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Introduction
 H → bതb is the dominant decay mode with a branching fraction of 58% (Phys. Rev. Lett. 121 (2018) 12)

• Observed by the CMS experiment in 2018 with observed (expected) significance of 5.6 (5.5)

 VH → bതb process provides highest sensitivity among all Higgs production modes

• Effective in reducing multi-jet background events

• Ability to use lepton and MET (Missing Transverse Energy) triggers from the Vector boson

• W/Z produced generally back-to-back w.r.t Higgs

H → bതb observation via all higgs production modes
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58 %

https://doi.org/10.1103/PhysRevLett.121.121801


VH → bതb process
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signal process Major Backgrounds

 3 channels based on vector boson final states
• 0-lepton (Z → νν), 1-lepton (W → 𝑙ν), 2-lepton(Z → 𝑙 ҧ𝑙)

 Different kinds of background dominate in different channels:
• t ҧt, W+Jets and Z+Jets in 0-lepton
• t ҧt and W+jets in 1-lepton
• DY+jets in 2-lepton



Higgs Topology
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collision

 With higher Lorentz boost (pTV > 250 GeV), angular separation between pair of b-jets
reduces to form a single jet cone of large R

 Dedicated boosted analysis for Higgs decays resulting in two merged b jets clustered
into a single large cone jet
• Both resolved and boosted analyses are combined to maximize sensitivity

 2 different jet clustering algorithms are used:
• Normal resolved jets are clustered using Anti-Kt algorithm with a radius of 0.4 (AK4 jets)
• Large cone jets (Fat jets) are clustered with a radius of 0.8 with same algorithm (AK8 jets)

 b-tagging algorithms are used to distinguish b-jets from c/light flavored jets:
• Resolved b-jets are tagged using the DeepCSV algorithm
• Boosted fat jets are tagged using the DeepAK8 algorithm

S. Mishra, Insitute Rudjer Boskovic03 October 2022



STXS Framework
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X-secs set to SM (lack of sensitivity)
X-secs set to SM

(lack of sensitivity)

arXiv:1610.07922, arXiv:1605.04692

 Simplified Template Cross-Section (STXS) framework is used for fiducial cross-section
measurements
• Measure cross-section in mutually exclusive phase space regions
• Reduction of theoretical uncertainties
• Possibility to combine ATLAS and CMS measurements easily
• Cross-section measured in bins of pTV adopted by STXS (stage 1.2) categorization (below)

Merged

Merged



Improvement in resolution of jet parameters
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 Kinematic fit in 2-lepton
• Possible in 2-lepton due to better resolution

of lepton momenta than jets and absence
of intrinsic MET

• Fit leptons and jets within uncertainties
using the constraints:

m(ll) = m(Z) & pT(total) = 0

 Dedicated b-jet energy regression
(Comput. and Soft. for Big Sci. 4, 10 (2020))

• DNN based regression
• Energy correction to account for escaping 

neutrino from semi-leptonic decay 
• Improve the detector response

 Dedicated Jet smearing and scaling 
correction
• fit uses 2-jet event topology in which the 

jet resolution can be measured by the jet 
system balance against the Z in the 
transverse plane
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https://link.springer.com/article/10.1007/s41781-020-00041-z#citeas


Analysis selection & strategy
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 3 lepton channels based on vector boson decay, split in STXS bins
 3 control regions (CRs) enriched in main backgrounds: V+LF, V+HF and TT

• Split into low (2-lepton channel), medium and high pTV bins

 Overlap between resolved and boosted events optimized to ensure maximum sensitivity
• Most relevant for high pTV bins

 Total: 51 control regions, 30 signal regions per year → 243 regions for Full Run 2 !!!
 Simultaneous maximum likelihood fit of SR+CR using MVA output score in SR and V+HF regions

• Dedicated process scale factors to constrain major backgrounds in their respective control regions

S. Mishra, Insitute Rudjer Boskovic03 October 2022



Multivariate methods
DNN based discriminant for resolved analysis

 Input features: channel-dependent high-level features(e.g. dijet

properties, vector boson kinematics)

 SR: binary signal vs. background classification (binning in signal

region optimized for sufficient and equal contribution of signal in

each bin)

 HF CR (0/1 lepton): multi-classification into five classes (V+udsg,

V+c, V+b, single top, tt)

