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ABSTRACT:  
 

This paper presents the results of research performed at CERN on photon identification. 
The shower shape variables used to identify photons are studied for the minimum bias 
data stream. Comparison to Monte Carlo data, performance study of efficiency in data 
and Monte Carlo are analyzed for the loose and tight photon identification selection. In 
addition some preliminary studies have been performed to distinguish converted from 

unconverted photons.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



1. Introduction  
1.1 The Standard Model The standard model is a highly accurate and 

experimentally confirmed theory that successfully describes strong, weak, 
and electromagnetic interactions between elementary particles. 
Furthermore, the Standard Model predicts the existence of the Higgs 
Boson, a spin 0 particle that is yet to be observed but whose existence 
would provide important evidence for Standard Model theories. Still, 
limitations in this model, such as its failure to unite gravity with the other 
fundamental forces, suggest that there is still new physics to unearth, and 
there is a tendency to believe that the Standard Model will break down at a 
certain yet to be experimentally tested energy level. If so, the Standard 
Model will yield to a broader theory of the universe.  

1.2 Photon Physics Photons are vital to study in detectors both in the quest to 
seek out and understand new physics as well as in the calibration of 
detectors. Photons are the decay products of many important models in 
Particle Physics such as the Higgs Boson and exotics physics, for example 
the Graviton, each of which, if they exist, may decay into two photons via 

!  

H  ##  and 

!  

G  ## .[1] Although the branching ratio of the Higgs to two 
photons is relatively small, we take interest in the photon decay process 
due to very precise photon detection mechanisms. Furthermore, photons 
may provide evidence for super symmetry as in the case of neutralinos 
decaying into a photon and a gravitino.[2] 

1.3 Direct Photons Before discovering new Physics, we need to rediscover all 
Standard Model Physics processes, one of them being direct photon 
production. The measurement of Standard Model single photon production 
at ATLAS has multiple motivations, including: understanding perturbative 
QCD, measuring the proton’s parton distribution function, calibrating the 
hadronic jet energy scale and missing transverse energy, and 
understanding background information such that new physics becomes 
detectable. A direct photon, defined as a photon produced from initial 
parton-parton collisions, allows for more precise detector calibration by 
facilitating the jet reconstruction process, and is a particularly convenient 
tool because based on Monte Carlo simulations, di-jet, di-photon, and 
direct photon processes have three of the highest cross sections in  
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ATLAS, and thus even in small datasets, direct photon data is readily 
available for analysis. [1] Direct photons result from the interaction of two 
particles where at least one is a quark or gluon, a photon emitted by a quark or 
a gluon, or a photon from the decay of a fundamental boson like the Higgs or 
Graviton. [3] An isolated direct photon’s energy will be more easily 
measurable in the electromagnetic calorimeter and recoils against a jet via 

!  

pp  # + jet [2] traveling in the opposite direction on a transverse plane and 
containing an equal amount of energy as the resultant jet.[1] By studying the 
photon it is possible compute the missing true transverse energies for the jet, 
calibrate the hadronic jet energy scale, and thus properly tune for jet energy 
scale corrections. [4]   
1.4 Experiment Introduction  

1.4.1 The LHC The Large Hadron Collider (LHC) located at CERN in 
Switzerland and France will explore physics at higher energies than ever 
before. The LHC is designed to run at a center of mass energy

!  

s =14 TeV at 
a peak luminosity of 

!  

1034cm 2s 1. The resulting collisions are meant to 
confirm the Standard Model as well as to potentially provide evidence for new 
Physics.  

1.4.2 Research This study investigates photons in ATLAS, taking into 
account Monte Carlo and data comparisons, offline and truth efficiencies, as 
well as loose and tight data cuts and distinction between converted and 
unconverted photons.  

