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✔ The search of the Higgs boson 
decaying to bottom quarks is a key 
point to measure the Higgs coupling 
with down-type quarks.

✔ At mH ~ 125 GeV the branching ratio 
of H → bb is about 60%.

✔ The QCD background pp → bb is 
almost 108 times larger!

H → bb
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Production channels
✔ To cope with the QCD background it is useful to 

exploit the signal topology of:

– the associated production of the Higgs boson with 
W/Z boson (VH);

– the Vector Boson Fusion production (VBF).

✔ The VH channel, when the W/Z boson decays 
leptonically, is characterized by:

– the presence of two, one or zero isolated 
energetic charged leptons from the W/Z decay;

– high missing transverse energy (MET) when the 
W/Z decay to neutrino(s).

✔ The VBF channel is marked by:

– two energetic quark-jets with high mass and η 
separation;

– low hadronic activity between them, except for the 
two jets from Higgs decay.

✔ In addition, both channel have the two b-jets 
from the Higgs decay.

gg fusion

VBF

VH

ttH

VH

VBF
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✔ For the VH channel the triggers are 
based on the presence of the 
isolated lepton(s), missing 
transverse energy and jets.

✔ To reduce the rate of the Z(νν)H(bb) 
trigger it exploits also the on-line 
b-tagging.

✔ For the VBF channel a set of triggers 
has been developed in order to 
cover the signal phase space. They 
are based on the jets topology and 
the on-line b-tagging.

Trigger
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✔ The main backgrounds of the VH analysis are W/Z + jets and tt 
productions.

✔ Their shapes are taken from simulation whereas their 
normalizations are data-driven. 

✔ The analysis is performed in six channels according to the vector 
boson decay modes: W → eν, µν, τ(1-prong)ν; Z → ee, µµ and νν.

✔ Each channel is binned in two or three bins depending on the 
vector boson pT.

✔ In each bin a signal region is defined using cuts on: the jet 
kinematic variables and b-tag discriminants, the lepton momenta, 
the MET and the number of additional leptons and jets.

✔ Up to five control regions (tt, W/Z + heavy/light jets) are defined 
in each bin inverting some cuts:

– a fit on the main background normalizations is used to find up 
to seven scale factors (W + 0/1/2 b-jets; Z + 0/1/2 b-jets; tt) to 
apply to the simulations.

Signal region and backgrounds in VH
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tt

Signal region

Scale factors

MC and data check
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✔ The main background of the VBF analysis is the multi-jet 
QCD production. Minor backgrounds are: Z/W+jets,tt and 
single top.

✔ In this channel the QCD background is directly estimated 
from data.

✔ An Artificial Neural Network (ANN) is trained to separate 
the signal from backgrounds. With the exception of the 
b-jets kinematics it exploits the most discriminant 
variables: Δη between the most forward/backward jets, 
b-tagging discriminants and additional hadronic activity in 
the event.

✔ The ANN discriminator is used to define five categories of 
events with different signal/background ratio.

✔ In each category the Higgs candidate mass distribution 
will be fitted using a fifth degree Bernstein polynomial as 
QCD template, and Z/W and top template from simulation. 

Signal region and backgrounds in VBF

VBF
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Regression

✔ Both analysis use a jet energy regression in order 
to improve the Higgs candidate mass resolution.

✔ The regression attempts to recalibrate the jet pT to 
the true pT of the particle jet.

✔ The regression exploit variables like:

– b-tagging discriminants and secondary vertex 
informations;

– jet-energy fractions between charged/neutral 
hadron and photons, muons and electrons;

– jet kinematic variables (pT, η);

– missing transverse energy (only for ZH → llbb and 
VBF)

✔ The result of the regression is an improvement on 
the Higgs mass resolution of about 10 – 20%.  
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First BDT trained to 
reject tt

Second BDT trained to 
reject V+jets

Third BDT trained to 
reject VV

✔ In the VH channel to reduce the 
background in the signal region three 
specialized BDT are trained to reject the 
tt, V+jets and VV backgrounds.

✔ Each BDT is trained with:

– Higgs candidate mass and pT;

– b-tagging discriminants;

– lepton momentum and MET

– number of adjunctive leptons and jets

– other kinematic variables.

✔ The three BDT are used to obtain a 
signal region with an higher 
signal/background ratio.

✔ A final BDT is trained against all 
backgrounds in order to do the final fit.

Multi BDT (VH)
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Systematics

VBF

VH
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✔ The final fit will be:

– For VH: a fit, for each bin, of the multi-BDT output using the shapes from simulation and data-driven 
scale factors;

– For VBF: a fit, for each category, of the bb dijet mass distribution taking the signal shape from 
simulation, the QCD shape from the fit of a fifth degree Bernstein polynomial and the Z/W and top 
shapes from simulation.

✔ A natural cross check of the analysis is to measure the well known SM process VBF Z(bb) and 
W/Z Z(bb), supposing a standard model Higgs boson. 

✔ Here, the signal strengths measured are:

– VH:  µ = 1.19+0.28
-0.22 (stat. + syst.)

– VBF: µ = 0.99 ± 0.12 (only stat.)

A cross check: the Z peak

VH

VBF
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Results: VH
VH

VH

VH

VH

✔ An upper limit of 1.89 
[0.95] times the SM 
Higgs boson cross 
section at 125 GeV with 
95% C.L. has been 
observed [expected] in 
the VH channel.

✔ There, an excess of 
events of 2.1 standard 
deviations has been 
reported.

✔ It corresponds to a 
signal strength of:

μ = σmeas/σSM = 1.0 ± 0.5.

✔ Compatible results have 
been obtained in all 
sub-channels 
(Z(νν)H(bb), Z(lν)H(bb) 
and W(lν)H(bb)).
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Combined µ = 0.7 ± 1.4

✔ An upper limit of 3.6 [3.0] 
times the SM Higgs boson 
cross section at 125 GeV 
with 95% C.L. has been 
observed [expected] in the 
VBF channel. 

✔ It corresponds to a signal 
strength of:

μ = σmeas/σSM = 0.7 ± 1.4.

VBF

VBF
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Conclusions

✔ A search for the standard model Higgs boson decaying to bottom quarks has 
been presented.

✔ Two production channels have been studied: the associated production with 
vector boson decaying to lepton (VH) and the Vector Boson Fusion (VBF).

✔ The two different analysis strategies have been presented and their background 
estimation have been described.

✔ An excess of events of 2.1 standard deviations 
has been reported in the VH channel. It 
corresponds to a signal strength of 1.0 ± 0.5.

✔ In VBF, an upper limit of 3.6 [3.0] times the SM 
Higgs boson cross section at 125 GeV with 95% 
C.L. has been observed [expected]. This excess 
corresponds to a signal strength of 0.7 ± 1.4.

✔ Combining the VH and VBF channels an 
excess of 2.2 standard deviations is 
reported. It corresponds to a signal strength 
of μ = 0.97 ± 0.48.
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Backup
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VH: signal regions
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VH: variables used in the MVA
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VH: control regions

Z(νν)H(bb)

Z(ll)H(bb) W(lν)H(bb)
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VH: scale factors
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VH: p-values
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Z(νν)H(bb): candidate event
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VBF: background distributions
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VBF: a candidate event
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VBF: used variables
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