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Action items
◆Reply to all comments on CDS

◆Clarify in the note how the BDT boundaries are chosen

◆Add labels making clear what is shown in the data/MC BDT plots in the sidebands.

◆Include spurious signal uncertainty in the fit

◆Include single higgs uncertainties in the fit and in the INT note.

◆Add plots of the shape uncertainty for the continuum background modeling

◆Split the background modelling NPs per channel.

◆Add plots showing the pulls for all NPs included in the fit in the INT note.

◆yy+2L: Combine the two high BDT regions or all regions in a single one with enough data statistics

◆Make the final myy plots for all regions entering the fit including all background systematics. 
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Reply to action items
◆Reply to all comments on CDS

Done, some of them are about ML channel.

◆Clarify in the note how the BDT boundaries are chosen

Done, we add more details in the section 10.3 in updated version: Also is shown in page 24
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Reply to action items
◆Add labels making clear what is shown in the data/MC BDT plots in the sidebands.

Done:
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𝛾𝛾 + 0𝑙1𝜏ℎ : 𝛾𝛾 + 1𝑙0𝜏ℎ : 𝛾𝛾 + 2𝐿:



Reply to action items
◆Include spurious signal uncertainty in the fit 

Done, but some of spurious signal don’t pass the threshold

◆Include single higgs uncertainties in the fit and in the INT note.

Done, in Section 11.2 and 12.4.6
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➢Spurious signal test results: 

➢Theory uncertainties: 



Reply to action items
◆Add plots of the shape uncertainty for the continuum background modeling

Don’t sure about it. Just these plots we show before are the shape uncertainty for the continuum background 
modeling. And we just apply a average of shape variation to all bins.
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◆Split the background modelling NPs per channel. 

Done, see the ranking plot in the pervious page



Reply to action items
◆Add plots showing the pulls for all NPs included in the fit in the INT note.

Done, in section 12.4.6. Most of them fail to pass the threshold, so we put different plots in the INT note.

One is with 20NPs, one is with all NPs

◆yy+2L: Combine the two high BDT regions or all regions in a single one with enough data statistics

Combine all regions and redo all analysis about yy+2L. (Two high BDT have 4, not enough.)

Also, modify the INT note and provide a new version of unblinding approval request slide following.
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Reply to action items
◆Make the final myy plots for all regions entering the fit including all background systematics. 

Done, like this:

2023/1/9 Qiyu Sha   qsha@cern.ch 8

𝛾𝛾 + 0𝑙1𝜏ℎ : 𝑚𝛾𝛾 distribution in different BDTG regions



Reply to action items
◆Make the final myy plots for all regions entering the fit including all background systematics.
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𝛾𝛾 + 1𝑙0𝜏ℎ : 𝑚𝛾𝛾 distribution in different BDTG regions

𝛾𝛾 + 2𝑙: 𝑚𝛾𝛾 distribution in whole BDTG regions
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Updated
◆Updated all plots and tables about yy+2L channel.

◆Clarify how the BDT boundaries are chosen

◆Add labels making clear what is shown in the data/MC BDT plots in the sidebands.

◆Update the theory uncertainties.

◆Include all uncertainties in the fit and update the ranking plots/pull plots.

◆Updated the final myy plots for all regions entering the fit including all background systematics. 

◆Updated the final results with all uncertainties and the results of yy+2L channel are changed.
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General information

◆Entry in glance

◆Supporting note circulated Dec. 9

◆1st EB meetings

◆2nd EB meetings

◆Editorial Board:
• ARNAEZ, Olivier (Annecy LAPP)
• DUCU, Otilia Anamaria (Bucharest IFIN-HH) (Chair)
• VEATCH, Jason Robert (Cal State)
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https://atlas-glance.cern.ch/atlas/analysis/analyses/details?id=2808
https://cds.cern.ch/record/2713728/files/ATL-COM-PHYS-2020-229.pdf
https://indico.cern.ch/event/1215167/
https://indico.cern.ch/event/1228933/
https://atlas-glance.cern.ch/atlas/membership/members/profile?id=4333
https://atlas-glance.cern.ch/atlas/membership/members/profile?id=7452
https://atlas-glance.cern.ch/atlas/membership/members/profile?id=7278


