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The inclusive isolated-photon production and the dynamiiésolated-photon plus jet production
in ppcollisions at a centre-of-mass energy of 7 TeV has beenedwiith the ATLAS detector at
the LHC using an integrated luminosity of 4.5 fband 37 pb?, respectively. Measurements of
the inclusive isolated-photon cross sections are prederst@ function of the photon transverse
energy and the impact of the measurements to constrainiube §DF is evaluated. Measure-
ments of the isolated-photon plus jet differential crosgieas are presented as functions of the
photon transverse energy, the jet transverse momentunjettiiapidity, the difference in az-
imuthal angle between the photon and the jet, the photoimyjatiant mass and the scattering
angle in the photon-jet centre-of-mass frame. Next-tahlegorder QCD calculations are com-
pared to the measurements and provide a good descriptitwe dfita 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 ph®to association with a jet at
hadron colliderspp — y+ jet+ X, provides a testing ground for perturbative QCD (pQCD) in a
cleaner environment than in jet production since the photiginates from the hard interaction
and does not undergo hadronisation.

The measurement is sensitive to the gluon content of theprbirough theqg — qy process,
which dominates the prompt photon and prompt photon + jedymrtion 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 variabl®*, cos6* = tanhAy/2), whereAy is the difference in rapidity of the two final-
state particles, and is sensitive to the spin of the exclthpgdicle.

At leading order (LO) in pQCD, the process pp — Y+ jet+ X proceeds via two production
mechanims: direct photons (DP), which originate from threllggocess, and fragmentation photons
(F), which arise from the fragmentation of a coloured higimgverse momenturpy, parton [1, 2].
The photon was required to be isolated by using a criteriusedban the amount of transverse
energy inside a cone of radius 0.4 centred around the photanjets were defined using the aki-
jet algorithm [3] with distance parametBr= 0.6. In the case of the prompt photon production, the
measurements were performed in the phase-space regigiefl00 GeV,|nY| < 2.37 (excluding
the region of 1.3% |nY| < 1.52), whereas for the production of prompt photon in asgimei with

a jet the phase space region of the measurement&fas45 GeV,P' > 40 GeV,|y®!| < 2.37
andARy; > 1. The measurements d&r/dMY! anddo/d|cos’ | were performed additionally for
InY+y®| <2.37,[cosB”| < 0.83 andM"} > 161 GeV,

2. Isolated prompt photon production

2.1 Data selection and M C simulations

The measurement presented here is based on data colleciedeater-of-mass energy of
\/s= 7 TeV with the ATLAS detector [4] at the LHC in 2011. Events &iiggered using a high-
level photon trigger, with a nominem’ threshold of 80 GeV. The total integrated luminosity of the
collected sample is 4.6 fi3. Events were required to have a reconstructed primarywevité at
least three associated tracks, consistent with the aveesga-spot position. The photon-candidate
selection is based on the reconstruction of isolated electgnetic clusters in the calorimeter.
Clusters without matching tracks were classified as unatewghotons, whereas clusters matched
to tracks were classified as converted photon candidatesphdton candidate was required to be
isolated by restricting the amount of transverse energyratdts direction EiT%get). The measured
value ofE‘TSfc’,et was corrected by subtracting the estimated contributions the underlying event
and additional inelastipp interactions [5]. After all these correctiorﬁ.}fget was required to be
below 7 GeV.

The MC programs PTHIA 6.4 [6] and HERWIG 6.5 [7] were used to generate the signal events.
The event-generator parameters, including those of therlymdg-event modelling, were set ac-
cording to the MRST2007 [8] and AUET2 [9] tunes forfHIA 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 theeseed sample. This background
comes predominantly from QCD processes in which a jet isdeigified as a photon. A back-
ground subtraction method was devised which does not reM@rackground samples and uses
instead signal-depleted control regions. The backgroontaemination in the selected sample was
estimated using the same two-dimensional sideband taohig in the previous analyses [5] and
then subtracted bin-by-bin from the observed yield. The didtributions, after background sub-
traction, were corrected to the particle level using a hjrbim correction procedure.

2.3 Systematic uncertainties

Several systematic sources that affect the measuremerdsomsidered [10]. In the following
the most important systematic sources are listed.
e Uncertainty on the photon energy scale (2% at E;p\and 6% at IargE¥)
e Uncertainty on the model dependenee2@o at lowEY to 4% atEY > 800 GeV)
e Uncertainty on the background subtraction, which variga/ben 2% and 3%

2.4 Next-to-leading-order QCD calculations

The NLO QCD calculations were computed using the programPd0x [11]. The renormal-
isation (Ugr), factorisation (i) and fragmentationy(;) scales were chosen to g = pg = s =
E¥ . The calculations were performed using the CT10 [12] and WT08NLO [13] parametrisa-
tions of the proton PDFs and the NLO photon BFG set Il photagritentation function [14]. The
combined effect from hadronisation and the underlying ts/ems estimated by usingrPHIA and
HErRwiIG with different tunes and was found to be abett%. The following sources of uncer-
tainty in the theoretical predictions were consideredhbigrders (varies between 12% and 20%);
proton PDF (5% (15%) &Y ~ 100 GeV (900 GeV)); value afs(Mz) (+4.5%).

