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Outline

• Qualification task
• Optimization of cut-based electron identification menus for 

Run2 at low Pt

• ttH 3 Lepton Final State at 13TeV Analysis
• ttH overview

• Cut based study and selection optimization 



3

Optimization of cut-based EID menus
Motivation:
• Lower energy background is higher due to low energy photo and pion

• Run2 has a higher luminosity than run 1 and pile-up situation us different

• Reconstruction and the identification menus have also to be retuned

 Signal: J/ψ → ee and Z → ee

 Background: Inelastic minimum bias and  dijet filtered, ET(jet) > 17 GeV

 The 9 variables are considered due to their separation power are:

f3, wstot, ERatio, RHad, Rη, Rφ, Wη2, eOverP, ∆Φ

Strategy:
● Pre-selection

– Truth match used for signal, and anti-truth match used for background  – Et: [5,20] ; |eta|<2.47
● Cleaning cuts were applied to avoid cuts in tails of distributions
● Optimization carried out in groups of variables(correlation and pileup dependence)  

TMVA Cut-based method to optimize the cuts 
● A target efficiency was decided for each low Et bin

– Flatness in efficiency desired
● Post-optimization, cuts were smoothened

– Avoid jumps in cut values from one bin to next
● Inclusiveness of menus ensured

– Loose is looser than medium and medium is looser than tight
● Monotonicity of cut values as a function of Et

– Cut value in the i-th eta bin always greater than or less than i-th eta bin in the next Et bin
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Optimization of cut-based EID menus

Signal efficiency vs Eta

Background efficiency vs Eta

5-10 GeV 10-15 GeV 15-20 GeV

Thanks to Venu’s plots
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Higgs Boson

Higgs Boson (125GeV) Production at LHC

a factor of 4 in 13 TeV

Cross Section(pb) at 13TeV

ggF 43.92

VBF 3.748

WH 1.380

ZH 0.8696

ttH 0.5085
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“Higgs Boson” “Top Quark”

Yukawa Coupling

Special role for the top 
quark in electroweak 
symmetry breaking?

Close to unity - why? 

Why is the top so heavy?

Top and Higgs: the Special Relationship

𝑡  𝑡𝐻 production with smallest cross section.
Test properties and give direct access to top-Higgs coupling.
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𝑡  𝑡𝐻 Signature with 3 Leptons  

• 3 leptons, Lepton charges’ sum =  +/-1

• High jet multiplicity, b-jets

Lep0:  the lepton with no same-charge partner(never
fake lepton for 𝑡  𝑡 , Z + jets background)

Lep1: ΔR closet to the Lep0

 Events same final state as the signal (irreducible backgrounds), three true charged leptons: 𝑡  𝑡𝑉, 
W±Z, VVV and ZZ.  

 Events with a non-prompt or a fake lepton selected as prompt lepton, events with misreconstructed charge: 𝑡  𝑡 , 
Z + jets, W+W-. 

Obs:  top-> bW  ; W/Z can decay to leptons.

Signal: leptons (some fake), low jet multiplicity, in general no b-jets.

Background

Signal
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Cut-based Study and Selection Optimization
Motivation

• Toward to Run2 Condition(higher energy scale and high pile-up)

• New b-tagging and some CP tools(Lep ID and Isolation…)

Sample Usage(MC15a samples):
• Z+jets: Madgraph+Pythia;                                             ttH( semilep + dilep ): aMcAtNloHerwigpp

• ttW:   MadGraphPythia;                                              ttZ:     MadGraphPythia

• ttbar: PowhegPythia ttbar(singletop, ttww, 4Top): PowhegPythia

• VV:     Sherpa

TTHtoLeptonsPreliminarySelection:  “preliminary” selection for Moriond 2016 and Event Selection
https ://twiki.cern.ch/twiki/bin/view/AtlasProtected/TTHtoLeptonsPreliminarySelection
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Cut-based Study and Selection Optimization



10

Selection Optimization  -- b tagging and jet multiplicity

Task1:  b tagging working point and Jets multiplicity

Goal: test and find a good b tagging working point and Jet requirement

MV2c20 tagger (AntiKt4EMTopoJets jets)

All events are normalized to 100fb^-1
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Selection Optimization  -- b tagging and jet multiplicity 

• Signal events number for the best jet combinations and Run1 jets’ requirement under 
each b-tagged efficiency

• Best jet combinations under each b-tagged efficiency. 
Here 4-0 or 3-2 means: (NJet >= 4 and NbJet >= 0 ) or (NJet >= 3 and NbJet >= 2 )

77% b-tagging working point and (NJet >= 4 and NbJet >= 1 ) or (NJet >= 3 and NbJet >= 2 ) are chosen 
as the baseline for Moriond2016
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Task2: Lepton ID and Isolation tool Study 

Goal: Isolation working point and lepton ID  

 Lepton ID: loose, medium, tight 

Jets 'requirement: 
4 jets of which at least one must be b-tagged or exactly 3 jets of which at least 2 are b-tagged

Selection Optimization  -- Lepton ID and Isolation tool

Different Isolation working points and lepton ID requirements are applied to 
lep0, lep1, lep2 
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Selection Optimization  -- Lepton ID and Isolation tool

LTT and LTFixedTFixedTrackOnly :
lep0 is loose ID  and loose isolation; 

lep1, lep2 are tight ID and FixedCutTight(electron) 
FixedCutTightTrackOnly(muon)

is the best 

Value scanning under LTT LLL 
cuts on ptvarcone/pt and 
topoetcone/pt individually on 3 
leptons

0.06
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Electron Identification menu
 released in the official ATLAS offline and trigger software 

framework 

 Selection Optimization of ttH 3l final states 
 77% b tagging working point,  jet multiplicity 
 Isolation working point and lepton ID 
 Baseline for Moriond 2016

Plan for the next
 Estimation of fake background events (take the run1 strategy)
 Matrix Method study  

 Preliminary  results and need more statistics and tests

Summary
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Backup



Variables Loose Medium Tight

Shower
Shape

Eratio(Demaxs1) x x x

wstot x x x

Weta2 x x x

Reta x x x

Rphi x x

f3 x x

Rhad x x x

Rhad1 x x x

Match

deltaEta x x x

deltaPhi x

EoverP x

Track  Q

nSi x x x

nPix x x x

nBlayer x x x

F HT x x

nTRT x
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Variables used in the EID menu

Discriminating variables used in the calorimeter are generically referred to as “shower-shapes”



Variables’ list

18



12/11/2015 19