Introduction
The Run2 HH → multilepton analysis searches the Standard Model(SM) di-Higgs production via two deacy modes: 

◦ Gluon-gluon Fusion (ggF): Dominant production mode, sensitive to 𝐾𝑡, 𝐾𝜆
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𝜎 ≈ 31.05 𝑓𝑏

𝜎 ≈ 1.726 𝑓𝑏

◦ Vector Boson Fusion (VBF): Used as additional yields to the ggF signal , sensitive to 𝐾2𝑉, 𝐾𝑉, 𝐾𝜆



𝛾𝛾 + 𝑀𝐿 final states: 0.14% of HH decays (𝐻𝐻 → 𝑦𝑦 +𝑊𝑊/ ZZ /𝜏𝜏)

Analysis strategy:

Categorize final states by number of 𝑒, 𝜇, 𝜏ℎ:
◦ 𝛾𝛾 + 𝑀𝐿 : 2 photons with light leptons and 𝜏ℎ, include three sub channels:

◦ 𝛾𝛾 + 1𝑙0𝜏ℎ: Events with only one light lepton (𝑒, 𝜇) and zero hadronic 𝜏 (𝜏ℎ).

◦ 𝛾𝛾 + 0𝑙1𝜏ℎ: Events with only zero light lepton and one hadronic 𝜏.

◦ 𝛾𝛾 + 2𝐿: Events with only two opposite-sign leptons ( The capital “L” represents light lepton or hadronic 𝜏).
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Introduction

bb WW ττ ZZ γγ

bb 34%

WW 25% 4.6%

ττ 7.3% 2.7% 0.39%

ZZ 3.1% 1.1% 0.33% 0.069%

γγ 0.26% 0.10% 0.028% 0.012%
0.0005

%

Signal production strategy:
◦ 𝑔𝑔𝐹: 600859-600861 (𝛾𝛾0𝑙,𝛾𝛾1𝑙,𝛾𝛾2𝑙)

◦ 𝑉𝐵𝐹: 508676-508678 (𝛾𝛾0𝑙,𝛾𝛾1𝑙,𝛾𝛾2𝑙)

◦ Joboptions for 𝑔𝑔𝐹 and 𝑉𝐵𝐹: (Details are shown in the backup)

◦ 𝐻 → 𝑦𝑦 𝑎𝑛𝑑 𝐻 → 𝑊𝑊/ ZZ /𝜏𝜏

◦ 𝑃𝑇(L) > 7 𝐺𝑒𝑉

◦ Use lepton filters:

◦ 𝛾𝛾0𝑙:  hyyFilter and hXXFilter and not LepOneFilter

◦ 𝛾𝛾1𝑙:  hyyFilter and hXXFilter and LepOneFilter and not LepTwoFilter

◦ 𝛾𝛾2𝑙:  hyyFilter and hXXFilter and LepTwoFilter

https://its.cern.ch/jira/browse/ATLMCPROD-9335
https://its.cern.ch/jira/browse/ATLMCPROD-9490


Data: Full Run 2 data (139𝑓𝑏−1)

MC samples:

◦ 𝑠𝑖𝑔𝑛𝑎𝑙𝑠:

◦ 𝑔𝑔𝐹 HH 𝑠𝑖𝑔𝑛𝑎𝑙:

➢ Powheg + Pythia8 as nominal samples.(SM case 𝐾𝜆 = 1)

◦ 𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑s:

◦ 𝑆𝑖𝑛𝑔𝑙𝑒 𝐻𝑖𝑔𝑔𝑠:

Powheg/MG5_aMC@NLO +Pythia8 including all production modes.

◦ 𝑀𝐶 continuum background: (Is expected to be a smoothly falling 
down shape that can be modeled with an analytical function.)

