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The process pp̄→ γ + jet+X is studied using 8.7 fb−1 of integrated luminosity collected by
the D0 detector at the Fermilab Tevatron Collider at a center-of-mass energy

√
s = 1.96 TeV.

Photons are reconstructed with rapidities |yγ |< 1.0 or 1.5 < |yγ |< 2.5 and transverse momentum
pγ

T > 20 GeV. The highest-pT jet is required to be in one of the four rapidity regions up to
|yjet| ≤ 3.2. The triple differential cross sections d3σ/dpγ

T dyγ dyjet are measured as a function of
pγ

T separately for events with the same sign (yγ yjet>0) and opposite sign (yγ yjet≤ 0) of photon and
jet rapidities. Results are compared to next-to-leading order (NLO) perturbative QCD calculations
using different sets of parton distribution functions and to predictions from SHERPA and PYTHIA

Monte Carlo event generators. The NLO calculations are found to be in general agreement with
the data, but do not describe all kinematic regions.
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The differential cross sections of the processes with a photon and jet Alexander Verkheev

1. Introduction

In hadron-hadron collisions the production of a direct photon with associated jets in the fi-
nal state is a powerful probe of the dynamics of hard QCD interactions [1]. The term "direct"
means that these photons do not result from mesons. Different angular configurations between the
photon and the jets can be used to extend inclusive photon production measurements and provide
information about the parton distribution functions (PDFs) of the incoming hadrons.

2. Data selection

The inclusive γ + jet production cross section is measured differentially as a function of pγ

T
in sixteen angular configurations of the leading jet and the photon rapidities for photons within
rapidities |yγ | < 1.0 (central photons) or 1.5 < |yγ | < 2.5 (forward photons), while the jet is re-
quired to be in one of the four rapidity regions, |yjet| ≤ 0.8, 0.8 < |yjet| ≤ 1.6, 1.6 < |yjet| ≤ 2.4, or
2.4< |yjet| ≤ 3.2, and to satisfy the minimum transverse momentum requirement pjet

T > 15 GeV [2].
These configurations are obtained by combining regions with positive and negative products of ra-
pidities, yγyjet. This selection allows one to probe PDFs in the range of parton momentum fractions
0.001 ≤ x ≤ 1, and hard scatter scales of 400 ≤ Q2 ≡ (pγ

T )
2 ≤ 1.6× 105 GeV2. The measured

cross sections are compared to the theoretical predictions from JETPHOX [3], PYTHIA [4], and
SHERPA [5].

We have used a sample of γ + jet events collected from June 2006 to September 2011 with
the D0 detector in pp̄ collisions at

√
s = 1.96 TeV which correspond to an integrated luminosity of

8.7±0.5 f b1. The D0 detector is a general purpose detector described in detail elsewhere [6]. The
events should pass triggers based on the identification of high pT cluster in the EM calorimeter with
loose shower shape requirements for photons. Jets are reconstructed using the DO Run II iterative
midpoint cone algorithm [7] with a cone size 0.7.

In total, approximately 7.2 (8.3) million γ + jet candidate events with central (forward) pho-
tons are selected after application of all selection criteria. These samples include instrumental
background contributions from electroweak interactions resulting in one or more electromagnetic
clusters (from electrons or photons), and strong interactions producing a jet misidentified as a pho-
ton. The first type of background includes W (→ eν) + jet, Z/γ∗(→ e+e−) + jet, and diphoton
production. The combination of the track-match veto and 6ET requirement (part of the photon iden-
tification criteria) reduces the contribution from the W (→ eν)+ jet process to a negligible level, less
than 0.5% (1.5%) for events with central (forward) photons. Contributions from Z+jet and dipho-
ton events are found to be even smaller. These backgrounds are subtracted from the selected data
sample. To estimate the remaining background contribution from dijet events, a template fitting
technique is employed [8] . The distributions of the artificial neural network (a group of variables
exploiting the differences between the photon- and jet-initiated activity in the detector) output for
the simulated photon signal and dijet background samples are fitted to the data for each pγ

