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The inclusive isolated-photon production and the dynamicsof isolated-photon plus jet production

in ppcollisions at a centre-of-mass energy of 7 TeV has been studied with the ATLAS detector at

the LHC using an integrated luminosity of 4.5 fb−1 and 37 pb−1, respectively. Measurements of

the inclusive isolated-photon cross sections are presented as a function of the photon transverse

energy and the impact of the measurements to constraint the gluon PDF is evaluated. Measure-

ments of the isolated-photon plus jet differential cross sections are presented as functions of the

photon transverse energy, the jet transverse momentum, thejet rapidity, the difference in az-

imuthal angle between the photon and the jet, the photon-jetinvariant mass and the scattering

angle in the photon-jet centre-of-mass frame. Next-to-leading-order QCD calculations are com-

pared to the measurements and provide a good description of the data in both analyses, except in

the case of the azimuthal angle.
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1. Introduction

Prompt photon production and the production of prompt photons in association with a jet at
hadron colliders,pp→ γ + jet+X, provides a testing ground for perturbative QCD (pQCD) in a
cleaner environment than in jet production since the photonoriginates from the hard interaction
and does not undergo hadronisation.
The measurement is sensitive to the gluon content of the proton through theqg→ qγ process,
which dominates the prompt photon and prompt photon + jet production cross section at the LHC,
and can be used to constrain parton distribution functions.
The dynamics of the underlying processes 2→ 2 hard collinear scattering can be investigated
using the variableθ∗, cosθ∗ ≡ tanh(∆y/2), where∆y is the difference in rapidity of the two final-
state particles, and is sensitive to the spin of the exchanged particle.
At leading order (LO) in pQCD, the process inpp→ γ + jet+X proceeds via two production
mechanims: direct photons (DP), which originate from the hard process, and fragmentation photons
(F), which arise from the fragmentation of a coloured high transverse momentum,pT , parton [1, 2].
The photon was required to be isolated by using a criterium based on the amount of transverse
energy inside a cone of radius 0.4 centred around the photon.The jets were defined using the anti-kt

jet algorithm [3] with distance parameterR= 0.6. In the case of the prompt photon production, the
measurements were performed in the phase-space region ofEγ

T > 100 GeV,|ηγ |< 2.37 (excluding
the region of 1.37< |ηγ |< 1.52), whereas for the production of prompt photon in association with
a jet the phase space region of the measurements wasEγ

T > 45 GeV,Pjet
T > 40 GeV,|yjet| < 2.37

and∆Rγ j > 1. The measurements ofdσ/dMγ j anddσ/d|cosγ j | were performed additionally for
|ηγ +yjet| < 2.37,|cosθ γ j |< 0.83 andMγ j > 161 GeV;

2. Isolated prompt photon production

2.1 Data selection and MC simulations

The measurement presented here is based on data collected ata center-of-mass energy of√
s= 7 TeV with the ATLAS detector [4] at the LHC in 2011. Events aretriggered using a high-

level photon trigger, with a nominalEγ
T threshold of 80 GeV. The total integrated luminosity of the

collected sample is 4.6 fb−1. Events were required to have a reconstructed primary vertex with at
least three associated tracks, consistent with the averagebeam-spot position. The photon-candidate
selection is based on the reconstruction of isolated electromagnetic clusters in the calorimeter.
Clusters without matching tracks were classified as unconverted photons, whereas clusters matched
to tracks were classified as converted photon candidates. The photon candidate was required to be
isolated by restricting the amount of transverse energy around its direction (Eiso

T,det). The measured
value ofEiso

T,det was corrected by subtracting the estimated contributions from the underlying event
and additional inelasticpp interactions [5]. After all these corrections,Eiso

T,det was required to be
below 7 GeV.
The MC programs PYTHIA 6.4 [6] and HERWIG 6.5 [7] were used to generate the signal events.
The event-generator parameters, including those of the underlying-event modelling, were set ac-
cording to the MRST2007 [8] and AUET2 [9] tunes for PYTHIA and HERWIG, respectively.
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2.2 Background subtraction, signal-yield estimation and cross-section measurement
procedure

A non-negligible background contribution remains in the selected sample. This background
comes predominantly from QCD processes in which a jet is misidentified as a photon. A back-
ground subtraction method was devised which does not rely onMC background samples and uses
instead signal-depleted control regions. The background contamination in the selected sample was
estimated using the same two-dimensional sideband technique as in the previous analyses [5] and
then subtracted bin-by-bin from the observed yield. The data distributions, after background sub-
traction, were corrected to the particle level using a bin-by-bin correction procedure.

2.3 Systematic uncertainties

Several systematic sources that affect the measurements were considered [10]. In the following
the most important systematic sources are listed.

• Uncertainty on the photon energy scale (2% at lowEγ
T and 6% at largeEγ

T)

• Uncertainty on the model dependence (∼2% at lowEγ
T to 4% atEγ

T > 800 GeV)

• Uncertainty on the background subtraction, which varies between 2% and 3%

2.4 Next-to-leading-order QCD calculations

The NLO QCD calculations were computed using the program JETPHOX [11]. The renormal-
isation (µR), factorisation (µF ) and fragmentation (µ f ) scales were chosen to beµR = µF = µ f =
Eγ

T . The calculations were performed using the CT10 [12] and MSTW2008NLO [13] parametrisa-
tions of the proton PDFs and the NLO photon BFG set II photon fragmentation function [14]. The
combined effect from hadronisation and the underlying events was estimated by using PYTHIA and
HERWIG with different tunes and was found to be about±1%. The following sources of uncer-
tainty in the theoretical predictions were considered: higher orders (varies between 12% and 20%);
proton PDF (5% (15%) atEγ

T ≈ 100 GeV (900 GeV)); value ofαs(MZ) (±4.5%).

