merged predictions lead to larger uncertainties, but they are in better agreement with the
data in all regions. These studies will provide valuable physics inputs to PDF fits and MC
generators.
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