◦ 𝛾𝛾 + 𝑗𝑒𝑡𝑠: Sherpa 2.2.4 (ME@NLO+PS)

◦ 𝑉𝛾𝛾: Including 𝑉 + 𝛾𝛾 and 𝑡 ҧ𝑡 + 𝛾𝛾.

◦ 𝑡 ҧ𝑡 + 𝛾𝛾: MG5_aMC@NLO +Pythia8 

◦ 𝑉 + 𝛾𝛾: Sherpa 2.2.4 (ME@LO+PS)
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Data and MC samples

◦ 𝑉𝐵𝐹 𝐻𝐻 𝑠𝑖𝑔𝑛𝑎𝑙:

➢MadGraph5 + Pythia8 as nominal samples.

➢The 𝛾𝛾0𝑙0𝜏ℎ + 1/2 𝑗𝑒𝑡 𝑀𝐶 continuum background are used for the 
background modeling uncertainty. (X->SH->yy+1/2 leptons analysis which 
will be reported by Kaili next uses different samples)

➢𝑀𝐶 continuum background will be replaced by the background 
modeling which is driven by 𝛾𝛾0𝑙0𝜏ℎ + 1/2 𝑗𝑒𝑡 sideband data.



Di-photon triggers: (The trigger matching is applied)
➢ HLT_g35_loose_g25_loose (2015/2016).

➢ HLT_g35_loose_g25_medium_L12EM20VH (2017/2018).

Object definition: (Default setting in HGam framework)
➢𝐸𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠:

◦ 𝑃𝑇 > 10 𝐺𝑒𝑉, 𝜂 < 2.37, crack region excluded (1.37 < 𝜂 < 1.52), Medium LH ID,  ൗ𝑑0
𝜎𝑑0

< 5, Δ𝑍0 × sin 𝜃 < 0.5 𝑚𝑚.

◦ Isolation requirements: topoEtCone20 < 0.02 × 𝑃𝑇 and ptcone20 < 0.15 × 𝑃𝑇.

➢𝑀𝑢𝑜𝑛𝑠: 

◦ 𝑃𝑇 > 10 𝐺𝑒𝑉 , 𝜂 < 2.7, Medium ID , ൗ𝑑0
𝜎𝑑0

< 3 , Δ𝑍0 × sin 𝜃 < 0.5 𝑚𝑚.

◦ Isolation requirements: Loose_FixedRad.

➢𝜏ℎ𝑎𝑑:

◦ 𝑃𝑇 > 20 𝐺𝑒𝑉 , 𝜂 < 2.5, crack region excluded, Charge = ±1.

◦ JetID RNN Loose, 𝑁𝑡𝑟𝑎𝑐𝑘= 1 or 3 (Have a efficiency of 60%(45%) for one-(three-) prong 𝜏ℎ𝑎𝑑 decays).

◦ Electron veto: passEleBDT;  Muon overlap removal: passMuonOLR

➢𝐽𝑒𝑡𝑠:

◦ AntiK4EMPFlow

◦ 𝑃𝑇 > 20 𝐺𝑒𝑉 , 𝜂 < 2.5

◦ JVT WP tight, Jet cleaning WP: LooseBad

◦ B-tagging with DL1r@77% fixed-cut WP
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Object definition
➢share the same object definition with kaili’s SH analysis except 𝜏ℎ𝑎𝑑.)



Channel definitions:
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Event selection

Event selection:
◦ Mass window: 105 GeV < 𝑚𝛾𝛾 < 160 GeV.

◦ 2 tight isolated photons with 𝐸𝑇
𝛾
> 35 (25) 𝐺𝑒𝑉 and ൗ𝑃𝑇

𝛾

𝑚𝛾𝛾 > 0.35 0.25 for the leading (subleading) photon.

◦ B-veto: 𝑁𝑏−𝑗𝑒𝑡𝑠 = 0. (At 77% WP and to be orthogonal to HH->bb𝛾𝛾)

◦ 𝐸𝑇
𝑚𝑖𝑠𝑠 > 35 𝐺𝑒𝑉 except 1𝜇0𝜏 channel.

