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Self-Introduction and Analysis Area

Co-Ph.D. student of LPNHE and USTC Hefei
Supervisors: Giovanni Marchiori(LPNHE) and Yanwen Liu(USTC)
Experiment: ATLAS

Qualification Task - B-tagging Calibration:
qualification task completed, qualified as ATLAS author in this April

Calibration of the b-tagging efficiency in track jets using the tag and probe
method in di-leptonic tt̄ events

calibration on calo jets is added with Cheng CHEN (USTC)

My thesis topic - SM VHbb

Search for a Standard Model Higgs boson produced in association with a vector
boson and decaying to a pair of b-quarks

(full 2015 + 2016 before ICHEP: 13.2 fb−1)

Physics Analysis - Search for A→ Zh,h→ bb̄

Search for a CP-odd Higgs boson decaying to Zh in pp collisions at
√

s=13 TeV
with the ATLAS detector

(full 2015: 3.2 fb−1)
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B-tagging Calibration
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b-tagging: identification of jets containing b-hadrons

B-jets: jets containing b-hadrons

b-tagging plays a vital role in many ATLAS analyses:
Higgs boson decays to b-quarks, top physics, and search for new physics

How to tag?

track-based variables associated with the jet, large mass, and high decay
multiplicity of b-hadrons relative to light-flavor hadrons

Impact parameter based algorithm

Inclusive secondary vertex reconstruction algorithm

Decay chain multi-vertex reconstruction algorithm

Multivariate Algorithm: BDT using inputs from the basic algs

Calibration is needed! (with full 2015 data and release 20.7 simulation)

Calibrate the tagging effect (MC v.s. data) with tagger: MV2c10 @77% WP
Performed in a pure b-jets sample→ dileptonic tt̄: bb̄ l+l− and invisible νν

4 / 28 C. Li VHbb



Efficiency Measurement

Event selection→ tt̄ purity: 92%

Opposite sign e and µ with 2 selected jets (≥ 1 passes b-tagging requirement)

Tag-and-Probe method: Measure the efficiency with the probe jets in data

Probe jets : 1 b-tagged→the other / two b-tagged→both

MVA to improve bb fraction against bl→ improve the b-jets purity
(bb/bl: flavours of the two jets in the event)

Calo jet pt
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Track jet pt
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Two MC-based corrections applied to
subtract away:

1 Probes from non-tt̄ events

2 Non-b probes in tt̄ events

(check details in backup)

Systematical uncertainties estimation

Detector-related, MC statistics
Modelling (tt̄): Hard Scatter Generation, Fragmentation/Hadronization, Additional
Raddiation
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Results: at 77% working points

calo-jets track-jets

CalJetPt
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TrkJetPt
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pT [GeV] 20-30 30-60 60-90 90-140 140-200 200-300
Scale factors 1.068 1.040 1.022 1.011 0.995 1.038

Total 0.086 0.028 0.018 0.029 0.043 0.078

Data stat. 0.059 0.014 0.013 0.015 0.033 0.063

pT [GeV] 10-20 20-30 30-60 60-100 100-250
Scale factor 0.999 1.029 1.012 1.014 1.013

Total 0.052 0.024 0.015 0.019 0.031

Data stat. 0.023 0.015 0.009 0.011 0.022

Conclusion and future plan

Tag-and-Probe method performed to calibrate the MV2c10 b-tagged at 77%
Documentation in preparation
Calibrate more working points for analysis demand (e.g. continuous tagging)
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SM VH, H→ bb̄
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Introduction

H→ bb̄

Direct measurement of Yukawa coupling to b

Largest branch ratio (57%) @ 125GeV

Constrain total width and measure absolute
couplings

In Run 1: H→ bb̄: 2.6 σ (expected: 3.7 σ)

In which production mode?

VH: sub-dominant mode
W/Z leptonic decay: relatively clean signatures

Divided into 3 lepton channels
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Main backgrounds

Dominant backgrounds dependent on channel

Z+bjets dominantes in 0,2 lepton channels
Top quark and W+jets in 1 lepton channel
Multi-jet:

negligible in 0/2 lepton channels after
anti-QCD cuts

Data-driven in 1 lepton channel

0 lepton 1 lepton 2 lepton
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Multi Variate Analysis

Separate a tiny signal from a complex background→ multivariate techniques→
BDT

Multi variate analysis using BDT -
following the Run1 setup

Some new variables to suppress
the ttbar background (1-lep)
|∆Y(V,H)| and mTop

10-30% improvement with respect
to mBB analysis

BDTVH : separate the VH(bb) from
background

We do not cut on the BDT output: the full BDT shape distribution is used as
discriminating variable in a combined Profile Likelihood Fit
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Results