BDT-based discriminant for boosted analysis

 Input features: Fat-Jet information (softdrop mass, DeepAK8

bbVsLight output, pT), reconstructed vector boson properties,

resolved features for overlap events

 SR: binary signal vs. background classification (same binning

strategy as resolved DNN shape)
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Signal Composition
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 correlation matrix roughly diagonal across
all STXS bins:
• Largest correlation (20%) in μ for medium

pTV ZH region in 0-jet and >1-jet bins

 qqZH and ggZH processes merged in
corresponding STXS bins

 signal purity is higher in 2lep channel
compared to 0lep/1lep across all the
STXS bins

 Good agreement between the
reconstruction categories and gen-
level STXS bins

S. Mishra, Insitute Rudjer Boskovic03 October 2022



VZ → bതb cross-check analysis
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 Cross check analysis targeting VZ → bതb process as standard candle to validate VHbb analysis
• Similar signal topology but much higher production cross section than VH → bതb (~110 times higher)
• Mass window altered to match Z boson peak instead of Higgs peak
• Dedicated MVAs trained in corresponding regions similar to VHbb analysis

 Inclusive μ=1.16±0.13 corresponding to 9.6σ (8.9σ) observed (expected) significance
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Systematic Uncertainties
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Results
 μ extracted from binned maximum likelihood fit for each STXS bin

 Inclusive Run 2 signal strength μ = 0.58−0.18
+0.19 [± 0.15 (stat) ± 0.12(syst)]

• Corresponding Observed (expected) significance: 3.3σ (5.2σ)

 Per-channel compatibility with SM is 0.4% (2.9σ)
 Compatibility between 0lep and 2lep against inclusive ZH measurement around

20%
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Summary
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 After the discovery and subsequent observation of the Higgs boson decays into 5 
different final states (γγ, ZZ, WW, ττ, bb) in Run 2 LHC has delivered a wealth of data that 
permits experiments to enter the era of Higgs precision measurements

 Presented an overview of CMS measurement of the VHbb cross section in the context of 
the STXS framework using the full Run 2 data (138 fb-1)
• Currently in process of collaboration wide review [CDS]

http://cds.cern.ch/record/2827421/


Back Up
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Physics Objects

Electrons: 

Muons: 

Missing transverse energy (MET):

Jets

Resolved: 

Boosted: 

• AK4 CHS, JEC/JER applied

• b-jet energy regression

• calibrated and apply smearing to MC

• tight jet ID, tight PU jet ID
• DeepCSV b-tagger

• 1-lepton: tight cut based ID with rel. Iso. 0.06
• 2-lepton: loose ID with rel. Iso. 0.25

Leptons

• MVA based ID

• 1-lepton: WP90 with rel. Iso. 0.15
• 2-lepton: WP80 with rel. Iso. 0.12

• pf MET is used which is defined as, pf MET = −σ
𝑝𝑇

• Correction applied in x-y plane

• AK8 CHS, JEC/JER applied

• PUPPI soft-drop mass

• DeepAK8 b-tagger bbVsLight output

• No geometric overlap with selected

leptons
• pT >250 GeV
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DeepCSV algorithm
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DeepAK8 algorithm
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Soft-Drop Mass
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b-jet tagging

 DeepAK8 (Deep Anti-Kt R=0.8) algorithm is used for
identifying fat jets of bigger radius of 0.8

 Multiple output classes (bb vs. light output node is
 used)
 Significant improvement with respect to double-B

algorithm(usage of a DNN and low-level
information)

 Output decorrelated from the soft-drop mass
 Efficiency measurement for gg->bb process used for

signal

Boosted b-tagging

Resolved b-tagging

 DeepCSV (Deep Combined Secondary Vertex) is a
DNN based b-tagging algorithm

 Continuous discriminator output values for b-jets
vs jets of different flavors

 Scale-Factors derived for various working points
based on mistag efficiency

 The DeepCSV score is very important variable for,
 selecting b-jets in an event
 Applying cuts for selecting signal events
 Usage in multi-variate trainings for signal vs

background classification
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V+Jets Modeling
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Resolved Selection
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0-lepton
2-lepton

1-lepton



Boosted Selection
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Overlap region
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Signal Extraction
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DNN variables in resolved SR
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BDT variables in boosted SR
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Per channel scans
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Jackknife Compatibility
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