◦ 𝑃𝑇_𝑦𝑦 > 50 𝐺𝑒𝑉.

◦ 𝑚𝑙𝑙 > 12 𝐺𝑒𝑉 in 2𝑙0𝜏 channel. (We use this selection just for harmonizing with ML channel.)

MVA used to further separate signal and background.

Signal and control region:
➢Signal region: 120 GeV < 𝑚𝛾𝛾 < 130 GeV.

➢Control region: Sideband region (Whole region except 120 GeV < 𝑚𝛾𝛾 < 130 GeV )

➢share the same event selections with SH analysis except the purple part.



Cut-flow checks in whole mass region(105 GeV < 𝑚𝛾𝛾 < 160 GeV):

◦ Total of signal means initial number of events: 𝐿 ∗ 𝜎 𝐻𝐻 ∗ 𝐵𝑟 𝐻𝐻 → 𝑦𝑦 +𝑊𝑊/ 𝑍𝑍 /𝜏𝜏
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Cut-flow checks

Cut-flow checks in sideband region:



MVA: Boosted Decision Tree with the GradientBoost algorithm(BDTG)

◦ Use 4-folds cross-validation training which gives a better and smoother ROC curve.

◦ Training sample and test sample are separated by the event number which is reproducible for each simulation events.

◦ For each fold, the training method stays the same.

◦ For BDTG, the training parameters are listed as the following:

◦ Number of trees: 1000

◦ Maximal depth of trees: 2

◦ Boost type: Gradient

◦ Bagged Boost is used. (Bagged sample fraction: 0.5)

◦ nCuts: 20
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MVA method



Variables used for BDTG training:
◦ The "H" represents the SM Higgs which decays to di-photon

◦ The capital “L” represents light lepton or hadronic 𝜏
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MVA method



The method of choosing BDTG variables in different channels:
➢ We select ~ten best variables with the best separation power from a pool of ~30 candidate variables.

➢ We check the correlations of these variables and ensure that they are all small. (And ensure these variables have little correlation with 𝑚𝛾𝛾) 
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MVA method

𝛾𝛾 + 0𝑙1𝜏ℎ : (other channels are shown in the backup)
Separation power:

Correlation Matrix:

Overtraining plots with ks test values for 4 folds:ROC-value: 0.941
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MVA method
𝛾𝛾 + 0𝑙1𝜏ℎ : (other channels are shown in the backup)
➢ Consider a rough background scaling:

➢ Apply a scale factor on MC continuum background (𝛾𝛾+𝑗𝑒𝑡𝑠 and 𝑉𝛾𝛾) which corresponds to the ratio between MC continuum background 

sideband yields and the data sideband yields:

➢ After background scaling, the BDTG and most of input variables distribution show here: 



Three regions are defined in 𝛾𝛾 + 0𝑙1𝜏ℎ and 𝛾𝛾 + 1𝑙0𝜏ℎ channel by splitting the BDTG output distribution:

➢ The optimal value of the BDTG cuts is obtained by maximizing the expected significance, using the equation:

➢ To ensure there are enough sideband data events in each BDTG regions: (The details are shown in the next page.)

➢ Loose BDTG region:   𝐵𝐷𝑇𝐺 ≤ 0

➢ Medium BDTG region: 0 < 𝐵𝐷𝑇𝐺 ≤ 0.6

➢ Tight BDTG region: 0.6 < 𝐵𝐷𝑇𝐺
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BDTG regions
BDTG distribution in different channels:
➢ The signal distribution is scaled to the total background events and the expected HH yield is quoted in the legend.

