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Introduction

❑H decay branching fraction to pair b (H -> bത𝑏 ) is important for 
verifying the Standard Model.

❑Despite of the small production rate of VH process, comparatively 
easier lepton identification capability of the experiments helped to 
reduce the dominating background processes.

❑Observations of this decay channel were first conducted in 2017, and 
there is also a publication combining statistics for 2016 and 2018.
[JHEP 01 (2024) 173]

❑ATLAS and CMS Run 1 results are reported: [JHEP 01 (2015) 069] , 
[PhysRevD.89.012003]
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Production and decay H -> bത𝑏

The dominant production process (87 % SM):

ggF process, it is difficult to extract due to the 

large number of background QCD processes

VBF process considered in the work 

Branching for H -> bത𝑏 is 58% at a Higgs boson mass of 125 GeV
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Monte Carlo samples

Signal Cross Section

VBF H -> 𝒃 + ഥ𝒃 2.36

Main Background Cross Section

QCD jets 1.82 ∙ 105

W + jets 7.92 ∙ 102

Z + jets 3.08 ∙ 102

𝐒𝐢𝐧𝐠𝐥𝐞 𝐭𝐨𝐩 1.15 ∙ 102

𝒕 + ҧ𝒕 4.24 ∙ 102
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Step 1:  Event pre-selection

Requirement Single-B Double-B

L1-trigger L1_TripleJet_103_88_76

HLT Single-B HLT Double-B HLT

HLT-veto NO Single-B HLT

4 offline jets within 𝜂 ≤ 4.7 𝑝𝑇 > 110, 90, 80, 30 GeV

Isolated lepton veto YES YES

Electrons within 𝜂 < 2.4 with 𝑝𝑇 > 7 𝐺𝑒𝑉 with vertices matched to primary vertex (𝑑𝑍 < 0.2 𝑐𝑚, 𝑑𝑋𝑌 < 0.05 𝑐𝑚) are

considered. Isolation requires:
𝑝𝑇
𝑐𝑜𝑛𝑒

𝑝𝑇
𝑒𝑙 ≤ 0.4

Muons within 𝜂 < 2.4 with 𝑝𝑇 > 5 𝐺𝑒𝑉 with vertices matched to primary vertex (𝑑𝑍 < 1 𝑐𝑚, 𝑑𝑋𝑌 < 0.25 𝑐𝑚 ) are

considered. Isolation requires:
𝑝𝑇
𝑐𝑜𝑛𝑒

𝑝𝑇
𝑒𝑙 ≤ 0.4
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❑4 jets with the highest Pt values are selected. 

❑The two jets with the largest difference in pseudo-velocity are marked 
as b jets.

❑The remaining two are marked as quark jets.

❑The following selections are applied to these jets:
𝑚𝑏1𝑏2 > 460 𝐺𝑒𝑉

∆𝜂𝑏1𝑏2> 3.5

∆𝜙𝑞1𝑞2< 1.9

Object Interpretation

6



Pre-selection 
results, for Single-B 

requirement
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Pre-selection results, 
for Double-B 
requirement
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Step 2 : Analysis strategy for Single-B

To increase the sensitivity of our analysis it is important to separate the signal
from the backgrounds based on ML methods. Investigations shown that as input
for BDT the following variables provide the best discrimination

𝒎𝒒𝒒: invariant mass of two VBF jets

∆𝜼𝒒𝒒 ∶ absolute preudorapidity difference of two VBF jets

∆𝝓𝒒𝒒: absolute azimutal angle difference of two VBF jets

𝜶𝒒𝒒 : the min angle between lead/sublead VBF-jet and the boosted system of the VBF jet pair

Qtg : Quark Gluon Likelihood: QGL score of the two VBF jets which discriminates the jets originating
from quarks or gluon

DeepJet : b-tagging

𝒑𝒛
𝒒𝟏

+ 𝒑𝒛
𝒒𝟐

+ 𝒑𝒛
𝒃𝟏 + 𝒑𝒛

𝒃𝟐 : total longitudinal momentum of the selected four jets
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σ𝒑𝒊/σ𝒑𝒊 : i = q1,q2,b1,b2 Normalized sum of the transverse momentum

𝜟𝑹 : Angular distance between the Higgs boson candidate and the leading and

subleading VBF jets

|∆𝝓𝒒𝒒 − ∆𝝓𝒃𝒃| : The difference of the azimuthal angle of the VBF jet pair
system and the b-jet pair system (H candidate)

The jet multiplicity in the region of Δ𝜂 < 2.4 with pT above 20 GeV

Sum of the energy and the transverse momentum of all the jets above 30 GeV

These variables are describing additional hadron activity in the events:

The signal events (VBF Higgs) have lower hadron activity than QCD events
10
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❑ The distributions of this 
variables for the signal and 
background are different
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Step 3 : Training using TMVA:
based Gradient Boosted Decision Tree (BDTG)

The parameters of the training are 
optimized based on the condition:

❑Maximum of the ROC-integral value
❑Reasonable Kolmogorov-Smirnov test

score for both signal and background
❑Training-testing behavior
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Analysis strategy for Double-B class

❑This is the same strategy as opted for the Single-B analysis. 

❑Further, the same set of feature variables have been used as input for 
the training. 
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❑ The distributions of this 
variables for the signal and 
background are different
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Training using TMVA 
based Gradient Boosted Decision Tree (BDTG)

❑ A similar distribution of hBDT to Single B strategy 
was obtained
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Summary

❑The analysis strategy was tested

❑The significance found using Run2 statistics (2016 + 2018): 

❑We plan to apply this strategy to Run-3 CMS data.

[JHEP01(2024)173]
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