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The measurement of inclusive photon production is a crucial step for the understanding of Stan-
dard Model Physics at the Large Hadron Collider (LHC) and an important prerequisite for many
new physics searches. The identification of photons’ experimental signatures and their discrimi-
nation against instrumental background due to hadronic activity is a challenging task in the severe
LHC environment. A robust set of selection criteria for the identification of isolated photons at
the LHC start-up using the CMS detector was developed. In this work, the performance of such
criteria is studied using proton-proton collision events at \/s = 7 TeV corresponding to 74 nb~!.
Results obtained in data are compared with expectations from Monte Carlo simulation and good

agreement is observed.
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Events containing one or two prompt photons are produced, in proton-proton collisions, via
Standard Model (SM) processes. The study of these production mechanisms is an important test of
the SM predictions and allows the background rate for many searches, such as H — yy, SUSY and
extra-dimensions, to be constrained.

Photons are also produced in the decay of hadrons inside jets and may mimic prompt production;
this background, mostly from energetic 7° and 1 mesons, is reduced through the photon identifi-
cation techniques.

During the 2010 run, the Large Hadron Collider (LHC) [1] at CERN collided beams of protons
at a centre of mass energy of /s = 7 TeV. In this work, data corresponding to 7447 nb~! were
used to study photon identification observables in the Compact Muon Solenoid (CMS) experiment.

CMS is one of the four experiments currently operating at the LHC. The central feature of
the apparatus is a superconducting solenoid, of 6 m internal diameter, providing a field of 3.8 T.
Within the field volume are the silicon pixel and strip tracker, the crystal electromagnetic calorime-
ter (ECAL) and the brass/scintillator hadron calorimeter (HCAL). The ECAL covers the pseudora-
pidity! region |n| < 3.0 and was designed to have excellent energy resolution and high granularity,
making it a powerful instrument to measure photons with high precision at the LHC. The ECAL is
divided in a barrel section EB (|n| < 1.479) and two endcaps EE (1.479 < |n| < 3.0). The ECAL
granularity is An x A¢ = 0.0174% in EB and 0.0174% < An x A¢ < 0.05% in EE. CMS uses a two
level trigger system (labelled L1 and HLT), each designed to provide a data reduction factor of
~ 10°. A detailed description of the CMS detector can be found elsewhere [2].

In the CMS detector, photons are primarily reconstructed through the energy deposited in the
ECAL. The presence of material in front of the detector causes the photons to convert into electron-
positron pairs. The bending of the electron and positron trajectories due to the solenoidal field leads
the energy deposits to be spread along the bending direction. The energy deposited in individual
crystals is thus grouped to obtain objects called super-clusters (SC) [3, 4]. The clustered energy is
corrected taking into account interactions in the material in front of the ECAL and electromagnetic
shower containment. The photon candidate pseudorapidity is corrected for the position of the
reconstructed interaction vertex.

The distributions of photon identification observables in data were compared to those from
a sample of events generated with PYTHIA 6 [5], tune D6T [6] and for which full detector re-
sponse was simulated with GEANT 4 [7]. Events were required to be selected by the high-level
trigger algorithm HLT_Photon15_L1R, which requires the presence of a SC with transverse en-
ergy above 15 GeV. The reconstructed transverse energy of the photon candidates was required
to be larger than 30 GeV. The presence of a reconstructed primary interaction vertex consistent
with a pp collision was required. Only SC reconstructed in the region covered by the silicon
tracker detector (|Nsc| < 2.5) were considered. The region between the barrel and the endcaps
(1.4442 < Insc| < 1.566) was excluded. Super-clusters containing anomalous ECAL signals were
removed by imposing requirements on topology and signal timing [8]. The hadronic to electro-
magnetic energy ratio was required to be H/E < 0.05 to reject showers with a substantial hadronic
component. To enrich the sample in isolated photons and study their characteristics, additional

