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We review the most relevant LHC searches at /s = 8 TeV looking for low mass bosons arising from
exotic decay of the Standard Model Higgs and highlighting their impact on both supersymmetric
and not supersymmetric Beyond the Standard Model scenarios.

I. INTRODUCTION

While the profile of the 125 GeV boson recently discovered at the LHC [I], 2] is largely consistent with the Standard
Model (SM) predictions, the possibility that this state belongs to a Beyond the Standard Model (BSM) scenario is
one of the most pressing questions for particle physics, given the need of New Physics manifestations motivated from
both the theoretical (hierarchy problem, absence of coupling unification...) and experimental (neutrino masses, dark
matter...) point of view.

Various BSM scenarios, whether or not constructed following the Naturalness paradigm, predicts the existence of
an extended scalar sector, thus giving rise to additional physical Higgs states other than just the SM one. All these
emerging Higgs bosons can, and in general do, interact with each other affording one the possibility of investigating
the sector responsible for electro-weak symmetry breaking in multiple ways.

In this proceeding, based on [3], we review the experimental status of several BSM scenarios predicting exotic
decays of the SM Higgs boson in a pair of light scalars (hereafter dubbed a; or A), with their subsequent decay into
four SM states via the BSM — AA — 4 x SM chain. We will adopt public data obtained during the 8 TeV run of the
LHC from both the ATLAS and CMS collaborations, covering several signatures of such a pair of extra Higgs states,
including decays into pairs of muons, taus and bottom quarks and showing their impact on the most popular BSM
models with an extended Higgs sector in which such a light object is realised.

II. EXPERIMENTAL ANALYSES

There are several experimental analyses targeting light scalar bosons arising from the decay of the SM Higgs.
One characteristic of these search channels is that, given the condition ma < mpsm/2, the A bosons tends to be
boosted, with a transverse momentum of order p? ~ mpsm /2, thus producing collimated decay products, with
AR ~ 2ma/pf ~ 4ma/mysu, therefore making these analyses challenging from an experimental point of view.
We here provide an overview of the most relevant search channels, categorised by their final state, and express the
experimental limits in the equivalent 47 cross section by using the relations

BR(A —7171) m2B(my,ma)

BR(A = pp) — m2B(my, ma)

BR(A — 7171) m2B(my,ma)
BR(A — bb)  3mZB(mp,ma)(l + Apaa)

with

smcomay =1~ (2)’ ®

and A,.q the radiative corrections to the A — bb decay for which we refer to [3] for the complete expressions. Note
that Eq. is valid for models in which all leptons and down-type quarks couple to the same Higgs doublet. We will
therefore restrict our investigation to these classes of BSM scenarios.
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A. 47

In the mass region m4 € [2m, — 2my|, the decay A — 77 is typically expected to dominate and pair of ditaus are
therefore a natural search channel, despite the difficulty in reconstructing these states in a boosted regime. The CMS
collaboration has published two analyses that search for 47 final states [4] [5] arising from the decays of a pair of low
mass bosons, which differ for the strategies adopted to identify the boosted tau pairs and for the targeted production
channels (either gluon fusion or gluon fusion combined with Higgs production in association with a W boson). The
limits set by these analysis on the 47 cross section ranges from 10 pb for m4 =5 GeV to 3.5 pb for my = 11 GeV.

B. 272u

This final state is a compromise between the dominant but less clean 47 final state, and the much cleaner but rarer
4u final state. Both ATLAS [6] and CMS [7] have searched for this channels looking at complementary mass region,
my € [3.5 — 5] GeV for the former, and ma € [20 — 62.5] GeV for latter. Differently from the ATLAS analysis, the
CMS one, targeting heavier objects, does not require boosted techniques, and standard 7 reconstruction algorithm
and isolation requirements can be used. The obtained limits on o x BR for the equivalent 47 final state ranges from
1 pb to 30 pb for ATLAS and from 2 pb to 0.8 pb for the CMS case, where the quoted numbers refer to the extreme
values considered for the A mass.

C. 4u

In the region m4 < 2m, a great increase in the A — pu decay rate is expected. While generally not as large as
hadronic A decays, the 4 topology takes advantages the very clean final state with reduced systematic uncertainties.
CMS has searched for a 44 final state in the mass range m4 € [0.25 — 3.55] GeV setting a limit on the equivalent 47
cross section of ~ 0.7 - 0.9 fb [§].

D. 2b2u

Above the A — bb threshold, a 4b final state generally becomes the dominant decay mode. However, this final state
would have to overcome significant QCD backgrounds, so that requiring one A to decay to a uu pair will allow one to
use the dimuon invariant mass as a discrimination between the signal and the background. CMS has searched for this
decay topology in the mass range my € [25 — 65] GeV, thus exploiting standard particle reconstruction algorithms
due to the non boosted regime of the decay products. The limit on the equivalent 47 cross section ranges from 40 to
100 pb [9].

