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http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024
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LIU Kun (LPNHE-Paris) Introduction

H→bb decays has the largest Higgs BR  ∽ 58%, which has been 
observed until recently (6 years after Higgs discovery). 

H➞bb decays allows a direct access to Higgs coupling to 
bottom-quark at tree level. 

VH, H→bb channel has the biggest discovery potential for both 
H→bb decays and VH production.  

Leptonic decay of the vector boson enables  
✓ efficient triggering 
✓ a significant reduction of multi-jet background.

H
iggs decay branching ratio

Analysis strategy : 

• VH(H➞bb) MVA(BDT) analysis as default 

• cross check 1: VZ(Z➞bb) MVA analysis  

• cross check 2: VH mbb fit analysis (cut-based selection). 

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024


 
Event selection and categorisation

 4
  

 

LIU Kun (LPNHE-Paris) Analysis strategy

There are three 
analysis channels 
according to number 
of charged leptons:

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024
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LIU Kun (LPNHE-Paris) Analysis strategy

There are three 
analysis channels 
according to number 
of charged leptons:

➡ harmonising as much as possible the selection among channels. 
➡ Requiring two b-tagged jets with 70% b-tagging WP (0.3% efficiency for 

light-jet and 12.5% efficiency for c-jet) ensures non V+bx background to 
be negligible.

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024
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LIU Kun (LPNHE-Paris) Analysis strategy

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024
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LIU Kun (LPNHE-Paris) Analysis strategy

Choice of Control Regions: 

✦ in 2L: close to 0 normalisation and shape   
extrapolation uncertainties between SR and CR 

✦ in 1L: mtop is reconstructed as the invariant mass of the 
lepton, the reconstructed neutrino and the b-tagged jet 
yields the lowest mass value. 

All regions are fitted simultaneously to extract 
parameters of interest. 

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024
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LIU Kun (LPNHE-Paris) Simulation samples

MC simulated events are used to model the SM backgrounds and VH, H➞bb signal processes  
➡ all processes are normalised using most accurate theoretical cross-section predictions 
➡ ttbar is generated at NLO accuracy; V+ 0/1/2 (3/4) jets are generated at NLO (LO) accuracy. 

Alternative samples for systematics are listed in backup slides.

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024
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LIU Kun (LPNHE-Paris) Modelling uncertainties

Three areas of modelling systematics for the simulated samples 
✦ overall normalisation and associated uncertainty: currently most accurate calculations [table]  
✦ acceptance/extrapolation between SR and CR: changing generator or altering generator parameters 
✦ shape systematics parametrised independently as a function of mbb and pTV: leading variables in BDT. 

Data provides constraint on the normalisation of main backgrounds via the global likelihood fit.

constrain in 0/1-lep SR
constrain in ttbar CR

constrain in W+HF CR 

constrain in 0/2-lep SR

HF: heavy-flavour includes bb, bc, bl and cc components.

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024
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LIU Kun (LPNHE-Paris) Signal modelling 

Updates w.r.t VHbb-Evidence analysis with 36.1 fb-1 
❖ larger number of events from alternative samples 
❖ more recent parton shower uncertainty  
➡ reduce the parton shower and underlying event uncertainties.

From HXSWG YR4

To account for higher order EW effects on 
overall VH XS, we use as NLO EW 
uncertainty as function of pTV:  
max{NLOEW^2, 1%, Delta_gamma}.

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024
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LIU Kun (LPNHE-Paris) Background modelling 

V+ll and V+cl components constitute < 1% of total background → only normalisation uncertainty. 
Acceptance uncertainties for the relative normalisations sharing a common floating parameter: 
✦ V+HF: bc/cc/bl to bb yield ratio → little impact on the final sensitivity  
✦ 0-lepton to 2-lepton channel yield ratio. 

mbb, pTV shapes are extracted from data/mc in sidebands. 

All numbers are completely dominated by the 
comparison between Sherpa and MadGraph !

MadGraph V+0/1/2/3 
jets are at LO.

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024
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LIU Kun (LPNHE-Paris) Background modelling 

V+ll and V+cl components constitute < 1% of total background → only normalisation uncertainty. 
Acceptance uncertainties for the relative normalisations sharing a common floating parameter: 
✦ V+HF: bc/cc/bl to bb yield ratio → little impact on the final sensitivity  
✦ 0-lepton to 1-lepton channel yield ratio 
✦ W+HF CR to SR yield ratio.

