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Expect limit study

• Samples
• # signal

• "DarkPhoton_ggF": "darkPhoton_ggf",
• # QCD

• "QCD_Gjet": "qcdgjets",
• "QCD_Zjet": "qcdzll",
• "QCD_Wjet": "qcdwjets",
• "QCD_Znunu": "qcdzjets",

• # EWK
• "EWK_Gjet": "ewkgjets",
• "EWK_Zjet": "ewkzll",
• "EWK_Znunu": "ewkzjets",
• "EWK_Wjet": "ewkwjets",

• # V+gamma
• "Zgamma": "zgamma",
• "Wgamma": "wgamma",

• # minor
• "TTbar": "top",
• "Diboson": "diboson",

• Systematic
• ("JEC", {"sources": {"jec_Total": "jec_Nominal"}, "isShape": True}),

• Variable
• MT

• Rootfiles got after plotting, so that everything is normalized to the correct lumi and cross section.

• Build pseudo-data: sum of all MC background histograms.

XS of darkphoton - Google 表格

https://docs.google.com/spreadsheets/d/1PuEwEuNaK6boUfAXxqQ32E4w-93UXGNXlN3rAO2rCJo/edit?gid=0#gid=0
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Expect limit study

• Steps
1. Extract shape from plotting rootfiles

• python3 create_worskspace_inputs.py (Inherit hinvisible code)

2. Prepare a datacard (built by script)

3. Running combine



2025/6/16 4

Extract shape from plotting rootfiles

[lotan@m9 Run3]$ root -l histograms_inclusive.root
root [0]
Attaching file histograms_inclusive.root as _file0...
(TFile *) 0x32070a0
root [1] .ls
TFile**         histograms_inclusive.root
TFile*         histograms_inclusive.root
KEY: TDirectoryFile category_inclusive_Run3;1       category_inclusive_Run3

root [2] category_inclusive_Run3->cd()
(bool) true
root [3] .ls
TDirectoryFile*         category_inclusive_Run3 category_inclusive_Run3
KEY: TH1F      signal_ewkzll_jec_TotalUp;1     MT_jec_Total_up
KEY: TH1F      signal_wgamma;1 MT
KEY: TH1F      signal_zgamma;1 MT
KEY: TH1F      signal_top;1    MT
KEY: TH1F      signal_ewkgjets;1       MT
KEY: TH1F      signal_ewkwjets_jec_TotalDown;1 MT_jec_Total_down
KEY: TH1F      signal_darkPhoton_ggf_jec_TotalUp;1     MT_jec_Total_up
KEY: TH1F      signal_ewkzjets_jec_TotalUp;1   MT_jec_Total_up
KEY: TH1F      signal_ewkzll_jec_TotalDown;1   MT_jec_Total_down
KEY: TH1F      signal_darkPhoton_ggf_jec_TotalDown;1   MT_jec_Total_down
KEY: TH1F      signal_wgamma_jec_TotalDown;1   MT_jec_Total_down
KEY: TH1F      signal_diboson_jec_TotalDown;1  MT_jec_Total_down
KEY: TH1F      data_obs;1      MT
KEY: TH1F      signal_qcdzll_jec_TotalUp;1     MT_jec_Total_up
KEY: TH1F      signal_qcdzll_jec_TotalDown;1   MT_jec_Total_down
KEY: TH1F      signal_qcdzjets;1       MT
KEY: TH1F      signal_top_jec_TotalUp;1        MT_jec_Total_up
KEY: TH1F      signal_top_jec_TotalDown;1      MT_jec_Total_down
KEY: TH1F      signal_ewkzjets_jec_TotalDown;1 MT_jec_Total_down
KEY: TH1F      signal_darkPhoton_ggf;1 MT
KEY: TH1F      signal_ewkgjets_jec_TotalDown;1 MT_jec_Total_down
KEY: TH1F      signal_qcdgjets;1       MT
KEY: TH1F      signal_ewkzjets;1       MT
KEY: TH1F      signal_qcdwjets;1       MT
KEY: TH1F      signal_ewkwjets;1       MT
KEY: TH1F      signal_zgamma_jec_TotalUp;1     MT_jec_Total_up
KEY: TH1F      signal_qcdwjets_jec_TotalUp;1   MT_jec_Total_up
KEY: TH1F      signal_wgamma_jec_TotalUp;1     MT_jec_Total_up
KEY: TH1F      signal_ewkwjets_jec_TotalUp;1   MT_jec_Total_up
KEY: TH1F      signal_diboson;1        MT
KEY: TH1F      signal_qcdzjets_jec_TotalUp;1   MT_jec_Total_up
KEY: TH1F      signal_qcdzll;1 MT
KEY: TH1F      signal_diboson_jec_TotalUp;1    MT_jec_Total_up
KEY: TH1F      signal_ewkgjets_jec_TotalUp;1   MT_jec_Total_up
KEY: TH1F      signal_qcdzjets_jec_TotalDown;1 MT_jec_Total_down
KEY: TH1F      signal_ewkzll;1 MT
KEY: TH1F      signal_qcdwjets_jec_TotalDown;1 MT_jec_Total_down
KEY: TH1F      signal_qcdgjets_jec_TotalUp;1   MT_jec_Total_up
KEY: TH1F      signal_qcdgjets_jec_TotalDown;1 MT_jec_Total_down
KEY: TH1F      signal_zgamma_jec_TotalDown;1   MT_jec_Total_down

