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Analysis overview

ggF production 

• Only select different flavour (eμ+μe) 
opposite charge leptons in the final states.

• Classified by the number of jets(0/1).

• Main backgrounds: 

• WW
• NonWW diboson

• top
• Ztautau

• Wjets
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Signal region definition

ggF production 
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WW control region

Ø  Purity in control region

• 67% for 0jet 
• 34% for 1jet 

Ø Normalization factors (*)

Ø 1.10 +/- 0.01 (stat.) 0jet
Ø 0.89 +/- 0.02 (stat.) 1 jet

(*) NFs are calculated by 
using simple 3x3 matrix 
inversion method

The cuts are used to 
orthogonal to the SRs
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Top pt reweighting
• Lepton pT mismodelling observed in top backgrounds

• Reweighting method:
Ø Ttbar NNLO reweighting: correction from NLO QCD to NNLO

ü Used as baseline in this analysis.

Ø Lepton pt reweighting:  in-situ correction of leading lepton pt
Ø Reweighting function：
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Top control region

Ø  Purity in control region

• 89% for 0jet 
• 98% for 1jet 

Ø Normalization factors (*)

Ø 1.03 +/- 0.01 (stat.) 0jet
Ø 1.02 +/- 0.01 (stat.) 1 jet

(*) NFs are calculated by 
using simple 3x3 matrix 
inversion method

The cuts are used to 
orthogonal to the SRs
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Z→ττ control region
Ø  Purity in control region

• 94% for 0jet 
• 76% for 1jet 

Ø Normalization factors (*)

Ø 0.95 +/- 0.01 (stat.)  0jet
Ø 0.90 +/- 0.01 (stat.) 1 jet

(*) NFs are calculated by 
using simple 3x3 matrix 
inversion method

The cuts are used to 
orthogonal to the SRs
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W+jets: Fake factor method
• Due to poor MC modeling, W+jets background estimated 

in a data driven way using fake factor method.
• Three ingredients: W+jets control sample, fake factor and flavour correction.

where the fake factor and the flavour correction factors defined as

Ø Fake factor derived in Z+jets control sample with dedicated“3-lepton”selection in which 2 leptons 
are ”Z-tagged” and an additional“fake candidate”lepton.

Ø CF corrects for the different flavour compositions in W+jet(CR) and Z+jets(FF).
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Vgamma validation region
• The definition:

• Same definition as SR except for lepton charge(Same Sign).
• Only single-muon trigger.
• Release author and BLayerRequirement for electron id requirement to 

enrich the fakes from photons.

• Fake factors and correction factors are re-derived specific for Vgamma 
VR, use the same method as previous slides.
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Fit setup

• mT used as discriminant variable in the final fit.
Ø [80-130] GeV considered, outside as over/under-flow.

• 8 signal regions:

• Optimize the sensitivity by re-mapping the MT distribution
•  [<90, 90–100, 100–110, 110–120, 120–130, >130] GeV for both 0 and 1jet

• Perform binned profile likelihood fit to extract signal strength        :
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Systematics uncertainties
• Theory uncertainties:
Ø ggF signal: ggF jet bin migration, αs, shower

Ø VBF: scale, shower, pdf, matching

ØWW: αs, pdf, scale, QSF,CSSKIN , ckkw (truth level),ggWW scale 

Ø Top: Interference (Wt only), matching, shower, scale, ISR, FSR, pdf

Ø Zττ: generator, pdf, scale, αs

• Experimental uncertainties follow the ATLAS recommendation:

11

Ø Trigger
Ø Pileup reweighting
Ø MET
Ø Electron and muon related

Ø Jet
Ø Flavour tagging
Ø Luminosity



• Sensitivity： 

• Significance:        
                                8.3

• Only top 40 are shown

• No large constraints
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Expected fit results



Combined fit results(ggF+VBF)
• Perform ggF + VBF combined fit.

• Expected sensitivity: 
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Summary
• Presented the full Run 2 H→WW* analysis.
Ø  ggF 0/1 jet fit result:

• ggF+VBF combined fit results:

• Aiming to publish before Moriond 2021.
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Back-up
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 Event preselection
Triggers used in this analysis:  
An OR combination of  unprescaled single lepton 
and dilepton triggers.

• Preselection:
• Exactly two opposite-charge , 

different-flavour (e,μ) leptons.

•  

•  

•  

• The defination of Signal regions 
and control regions are based on 
the preselection

GeVpGeVp Sublead
T

Lead
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GeVmll 10

GeVpmissT 20
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MC samples
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NFs calculation
(simple 3x3 matrix inversion method)

• Calculate the value of NFs:
Num_WW_ZttCR:  the number of WW events in Ztt CR
Num_Top_ZttCR:   the number of Top events in Ztt CR
Num_Zjet_ZttCR:   the number of Zjets events in Ztt CR

       
The NF for each sample can be calculated by the 3-dimensional 
matrix.

• NF uncertainties and correlations are computed by using toys.
The toy NFs are created by randomly varying input counters (data and MC) according to a 
gaussian distribution using the uncertainties of the input quantities.
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Num_WW_TopCR:  the number of WW events in Top CR
Num_Top_TopCR:   the number of Top events in Top CR
Num_Zjet_TopCR:   the number of Zjets events in Top CR

Num_WW_WWCR:  the number of WW events in WW CR
Num_Top_WWCR:   the number of Top events in WW CR
Num_Zjet_WWCR:   the number of Zjets events in WW CR
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Fake backgrounds
• Jets misidentified as leptons

Ø Mainly come from Wjets

• Non-negligible background in the
analysis
Ø Mainly contributed to the low pt region
Ø Hard to reduce by using kinematic 

selection cut

• Due to poor MC modeling, data driven 
fake factor method are chosen.
Ø Estimate in W+jets CR where a single 

lepton is “anti-identified”.
Ø The anti-ID  events are extrapolated 

to the SR by fake factor.
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W+jets Control region
• The defination of W+jets CR is the same as SR but with one lepton 

satisfing ID requirement and another satisfing a looser anti-ID 
requirement
Ø 4 region in total(0,1×e/μ fake)

• Fake yields are determined by 
subtracting prompt contribution
from data in Wjets CR.

• The contribution of fake in the SRs
are determined by the fake yield in
Wjets CR and fake factor.

i = id, a = anti-id
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Fake factor extrapolation
• Fake factor derived in Z+jets control sample with dedicated “3-lepton” selection in which 

2 leptons are ”Z-tagged” and an additional“fake candidate”lepton.

• Binned in η (only muons) and pT

• Correction to FFs due to different flavour compositions in W+jet and Z+jets.
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The MT distribution in 0jet SRs after remapping
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0-jet Top CR
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Sample composition(OS Wjet vs Zjets)
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Correlation plot(ggF0/1)
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Combined fit(2pois) 
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