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Abstract

In this poster an overview is given of the possible searches of the Charged Higgs Boson
during run 2 of the LHC data taking period. The Charged Higgs boson emerges in several
(minimal) Standard Model (SM) extensions such as the 2 Doublet Higgs Model, which pre-
dicts 5 physical Higgs bosons, consistent with the SM Higgs boson. Based on the main
production and decay modes, the possible intermediate and final state particles are pre-
dicted for a Charged Higgs mass higher than the top quark mass (mH± > mt). In particular,
the dominant H± → τν and H± → tb channels are discussed in more detail together with
their associated background.

1. Introduction to the theory of Charged Higgs bosons

In the Standard Model (SM), gauge invariance requires the (heavy) W and Z gauge bosons
to be massless, which is in contradiction with experiment. They acquire mass through the
Higgs mechanism, based on spontaneous symmetry breaking of a Higgs doublet

φ =
1√
2

(
φ+

φ0

)
,

within the Mexican hat shaped potential (µ2 < 0, λ > 0):

V (φ) = µ2φ†φ− λ(φ†φ)2.

Expanding V (φ) around its (non-zero) vacuum expectation value ν =
√
−µ2/λ, a new scalar

CP even particle arises in the spectrum of the Lagrangian: the SM Higgs boson. The cor-
responding Higgs field interacts with the gauge fields giving the corresponding gauge boson
mass (except the photon) whereas fermion masses are obtained from Yukawa couplings to
this Higgs field.

The choice of the Higgs doublet is rather arbitrarily and a simple extension of the SM intro-
duces a second Higgs doublet (φ1, φ2): the 2 doublet Higgs Model (2DHM). Expanding the
potential V (φ1, φ2) around the vacuum expectation values (ν1 and ν2) results in five physical
Higgs bosons:

- two neutral CP-even scalars: h (SM Higgs) and H (“heavy Higgs”);

- two charged Higgs bosons H±;

- one neutral CP-odd pseudoscalar A.

The free parameters of the model are the remaining masses of the Higgs bosons and the
value of tan β = ν2/ν1. In type-II 2DHM the fermions couple to φ2 for the up quark and to φ1
for the down quark and leptons. The minimal supersymmetric SM is a type II 2DHM.

2. Charged Higgs production and decay

The production of charged Higgs bosons in a pp collider can be distinguished in two mass
regions. In the low mass region (mH± < mt), the H± production is mainly through the decay
of a top quark to H±b in tt̄ production. In the high mass region (mH± > mt), the production of
charged Higgs boson is through fusion of top-bottom quarks. Two final states, H±tb or H±t
are possible depending whether the 4 or 5 flavor scheme is used (4FS, 5FS).
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Figure 1: Branching ratios for the common H± decay modes for tan β = 30 [2].

The decay of the charged Higgs boson depends mainly on its mass and to a lesser extend
on the value of tan β. In Figure 1, the most important decay channels with their branching
ratios are shown. The most contributing channels in the high mass region are H± → τν
and H± → tb. At the moment the analysis in CMS is focused on those channels, yet the
H± → hW and more exotic channels (e.g. SUSY, AW ) are also under investigation. The
channels H± → cb, cs are more important in the low mass region and are also under investi-
gation.

3. The H±→ τν channel

This channel is characterized with the t(b)τν as semi-final
state particles. The neutrino will be assigned as missing
transverse energy (MET) whereas the τ can decay leptoni-
cally (35 %) or hadronically (65%) involving (charged) pions
[3]. The decay of the top quark results in W+b-jet, where the
W can again decay leptonically or hadronically producing jets.
The main background events are multijets (QCD), dibosons
(WW,WZ,ZZ), W+jets and tt̄.
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Figure 2: Left: Cutflow diagram for event selection of the H±→ τν channel. Right: invariant
transverse mass distribution after event selection based on the leading τ and MET.

When restricting to hadronic decay modes (both W and τ ), the 2 neutrinos originates only
from the charged Higgs and the transverse mass mT can be reconstructed based on the
leading τ (highest pT ) and MET. A shape analysis performed on the mT distribution will be
used to separate the signal from background events.

The analysis strategy is based on the 8 TeV experience [1]. Event cuts are applied on the
final-state particles based on the required event topology as described above and additional
cuts for background suppression:

- at least 1 τ , pT > 51 GeV, |η| < 2.1;
- no (isolated) leptons;
- large MET > 130 GeV;
- at least 3 jets, one b-jet;
- angular cuts Rmincoll,bb for multijet suppression.

The event cut-flow for both signal (mH± = 200, 500 GeV) and background is calculated for
Monte Carlo (MC) samples at

√
s = 13 TeV and is shown in Figure 2 (left). The background

MC samples are normalized to yield an integrated luminosity of 1 fb−1 whereas the signal
samples are further scaled for visibility purposes. The cuts can be refined through optimizing
the ratio S/

√
B by varying the cut boundaries or by categorization of the events (e.g. on

b-jets).

The invariant mass mT is calculated from the events which passed the cut selection criteria.
For the background and signal (), the mT distribution is shown in Figure 2 (right).

4. The H±→ tb channel

For this channel the semi-final state particles are tt(b)b. The
top quarks will decay into W+b-jets, yielding at least 3 b-jets
in the final state. Both W bosons can decay leptonically or
hadronically. Current analysises in CMS are focused on one-
or two-leptonic final states by selecting on a specific lepton
trigger. To distinguish signal from background the scalar sum
of jet transverse energies distribution HT is used. The full
hadronic final state (no leptons) is characterized by a high jet
multiplicity: two jets for each W , and at least 3 b-jets. There-
fore in the hadronic final state the b-jet multiplicity distribution can be used to distinguish
the signal from background. The dominant backgrounds are W+jets, tt̄, single t and QCD
multijets. Dibosons, Z/γ∗+jets and tt̄ + W/Z have less contribution to the background.

The search strategy for the H± → tb channel is also based on the 8 TeV experience [1].
Cuts are applied based on the amount of leptons, lepton pT , MET and jet multiplicity. For the
leptonic final states, the event spectrum is divided into different regions based on the amount
of jets, both for muons and electrons:

- Control region (2 ≤ Njet ≤ 3): low jet multiplicity used to derive background normalizations;
- Signal region (Njet ≤ 4): high jet multiplicity consistent with the signal signature.

Each region is further classified in the b-tag multiplicity, ranging from 0, 1 and ≥ 2 b-jets for
the control region and 1, ≥ 2 b-jets for the signal region. For each signal region, the HT
distribution is obtained and the signal is compared to the background.

5. Conclusions and prospectives

In the high mass region of the charged Higgs, the dominant channels are H± → τν and
H±→ tb. In CMS, these channels are currently being investigated as well as channels in the
low mass region and some more exotic channels. Several cuts are applied for background
suppression based on the 8 TeV experience and the signal is distinguished from background
based on the mT and HT distributions for both channels respectively.

Our research group will mainly focus on the H± → tb channel and start the analysis for the
2015 data in collaboration with MIT. In parallel, the 2016 analysis will be prepared. Currently
the MC samples are being produced centrally for the H± → tb in the mass region 200-1000
GeV.
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