Fitted value of µH

Individual µ value in lep-ch and
combined

Individual µ value in (W/Z)H and
combined

µVH,H→bb̄ = 0.21+0.36
−0.35(stat.)±0.36(syst.) Exp.(Obs.) significance: 1.94(0.42)

My contribution

check the fitting

optimise the fitting

multi-jet bkg estimation in 0lep
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Backup
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Triggers and Jets

Calo Jets

AntiKt4EMTopJets (R=0.4)

tagger: MV2c10 at WP: 77%

Track Jets

AntiKt2PV0TrackJets (R = 0.2)

tagger: MV2c10 at WP: 77%

Lepton Trigger:

µ: HLT_mu20_iloose_L1MU15 HLT_mu50

e: HLT_e24_lhmedium_L1EM18VH(MC)
HLT_e24_lhmedium_L1EM20VH(Data)
HLT_e60_lhmedium HLT_e120_lhloose

Jets selection:

Trk: Pt>10 GeV (20 for leading)

Cal: Pt>20 GeV (30 for leading)
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B-tagging: Efficiency Extraction

Tag-and-Probe method: Measure the efficiency with the probe jets in data

Probe jets : 1 b-tagged jet→the other / two b-tagged→both

The efficiency is measured from the number of probes in data before (Ndata) and
after (Npass

data ) the b-tagging requirement. Two MC-based corrections are applied:

1 Non-ttbar events are subtracted:

ε
Uncorr
data =

Npass
data −Npass

non−tt̄

Ndata−Nnon−tt̄

2 Non-b probes in ttbar events are subtracted, based on the b-jet fraction
f tt̄ MC
b in ttbar MC and on the MC efficiency for non-b jets εtt̄ MC

non−b:

εdata =
εUncorr

data − (1− f tt̄ MC
b )× εtt̄ MC

non−b

f tt̄ MC
b

Computed separately in each pT(GeV) bin:
Track-jets 10,20,30,60,100,250
Calo-jets 20,30,60,90,140,200,300
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MVA training: further improve b-jet purity (Cheng CHEN)

improve the bb against bl

apply on event level

11 variables used for train a BDT

∆Φ(j0, j1) ∆η(j0, j1) ∆R(j0, j1)
Pj0

T Pj1
T Pj0

T /Pj1
T

Pl0
T Pl1

T MET
# of Fjets Mlj

Mlj minimum of the average invariant mass of
lepton and jet pair.

1.Serveral "backgrounds":
a.tt̄ bl b.tt̄ and single top bl etc.
2.Working points: 80,85,90

Optimal set is selected out
The Optimisation processed
only with Calo jets.

Track jets: a new BDT is trained
with optimal setting for calo jets
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b-tagging results on calo-jets

pT[GeV] 20-30 30-60 60-90 90-140 140-200 200-300
Scale factors 1.068 1.040 1.022 1.011 0.995 1.038

Total 0.086 0.028 0.018 0.029 0.043 0.078

Data stat. 0.059 0.014 0.013 0.015 0.033 0.063
Exp syst. 0.045 0.009 0.005 0.004 0.007 0.004
MC stat. 0.021 0.006 0.007 0.008 0.015 0.035

Pythia vs Herwig 0.027 0.018 0.006 0.005 0.001 0.011
MCAtNLO vs Powheg 0.026 0.001 0.006 0.023 0.009 0.014
ttbarVariableRadiation 0.002 0.013 0.003 0.004 0.020 0.025

Table: b-tagging efficiency scale factors, also display the modelling systematics,
experimental systematics, systematics due to MC statistics and the data
statistical uncertainties for MV2c10 at 77% working point on calo jet calibration
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b-tagging results on track-jets

pT[GeV] 10-20 20-30 30-60 60-100 100-250
Scale factor 0.999 1.029 1.012 1.014 1.013

Total 0.052 0.024 0.015 0.019 0.031

Data stat. 0.023 0.015 0.009 0.011 0.022
Exp syst. 0.012 0.007 0.004 0.004 0.005
MC stat. 0.008 0.008 0.005 0.008 0.016

Pythia vs Herwig 0.037 0.015 0.003 0.004 0.004
MCAtNLO vs Powheg 0.023 0.001 0.007 0.011 0.009
ttbarVariableRadiation 0.001 0.005 0.007 0.001 0.011

Table: b-tagging efficiency scale factors, also display the modelling systematics,
experimental systematics, systematics due to MC statistics and the data
statistical uncertainties for MV2c10 at 77% working point on track jet calibration
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Simulation samples

Process Generator
qqZH Pythia 8 (AZNLO)
ggZH Powheg+Pythia 8 (AZNLO)
qqWH Pythia 8 (AZNLO)

V+jets Sherpa2.2
tt̄ Powheg+Pythia 6
signle top Powheg+Pythia 6
VV Powheg+Pythia 8 (AZNLO)

multijet data-driven (MC estim. in 0l)

Normalised to the best
available theoretical
predictions.

