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• Motivation for VH, H→bതb search
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• Differential pp →VH cross section measurements 
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https://inspirehep.net/record/1494411
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• Large BR (58%)

• Direct coupling between 
Higgs and quarks

τതτ
gg

others
cതc

ZZ

• Associated production with a 
vector boson V (V=Z or W)

• V leptonic decay                        
→ clear signature

YR4, CERN-2017-002-M
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https://inspirehep.net/record/1494411


VH, H→b ҧ𝐛 channel
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Three topologies studied:

• H→b ҧ𝐛, Z→ 𝛎ത𝛎 0 charged leptons 

• H→b ҧ𝐛, W→ l𝛎 (l=e,μ)        1 charged lepton

• H→b ҧ𝐛, Z→ l ҧ𝐥 (l=e,μ) 2 charged leptons

Trigger: ET
miss Trigger: electron (l=e) 

or ET
miss (l=μ)

Trigger: lepton

0-lepton channel 1-lepton channel 2-lepton channel



Event selection
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Higgs decay production selection

• 2 or 3 jets (or more *)

• exactly 2 jet b-tagged (MV2c10) with 70% b-jet eff. 

c-jet mis. eff: 12.5%, light jet mis. eff.: 0.3%

• 0 charged leptons

• ET
miss > 150 GeV

• Angular cuts to 

reduce multi-jet 

background

• 1 charged lepton

• pT
W >150 GeV

• 2 charged leptons

• Z mass:                          

81 GeV < mll < 101 GeV

• 75 GeV < pT
Z < 150 GeV, 

pT
Z > 150 GeV

0-lepton channel 1-lepton channel 2-lepton channel

*only in 2-lepton channel
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Main backgrounds
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• Main backgrounds modelled using simulated samples

• Z+jets and W+jets

• Top (ttbar and single-top) 

• Diboson (WZ, ZZ) → final state similar to VH, used to validate the analysis

• Multi-jet → suppressed with dedicaded cuts, contribution studied using a data-driven method

Dominant backgrounds, studied with control regions

arXiv:1808.08238

https://arxiv.org/abs/1808.08238


Multivariate analysis
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Boosted Decision Tree (BDT)

• Input: kinematics variables

• Output: BDT variable                                     

→ discriminate between signal and bkg events

Profile Likehood Fit to the BDT distributions     

→ to extract the signal strength 𝜇

arXiv:1808.08238

https://arxiv.org/abs/1808.08238


Results of VH, H→b ҧ𝐛 analysis
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arXiv:1808.08238

Cut-based 

selection and 

diboson

analysis used 

to validate the 

multivariate 

analysis 

From diboson analysis From cut-based analysis

https://arxiv.org/abs/1808.08238


Observation of VH and H→b ҧ𝐛
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First observation of VH production mode First observation of H→b ҧ𝐛 decay mode

Combination with other decay modes 

Observed significance: 5.3 𝝈
Combination with other production modes 

Observed significance: 5.4 𝝈

arXiv:1808.08238

Leading sensitivity from VH, H→bഥ𝒃 analysis

https://arxiv.org/abs/1808.08238


Simplified template cross-sections
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• Same event classification and selection

• Signal parametrization (done at truth level):

• Production mode → ZH or WH

• pT
V → cut at 75 GeV, 150 GeV and 250 GeV

Differential pp → VH cross 

section measurements

arXiv:1903.04618

https://arxiv.org/abs/1903.04618


Constraints on BSM effects
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arXiv:1903.04618

Events at high energy more sensitive 

to Beyond the Standard Model 

effects (BSM)

Parameterization of BSM effects 

using effective Lagrangian with 

dimension-6 operators in the SILH* 

basis

• 𝑐𝑖
(6)

= Wilson coefficient

• 𝑂𝑖
(6)

= dimension-6 operator

• Λ = BSM energy scale

*SILH= Strongly 

Interacting Light Higgs

https://arxiv.org/abs/1903.04618


Conclusions
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• First observation of H→b ҧ𝐛 decay mode

• First observation of VH production mode

• First differential cross section pp → VH measurement

• Studies of BSM effects:

• constraints on Wilson coefficients

• possible BSM deviations are more                               
evident at high momentum



BACKUP SLIDES



Detailed event selection
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• Lepton selection

• Higgs selection

• Multi-jet cuts



Detailed event categorization
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• Simultaneous fit on the 

14 regions (8 SR + 6 

CR)

• Top CR 

• W+HF CR

• In 0-lepton channel

• Z estimated with 2-

lepton

• Top estimated with 

1-lepton

Profile likelihood fit



W+HF control region
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• CRs are orthogonal to the signal 

regions, with negligible level of 

signal contamination

• W+HF CR built in 1-lepton

channel splitting events in 2 jets 

and 3 jets.

• ~75% purity
Reduce VH 

contamination

Reduce top 

contamination



𝐞𝝁 control region
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• CRs are orthogonal to the signal 

regions, with negligible level of 

signal contamination

• 𝒆𝝁 CR built in 2-lepton channel 

splitting events in 2 jets and 3+ 

jets.

• Very pure CR to constraint top 

events



Systematics uncertainties
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• Analysis limited by systematics 

uncertainties

• Main systematics:

• Flavor tagging calibration

• Signal and background 

modelling

• MC stat



Results of cut-based analysis
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Observed significance: 3.6 𝝈



Results of diboson analysis
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BDT distribution 1L
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• Different BDT shape 

between signal events 

according to pTV

value



Correlation matrix STXS fit
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Relating STXS to EFT
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Example of EFT constraint
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1-D fits of the 

coefficients have 

been performed 



EFT coefficients
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