XS of  darkphoton_ggF_M125 is 1 in yaml file!
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Prepare a datacard (built by script)
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Running combine

• Steps
1. Build the workspace

• text2workspace.py datacard_inclusive.txt -o workspace.root -m 125

2. Calculate the upper limit of expectation
• combine -M AsymptoticLimits workspace.root -t -1 --expectSignal 0 -m 125

Calculation shows that results are consistent with the null hypothesis.
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Running combine

• Impacts
1. initial fit

• combineTool.py -M Impacts -d workspace.root -m 125 --doInitialFit --robustFit 1 --expectSignal 0

2. Perform an impact scan for each nuisance
• combineTool.py -M Impacts -d workspace.root -m 125 --doInitialFit --robustFit 1 --expectSignal 0
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Running combine

• Impacts
3. Collect the results and generate JSON

• combineTool.py -M Impacts -d workspace.root -m 125 -o impacts.json

4. Plotting
• plotImpacts.py -i impacts.json -o impacts_plot

"jec_Total" is sources of  uncertainty what we are currently considering, and its main 
contribution lies in the "+1σ" direction.
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Thanks!
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Error
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Error
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Preliminary Selection for Inclusive Region-In progress

Strategies Description
lumiMask_selection
Noise_filter_selection
DetectorMitigation_selection

Trigger_selections SinglePhoton_trigger_selection
tight_Muon_veto_selection
tight_Electron_veto_selection
jec_Nominal_TypeIPuppiMET_selection (0 for now)
singlePhoton_tight_id_selection
jec_Nominal_tight_mt_selection (0 for now)

Vetos

Basic selections

Channel-specific

• MET and MT are both 0 -> fake photon + fake MET included.


Sheet1

		Selection for Inclusive Region

		Strategies		Description

		Basic selections		lumiMask_selection

				Noise_filter_selection

				DetectorMitigation_selection

		Trigger_selections		SinglePhoton_trigger_selection

		Vetos		tight_Muon_veto_selection

				tight_Electron_veto_selection

		Channel-specific		jec_Nominal_TypeIPuppiMET_selection (0 for now)

				singlePhoton_tight_id_selection

				jec_Nominal_tight_mt_selection (0 for now)
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Samples
##### QCD_Gjet #####
/GJ_PTG-20to100_ETAG-2p0_TuneCP5_13p6TeV_amcatnlo-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v15-v2/NANOAODSIM
/GJ_PTG-100to200_TuneCP5_13p6TeV_amcatnlo-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/GJ_PTG-200to400_TuneCP5_13p6TeV_amcatnlo-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/GJ_PTG-400to600_TuneCP5_13p6TeV_amcatnlo-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/GJ_PTG-600_TuneCP5_13p6TeV_amcatnlo-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM

##### EWK_Gjet #####
/VBFtoG_PTG-10to100_TuneCP5_13p6TeV_madgraph-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v15_ext1-v3/NANOAODSIM
/VBFtoG_PTG-100to200_TuneCP5_13p6TeV_madgraph-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v15_ext1-v3/NANOAODSIM
/VBFtoG_PTG-200_TuneCP5_13p6TeV_madgraph-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v15_ext1-v3/NANOAODSIM

##### EWK_Vjet #####
/VBFto2L_MLL-50_TuneCP5_13p6TeV_madgraph-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v15_ext1-v2/NANOAODSIM
/VBFtoLNu_TuneCP5_13p6TeV_madgraph-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v15_ext1-v2/NANOAODSIM
/VBFto2Nu_TuneCP5_13p6TeV_madgraph-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v15_ext1-v2/NANOAODSIM

##### QCD_Zjet #####
/DYto2L-2Jets_MLL-50_0J_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/DYto2L-2Jets_MLL-50_1J_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/DYto2L-2Jets_MLL-50_2J_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM

##### QCD_Wjet #####
/WtoLNu-2Jets_0J_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/WtoLNu-2Jets_1J_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v2/NANOAODSIM
/WtoLNu-2Jets_2J_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v2/NANOAODSIM

##### QCD_Znunu #####
/Zto2Nu-2Jets_PTNuNu-40to100_1J_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/Zto2Nu-2Jets_PTNuNu-100to200_1J_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/Zto2Nu-2Jets_PTNuNu-200to400_1J_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/Zto2Nu-2Jets_PTNuNu-400to600_1J_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/Zto2Nu-2Jets_PTNuNu-600_1J_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/Zto2Nu-2Jets_PTNuNu-40to100_2J_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/Zto2Nu-2Jets_PTNuNu-100to200_2J_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/Zto2Nu-2Jets_PTNuNu-200to400_2J_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/Zto2Nu-2Jets_PTNuNu-400to600_2J_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/Zto2Nu-2Jets_PTNuNu-600_2J_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM

1.Data:
EGamma(run I)

2.MC:
DarkPhoton_ggF
QCD_Gjet
EWK_Gjet
EWK_Wjet
EWK_Zjet
EWK_Znunu
QCD_Zjet
QCD_Wjet
QCD_Znunu
Zgamma
Wgamma
TTbar
Diboson
QCDJets (scale to 0)
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Samples

##### Vgamma #####
/ZGto2NuG-1Jets_PTG-10to100_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/ZGto2NuG-1Jets_PTG-100to200_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/ZGto2NuG-1Jets_PTG-200to400_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/ZGto2NuG-1Jets_PTG-400to600_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/ZGto2NuG-1Jets_PTG-600_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/WGtoLNuG-1Jets_PTG-10to100_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v15-v2/NANOAODSIM
/WGtoLNuG-1Jets_PTG-100to200_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v15-v2/NANOAODSIM
/WGtoLNuG-1Jets_PTG-200to400_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/WGtoLNuG-1Jets_PTG-400to600_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/WGtoLNuG-1Jets_PTG-600_TuneCP5_13p6TeV_amcatnloFXFX-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM

##### TTbar #####
/TTto2L2Nu_TuneCP5_13p6TeV_powheg-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v2/NANOAODSIM
/TTto4Q_TuneCP5_13p6TeV_powheg-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v2/NANOAODSIM
/TTtoLNu2Q_TuneCP5_13p6TeV_powheg-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v2/NANOAODSIM

##### Diboson #####
/WW_TuneCP5_13p6TeV_pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v2/NANOAODSIM
/WZ_TuneCP5_13p6TeV_pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v2/NANOAODSIM
/ZZ_TuneCP5_13p6TeV_pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v2/NANOAODSIM