1.4.3 ATLAS ATLAS (“A Toroidal LHC ApparatuS”) is one of two 
primary general purpose experiments located along the detector, and is 
composed of a multilayered particle detection system. The inner detector 
includes a pixel detector with 46,080 pixels, as well as multiple trackers that 
help to measure the momentum, impact parameter, and vertex position of 
particles. [5] The inner detector is surrounded by two calorimeters, as well as 
a muon detection and trigger system. In addition, ATLAS uses a right-handed 
cylindrical coordinate system with 

! 

"  defined with respect to the positive z-
axis and pseudorapidity defined as  

! 
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*  . Transverse momentum, 

referenced extensively in this study, is defined as the momentum 
perpendicular to the axis of the LHC beam. [5] 
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1.4.4 The ATLAS Calorimeter In photon studies, the most important 
detection layer is the electromagnetic liquid argon calorimeter. In ATLAS, the 
electromagnetic calorimeter, located in the inner detector, has a high 
granularity (more than 200000 channels) and longitudinal segmentation with 
layers of lead absorbers and liquid argon detection medium. [6] When photons 
hit the absorbers of the calorimeter, an interaction takes place and a shower of 
secondary particles and ionization electrons are released into the liquid argon, 
where the presence of an electric field results in a detectable current signal. [7] 
The calorimeter was designed with the Higgs decay process in mind, and 
systematic studies have been performed to maximize decay potential.  

 
 

The calorimeter is composed of multiple layers, each with a different 
granularity, which is unique to ATLAS and allows for more precise 
reconstruction and identification of photons as they travel through the 
multiple layers. As particles produce showers deeper in the calorimeter, 
energy is lost and so the presampler provides a method for recovering this 
energy information. [8] 
 

 

 
 

2. Photon Reconstruction  
2.1 Algorithm In this analysis the egamma reconstruction algorithm is used, 

which is designed to identify electrons as well as converted and 
unconverted photons. Electrons are identified by matching tracks to 
electromagnetic clusters, and converted and unconverted photons can be 
distinguished from one another by using tracking information (converted 
photons have at least one track originating from a vertex, whereas 
unconverted photons do not have such a track). However, the egamma 
algorithm favors electrons, and thus converted photons are at first 
registered as electrons. To distinguish between converted photons and 
electrons, a highly technical procedure is implemented that is partially 
summarized in the flow chart pictured. 



 
ATLAS Note, May, 2010  

 
To identify photons from jet processes, first it is necessary to look for leakage 
in the Hadronic calorimeter; only jets should contain large hadronic energy 
and thus minimal traces of hadronic energies are a first sign of photon 
presence. Secondly, the second EM sampling allows for the calculation of 
shower shapes in eta and phi, as well as the shower width with respect to eta. 
At this point, only jets with small amounts of hadronic energy remain; to 
remove them, the high granularity of the first EM sampling allows for more 
precise measurement of the inner substructures the particles, and results in the 
removal of low-energy jets.[9]  
2.2 Shower Shape Variables nine shower shape variables have been 

developed that optimize the photon identification process and are used to 
define loose and tight cuts. The loose cut takes into account hadronic 
leakage, as information from the EM middle layer in eliminating photons; 
the tight cut uses all nine shower shape variables as well as hadronic 
leakage and acceptance cuts, and is optimized to be 85% efficient. For a 
description of the relevant variables, see the included table.   

 
 

Three shower shape variables will here be discussed. Hadronic leakage, 
introduced before, is a measurement of signal in the hadronic calorimeter, 
which peaks at zero for photons in Monte Carlo simulations.  

Reta and Rphi, variables from the EM Middle layer, convey a measure of 
cell energies. Because photons are isolated, by taking a ratio of 3X7/7X7 cell 
for Reta and 3X3/7X7 cell for Rphi, peaks at one suggest a concentrated, 
isolated signal, more likely a photon than a jet.  

 



 
 
 
Once hadronic leakage as well as data from the EM middle layer are  

factored in, 80% of the remaining fake photons originate from pi0s.

! 

