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Abstract. The results on searches for Higgs-like particles beyond the Standard Model and rare Standard Model
Higgs decays are presented. Searches are performed using the data collected by CMS experiment in proton-
proton collision at LHC. Most recent results concerning light Higgses as predicted in the MSSM, NMSSM and
fermiophobic models are discussed. Decays of the 125 GeV Higgs-like particle to Zγ channel is also presented.

Introduction

The electroweak symmetry breaking mechanism of the
Standard Model (SM) predicts the existence of a neutral
scalar boson, the Higgs particle. While a boson, consis-
tent so far with its expected properties, has been recently
observed at a mass of about 125 GeV/c2 [1, 2], its exact
properties and the detailed structure of the Higgs sector
still need further investigation.

The SM Higgs boson suffers from quadratically diver-
gent self-energy corrections at high energy, and the prob-
lem can be solved only extending the model.

Indirect searches for the presence of beyond SM
(BSM) particles, performed on the data collected by
CMS [3], allow us to conclude that the BRBSM is in the in-
terval [0.00,0.52] at 95% CL, but there are no indications
about the energy scale where it can occur [4].

Several extensions of the SM have been proposed and
are currently studied. The simplest is the minimal super-
symmetric model (MSSM), where the Higgs sector con-
tains two Higgs boson doublets [6], one couples to the up-
type and the other to the down-type fermions. After elec-
troweak symmetry breaking, five Higgs bosons remain:
the CP-odd neutral scalar A0, the two charged scalars H+

and H−, and the two CP-even neutral scalars h and H0.
This model, containing a large number of free parameters,
by some constraints, can be described in term of just two
of them: the mass of the neutral scalar mA0 , and the ratio
between the vacuum expectation values of the two dou-
blets tan β.

Another model is the Next-to-MSSM (NMSSM),
which extends the MSSM, to resolve the problem of µ-
term [12], by introducing a complex scalar singlet. It ex-
pands the Higgs sector to three CP-even scalars h1, h2 and
h3, two CP-odd a1 and a2, and two charged scalars H+ and
H−.
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Some models also predict that the Higgs couples only
to vector bosons at tree level, usually referred to as fermio-
phobic (FP).

In addition to direct searches for BSM Higgses,
searches for rare SM Higgs decays, like the Higgs in Zγ,
are sensitive to BSM physics and could be modified by
new charged particles, by an extended Higgs sector, or by
a presence of new scalars.

MSSM Higgs searches

All the MSSM studies are performed in the mmax
h scenario,

where constraints are set to obtain a most conservative
model, in which the mass of light boson h is attended to
be very close to the SM Higgs mass.

The searches for charged Higgs have been performed
under the light mass hypothesis [7]. If mH+<mt-mb, the
Higgs can be produced in top quark decays t→H+b. For
values of tan β > 5, the charged Higgs boson preferentially
decays to a τ lepton and a neutrino, therefore, deriving the
experimental limits, we assume that the branching ratio
BR(H+ → τ+ντ) is equal to 1.

The dominant top quarks production process at LHC
is pp→tt+X via gluon fusion.

The possible decays of the top pairs are tt→H±W∓bb
and tt→H±H∓bb, where each charged Higgs boson decays
into a τ lepton and a neutrino. Depending on the τ decay,
three not-overlapped final states are searched for, all re-
quiring missing transverse energy and multiple jets com-
ing from the hadronization of b-quarks: fully hadronic,
semi-leptonic and leptonic channel.

Depending on the final states, we have different back-
ground sources, estimated from both data and simulation.

An amount of data corresponding to 1.99 - 2.27 fb−1,
depending on the final state, recorded by CMS in pp col-
lision at

√
s = 7 TeV, is analysed. Since no deviation is

observed, upper limit on the branching ratio BR(t→H+b)
in the range of 2-4% are established (fig. 1), and exclusion
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Figure 1. Upper limit for the MSSM cross-section production of
t →H++b.

Figure 2. Exclusion region in the MSSM (mH+ , tan β) parameter
space.

region in the (mH+ , tan β) plane (fig. 2) are set, combining
the results from the three different final states.

The MSSM neutral Higgs production pp→ Φ0+X at
the LHC is dominated by two processes: bb-associated
production, where Φ0 is produced together with a bb pair,
and the gluon-gluon (gg) fusion process. For relatively
large values of tan β, the Higgs couplings to u-type parti-
cles are suppressed while the couplings to d-type particles
are enhanced by a factor tan β, relative to the SM. There-
fore, in the MSSM, the combined cross section of Higgs
boson production in association with b quarks is enhanced
by a factor 2 tan2 β.

Figure 3. Exclusion limit for the MSSM Φ0 → bb in the (mA −

tan β) plane.

For the same reason the neutral Higgs decay to b
quarks has the highest branching fraction, 90%, with the
disadvantage to be difficult to separate from the very large
QCD background.
Despite their low branching ratios, the Φ0 → τ+τ− and the
Φ0 → µ+µ− decay channels provide higher sensitivity than
Φ0 → bb.
Among them, while the first process has a branching ratio
larger by a factor (mτ/mµ)2 and provides better sensitiv-
ity in terms of limits calculation, the Φ0 → µ+µ− has a
cleaner experimental signature and benefits from the full
reconstruction of the final state.