T bin us-
ing a maximum likelihood fit to obtain the fractions of signal and background components in data.
The pγ

T dependence of the signal fraction (purity) is fitted in each region using a three-parameter
function, P = a/(1+ b(pγ

T )
c). Fig. 1 shows the resulting purities for events with central photons,

very central and very forward jet rapidities, for same-sign rapidities as an example.
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Figure 1: Purity of the selected γ + jet sample as a function of pγ

T , shown for central photons, very central
and very forward jet rapidities, same-sign rapidity events. The solid line shows the fit and the dashed lines
show the total fit uncertainty.

We calculate corrections to the observed rate of γ + jet candidates to account for the photon
and jet detection efficiencies (and for the geometric and kinematic acceptances) using samples of
simulated γ + jet MC events in which the photon is required to be isolated at the particle level by
applying piso

T < 2.5 GeV. The acceptance typically varies within about 1.4− 0.8 with a relative
systematic uncertainty of 3%− 12%, and takes into account the correlation between the same-
sign and opposite-sign events. The total efficiency of the photon selection criteria is 68%− 80%,
depending on the pγ

T and yγ region with a relative systematic uncertainty of 3% (7.3%) for central
(forward) photons.

3. Results

The differential cross section d3σ/dpγ

T dyγdyjet for γ + jet production is obtained from the
number of data events in each interval after applying corrections for signal purity, acceptance and
efficiency, divided by the integrated luminosity and the widths of the interval in the photon trans-
verse momentum, photon rapidity (dyγ = 2.0), and jet rapidity (dyjet = 1.6).

Figure 2 shows a comparison of the measured differential cross sections to the theoretical pre-
dictions from JETPHOX, PYTHIA, and SHERPA. There is a common 6.8% (11.2%) normalization
uncertainty for central (forward) photons, not shown on the data points. The NLO predictions
obtained using JETPHOX with CT10 PDF set [9] and BFG fragmentation functions of partons to
photons [10]. The renormalization, factorization, and fragmentation scales µR = µF = µ f are set
equal to pγ

T . The CT10 PDF uncertainties are estimated using 26 pairs of eigenvectors following
the prescription of Ref. [11]. The JETPHOX predictions at the particle level are corrected for non-
perturbative effects caused by parton-to-hadron fragmentation and MPI. Ratios of the JETPHOX

predictions with MSTW2008NLO [12] and NNPDFv2.1 [13] PDF sets to those with CT10 PDF
set are also presented.

The data agree with the pQCD NLO predictions with central photons in almost all jet rapidity
regions except low pγ

T (< 40 GeV) and the opposite-sign rapidity events at high pγ

T with very
forward jets (2.4 < |yjet| ≤ 3.2). They also describe data with forward photons except for the
same-sign rapidity events with pγ

T > 70 GeV and 2.4 < |yjet| ≤ 3.2. The measured cross sections
typically have similar or smaller uncertainties than the NLO PDF and scale uncertainties. These
measurements provide valuable information for tuning QCD theory predictions and particularly
can be used as valuable input to global fits to gluon and other PDFs.
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Figure 2: Ratios of the measured differential cross sections shown for central and forward photons, very
central and very forward jet rapidities, same-sign and opposite-sign rapidity intervals to the pQCD NLO
prediction using JETPHOX with the CT10 PDF set and µR = µF = µ f = pγ

T . The solid vertical line on the
points shows the statistical and pT-dependent systematic uncertainties added in quadrature, while the internal
line shows the statistical uncertainty. The two dotted lines represent the effect of varying the theoretical
scales of JETPHOX by a factor of two. The shaded region is the CT10 PDF uncertainty. The dashed and dash-
dotted lines show ratios of the JETPHOX predictions with MSTW2008NLO and NNPDFv2.1 to CT10 PDF
sets. The predictions from SHERPA and PYTHIA are shown by the open squares and triangles, respectively.
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