All numbers are completely dominated by the 
comparison between Sherpa and MadGraph !

MadGraph V+0/1/2/3 
jets are at LO.

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024
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LIU Kun (LPNHE-Paris) Background modelling 

(<0.1% of the total background)

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024
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LIU Kun (LPNHE-Paris) Background modelling 

Independent normalisation factors are considered for 0+1-lepton, 2-lepton 2jet and 2-lepton 3-jet. 
0+1-lepton channel acceptance uncertainties: 
✦ 0-lepton to 1-lepton yield ratio 
✦ 2-jet to 3-jet yield ratio 
✦ W+HF CR to SR yield ratio

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024
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LIU Kun (LPNHE-Paris) Background modelling 

Due to negligible contribution of s-channel only 
normalisation uncertainty is considered. 

Wt channel: acceptance and shape systematics 
are considered in separated in bb or other 
components due to the different flavour 
composition/origin of b-jets being probed. 

Wt (bb) Wt (other)

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024
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LIU Kun (LPNHE-Paris) VH, H→bb analysis results

Observed (Expected) significance: 4.9 𝜎 (4.3 𝜎). 
The measured signal strength is  

which is in good agreement with the SM prediction.

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024
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LIU Kun (LPNHE-Paris) VH, H→bb analysis results

We are constantly trying to improve it with filters. 

W+jets: the leading uncertainty is Wpt from 
MadGraph vs Sherpa → need more consistent 
generators comparison and/or more direct data 
constrain. 

☜

☜

c-jets: from 0/1-lepton channels ttbar_bc 
contamination. ☜

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024
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LIU Kun (LPNHE-Paris) Cross check analyses

Dĳet-mass analysis: 
✦ Observed (Expected) significance: 3.6 𝜎 (3.5 𝜎) 
✦ The measured signal strength is: 

Diboson analysis: 
The measured VZ(Z→bb) signal strength is in good 
agreement with the SM prediction:

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024
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LIU Kun (LPNHE-Paris)

H→bb discovery is achieved in the combination of 
✦ VH, ttH, VHF+ggF production channels 
✦ Run 1 and Run 2 combination  

Observed (Expected) significance is 5.4𝜎 (5.5𝜎). 

The measured signal strength of H→bb is   

which is in good agreement with the SM prediction. 

The probability of compatibility of signal strength of 
the three production channels is 83%.

H→bb observation

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024


 
Observation of VH production channel

 20
  

 

LIU Kun (LPNHE-Paris) VH production observation

VH discovery is achieved in the combination of Higgs 
to ZZ/𝛾𝛾/bb decay modes. 

Observed (Expected) significance is 5.3𝜎 (4.8𝜎). 

The measured signal strength of VH production is   

which is in good agreement with the SM prediction. 

The probability of compatibility of signal strength of 
the three decay modes is 96%.

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024
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LIU Kun (LPNHE-Paris) Summary

VH, H→bb search has been performed in ATLAS experiment using 79.8 fb-1 Run 2 dataset 
✦ observed (expected) significance is 4.9 𝜎 (4.3 𝜎) 
✦ the measured signal strength is  

H→bb observation in the combination of VH, ttH, VBF and ggF production channels  
✦ observed (expected) significance is 5.4 𝜎 (5.5 𝜎) 
✦ the measured signal strength is 

VH production observation in the combination of H→bb, H→ZZ→4l and H→𝛾𝛾 decay modes 
✦ observed (expected) significance is 5.3 𝜎 (4.8 𝜎) 
✦ the measured signal strength is 

The measures are in good agreement with the SM predictions.

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024
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LIU Kun (LPNHE-Paris) Alternative samples

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024


 
Alternative samples for modelling systematics - W+jets

 24
  

 

LIU Kun (LPNHE-Paris) Alternative samples

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024


 
Alternative samples for modelling systematics - ttbar
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LIU Kun (LPNHE-Paris) Alternative samples

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024
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LIU Kun (LPNHE-Paris) Alternative samples

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024


 
Alternative samples for modelling systematics - di-boson
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LIU Kun (LPNHE-Paris) Alternative samples

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024


 
Multi-jets background estimate and uncertainty
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LIU Kun (LPNHE-Paris) Background modelling 

Multi-jet backgrounds are negligible in the 2-lep channel as well as the 0-lep channel after anti-QCD cut. 

