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Previous review
Last report in PhotonID group 

◦ Code for RadiativeZ framework has been finished. 

◦ Shew the signal-bkg and data-MC comparison for topo-cluster variables. 

◦ Feedback from meeting: 
Upload codes to gitlab. New merge request submitted. 

Check the cutflow from RadiativeZ framework with other Zllg results. 

Change the pre-selections. Some of them are unnecessary. 
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https://indico.cern.ch/event/958388/
https://gitlab.cern.ch/ATLAS-EGamma/Software/PhotonID/RadiativeZ/-/merge_requests/5


Cutflow cross check
Didn’t find any official cutflow results. So I made one with official 
package and sample

◦ Code: RadiativeZ framework in gitlab. 

◦ MC: mc16d 𝑒𝑒𝛾, 𝑝𝑇𝛾 ∈ 35, 70 𝐺𝑒𝑉.  
mc16_13TeV.301899.Sherpa_CT10_eegammaPt35_70.deriv.DAOD_EGAM3.e
3952_s3126_r10201_r10210_p3956
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mc16d (new) mc16e (old)

https://gitlab.cern.ch/ATLAS-EGamma/Software/PhotonID/RadiativeZ/


Signal-background comparison
Data and MC samples: EGAM3/4 derivation with topo-cluster vars, same 
as last time. 

◦ Signal MC: mc16e Sherpa llg process, with 𝑝𝑇𝛾. 

◦ Background MC: mc16e PowhegPythia Zee/Zmumu.

Pre-selection:
◦ Default selection in ZllgAnalysis framework 

◦ Add topo-cluster variables into framework (selected photon’s first topo-cluster. Gitlab)

◦ GRL, trigger, Event Quality, 2l+1𝛾, good Zllg candidates. 

◦ Tight photon ID & loose photon ISO. 
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https://gitlab.cern.ch/faguo/RadiativeZ/-/tree/topoclus/


Signal-background comparison
Zllg vs. Z+jets (real photon and fake photon)

◦ Vars: 𝐸𝛾, 𝑁𝑡𝑜𝑝𝑜𝑐𝑙𝑢𝑠, 𝐸𝑡𝑜𝑝𝑜, 𝑟2 , 𝜆2 , center 𝜆, centroid magnitude 

𝑥2 + 𝑦2 + 𝑧2, isolation. 

◦ ee+gamma, 7𝐺𝑒𝑉 < 𝑝𝑇𝛾 < 15𝐺𝑒𝑉. 
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Signal-background comparison
Zllg vs. Z+jets (real photon and fake photon)

◦ Vars: 𝐸𝛾, 𝑁𝑡𝑜𝑝𝑜𝑐𝑙𝑢𝑠, 𝐸𝑡𝑜𝑝𝑜, 𝑟2 , 𝜆2 , center 𝜆, centroid magnitude 

𝑥2 + 𝑦2 + 𝑧2, isolation. 

◦ ee+gamma, 15𝐺𝑒𝑉 < 𝑝𝑇𝛾 < 35𝐺𝑒𝑉. 
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Signal-background comparison
Zllg vs. Z+jets (real photon and fake photon)

◦ Vars: 𝐸𝛾, 𝑁𝑡𝑜𝑝𝑜𝑐𝑙𝑢𝑠, 𝐸𝑡𝑜𝑝𝑜, 𝑟2 , 𝜆2 , center 𝜆, centroid magnitude 

𝑥2 + 𝑦2 + 𝑧2, isolation. 

◦ ee+gamma, 35𝐺𝑒𝑉 < 𝑝𝑇𝛾 < 70𝐺𝑒𝑉. 
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Signal-background comparison
Zllg vs. Z+jets (real photon and fake photon)

◦ Vars: 𝐸𝛾, 𝑁𝑡𝑜𝑝𝑜𝑐𝑙𝑢𝑠, 𝐸𝑡𝑜𝑝𝑜, 𝑟2 , 𝜆2 , center 𝜆, centroid magnitude 

𝑥2 + 𝑦2 + 𝑧2, isolation. 