➢ The MC continuum background (𝛾𝛾+𝑗𝑒𝑡𝑠 and 𝑉𝛾𝛾) is in the 𝑚𝛾𝛾 sideband region and after background scaling:

𝛾𝛾 + 0𝑙1𝜏ℎ : 𝛾𝛾 + 1𝑙0𝜏ℎ : 𝛾𝛾 + 2𝐿:



Three regions are defined in 𝛾𝛾 + 0𝑙1𝜏ℎ and 𝛾𝛾 + 1𝑙0𝜏ℎ channel by splitting the BDTG output distribution:

➢ Consider 𝛾𝛾 + 2𝐿 channel have too low data statistics, just use the whole BDTG region in this channel.
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BDTG regions

➢ Loose BDTG region:   𝐵𝐷𝑇𝐺 ≤ 0

➢ Medium BDTG region: 0 < 𝐵𝐷𝑇𝐺 ≤ 0.6

➢ Tight BDTG region: 0.6 < 𝐵𝐷𝑇𝐺

The method of choosing regions:

➢ Use 10 bins in BDTG distribution and then calculate the significance with different regions which are shown in the left table.(Table 50)

➢ Although the best value is 0.8 < 𝐵𝐷𝑇𝐺, considering the low statistic in this region, we choose the second one as the Tight BDTG region 
which is 0.6 < 𝐵𝐷𝑇𝐺.

➢ Then we do another scan on the remaining BDTG region and the results are shown in the right table.(Table 51)

➢ We can find the best region is the 0 < 𝐵𝐷𝑇𝐺 ≤ 0.6 both in two channels. So this is the Medium BDTG region.

➢ The remaining region is the Loose BDTG region.



Consider MC Continuum background sample and data in sideband disagree:
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Background estimation
MC Backgrounds:

◦ 𝑆𝑖𝑛𝑔𝑙𝑒 𝐻𝑖𝑔𝑔𝑠

◦ 𝑀𝐶 continuum background: (Is expected to be a smoothly falling down shape that can be modeled with an analytical function.)

◦ 𝛾𝛾 + 𝑗𝑒𝑡𝑠

◦ 𝑉𝛾𝛾: Including 𝑉 + 𝛾𝛾 and 𝑡 ҧ𝑡 + 𝛾𝛾.

𝛾𝛾 + 0𝑙1𝜏ℎ : 𝛾𝛾 + 1𝑙0𝜏ℎ : 𝛾𝛾 + 2𝐿:

➢ Need to perform the background modeling.
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Background estimation
Backgrounds modeling by using sideband data:

◦ The 𝑚𝛾𝛾 shape is evaluated in 𝛾𝛾 + 0𝑙0𝜏ℎ sideband data instead of three sub-channels, due to limited statistics.

◦ Use 𝛾𝛾0𝑙0𝜏ℎ + 1/2 𝑗𝑒𝑡𝑠 to mimic the kinematic performance of 𝛾𝛾 + 1𝐿 (Include 𝛾𝛾 + 0𝑙1𝜏ℎ and 𝛾𝛾 + 1𝑙0𝜏ℎ) and 𝛾𝛾 + 2𝐿.

◦ Several functional forms are evaluated by fitting di-photon mass spectrum in the 𝛾𝛾0𝑙0𝜏ℎ + 1/2 𝑗𝑒𝑡𝑠 sideband data.

➢Consider the different 𝑚𝛾𝛾 shape in different BDTG region(loose, medium and tight), need to use different functions 

to fit them.

➢Because the tight BDTG region has too low statistics to fit (less than 80 in 𝛾𝛾0𝑙0𝜏ℎ + 1 𝑗𝑒𝑡𝑠 data sideband). 

• Medium and tight BDTG regions are merged to high BDTG region. (𝐵𝐷𝑇𝐺 ≥ 0)

• Correspondingly, rename loose BDTG region to low BDTG region. (𝐵𝐷𝑇𝐺 < 0)

➢Then use different functions to fit the 𝑚𝛾𝛾 shape in different regions and use the chi-square value to evaluate them.

◦ Dof means degree of freedom.