Multi-jet background in the 1-lepton channel  
✦ constitutes 2-3% of the total in 2-jet and <0.5% in 3-jet categories 
✦ Estimation:  

❖ multi-jet enriched control region: nominal selection, but exactly 1 b-tagged jet and inverting lepton 
isolation cut, in separated in electron/muon and 2-jet/3-jet categories. 

❖ BDT shape distribution is extracted from this control region 
❖ overall normalisation: fit in 1-lepton SR using mTW as template 

❖ multi-jet template is derived in this control region 
❖ other SM processes from MC estimates 

✦ systematic uncertainties  
❖ verifying control region selection on isolation and trigger 
❖ verifying SM processes normalisation during the subtraction 
❖ only effect on normalisation 

❖ using delta-phi(lepton, bb) instead of mTW in the template fit 
❖ for electron channel only, inclusive of ET-miss < 30 GeV events in the template fit.

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024
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LIU Kun (LPNHE-Paris) VH,H→bb signal mass resolution

For b-tagged jets, in addition to the standard jet 
energy calibration, corrections to improve energy 
scale and resolution: 

✓ four-momentum of the closer muon (∆R<0.4) 
is added to that of the jet 

✓ a residual correction on jet pt is applied to 
equalise the response to jets with leptonic or 
hadronic decays of heavy-flavour hadrons 

✓ for 2-lepton channel only, full reconstruction 
of the event kinematics using likelihood fit to 
improve b-jet energy estimates.

The corrections improve the resolution of the di-jet mass by up to 40% !

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024
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LIU Kun (LPNHE-Paris) Backup

Breakdown of the contributions to the uncertainty in μ

Evidence paper (36.1 fb-1) Observation paper (79.8 fb-1)

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/
http://inspirehep.net/record/1644899
https://link.springer.com/article/10.1007/JHEP12(2017)024


Strategy for the Powheg+Pythia8 tune → tunes performed for pT(Z)<26GeV and φ*η<0.29 
	 	 	 	 	 	 	 	 	 	 	 	 (best description of the tuning parameters)


�31

JHEP, 09:145, 2014
1211.6899

Measurements of the Z/γ∗ boson transverse momentum distribution 
(and φ*η angular correlation) in pp collisions at √s = 7 TeV

The tuning only varies the ISR shower cut-off 
and the primordial kT in Pythia8: 

essentially constrained by data pT(Z)<12GeV 
- not affected by tuning upper bound 

(plus MPI parameters)

Tuned predictions agree with the measured 
XS within 2% for pT(Z)<50GeV

“Eigentune variations”:
only covering ISR/primordial-kT variations; 
ren. scale variations for FSR, and MPI cut-off 
paramaters are recommended to cover the full range of 
UE/PS/MPI uncertainties

‣ VAR1,VAR2: eigentune diagonalization
‣ MPIUp, MPIDown
‣ FSRUp, FSRDown

Ingredient 1: tune variations AZNLO
AZNLO: designed for the Powheg+Pythia8 NLO+PS generator, and 

provide a very good description of ISR in the low and medium pT region

https://arxiv.org/pdf/1406.3660.pdf
http://xxx.lanl.gov/abs/1211.6899
https://cds.cern.ch/record/1696339/files/stdm-2012-23.pdf
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V+jets background modeling
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-006/ 

 
ATLAS PUB not on V+jets modeling and MC simulation

• selection close to nominal 
VH(bb) analysis regions


• no cut on #jets<=3

• no W+hf CR/SR separation

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-006/
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Event selection for the dijet-mass analysis addition to MVA analysis
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BackupLIU Kun (LPNHE-Paris)

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/


 
Variables used for the multivariate discriminants
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BackupLIU Kun (LPNHE-Paris)

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/


 
Multi-jet estimate in 0-lepton channel
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BackupLIU Kun (LPNHE-Paris)

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/


 
VH, H→bb Run 1 and Run 2 combination
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BackupLIU Kun (LPNHE-Paris)

The measured signal strength of the Higgs boson for mass at 125 GeV for the WH and ZH processes and their 
combination.

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/


 
The measured signal strength in individual channels
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BackupLIU Kun (LPNHE-Paris)

MVA analysis: the compatibility probability of the signal strengths measured in the three lepton channels is 80%.

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/


 
H→bb combination in Run 1 and Run 2
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BackupLIU Kun (LPNHE-Paris)

The compatibility of the individual signal strengths is 54%.

https://link.springer.com/article/10.1007/JHEP12(2017)024
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-058/

