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➢ Calibration for photons is based on electrons in ATLAS.

➢ Shower shape is not well modeled in MC, and differently between photon and electron.

• Electron mismodelling is well controlled by electron calibration

➢ Previous conservative strategy in Run2

• Only assign the uncertainty with the envelop of the double difference

• The idea is correcting the lateral energy difference between photon and electron in EMC 

➢ Using 𝑍→𝑒𝑒 to get electron cluster energy information and 𝑍→𝑙𝑙𝛾 to get the photons cluster energy information

• Photons are divided into converted and un-converted for different shower shape

• Use energy in layer2 for most energy deposition

motivation
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This work

Envelop of the double difference as uncertainty in Run2



link

➢ Definition of leakage fractions

• 𝑙 =
𝐸𝑠2(7×11)−𝐸𝑠2(𝑛𝑜𝑚𝑖𝑛𝑎𝑙)

𝐸𝑠2(𝑛𝑜𝑚𝑖𝑛𝑎𝑙)

➢ Due to the Timing cut issue (link)

• Some cells energy are missing in reconstruction step 

• Missing cell energy is stored in Eadded_Lr2

• Include the missing cell energy in E_nominal

➢ Definition of double difference

• Δ𝑙𝑒 − Δ𝑙𝛾 = 𝑙𝑑𝑎𝑡𝑎 − 𝑙𝑀𝐶 𝑒
− 𝑙𝑑𝑎𝑡𝑎 − 𝑙𝑀𝐶 𝛾

• Describe the difference between data and MC, electrons and photons

• The double difference is used as calibration factors for photon leakage 

➢ Photon conversion

• The photons are divided into converted and unconverted photons 

• Due to TRT bugs, the converted photons from TRT are regarded as un-converted photons

Methodology
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https://indico.cern.ch/event/1307889/contributions/5501562/attachments/2685151/4658533/egamma-timingcut-17jul2023.pdf


➢ Object selections

Selections

14.11.2024 4

Cut Electron Photon Muon

𝑍 → 𝑒𝑒 𝑍 → 𝑒𝑒𝛾

𝐸𝑇 , P𝑇 𝐸𝑇> 10 GeV 𝐸𝑇> 18 GeV 𝐸𝑇> 10 GeV P𝑇>15 GeV

|𝜂| |𝜂|<2.47

exclude [1.37,1.52]

|𝜂|<2.47

exclude [1.37,1.52]

|𝜂|<2.37

exclude [1.37,1.52]

|𝜂|<2.7

𝑑0 significance <10 <10 <10

|𝑧𝑃𝑉| <10 mm <10mm <10 mm

ID Medium Loose Tight Medium

ISO Loose Loose FixedCutLoose FCLoose

➢ Event  selections

• GRL PV EQ Trigger

• 𝑚𝑒𝑒 ∈ (75𝐺𝑒𝑉, 105𝐺𝑒𝑉) for 𝑍 → 𝑒𝑒

• Overlap removal for 𝑍 → 𝑙𝑙𝛾 : ∆𝑅(𝑙, 𝛾) > 0.4

• 𝑚𝑙𝑙 ∈ (40𝐺𝑒𝑉, 83𝐺𝑒𝑉) and  𝑚𝑙𝑙𝛾 ∈ (83𝐺𝑒𝑉, 100𝐺𝑒𝑉) for 𝑍 → 𝑙𝑙𝛾



➢ The distributions after selections are shown here

• The data-MC agreement is good enough to use

➢ The eta/pT binning

• Considering the statistical

• The eta is divided by barrel and end-cup in the end

• The pT binning is determined to be:

• 15 − 20 − 30 − 40 − ∞

The distribution after selection 
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Lateral energy leakage distribution
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• Mean value of leakage histogram:

• Regarded as the leakage fraction value

• Leakage fraction in end-cup is lower than 

barrel 

• The standard error of mean is regarded as its 

statistical uncertainty 



➢ The Data-MC difference are shown for electrons and photons

➢ Circle markers are photons and triangle markers are electrons

• Finer bins for electrons since larger statistical

• The Data-MC difference increase by pT for electrons

• Mis-modelling in barrel is higher than end-cap for both electron and photon

Data-MC difference distributions on pT and eta
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➢ The pile up distribution of 𝒁 → 𝒆𝒆𝜸 and 𝒁 → 𝝁𝝁𝜸 is shown here