III. IMPACT ON MULTI HIGGS MODELS

We now show how these constraints affect the parameter space of two specific multi Higgs models, namely the Two
Higgs Doublet Model (2HDM) and the Next to Minimal Supersymmetric Standard Model (NMSSM). For the latter
we consider both the standard Z3 invariant realisation as well as a non-Z3 invariant variation, called new Minimal
Supersymmetric Standard Model (nMSSM). We refer the reader to [I0] and [IT] [I2] respectively for revies of the
2HDM and NMSSM/nMSSM scenario. We have scanned the NMSSM parameter space by using the NMSSMTools [13]
code and imposing Higgs measurements constraints both via the HiggsSignals [14] and HiggsBounds [I5] packages,
with both weak scale input parameters and universal parameters defined at the GUT scale, while we have exploited
the 2HDMC [I6] routine for scans in the 2HDM parameter space.

Our findings are presented in Fig. [l and Fig. [2| were we show the reach of the most relevant 8 TeV low mass scalar
searches on the NMSSM/nMSSM and 2HDM parameter space respectively, considering the cases where both the
lightest and next-to-the lightest CP-even scalar (h; and hg) can be identified with the SM Higgs boson (note that in
the case of the nMSSM, the SM Higgs boson always correspond to hs in the region with a light a1 [12]).

The results show that a combination of the searches described in Sec. [[TI] are able to exclude portions of both the
NMSSM and 2HDM parameter space, limited to the case of type II Yukawa coupling for the latter, for A bosons with
a mass smaller than 10 GeV, leaving however the region with m 4 > 10 GeV almost unconstrained for the 2HDM and
NMSSM scenario, while no constraint is imposed in the nMSSM case, due to the dominance of the a; — x{x{ decay
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channel direct consequence of the almost singlino nature of both a; and the lightest SUSY particle x{. A sensitive
increase of the experimental sensitivity is expected during the present run of the LHC, which will then further test
the existence of of low mass bosons in multi Higgs model.

Observed exclusion hmlts (\/— =8TeV) Observed exclusion limits (Vs = 8 TeV)
R L R I ST R T T I e e e e e e e e e e
A nggsSlgnals/Boundi (hi2s = hi) 4 E B 1A:mg £1TeV,Mjp ~1TeV
+NMSSMTools (his =h1) ] A ® 1B:my ~4TeV, Mip <500GeV
v HiggsSignals/Bounds (25 = /) 10° —— CMS HIG-14-019 (47)
¥+ NMSSMTools (125 = h) B F CMS HIG-14-022 (47)
—— CMSHIG-14-0194 &  p2eo-soooooonoo oo —— ATLAS HIGG-2014-02 (272)
CMS HIG-14-022 (47) N
—— ATLAS HIGG-2014-02 (222p1) H
CMS HIG-15-011 (2221) E
—— CMS HIG-14-041 (2b2y)

[osm

PATIT  wrwr wT) r rrw

6 X BR (hias — 2a; — 47) [pb]

o X BR (hy — 2a; — 47) [pb]
[ 5
-%
|
i 1
|
T EREERETTTY BRI R

107 i BEL ‘&  Relaxed constramts =

;
10 20 40 50 60
My, [GeV]

FIG. 1: Plots of o x BR(hSM — 2A — 471) versus mg, for various Higgs assignments in the NMSSM. The left panel refers to
the Z3 invariant NMSSM with weak scale input parameters, while the right plot refers to the nMSSM with GUT scale input
parameters. We refer to [3] for details of the scan constraints indicated in the plot.
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FIG. 2: Plots of o x BR(hSM — 2A — 471) versus m for various Higgs assignments in the 2HDM. The left panel refers to the
case of type I Yuakwa coupling, while the right plot refers with type II Yukawa couplings. We refer to [3] for details of the scan
constraints indicated in the plot.

IV. CONCLUSIONS

In this talk we have assessed the status of direct searches for a light neutral Higgs boson in popular BSM scenarios
with two Higgs doublets, with a mass ranging from 0.25 to 60 GeV, i.e. in a mass region where the recently discovered
125 GeV Higgs boson could decay into a light scalar, giving then rise to 4 SM fermions final state topology. Specifically
we have established that a combination of the aforementioned searches is able to exclude portions of the NMSSM and
2HDM parameter space with m4 < 10 GeV, leaving however the high mass region unconstrained, while no constraints
can be imposed for the nMSSM case. We expect the analyses that will be performed during the present run of the
LHC to greatly improve the reach on the described channels, thus further testing the existence of low mass scalar
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bosons.
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