IThe pseudorapidity 1 is defined as 1 = —1In tan(6/2), where 6 is the polar angle measured with respect to the
counterclockwise beam direction.
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selection requirements were applied. The selection criteria and the cut values were adjusted on
the basis of Monte Carlo (MC) simulation, in absence of a data-driven control sample, aiming to
maximise the background rejection while keeping the signal efficiency constant as a function of
n and E7. A robust selection intended to be used for commissioning and early analysis was ob-
tained in this way. Photon candidates had to satisfy three isolation criteria: 1) Isorrg < 2 GeV/c,
where Isorrk is the sum of the pr of tracks compatible with the photon vertex in an annulus
0.04 < R < 0.40, excluding a rectangular strip of An x A¢ =0.015 x 0.400 to exclude the photon’s
own energy if it converts into an eTe™ pair; 2) Isogcar < 4.2 GeV, where Isogcar is the trans-
verse energy deposited in ECAL in an annulus 0.06 < R < 0.40, excluding a rectangular strip of
An x A¢ = 0.04 x 0.40; and 3) Isogcar < 2.2 GeV, where Isoycay is the transverse energy de-
posited in HCAL in an annulus 0.15 < R < 0.40. The n-n element of the 11-¢ covariance matrix,
Oinin» Which provides an expression? for the extent in 1] of the SC, was required to be smaller than
0.01 (0.03) for SCs in EB (EE). Furthermore, SCs were required not to match pixel hits consistent
with a track from the interaction region. The trigger selection criteria were shown to be fully ef-
ficient for SC with transverse energy above 20 GeV [9]. In MC simulations, the efficiency of all
other selection criteria for isolated photons is roughly 90% (80%) in EB (EE). The total number of
photon candidates which passed the selection in the analyzed data sample is about 2.9 x 103. The
signal fraction in the selected sample is predicted to vary between 0.4 and 1.

For each variable, the MC distributions were normalised to the total number of candidates in
data, fixing the relative normalisation of each MC component using the cross-section calculated by
PYTHIA. The difference between this normalisation and the one predicted using the total integrated
luminosity and the total PYTHIA cross-section varies case-by-case and is < 15%. In each figure, the
contribution due to isolated photons was separated from the one due to other sources. To compare
the distribution of the variables entering the selection, all cuts except the one involving the variable
under comparison were applied, obtaining the so-called N — 1 distributions. Figure 1 shows the
N — 1 distributions for each isolation variable separately in the EB and EE regions. In general the
agreement of the simulation with the data is satisfactory. The N — 1 plots for the o, variable are
also shown in Figure 1. The signal contribution to the peak below 0.01 (0.03) is clearly visible in
the EB (EE) regions. Figure 2 shows the transverse energy spectrum of photon candidates in data
with all selection criteria applied. The shape of the spectrum is observed to be well described by
the simulation over a large energy range.

In conclusion, using the first 7 TeV data recorded by the CMS experiment, a study of the
observables relevant for the identification of isolated photons was performed. With a selection in-
tended to enrich the sample in signal photons and suppress the background from hadronic events,
the performance of photon reconstruction and identification was shown to be similar to that ex-
pected from simulation. The commissioning of these techniques is an essential prerequisite for the
measurement of SM processes with final state photons and to the search for new phenomena.

>This variable is defined by Gizflifl = (86n)2Lwi(n; — 11)%/ i wi, where w; = max(0,4.7 +In(E;/E)). E; is the

energy of the i™ crystal in a group of 5 x 5 centred in the one with the highest energy, 1; is the 7 index of the i crystal
and 67 is the average EB/EE 1 granularity and E =Y E; and ) = Y E;w;/ Y w;.
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Figure 1: N — 1 distribution of photon identification observables. In top row, the distribution of SCs in the
EB region is shown, while in the bottom row the one of SCs from EE. From left to right, the distribution of
IsogcaL, IsoncaL, Isotrk and Oy are shown. The Monte Carlo results are normalised separately for each
plot to the number of entries in the data histogram.
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Figure 2: Transverse energy spectrum for photon candidates reconstructed in EB (left) and EE (right). The
fraction of signal candidates increases with Er. The Monte Carlo results are normalised separately for each
plot to the number of entries in the data histogram.
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