V+jets:
Applying the # truth jet
re-weighting provided by
PMG.
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Object Selection

Electrons

Type pT |η| ID d0sig ∆z0sinθ Isolation
Loose >7 GeV <2.47 LooseLLHBLayer <5 <0.5mm LooseTrackOnly
Medium >25 GeV <2.47 LooseLLHBLayer <5 <0.5mm LooseTrackOnly
Tight >25 GeV <2.47 LHTight <5 <0.5mm FixedCutTight

Muons

Type pT |η| ID d0sig ∆z0sinθ Isolation
Loose >7 GeV <2.7 Loose <3 <0.5mm LooseTrackOnly
Medium >25 GeV <2.5 Loose <3 <0.5mm LooseTrackOnly
Tight >25 GeV <2.5 Medium <3 <0.5mm FixedCutTight

Jets

Type pT |η| JVT
Signal >20 GeV <2.5 >0.59 if pT<60 GeV
Forward >30 GeV 2.5-4.5 Loose

Hadronic-τ

pT |η| ID
for OR >20 GeV <2.5 Medium
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Event Selection - Lepton Channels

0-leptons

MET Trigger
No loose leptons
MET > 150 GeV
ST > 120 GeV (2jets)
ST > 150 GeV (3jets)

Cuts to suppress multi-jet:
min| ∆Φ(MET,jet) | >20◦

| ∆Φ(MET,h) | >120◦

| ∆Φ(jet1,jet2) | <140◦

| ∆Φ(MET,trackMET) | <90◦

1-leptons

(only e-channel)
Single lepton trigger
(only µ-channel)
MET Trigger

1 tight lepton
no additional loose
lepton

(only e-channel)
MET > 30 GeV

2-leptons

Single lepton trigger
2 loose leptons,
of which at least one
medium lepton

Same Flavour di-lepton
(ee or µµ)

Opposite-sign for µµ
Z mass window
(71 < mll < 121 GeV)

ST : scalar sum of the transverse momentum of the two or three signal jets1

1or two leading signal + 1 forward for 3jets, if only 2 signal jets present
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Multi-Jet Estimation 0-leptons

Verify multi-jet
contamination
based on MC after
anti-QCD cut.

MC modelling
looks reasonable

Multi-jet bkgs is

< 1% total bkg in
2tag region

multi-jet bkg i n
2tag is < 10% of
VH signal in the H
mass range

| ∆Φ(MET,trackMET) | | ∆Φ(jet1,jet2) |

| ∆Φ(MET,h) | min| ∆Φ(MET,jet) |
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Multi-Jet Estimation 1-leptons

isolation tight loose-not-tight
1tag CR1 CR2
2tag SR CR3

Factor f = CR1/CR2

SR = f × CR3

dijet=data-EW(MC)
→ sensitive to the
modelling of the EW

data driven to constrain
the EW
(150<Emiss

T <250GeV)

Binning in pT ,η and Emiss
T

(electron sub-channel
only)

same as
previous
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Limits p0 and significance

Run2 Limits and Significance
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ATLAS+CMS Run 1 signal strength

µATLAS+CMS
bb̄ = 0.70+0.29

−0.27
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mBB resolution improvement

mbb mass resolution improvement is one of key
items in this analysis

Muon-in-jet correction

an observed non-isolated medium muon
(∆R(µ, j)<0.4) is added in jet 4-vector

pT-reco correction

b-jet pT scale correction:
reconstructed level→ generated level
based on MC response

Kinematic fitter correction (only 2 lepton 2jet)

mBB resolution improves by 20%
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Fit Model

Extract the signal strength(µ)2 from the data

Binned likelihood function L(µ,θ): product of Poisson-probability terms
Data, signal and background involved. NPs(θ)3 describing:
Floating background normalisations and systematic uncertainties
( Modelling: 1.normalisation 2.acceptance 3.shape and Experimental )

Test statistic qµ =−2lnΛµ with Λµ = L(µ, ˆ̂
θµ)/L(µ̂, θ̂)

8 categories used in the global likelihood fit

2scales the SM Higgs boson(mH = 125 GeV) production cross section times branching
ratio into bb̄

3nuisance parameters
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BDTVH post-fit distribution (6/8)

0lep 2jets 1lep 2jets 2lep 2jets

0lep 3jets 1lep 3jets 2lep 3jets

27 / 28 C. Li VHbb



Fitting performed

Normalisation Factors
(from the fitting)

5 largest impact systematic on µ

two leading b-jet efficiency
uncertainties

leading c-jet efficiency uncertainty

W+HF and Z+HFa normalisations

aV+HF: V+bb, V+bc, V+cc, V+bl

Rankings
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