2.5 Results

The measuredEγ
T-differential cross sections together with the theoretical predictions are shown

in Figure 1. The NLO calculations agree with the data up to thehighestEγ
T considered. The data

are somewhat higher than the central NLO calculation for lowEγ
T but agree within the theoretical

uncertainty of the NLO calculation. At lowEγ
T the observed difference between the NLO predic-

tions based CT10 PDF and MSTW2008NLO PDF are larger than the PDF uncertainty estimated
using CT10.

2.6 Sensitivity to the proton parton distribution functions

The sensitivity of the data to the PDF can be assessed by comparing the measured cross sec-
tions to fixed order predictions based on different PDF sets.The HERAFITTER package [15] has
been used to computedχ2 values corresponding to the predictions for each PDF sets. Experimental
systematic uncertainties and PDF uncertainties are included in theχ2 calculation [16].
Comparison of the measured cross sections with the JETPHOX NLO QCD predictions using five
different PDF sets are shown in Figure 2.
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Figure 1: The measured differential cross section for isolated prompt photon (dots) as a function ofEγ
T for

the barrel (left) and endcap (right)ηγ regions [10].

The results of theχ2 tests indicate that there is a tension between the measured data and the
predictions. Thus the data have great potencial to constraint both the shape and uncertainty of the
gluon PDF. However, at intermediateEγ

T where the data are most precise, the scale uncertainty is
dominant. Therefore NNLO calculations may be necessary to fully exploit the measurement.

3. Isolated prompt photon + jet production

3.1 Data selection and MC simulations

The data were collected with the ATLAS detector during 2010,at a centre-of-mass energy of√
s = 7 TeV. Events were recorded using a single-photon trigger,with a nominal transverse energy

threshold of 40 GeV. This trigger has an efficiency for photons with Eγ
T > 45 GeV and|ηγ |< 2.37

close to 100%. The total integrated luminosity of the collected sample amounts to 37.1± 1.3 pb−1.
Events were required to have a reconstructed primary vertexwith at least five associated tracks. The
Eiso

T,det was required to be below 3 GeV. Jets were reconstructed from three-dimensional topological
clusters built from calorimeter cells, using the anti-kt algorithm with distance parameterR = 0.6.
The jet four-momenta were computed from the sum of the jet constituent four-momenta, treating
each as a four-vector with zero mass and then recalibrated using a jet energy-scale (JES) correction.
Jets overlapping with the candidate photon or with an isolated electron were not considered. The
requirement on the electrons suppresses contamination from W/Z plus jet events.
The MC programs PYTHIA 6.423 and HERWIG 6.510 were used to generate the signal events. The
event-generator parameters, including those of the underlying-event modelling, were set according
to the AMBT1 [17] and AUET1 [18] tunes for PYTHIA and HERWIG, respectively.
The measured differential cross sections refer to particle-level jets and photons which are isolated
by requiringEiso

T,part< 4 GeV in a cone of radiusR = 0.4.

3.2 Background subtraction, signal-yield estimation and cross-section measurement
procedure

A non-negligible background contribution remains in the selected sample. This background
was subtracted by using the same data-driven technique explained in section 2.2. The data after
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Figure 2: Measured cross section as a function ofEγ
T in the central|ηγ | < 1.37 pseudorapidity region

compared to JETPHOX prediction with different PDF sets [16].

background subtraction were corrected to the particle level using a bin-by-bin correction procedure.

3.3 Systematic uncertainties

Several systematic sources that affect the measurements were considered [19]. In the following
the most important systematic sources are listed. Average values, expressed in percent and shown
in parentheses, quantify their effects on the cross sectionas a function of|cosθ γ j |:

• simulation of the detector geometry (±5%).
• jet and photon energy scale. (photon energy scale:±1%; jet energy scale:±5%);
• uncertainty arising from the experimental isolation requirement (+4%).

3.4 Next-to-leading-order QCD calculations

The NLO QCD calculations were computed using the program JETPHOX. The calculations
were performed using the CTEQ6.6 [20] parametrisations of the proton PDFs and the NLO photon
BFG set II photon fragmentation function. The strong coupling constant was calculated at two
loops with αs(MZ) = 0.118. The NLO QCD predictions were corrected to the particle level by
applying a multiplicative factor calculated from MC models. The following sources of uncertainty
in the theoretical predictions were considered: higher orders (±14%); proton PDF (±3.5%); value
of αs(MZ) (±2.5%) and the modelling of the QCD cascade, hadronisation and underlying event
(±0.5%).

3.5 Results

The predictions of the NLO QCD calculations are compared to the data in Fig. 3. The predic-
tions give a good description of theEγ

T andPjet
T measured cross sections. The NLO QCD calculation

fails to describe the measured∆φ γ j distribution, as expected due to the fact that in the NLO QCD
calculation, the photon and the leading jet cannot be in the same hemisphere in the transverse
plane, i.e.∆φ γ j ≥ π/2. The leading-logarithm parton-shower prediction of PYTHIA gives a good
description of the data in the whole range measured whereas HERWIG fails to describe the data.
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Figure 3: The measured differential cross section for isolated-photon plus jet production (dots) as a function
of pjet

T (left), ∆φ γ j (middle) and|cosθ γ j | (right) [19].

The measured cross sections as functions ofmγ j and|cosθ γ j | are described well by the NLO QCD
calculations.
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