"E is a 
measure of the difference between strip cells with the second greatest energy 
and the strip cell with the least energy between the greatest and 2nd greatest 
energy. This value is used to distinguish between isolated photons, which 
should only contain one peak, and pi0’s decaying into two photons, which 
may contain multiple peaks.   

 
“Photon Performance in the ATLAS experiment” May 9th,2010  

3. Analysis 
3.1 Introduction to Analysis This study consists of studying shower shape 

calorimeter distributions for low-pT photons (minimum bias stream data is 
used). Monte Carlo and data comparisons are made for different pT and 
pseudorapidities, efficiencies are calculated for data, and graphed based on 
truth data for Monte Carlo, and the beginnings of work comparing 
converted and unconverted photons are presented.  

3.2 Data and Monte Carlo Sample This analysis is based on proton-proton 
minimum bias trigger collision data collected at a center-of-mass energy 
√s = 7 TeV, with the ATLAS detector at the LHC in April and May 2010. 
To study the characteristics of signal and background events, Monte Carlo 
samples are generated using the PYTHIA event generator. These samples 
are then reconstructed with the same algorithms used for data. The 
equivalent integrated luminosity of this sample returned by PYTHIA is 
11.6 nb-1. 2,329,938 data events were factored into the analysis, as well as 
31,952,505 Monte Carlo events.  

3.3 Preselection Cuts Cuts used include the GRL, pass L1_EM5, and primary 
vertex. Events are required to have a reconstructed primary vertex with at 
least three associated tracks. Events are triggered using the L1 calorimeter, 
which retains electromagnetic clusters if the total transverse energy 
reaches a certain threshold. Photon-level cuts include object quality, loose 
and tight, converted and unconverted, as well as various acceptance cuts in 
cluster pT and pseudorapidity. Photon distribution analysis shows that 
minimum bias photons in data are concentrated at lower pT levels and 
lower pseudorapidities.    

“Photon Commissioning in ATLAS, Hadron Collider Physics Symposium, 2009 



3.4 Event Selection Photon candidates with calibrated transverse energy 
above 5 GeV are retained for the successive analysis steps. To ensure a 
proper identification, the cluster barycenter in the second layer is required 
to lie in the η region covered by the very finely segmented first layer, |η|< 
1.37 or 1.52 ≤|η|< 2.37. In addition, for this analysis, photon candidates 
are selected in different eta and pT regions to study carefully comparisons 
of data with MC: 5<pT<10 GeV, 10<pT<15 GeV, 15<pT<20 GeV, pT>20 
GeV, 0<|η|<0.6, 0.6<|η|<1.37, 1.52<|η|<1.8, 1.8<|η|<2.37. For certain 
studies a distinction is made between unconverted and converted photons. 
In addition, loose and tight photon identification is required for certain 
studies.  

4. Results  
  

4.1 Data/Monte Carlo Consistency To study the agreement between Monte 
Carlo and data, data is plotted against Monte Carlo with and without a 
Brem cut applied, where the Brem cut is specially suited to remove events 
in which two photon are produced by electrons.  

 
 

Shower shape variable comparisons over 4 pT and 4 pseudorapidity ranges 
suggest far better correlation in the barrel region of the calorimeter than in 
the endcap for the Eratio shower variable. Similar results appear for Wtot, 
as well the rest of the shower shapes.  
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Reta, 0<|Eta|<0.6, 5<Pt<10 GeV                    Reta, 1.8<|Eta|<2.37, 5<Pt<10 GeV 

                   
Rhad, 0<|Eta|<0.6, 5<Pt<10 GeV                    Rhad, 1.8<|Eta|<2.37, 5<Pt<10 GeV 

            
Weta2, 0<|Eta|<0.6, 5<Pt<10 GeV                    Weta2, 1.8<|Eta|<2.37, 5<Pt<10 GeV 

             
Fracm, 0<|Eta|<0.6, 5<Pt<10 GeV                    Fracm, 1.8<|Eta|<2.37, 5<Pt<10 GeV 
 