◦ Use 45 bins in sideband

𝜒2

𝑛dof
=

∑1
45

𝑥𝑀𝐶 − 𝑥data ,𝑆𝐵

2

𝑥data ,𝑆𝐵

45 − dof
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Background estimation
Fit results

𝜒2

𝑛dof
=

∑1
45

𝑥𝑀𝐶 − 𝑥data ,𝑆𝐵

2

𝑥data ,𝑆𝐵

45 − dof
𝛾𝛾 + 0𝑙0𝜏ℎ1𝑗 in low BDTG region (𝐵𝐷𝑇𝐺 < 0):

𝛾𝛾 + 0𝑙0𝜏ℎ2𝑗 in whole BDTG region:
➢ In low BDTG region, the best function is 
second-order exponential: 

𝑒𝑐1⋅𝑚𝛾𝛾
2 +𝑐2⋅𝑚𝛾𝛾
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Background estimation
Fit results

𝜒2

𝑛dof
=

∑1
45

𝑥𝑀𝐶 − 𝑥data ,𝑆𝐵

2

𝑥data ,𝑆𝐵

45 − dof

𝛾𝛾 + 0𝑙0𝜏ℎ1𝑗 in high BDTG region (𝐵𝐷𝑇𝐺 ≥ 0):

➢ In low BDTG region, the best function is first-order 
Chebyshev-polynomial.
➢Consider none of these fit functions works well in this 
region due to the low statistic, for harmonize, we also 
use second-order exponential in the high BDTG region.

➢We use second-order exponential to fit the
𝛾𝛾 + 0𝑙0𝜏ℎ1/2𝑗 sideband data in all BDTG regions.



Before background modeling:
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Background estimation

𝛾𝛾 + 0𝑙1𝜏ℎ : 𝛾𝛾 + 1𝑙0𝜏ℎ : 𝛾𝛾 + 2𝐿:

After background modeling: (Continuum background modeling agree with sideband data)

𝛾𝛾 + 0𝑙1𝜏ℎ : 𝛾𝛾 + 1𝑙0𝜏ℎ : 𝛾𝛾 + 2𝐿:
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Spurious signal test
The potential bias due to the mis-modeling of background in estimated via the spurious signal test:

◦ Calculations of different BDTG categories in each sub-channel are treat independently.

◦ The conditions of the test: 

➢Spurious signal test results: 

Fitted signal yield 
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Systematic uncertainties
Background modeling uncertainties:

◦ The shape differences between the 𝛾𝛾0𝑙0𝜏ℎ + 1/2 𝑗𝑒𝑡𝑠 and three sub-channels (𝛾𝛾 + 0𝑙1𝜏ℎ, 𝛾𝛾 + 1𝑙0𝜏ℎ and 𝛾𝛾 + 2𝐿) lead to 
additional uncertainties in the estimations of background yields for individual categories.

◦ This uncertainty can be only evaluated by the continuum background MC samples, due to the low statistics in data sideband.

➢The average of the relative deviation for all bins is chosen as the background modeling uncertainties: 

➢𝛾𝛾 + 0𝑙1𝜏ℎ and 𝛾𝛾 + 1𝑙0𝜏ℎ In loose BDTG region:(BDTG<0) 
Other regions are shown in backup

➢𝛾𝛾 + 2𝐿 In Whole BDTG region:
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Systematic uncertainties
Experimental uncertainties:

◦ Luminosity: 1.7 %

◦ Pile-up reweighting

◦ Photon: efficiency, energy scale, resolution, trigger uncertainties provided by Egamma CP group.

◦ Muon: efficiency, energy scale, resolution, object reconstruction, identification and isolation 

◦ Electron: efficiency, energy scale, resolution

◦ Tau: trigger, identification, reconstruction, energy scale  

◦ Jet : JER(Jet energy resolution), JES(Jet energy scale), vertex tagging

◦ Flavour tagging: b-jets, c-jets, light-jets and extrapolations 

◦ MET: scale, resolution

➢The detail list of experimental uncertainties is shown in backup. 
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Systematic uncertainties
Theory systematic uncertainties: 

Signal:

◦ QCD

◦ PDF+𝜶𝒔

◦ Parton Shower uncertainty

Background (only single Higgs, the background modeling is driven by data sideband)

◦ QCD

◦ PDF+𝜶𝒔

◦ Parton Shower uncertainty (not finished yet, need to find the Herwig sample of Single Higgs.)
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Fit procedure
➢Framework: TRexFitter, limit cross checked by quickStats

➢Binned likelihood fit to the 𝑚𝛾𝛾 distributions, the binning of 𝑚𝛾𝛾 is chosen to be 2.5GeV.