##### QCD_multijet #####
/QCD-4Jets_HT-40to70_TuneCP5_13p6TeV_madgraphMLM-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v2/NANOAODSIM
/QCD-4Jets_HT-70to100_TuneCP5_13p6TeV_madgraphMLM-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v2/NANOAODSIM
/QCD-4Jets_HT-100to200_TuneCP5_13p6TeV_madgraphMLM-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v2/NANOAODSIM
/QCD-4Jets_HT-200to400_TuneCP5_13p6TeV_madgraphMLM-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v2/NANOAODSIM
/QCD-4Jets_HT-400to600_TuneCP5_13p6TeV_madgraphMLM-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/QCD-4Jets_HT-600to800_TuneCP5_13p6TeV_madgraphMLM-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v2/NANOAODSIM
/QCD-4Jets_HT-800to1000_TuneCP5_13p6TeV_madgraphMLM-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v2/NANOAODSIM
/QCD-4Jets_HT-1000to1200_TuneCP5_13p6TeV_madgraphMLM-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v2/NANOAODSIM
/QCD-4Jets_HT-1200to1500_TuneCP5_13p6TeV_madgraphMLM-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v2/NANOAODSIM
/QCD-4Jets_HT-1500to2000_TuneCP5_13p6TeV_madgraphMLM-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v3/NANOAODSIM
/QCD-4Jets_HT-2000_TuneCP5_13p6TeV_madgraphMLM-pythia8/Run3Summer23NanoAODv12-130X_mcRun3_2023_realistic_v14-v2/NANOAODSIM

1.Data:
EGamma(run I)

2.MC:
DarkPhoton_ggF
QCD_Gjet
EWK_Gjet
EWK_Wjet
EWK_Zjet
EWK_Znunu
QCD_Zjet
QCD_Wjet
QCD_Znunu
Zgamma
Wgamma
TTbar
Diboson
QCDJets (scale to 0)
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Samples-XS

EWK_Gjet

VBFtoG_PTG-10to100_TuneCP5_13p6TeV_madgraph-pythia8 6.23E+02 100.00%

VBFtoG_PTG-100to200_TuneCP5_13p6TeV_madgraph-pythia8 8.557 7.56E+00 13.23%

VBFtoG_PTG-200_TuneCP5_13p6TeV_madgraph-pythia8 1.212 1.08E+00 12.74%

QCD_Znunu

Zto2Nu-2Jets_PTNuNu-40to100_1J_TuneCP5_13p6TeV_amcatnloFXFX-pythia8 917.3 9.25E+02 0.86%
Zto2Nu-2Jets_PTNuNu-100to200_1J_TuneCP5_13p6TeV_amcatnloFXFX-

pythia8 87.89 8.72E+01 0.76%
Zto2Nu-2Jets_PTNuNu-200to400_1J_TuneCP5_13p6TeV_amcatnloFXFX-

pythia8 6.319 #DIV/0!

Zto2Nu-2Jets_PTNuNu-400to600_1J_TuneCP5_13p6TeV_amcatnloFXFX-
pythia8 0.2154 2.19E-01 1.42%

Zto2Nu-2Jets_PTNuNu-600_1J_TuneCP5_13p6TeV_amcatnloFXFX-pythia8 0.02587 2.63E-02 1.67%

Zto2Nu-2Jets_PTNuNu-40to100_2J_TuneCP5_13p6TeV_amcatnloFXFX-pythia8 328.9 3.36E+02 1.97%
Zto2Nu-2Jets_PTNuNu-100to200_2J_TuneCP5_13p6TeV_amcatnloFXFX-

pythia8 101.4 1.01E+02 0.40%
Zto2Nu-2Jets_PTNuNu-200to400_2J_TuneCP5_13p6TeV_amcatnloFXFX-

pythia8 13.81 1.37E+01 0.95%
Zto2Nu-2Jets_PTNuNu-400to600_2J_TuneCP5_13p6TeV_amcatnloFXFX-

pythia8 0.833 7.91E-01 5.38%

Zto2Nu-2Jets_PTNuNu-600_2J_TuneCP5_13p6TeV_amcatnloFXFX-pythia8 0.1574 1.31E-01 20.43%
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Others

MT PT_gamma/MT

SR_Inclusive

• Fake MET + True Photon → This will increase m_T and lower the PT_gamma/MT ratio.
• Fake photon not properly modeled in MC.
• Photon SF are not applied？
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Gjet + signal without any trigger requirements

pt gamma >40

MT

pt gamma >50pt gamma >45
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