For the bb final state, in order to discriminate the sig-
nal, only the associated production is considered. Two
analyses are performed for this channel: one using a
fully hadronic trigger based on an high transverse momen-
tum (pT) threshold for jets and on-line b-tagging [8], and
one exploiting dedicated triggers based on a moderate pT
threshold with on-line b-tagging for jets and non-isolated
muons [9]. The use of a muon- and jet-triggered dataset al-
lows to tag the semi-muonic decay of one of the b-quarks,
and also to tolerate lower energy thresholds on jets in the
trigger, improving the overall sensitivity, especially in the
low mass region.
The main background arises from the heavy flavor multi-
jet QCD. Both the analyses adopt a data-driven approach
for the background estimation.
An amount of data corresponding to 4.0 and 4.8 fb−1 for
the first and second analyses respectively, recorded by
CMS in pp collision at

√
s = 7 TeV, is analysed. Com-

bining the results exclusion limit in the (mA, tan β) plane
is set (fig. 3).

In case of Φ0 → τ+τ− or µ+µ− decays both b-
associated and gluon fusion production are taken into ac-
count. In order to maximize the sensitivity, both the analy-
ses have a categorization based on the presence or absence
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Figure 4. Exclusion limit for the MSSM Φ0 → τ+τ− in the
(mA, tan β) plane.

Figure 5. Invariant di-muon mass distribution for 5 fb−1 of data
collected at

√
s = 7 TeV. Note that simulated signal peaks, in

pink, for h (left) and A+H (right) can be distinguished.

of b-jets in the events. Just for τ+τ− channel a further cat-
egorization, based on the τ decay modes, is performed.
Plot in fig. 4 shows the exclusion limit in the (mA, tan β)
plane for the combination of data taken at

√
s = 7 and 8

TeV, for a total amount of 17 fb−1. This result [10] is more
restrictive than the one from the search for µ+µ− Higgs de-
cay [11]. Nevertheless, this channel allows to reconstruct
the Higgs mass with a better resolution, thanks to the high
resolution on muon momentum. It is shown in the plot of
invariant di-muon mass distribution in fig. 5.
In case of MSSM Higgs existence the µµ channel makes it
possible to measure the tan β parameter.

NMSSM Higgs searches

Searches for a new light bosons, predicted by NMSSM
(and not only) and decaying in two muons, are presented
for two different analysis. One searches for a prompt a→
µ+µ− in the mass range between 5.5 and 14 GeV, using 1.3
fb−1, collected in pp collision at

√
s = 7 TeV [13]. The

other searches for h→2a+X→4µ+X in a further low mass
range between 0.25 and 3.55 GeV, using 5.3 fb−1 at

√
s =

7 TeV [14].
Both require isolated muons with a specific pT cut and

η restriction, depending on the mass range.
The estimation of background is data driven for the two
analyses: in the first it is constituted by QCD processes
and, because we are close to mass region of the Y-
resonance, by the its tails; and in the second by the prompt
bb pair and J/Ψ that decay in muons.

No Higgs is observed and upper limits for cross section
times branching ratio of both processes are set.

Fermiophobic Higgs searches

Several extension of SM, where a Higgs boson couples
only to the vector bosons at tree level, are predicted. Con-
sequently, searches for FP Higgs are possible only via vec-
tor boson fusion (VBF) production, or in associated vector
boson (VH) production.

Fermiophobic Higgs decaying to two photons [15] is
searched in data collected at

√
s = 7 and 8 TeV, which cor-

respond to a total integrated luminosity of 10.4 fb−1. The
mass range explored is 110-150 GeV.
The data are preselected by a di-photon trigger based on
a loose isolation, pT and η requirements. At off-line level
a tighter version of previous criteria is applied. Then the
events are split into different categories according to the
production processes.
Main background sources come from the misidentified
electrons and from the photons within the jets. They are
estimated with a data-driven approach.

No signal is observed and upper limit on fermiophobic
cross section σ(H→ γγ)/σ(H→ γγ)FP is set at 95% CL. in
the mass range 110-147 GeV and at 99% CL. in the mass
range 110-134 GeV (fig. 6).

Rare Higgs decays

Search for the Higgs boson in the Zγ decay, where Z final
state is one electron or muon pair [16], is presented. This
search is sensitive to BSM physics because the Higgs par-
tial width is induced by loops of heavy charged particles,
provided by extensions of SM.

The analysis is performed on 10.2 fb−1 of data col-
lected at

√
s = 7 and 8 TeV.

Events are selected if they have isolated opposite-sign
same-flavour leptons consistent with a Z boson, and one
isolated photon. The sensitivity is enhanced by divid-
ing the events in classes according to indicators of ex-
pected Higgs mass resolution and signal to background
ratio. Main sources of irreducible background come, for
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Figure 6. Upper limit on the signal strength, σ/σFP of a fermio-
phobic Higgs.

Figure 7. Exclusion limit on σ(pp→H)×BR(H→ Zγ) of SM
Higgs.

70%, from prompt pp→Zγ production, and, for remaining
30%, from Drell-Yan processes. The background shape is
derived from data fitting the mass distribution of di-lepton-
γ.

Since no evidence of Higgs is observed, upper limit on
cross section times branching ratio is derived in the mass
range between 120 and 150 GeV (fig. 7).

Conclusions

Data collected at CMS in collision at
√

s = 7 and 8 TeV,
used for indirect searches for BSM particles, indicate a
non zero BRBSM, but without indications about the energy
scale at which it could be manifest.

Search for Higgs bosons predicted in several exten-
sions of the SM, like MSSM, NMSSM and FP, are dis-
cussed in this letter. SM Higgs rare decays are also consid-
ered, since are sensitive to the existence of BSM particles.

No signal is observed in search for exotic and rare
Higgs decays, but increasingly strict exclusion limits and

upper limits are set in the Higgs parameters space and on
cross section production respectively.
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