◦ ee+gamma, 70𝐺𝑒𝑉 < 𝑝𝑇𝛾 < 140𝐺𝑒𝑉. 
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Signal-background comparison
Zllg vs. Z+jets (real photon and fake photon)

◦ Vars: 𝐸𝛾, 𝑁𝑡𝑜𝑝𝑜𝑐𝑙𝑢𝑠, 𝐸𝑡𝑜𝑝𝑜, 𝑟2 , 𝜆2 , center 𝜆, centroid magnitude 

𝑥2 + 𝑦2 + 𝑧2, isolation. 

◦ ee+gamma, 𝑝𝑇𝛾 > 140𝐺𝑒𝑉. 
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Signal-background comparison
Separation power:  𝑆2 =
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(for histogram). 
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[7, 15] [15, 35] [35, 70] [70, 140] [140, Ecms]

𝑵𝒕𝒐𝒑𝒐𝒄𝒍𝒖𝒔 0.000538 7.52E-05 0.000162 0.00084 0.010047

𝑬𝒕𝒐𝒑𝒐 0.004717 0.001908 0.00846 0.034274 0.466931

𝒓𝟐 0.002524 0.00029 0.000902 0.004866 0.107462

𝝀𝟐 0.002256 0.000317 0.003505 0.013048 0.151165

center Mag 0.003665 0.00036 0.002055 0.015715 0.250503

center 𝜆 0.002995 0.000358 0.003184 0.023818 0.184955

isolation 0.003163 0.000348 0.003165 0.01699 0.21177

Statistics for 𝑝𝑇𝛾 > 70 MC is low, so large 𝑆2 doesn’t mean better 

separation power for high 𝑝𝑇. 



Conclusion
Cutflow cross check:

◦ No huge mismatch. Or if you have any recommended reference? 

Signal-background separation power:
◦ No great power after tightID+looseISO. 

◦ Loose some requirement, like Zllg cut? 

Next step: need some suggestions. 
◦ Consider other topo-cluster variables or second topo-cluster? 

◦ Ask for more statistics and period 2015-2017? (now only 2018 used).

◦ Consider MVA? 
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Variables recorded 

Now only first topo-cluster is considered. 

Other topo-cluster variables needs new derivation and jira tickets
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backup
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Cutflow cross check
mc16e (old) mc16d (new)

ALL 835000 / 492000 /

GRL 835000 100.0% 492000 100.0%

trigger 434906 52.1% 239987 48.8%

PV 434905 100.0% 239987 100.0%

EQ 434905 100.0% 239987 100.0%

2 leptons 416071 95.7% 229639 95.7%

1 photon 416040 100.0% 229630 100.0%

selected leptons 102110 24.5% 55069 24.0%

selected photon 87203 85.4% 46894 85.2%

Zllg candidate 21364 10.4% 7652 16.3%

total 2.6% 1.6%
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Extracted from histo_cutflow in output file, good photon + good leptons + Zllg
candidate requirement.



Introduction
Investigate photon topo-cluster performance, see if they could provide 
additional discrimination power in  photonID. 

◦ Format topo-cluster in LAr Ecal: 
◦ Find seed: cell significance > 4𝜎

◦ Scanning neighbor cells: add significance > 2𝜎 cell +neighbor 

◦ Merge 2 clusters if they grow into each other. 

◦ Approach
◦ Tyler has finished the comparison in single photon process.

◦ Repeat it in Zllg process, for MC modelling. 

◦ Do MC/data comparison with Zllg MC and data. 

◦ Do signal/bkg comparison with Zllg and Z+jets.
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Tyler’s report about topo-cluster variables
Data/MC in single photon

https://indico.cern.ch/event/767664/contributions/3191328/attachments/1741917/2818630/topo_cluster_1025.pdf
https://indico.cern.ch/event/788831/contributions/3282690/attachments/1780703/2896795/burch_01172019_dataMC.pdf


Introduction
Cluster variables

◦ y_topoCluster0_Epos: Total positive Energy of this cluster.

◦ y_topoCluster0_secondR: Semi-major axis in width for the leading topo cluster associated to 
each photon.

◦ y_topoCluster0_secondLambda: Semi-major axis in depth for the leading topo cluster associated 
to each photon.

◦ y_topoCluster0_centerMag: Cluster centroid magnitude 𝑥2 + 𝑦2 + 𝑧2

◦ y_topoCluster0_centerLambda:Depth of leading topo cluster at its centroid.

◦ y_topoCluster0_isolation: Energy weighted fraction of non-clustered perimeter cells
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Reference note

https://arxiv.org/pdf/1603.02934.pdf
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