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• 2nd wave analysis (2nd analysis exploi1ng full run2) targets two different scenarios
Slepton production Charginos production 

• New search to target the compressed mass spectra
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Introduction

Slepton production Charginos produc4on 
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Timescale

• Analysis targe1ng directly for a paper ∼ early next year.
• EB request accepted, INT note here

https://cds.cern.ch/record/2722022?
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Object definition

• Single lepton triggers currently adopted

• Object definition criteria are the default ones across all EWK analyses and they are applied before performing the 
overlap removal between objects.

• Hadronic taus are not selected, but there is no explicit veto on them. 
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Sleptons analysis
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Preselection

• Using MC Fakes for the moment, then fakes will be es5mated with Matrix Method (MM)

< 2
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Analysis strategy

0J SR definition
Expected sensitivity

• Cut and count based analysis
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• The flavour symmetric backgrounds (i.e. WW, " ,̄ Wt and Z(→ ττ) + jets) produce SF and DF leptons in the final state 
with equal probabili5es. The slepton signal, however, only generates SF leptons in the final state. Therefore, there is 
no signal contamina5on in the DF channel. We can use this fact, and look at the SR but with in the DF channel in 
order to predict the backgrounds in the SF channel. 

• Event-by-event weights correc5ons accoun5ng for the different iden5fica5on, isola5on, reconstruc5on and trigger 
efficiencies needed to extrapolate the count of DF events to the es5mate of SF background events. Correc5ons 
computed as a func5on of |𝜂|.

Data driven estimation of the background

Efficiency correc1on method
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CR/VR definition

CR defini5on

Validation of the flavour symmetric background with an orthogonal estimation technique

VR 0J defini5on

> 0.2
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Statistical interpretation
• Statistical interpretation of the final results performed using HistFitter
• Single bin/Multi-bin fit performed as a function of 𝑚!"

#$$.
• Optimal choice of bin widths: 𝑚!"

#$$ = [100, 105, 110, 115, 120, 125, 130, 140, ∞). 

Expected exclusion limits with a single bin fit Expected exclusion limits with a multi bin fit
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StaCsCcal interpretaCon
• Combination of 0J+1J channels.

SR 0J channel SR 1J channel SR 0J channel

SR 1J channel

-

-
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Expected exclusion limits
• Expected exclusion contour from the combination of the 0J+1J channels
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Signal grid extension request
• Signal grid request for sleptons to have a larger coverage around the expected limit (link here) 
• The request should be done in R21 (→ existing grid has also to be resubmitted) 

When doing R21 vs R19 checks it was found that the merging weight was not being taken into account by 
pythia → Fixed in AthGeneration, 21.6.46 (released this week)

• Total events to be generated: 10 million events

https://its.cern.ch/jira/browse/ATLMCPROD-8524
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Charginos analysis
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• Analysis strategy based on machine learning 
techniques

• BDT training with gradient boosting 
performed with LightGBM framework

• High statistics smeared truth samples used 
for the training

• Variables used for the training: 𝑝!
ℓ! , 𝑝!

ℓ" ,
𝐸!&'((, 𝑚!", 𝑚ℓℓ, 𝛥𝜙)**(+ , 𝛥𝜙,#$%&&-ℓ!
𝛥𝜙,#$%&&-ℓ"

, 𝑐𝑜𝑠 𝜃ℓℓ∗ (and 𝑝!
/0+#, 𝛥𝜙,#$%&&-/0+

for the 1-jet channels)
• Hyperparameters: the number of trees, the 

maximum number of leaves of each tree, 
the learning rate and the minimum number 
of samples per each leaf

Analysis strategy

Expected sensitivity
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SRs definitions - Less compressed scenario (Δ𝑚> 80 GeV) 
• BDT multiclassifier trained over 4 different regions according to lepton flavour (SF/DF) and jet multiplicity (0J/1J)
• Shape fit on signal BDT score to find the optimal binning

SR SR

SR SR

DF0J SF0J

SF1JDF1J



2L-EWK analysis – ATLAS Milano mee5ng 17

SRs defini4ons - More compressed scenario (Δ𝑚≤ 80 GeV) 
• BDT multiclassifier trained over 4 different regions according to lepton flavour (SF/DF)

SR

DF1J

SF1J

• Only the 1-jet channels are considered since the 0-jet 
channels don't show any sensitivity

• Shape fit on signal BDT score to find the optimal binning
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CRs/VRs definiCons - Less compressed scenario 

CR_VV VR_VV SR

CR_Top VR_Top

nbjet

signal BDT_DM100 score

0

1

DF0J channel DF0J channel

top BDT_DM100 scoreVV BDT_DM100 score

• 4 CRs/VRs for VV background, 2 CRs/VRs for top background, 2 normaliza5on factors (𝜇11, 𝜇+*2).
• BDT mul5class classifica5on: 4 BDTs (signal, VV, top, others) exploited to enhance puri5es in CRs
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CRs/VRs definitions - More compressed scenario 

CR_VV VR_VV SR

CR_Top VR_Top
nbjet

Signal BDT_DM30 score

0

1

DF1J channelDF1J channel

VV BDT_DM30 score top BDT_DM30 score

• 2 CRs/VRs for VV background, 2 CRs/VRs for top background, 2 normalization factors (𝜇11, 𝜇+*2).
• BDT Multiclass classification: 4 BDTs (signal,VV,top,others) exploited to enhance purities in CRs
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More compressed scenarioLess compressed scenario

• Some SRs are covered by systematics → binning needs to be optimized (merging bins due to low statistic or 
large systematics)
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StaCsCcal interpretaCon

HistFitter exclusion contour
pyhf exclusion contour

• Expected exclusion limits computed with HistFitter (left) and pyhf (right). 
• Contour obtained including the exclusion limits from the less/more compressed scenarios
• Pyhf used to crosscheck limits (computed in pyhf with pytorch backend from HistFitter XML workspace)
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• The dominant uncertainties are coming from theory or related to jets.

• Pull plot systematics at the bkg-only level 
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Conclusions

• Analysis in progress, aiming for a paper (∼ early next year)
• Next step: 1st complete draft to the EB 

Pending items

• Currently using b-tagging aware overlap removal, to be changed in the next 
ntuple production

• Fakes estimated using Matrix Method
• Switch to new R21 signal grid for slepton search
• Improve the SR binning for the C1C1WW search (merging bins due to low 

statistic or large systematics)
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Backup
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Yields Tables for C1C1 analysis
CRs/VRs less compressed scenario



2L-EWK analysis – ATLAS Milano meeting 26

Yields Tables for C1C1 analysis

Exclusive DF SRs less compressed scenario
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Yields Tables for C1C1 analysis

Exclusive SF SRs less compressed scenario



2L-EWK analysis – ATLAS Milano meeting 28

Yields Tables for C1C1 analysis

Inclusive SF SRs less compressed scenario
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Yields Tables for C1C1 analysis

CRs/VRs more compressed scenario
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Yields Tables for C1C1 analysis

Exclusive SRs more compressed scenario
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Yields Tables for C1C1 analysis

Inclusive SRs more compressed scenario



2L-EWK analysis – ATLAS Milano meeting 32

Systematics pull plots – C1C1 search
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