➢Signal modeling: number counting.

➢Single Higgs background modeling: number counting.

➢Continuum background modeling (sideband data driven) instead of the MC 𝛾𝛾+𝑗𝑒𝑡𝑠 and 𝑉𝛾𝛾 samples.

➢Consider experimental uncertainties and background modeling uncertainties in the fit.

➢Number of bins in SR for three sub-channels: 4. (4 bins in 120 < 𝑚𝛾𝛾 < 130 region)

𝛾𝛾 + 0𝑙1𝜏ℎ : (other channels are shown in the backup)
𝑚𝛾𝛾 distribution in different BDTG regions:
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Pulls and Rankings
➢Most of the NPs don’t pass the 

threshold:

➢ 1% on shape and 0.5% on 
normalization

➢ Including Experimental 
uncertainties, theory 
uncertainties, spurious signal 
and background modeling 
uncertainties.
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Fit results

➢ Performed a signal + background fit with part of systematic MC.

➢Asimov dataset are assumed in all signal regions for the upper limit setting.

➢ Multilepton channel (in progress).

➢Have similar limit to preliminary ML channel result.
For comparison:



Summary
Analysis status:

➢The analysis strategy is established and well defined

➢Expected upper limit on the signal strength in 𝛾𝛾+𝑀𝐿 channel: 18.41 times its SM value. 

➢The limit is comparable with preliminary results from ML channels, the combined limit is around 10xSM.

Documentation status

➢Supporting note circulated 12.9, comments are being implemented.

➢New supporting note under preparation: 

➢Updated final results: Include background modeling and background modeling uncertainties.

➢Working on CDS comments received during circulation. 

➢Paper can be prepared quickly.

From our side: ready for unblinding.

➢ML channels will follow as soon as the new ML sample production is ready.
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https://cds.cern.ch/record/2713728/files/ATL-COM-PHYS-2020-229.pdf


Thank you!
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Backup
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JobOption
𝛾𝛾 + 0𝑙 𝑔𝑔𝐹: (600859) 

https://gitlab.cern.ch/atlas-physics/pmg/mcjoboptions/-/blob/master/600xxx/600859/mc.PhPy8EG_NNPDF30NLO_HHML_yy0l_1LcHHH01d0.py
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JobOption
𝛾𝛾 + 1𝑙 𝑔𝑔𝐹: (600860) 

https://gitlab.cern.ch/atlas-physics/pmg/mcjoboptions/-/blob/master/600xxx/600860/mc.PhPy8EG_NNPDF30NLO_HHML_yy1l_1LcHHH01d0.py


2023/1/9 Qiyu Sha   qsha@cern.ch 42

JobOption
𝛾𝛾 + 2𝑙 𝑔𝑔𝐹: (600861) 

https://gitlab.cern.ch/atlas-physics/pmg/mcjoboptions/-/blob/master/600xxx/600861/mc.PhPy8EG_NNPDF30NLO_HHML_yy2l_1LcHHH01d0.py
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JobOption
𝛾𝛾 + 0𝑙 𝑉𝐵𝐹: (508676) 

https://gitlab.cern.ch/atlas-physics/pmg/mcjoboptions/-/blob/master/508xxx/508676/mc.MGPy8EG_NNPDF30NLO_hhml_yy0l_l1cvv1cv1.py
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JobOption
𝛾𝛾 + 0𝑙 𝑉𝐵𝐹: (508677) 