                 
Ediff, 0<|Eta|<0.6, 5<Pt<10 GeV                    Ediff, 1.8<|Eta|<2.37, 5<Pt<10 GeV 

                        
Weta1, 0<|Eta|<0.6, 5<Pt<10 GeV                    Weta1, 1.8<|Eta|<2.37, 5<Pt<10 GeV 
 



Although statistical considerations may be responsible for the deviations, 
problems with shower shape Monte Carlo and data have been noted in the 
past. In particular, a 1% systematic shift in Reta between Monte Carlo and 
data has been noted and potential explanations for this discrepancy, such 
as errors in calorimeter description, are being discussed.[10] 
 

4.2 Verification of Loose and Tight Cuts Applying loose and tight cuts 
preserve the bias towards low pT events.  

  
                          Photon distribution for data sample with loose and tight cuts applied over 4 pT and 4 eta ranges 

 
4.3 Efficiencies With Respect to Offline Reconstruction Because truth 

information is not available for data, calculation of numerical efficiencies 
at four pT and four eta ranges is done by looking at the number of photons 
that pass the loose or tight cut divided by the total number of photons. 
Errors are calculated by looking at the square root of the number of 
photons that pass the loose or tight cut divided by the total number of 
photons. The ranges are defined as follows: pT: 5-10 GeV, 10-15 GeV, 
15-20 GeV, 20+ Gev. Eta: 0-0.6, 0.6-1.37, 1.52-1.8,1.8-2.7.  

 

 
Table: Efficiencies at 4 pT and 4 Eta ranges.  
 
Trends in numerical efficiencies are highlighted. The region with greatest 
efficiency occurs at 1.52>Eta>1.8, the inner end cap region, and this is 
visible in both Monte Carlo and Data as well as for both loose and tight 
cuts. Furthermore, there exists some bias towards higher pT ranges.  
 

4.4 Efficiencies With Respect to Truth For Monte Carlo events, truth 
information can be used to generate efficiency plots, where truth 
information is constructed by matching final state particles to 
corresponding cluster barycenters using an elliptical cone method. [3]  



 
When graphing Truth Eta against efficiency, as expected loose photons 
have greater efficiencies than tight photons. Furthermore, for both loose 
and tight photons there is greater efficiency in the end cap than in the 
barrel region, in agreement with Monte Carlo and data numerical 
efficiencies. Conversely, efficiencies over Truth pT ranges are essentially 
linear; large error bars at high pT ranges are due to statistical fluctuations.  
 

4.5 Converted and Unconverted Photons to begin to analyze why efficiencies 
may be greater in the inner end cap region, research was commenced on 
the presence of converted and unconverted photons in the detector. Firstly, 
shower shape variable comparisons were made for converted and 
unconverted photons.  

                  
                                  Shower Shape variable comparisons, converted and unconverted photons 
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Converted photons exhibit shifted curves in certain of the shower shapes, 
but still reflect appropriate peaks. More importantly, it is of interest to 
analyze where in the calorimeter converted and unconverted photons are 
concentrated. Eta verse phi plots show unconverted photons concentrated 
in the inner barrel region, and converted photons concentrated on either 
side of the crack region. Furthermore, unconverted photons, of which 
there are substantially greater statistics, are far more concentrated in low 
Et barrel regions, as plots of etaS2 to Et values demonstrate.  

 
5. Conclusions  

5.1 Analysis Conclusions There is better Monte Carlo and data agreement in 
the barrel region of the calorimeter, where low pT unconverted photons 
are concentrated, and deviations in the end cap regions as well as at higher 
pT levels. Conversely, photon identification is more efficient in the end 
caps, particularly in the inner end cap, where there is a higher 
concentration of converted photons.   

5.2 Future Work future analysis in this domain should center on studying the 
correlation between efficiencies in detector regions and converted and 
unconverted photon concentrations. Researchers should also continue 
investigating the superior MC and data agreements in the barrel region of 
the calorimeter.   
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