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Examples (given in class):

A discovery of a charged Higgs boson would be a revolution: evidence for new 
physics beyond the Standard Model (SM)  

Current searches for      at the LHC focus on production and decay via 
couplings to fermions

in the context of
the MSSM

couplings to vector bosons
are largely suppressed



PRL 119, 141802 (2017) by the CMS Collaboration: Search for Charged Higgs Bosons

3

However, in other models, we can have couplings to vector bosons

In such cases, the      is produced via Vector Boson Fusion (VBF):

A specific model is the Georgi-Machacek (GM) model, where two SU(2) triplets 
are added to the SM Higgs sector

couplings depend on         and
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In this paper, CMS is searching for      produced via VBF, decaying into W and 
Z bosons, decaying into electrons and muons: 

3 charged leptons
in the final state

Integrated luminosity: 2.3 and 12.9        during 2015 and 2016, resp.

Event selection requires:

missing tranverse 
momentum

2 jets with large     separation

(Note: a similar search was performed by ATLAS in the semileptonic final state)
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Simulation:



PRL 119, 141802 (2017) by the CMS Collaboration: Search for Charged Higgs Bosons

6

Electrons are reconstructed combining information from the EM calorimeter and the 
tracker. Selection criteria depend on         and bremstrahlung 

Jets are reconstructed using the FASTJET package

Muons are reconstructed combining information from the muon spectrometer and
the tracker. Selection criteria depend on     and

A particle-flow technique is used 
to identify and reconstruct the 
individual particles emerging
from each collision

Reconstruction:
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2 (charged) leptons are required to have 

3rd lepton is required to have

related to the fake rate

bellow this value, there is a great 
probability that our lepton is a 
fake one: a misinterpreted jet

if there is a 4th (charged) lepton has                , the event is rejected
(since our 4th lepton is a neutral lepton)

events are required to have at leats 2 jets with                 and           ,
and the jets must obey                   and 

(to make sure that the production was via VBF)

a pair of same-flavor and opposite charge leptons is required to have a
dilepton invariant mass within          of the nominal Z boson mass

(to select Z boson decays)

is required (to select W boson decays)

the event must not have jest passing the b-tagging selection (to reject top backgroung)

Trigger:
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The shape of the distribution of the transverse mass variable (    ) is used:

computed using 

After the trigger requirements, the signal efficiency is about 10% to 15%

Background:

: ~10%

: ~80%

Processes with non-prompt electrons (mainly Z+jets and top): ~10%

estimated from a combination of data and simulation

(estimated from simulated samples)

(estimated from data samples)

(estimated from simulated samples)
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Uncertainties:
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Results:

No event with                   is observed

Overall agreement with the SM
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Fitting the predicted signal and background yields to data gives:

Expected and observed exclusion limits at 95% confidence level as a function of           for                                ,
for 15.2       of proton-proton collisions at 13 TeV collected in 2015 and 2016.

The observed data behaves like predicted by the simulation
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Expected and observed exclusion limits at 95% confidence level as a function of           for     (the ratio of the vacuum
expectation values in the GM model) for 15.2       of proton-proton collisions at 13 TeV collected in 2015 and 2016.

Blue area: theoretically not allowed parameter space
Again: the observed data behaves like predicted by the simulation
Observed limits exclude, for each         , a set of     values 
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Summary:
The paper presents a search for charged Higgs bosons produced via VBF and 
decaying into a pair of W and Z bosons, using pp collisions at          TeV

The data sample corresponds to an integrated luminosity of 15.2       collected with 
the CMS detector in 2015 and 2016

Events are required to have three    (electrons or muons), two jets with high      ,
and missing transverse momentum

The number of events observed in the signal region agrees with the SM prediction

The results are interpreted in the Georgi-Machacek model