2.5 Resaults

The measureB/-differential cross sections together with the theoréficedictions are shown
in Figure 1. The NLO calculations agree with the data up tohiigaestEY considered. The data
are somewhat higher than the central NLO calculation for Egwbut agree within the theoretical
uncertainty of the NLO calculation. At lo&) the observed difference between the NLO predic-
tions based CT10 PDF and MSTW2008NLO PDF are larger than e Uncertainty estimated
using CT10.

2.6 Senditivity to the proton parton distribution functions

The sensitivity of the data to the PDF can be assessed by cmghe measured cross sec-
tions to fixed order predictions based on different PDF sBt® HERAHRTTER package [15] has
been used to computed values corresponding to the predictions for each PDF sefseriinental
systematic uncertainties and PDF uncertainties are iedlinithey? calculation [16].

Comparison of the measured cross sections with #Hr@dox 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 ptgrhpton (dots) as a function E¥ for
the barrel (left) and endcap (right) regions [10].

The results of the(? tests indicate that there is a tension between the measatachdd the
predictions. Thus the data have great potencial to constoaith the shape and uncertainty of the
gluon PDF. However, at intermediad where the data are most precise, the scale uncertainty is
dominant. Therefore NNLO calculations may be necessanylly éxploit the measurement.

3. Isolated prompt photon + jet production

3.1 Data selection and M C simulations

The data were collected with the ATLAS detector during 2CGit( centre-of-mass energy of
\/s=7 TeV. Events were recorded using a single-photon triggiéh, a nominal transverse energy
threshold of 40 GeV. This trigger has an efficiency for phetaith EY > 45 GeV andnY| < 2.37
close to 100%. The total integrated luminosity of the caédcsample amounts to 37411.3 pb 2.
Events were required to have a reconstructed primary veiitexat least five associated tracks. The
E!9.; Was required to be below 3 GeV. Jets were reconstructed fioee-tlimensional topological
clusters built from calorimeter cells, using the axtialgorithm with distance paramet®= 0.6.
The jet four-momenta were computed from the sum of the jestitoient four-momenta, treating
each as a four-vector with zero mass and then recalibraied aget energy-scale (JES) correction.
Jets overlapping with the candidate photon or with an isdl&iectron were not considered. The
requirement on the electrons suppresses contamination\W¢Z plus jet events.

The MC programs PTHIA 6.423 and HRWIG 6.510 were used to generate the signal events. The
event-generator parameters, including those of the widgrkvent modelling, were set according
to the AMBT1 [17] and AUET1 [18] tunes forrHiA and HERWIG, respectively.

The measured differential cross sections refer to pastéslel jets and photons which are isolated

by requiringEiTSfI?)art < 4 GeVin a cone of radiuR = 0.4.

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

A non-negligible background contribution remains in theesed sample. This background
was subtracted by using the same data-driven techniquaiegglin section 2.2. The data after
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Figure 2: Measured cross section as a functionEd(fin the centrallnY| < 1.37 pseudorapidity region
compared to gTPHOX prediction with different PDF sets [16].

background subtraction were corrected to the particld lesiag a bin-by-bin correction procedure.

3.3 Systematic uncertainties

Several systematic sources that affect the measuremerdsomsidered [19]. In the following
the most important systematic sources are listed. Averalyees, expressed in percent and shown
in parentheses, quantify their effects on the cross seasanfunction of cos8Y!|:

e simulation of the detector geometry$%).
e jet and photon energy scale. (photon energy scalif; jet energy scalet:5%);
e uncertainty arising from the experimental isolation reegoient (+4%).

3.4 Next-to-leading-order QCD calculations

The NLO QCD calculations were computed using the programPdox. The calculations
were performed using the CTEQ®6.6 [20] parametrisationb@proton PDFs and the NLO photon
BFG set Il photon fragmentation function. The strong couplconstant was calculated at two
loops with as(Mz) = 0.118. The NLO QCD predictions were corrected to the parlevel by
applying a multiplicative factor calculated from MC model$e following sources of uncertainty
in the theoretical predictions were considered: higheexs@t14%); proton PDF+£3.5%); value
of as(Mz) (£2.5%) and the modelling of the QCD cascade, hadronisation adérlying event
(+0.5%).

3.5 Resaults

The predictions of the NLO QCD calculations are comparethe¢adata in Fig. 3. The predic-
tions give a good description of tlﬁ andF’%et measured cross sections. The NLO QCD calculation
fails to describe the measurég”! distribution, as expected due to the fact that in the NLO QCD
calculation, the photon and the leading jet cannot be in #meshemisphere in the transverse
plane, i.e.Ap¥! > /2. The leading-logarithm parton-shower prediction offRIA gives a good
description of the data in the whole range measured whereasvits fails to describe the data.
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Figure3: The measured differential cross section for isolated-piptus jet production (dots) as a function
of p' (left), Ag¥! (middle) and cos8Y!| (right) [19].

The measured cross sections as functions’bind| cos6Y!| are described well by the NLO QCD
calculations.
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