https://gitlab.cern.ch/atlas-physics/pmg/mcjoboptions/-/blob/master/508xxx/508677/mc.MGPy8EG_NNPDF30NLO_hhml_yy1l_l1cvv1cv1.py
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JobOption
𝛾𝛾 + 0𝑙 𝑉𝐵𝐹: (508678) 

https://gitlab.cern.ch/atlas-physics/pmg/mcjoboptions/-/blob/master/508xxx/508678/mc.MGPy8EG_NNPDF30NLO_hhml_yy2l_l1cvv1cv1.py
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Investigation on 𝑚𝛾𝛾 disagreement (Appendix F.4) 
What happens in the m_gammagamma >150 GeV <155 

GeV bin? (that peak) 

The disagreement is below 2 sigma, we do some check:
➢ This peak goes down with smaller bins(in the left plots)
➢ When we check the BDTG shape in (150,155)GeV.(Right one)
➢ the most events are in the low BDTG ⇒ not HH signal like.
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MVA method
𝛾𝛾 + 1𝑙0𝜏ℎ : 
Separation power:

Correlation Matrix:

Overtraining plots with ks test values for 4 folds:ROC-value: 0.896



2023/1/9 Qiyu Sha   qsha@cern.ch 48

MVA method
𝛾𝛾 + 1𝑙1𝜏ℎ : (𝛾𝛾 + 2𝐿 include 1𝑙1𝜏ℎ, 2𝑙0𝜏ℎ, 0𝑙2𝜏ℎ) 
Separation power:

Correlation Matrix:

Overtraining plots with ks test values for 4 folds:ROC-value: 0.937
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MVA method
𝛾𝛾 + 2𝑙0𝜏ℎ : (𝛾𝛾 + 2𝐿 include 1𝑙1𝜏ℎ, 2𝑙0𝜏ℎ, 0𝑙2𝜏ℎ) 
Separation power:

Correlation Matrix:

Overtraining plots with ks test values for 4 folds:ROC-value: 0.971
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MVA method
𝛾𝛾 + 0𝑙2𝜏ℎ : (𝛾𝛾 + 2𝐿 include 1𝑙1𝜏ℎ, 2𝑙0𝜏ℎ, 0𝑙2𝜏ℎ) 
Separation power:

Correlation Matrix:

Overtraining plots with ks test values for 4 folds:ROC-value: 0.965
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MVA method
𝛾𝛾 + 1𝑙0𝜏ℎ : 
Consider a tough background scaling:

➢ Apply a scale factor on MC continuum background (𝛾𝛾+𝑗𝑒𝑡𝑠 and 𝑉𝛾𝛾) which corresponds to the ratio between MC continuum background 

sideband yields and the data sideband yields:

➢ After background scaling, the BDTG and most of input variables distribution show here: 
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MVA method
𝛾𝛾 + 2𝐿 : 
Consider a tough background scaling:

➢ Apply a scale factor on MC continuum background (𝛾𝛾+𝑗𝑒𝑡𝑠 and 𝑉𝛾𝛾) which corresponds to the ratio between MC continuum background 

sideband yields and the data sideband yields:

➢ After background scaling, the BDTG and most of input variables distribution show here: 
𝛾𝛾 + 1𝑙1𝜏ℎ 𝛾𝛾 + 2𝑙0𝜏ℎ

𝛾𝛾 + 0𝑙2𝜏ℎ
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Systematic uncertainties
➢In Medium BDTG region: 
(0<BDTG<0.6) 

➢In Tight BDTG region:
(0.6<BDTG) 
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Systematic uncertainties list
➢ Luminosity: 1.7 %
➢ Pile-up reweighting
➢ Muon
➢ Electron
➢ Tau
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Systematic uncertainties
➢ Photon
➢ MET
➢ Flavour tagging

➢ Jet
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Fit procedure
𝛾𝛾 + 1𝑙0𝜏ℎ : 𝑚𝛾𝛾 distribution in different BDTG regions:

𝛾𝛾 + 2𝐿: 𝑚𝛾𝛾 distribution in only one BDTG regions: 
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