• Divided into three subregions

• Pileup<30; 30≤Pileup<40 ;40≤Pileup

➢ The data-MC distribution dependence is shown below

• Slight influence on unconverted photon and electron

• Higher influence on low pt converted photon, but large uncertainty here

Data-MC difference distributions on pile up 
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➢ The double difference conveys the difference of lateral leakage mis-modeling 
between electrons and photons

• Double difference in barrel is higher than end-cap for both converted and unconverted photons

Double difference distributions
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➢ The nominal Photons ID and ISO is tight and fixcutloose

• The ID is changed to loose (using 2015-2018 and Rel 21 recommendation, only tight and loose)

• The ISO is changed to FixedCutTightCaloOnly and FixedCutTight

➢ The double difference value before the conversion reweighting is shown in table below

• The ISO is would change the result a lot for converted photons in barrel

• The difference would decrease with pt in most situations

• The difference from photon ID is mush smaller than ISO 

The influence of Photon ID/ISO
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ID 

ID

https://twiki.cern.ch/twiki/bin/view/AtlasProtected/EGammaIdentificationRun2#History_of_Recommended_Configura


Systematics uncertainty
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• Only conversion reconstruction mis-modeling is considered as Systematics uncertainty

• The number of photons reconstructed as converted/unconverted is:

𝑁𝑐𝑜𝑛𝑣
𝑟𝑒𝑐𝑜 = 𝑁𝑓𝑐𝑜𝑛𝑣 × 𝑓𝑟𝑒𝑐𝑜 + 𝑁(1 − 𝑓𝑐𝑜𝑛𝑣) × 𝑓𝑓𝑎𝑘𝑒

𝑁𝑢𝑛𝑐𝑜𝑛𝑣
𝑟𝑒𝑐𝑜 = 𝑁(1 − 𝑓𝑐𝑜𝑛𝑣) × (1 − 𝑓𝑓𝑎𝑘𝑒) + 𝑁𝑓𝑐𝑜𝑛𝑣 × (1 − 𝑓𝑟𝑒𝑐𝑜)

• 𝑓𝑐𝑜𝑛𝑣 is the probability of a photon to covert, 𝑓𝑟𝑒𝑐𝑜 is the conversion reconstruction efficiency, 𝑓𝑓𝑎𝑘𝑒  is the conversion 

fake rate 

𝜂
regions

𝑓𝑐𝑜𝑛𝑣 𝑓𝑟𝑒𝑐𝑜 𝑓𝑓𝑎𝑘𝑒

Data MC Data MC Data MC

𝜂 ∈ [0,0.6) 0.148 ± 0.010 0.145 0.764 ± 0.037 0.850 0.076 ± 0.004 0.040

𝜂 ∈ [0.6,0.8) 0.234 ± 0.016 0.271 0.804 ± 0.040 0.774 0.036 ± 0.003 0.022

𝜂 ∈ [0.8,1.37) 0.234 ± 0.016 0.271 0.804 ± 0.040 0.774 0.036 ± 0.003 0.022

𝜂 ∈ [1.52,1.81) 0.438 ± 0.026 0.415 0.771 ± 0.043 0.915 0.028 ± 0.016 0.037

𝜂 ∈ [1.81,2.01) 0.521 ± 0.011 0.516 0.582 ± 0.010 0.653 0.010 ± 0.005 0.012

𝜂 ∈ [2.01,2.37) 0.521 ± 0.011 0.516 0.582 ± 0.010 0.653 0.010 ± 0.005 0.012

Internal Note

Internal Note

𝜇𝜇𝛾 fractions taken from Internal 

Note are used in this study

https://cds.cern.ch/record/2856568?ln=zh_CN
https://cds.cern.ch/record/2856568?ln=zh_CN


Systematics uncertainty
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• To correct for the difference between MC and data, weights are applied 
to MC samples:

• for a true converted photon reconstructed as unconverted:      
𝑓𝑐𝑜𝑛𝑣

𝑑𝑎𝑡𝑎(1−𝑓𝑟𝑒𝑐𝑜
𝑑𝑎𝑡𝑎)

𝑓𝑐𝑜𝑛𝑣
𝑀𝐶 (1−𝑓𝑟𝑒𝑐𝑜

𝑀𝐶 )

• for a true unconverted photon reconstructed as unconverted :      
1−𝑓𝑐𝑜𝑛𝑣

𝑑𝑎𝑡𝑎 (1−𝑓𝑓𝑎𝑘𝑒
𝑑𝑎𝑡𝑎)

(1−𝑓𝑐𝑜𝑛𝑣
𝑀𝐶 )(1−𝑓𝑓𝑎𝑘𝑒

𝑀𝐶 )

• for a true converted photon reconstructed as converted :      
𝑓𝑐𝑜𝑛𝑣

𝑑𝑎𝑡𝑎𝑓𝑟𝑒𝑐𝑜
𝑑𝑎𝑡𝑎

𝑓𝑐𝑜𝑛𝑣
𝑀𝐶 𝑓𝑟𝑒𝑐𝑜

𝑀𝐶

• for a true unconverted photon reconstructed as converted :     
1−𝑓𝑐𝑜𝑛𝑣

𝑑𝑎𝑡𝑎 𝑓𝑓𝑎𝑘𝑒
𝑑𝑎𝑡𝑎

(1−𝑓𝑐𝑜𝑛𝑣
𝑀𝐶 )𝑓𝑓𝑎𝑘𝑒

𝑀𝐶



➢ The ID and ISO work point is Tight and fixcutloose

➢ Due to the change of TRT converted photon definition, the systematic uncertainty form 
photon conversation are very large. How to deal with it is not decided yet

The leakage factors at FixedCutLoose ISO 

14.11.2024 13



➢ Performed the photon leakage measurement in Run3, but still work in progress

• The data-MC differences , double difference and the dependences on eta, pt and pile-up are 

investigated 

• The measurement are performed in different ISO work points 

➢ The uncertainty is mainly statistical uncertainty 

• The systematics uncertainty from photon conversation need to be reestimate

➢ Need further understand the influence of ISO and ID work point

• Considering as systematics uncertainty?

➢ Next:

• Include data and MC this year for much higher statistic

Summary
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Additional slides
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➢ Data: ptag p6000/p5859

Samples and GRL

➢ MC: Amitag r14622_p5660/r15224_p6080
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➢ Triggers

• Only electron and muon triggers 

Triggers and GRLs
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➢ GRL:



link

➢ Leakage fraction definition:

• 𝑙 =
𝐸𝑠2(7×11)−𝐸𝑠2(𝑛𝑜𝑚𝑖𝑛𝑎𝑙)

𝐸𝑠2(𝑛𝑜𝑚𝑖𝑛𝑎𝑙)

• 𝐸𝑠2(𝑛𝑜𝑚𝑖𝑛𝑎𝑙) is the reconstructed energy in Layer2

➢ Due to the Timing cut issue (link)

• Missing cell energy is stored in Eadded_Lr2

• 𝐸𝑠2 𝑛𝑜𝑚𝑖𝑛𝑎𝑙 = cluster → energyBE 2 + electron → auxdata < float > ("Eadded_Lr2")

• The agreement of the leakage fraction between data and MC would be improved after including the missing energy, but 
there would still be some difference between data and MC.

The influence of timing cut issue
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Add energy from missing 

cell (Eadded_Lr2)

https://indico.cern.ch/event/1307889/contributions/5501562/attachments/2685151/4658533/egamma-timingcut-17jul2023.pdf


➢ Compare the 𝐸𝑛𝑜𝑚𝑖𝑛𝑎𝑙 , 𝐸7×11 and leakage distribution

• Compare with Run2 Ntuple 

• Difference is observed in leakage distribution

The comparison between Run2 and Run3
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Electrons, Barrel Unconverted Photons, End-cup



Full photon ID and ISO influence table
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