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Abstract

The search for heavy Higgs bosons at the LHC represents an intense experimental program, carried out 
by the ATLAS and CMS collaborations, which includes the hunt for invisible Higgs decays and dark matter 
candidates. No significant deviations from the SM backgrounds have been observed in any of these searches, 
imposing significant constraints on the parameter space of different new physics models with an extended 
Higgs sector. Here we discuss an alternative search strategy for heavy Higgs bosons decaying invisibly at 
the LHC, focusing on the pair production of a heavy scalar H together with a pseudoscalar A, through 
the production mode qq̄ → Z∗ → HA. We identify as the most promising signal the final state made up 
of 4b + Emiss

T
, coming from the heavy scalar decay mode H → hh → bb̄bb̄, with h being the discovered 

SM-like Higgs boson with mh = 125 GeV, together with the invisible channel of the pseudoscalar. We 
work within the context of simplified MSSM scenarios that contain quite heavy sfermions of most types 
with O(10) TeV masses, while the stops are heavy enough to reproduce the 125 GeV mass for the lightest 
SM-like Higgs boson. By contrast, the gauginos/higgsinos and the heavy MSSM Higgs bosons have masses 
near the EW scale. Our search strategies, for a LHC center-of-mass energy of 

√
s = 14 TeV, allow us to 

obtain statistical significances of the signal over the SM backgrounds with values up to ∼1.6σ and ∼3σ , 
for total integrated luminosities of 300 fb−1 and 1000 fb−1, respectively.
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1. Introduction

The discovery at the LHC of a SM-like Higgs boson [1,2], with the most recent measurement 
of its mass set at mhSM = 125.09 ±0.21 (stat.) ±0.11 (syst.) GeV [3], has been a major confirma-
tion of the standard model of particle physics (SM). The experiments reveal that the Higgs boson 
mass value agrees quite well with the range preferred by the analysis of electroweak precision 
tests [4,5], and the spin, parity, and some of its couplings to the SM particles do not show devi-
ations from the standard expectations [6]. Further studies of the Higgs couplings are required in 
order to test more precisely its SM nature [7,8], or to find evidence of physics beyond the SM 
(BSM). In fact, the LHC has already provided important bounds on the scale of new physics [9].

A clear evidence of BSM physics would be doubtlessly the existence of new Higgs bosons, 
as predicted in some of the simplest extensions of the SM: the general two-Higgs-doublet mod-
els (2HDM) (for a review, see, e.g., [10]) or the Higgs sector of the minimal supersymmetric 
standard model (MSSM) (for reviews, see, e.g., [11,12]). Within these classes of models, the 
extended Higgs sector includes five Higgs physical states: two CP-even bosons (one light scalar 
h and one heavy scalar H ), as well as one CP-odd boson (the pseudoscalar A) and a charged 
Higgs bosons pair (H±). In this context, the lightest Higgs boson h is usually identified with the 
discovered SM-like Higgs boson of 125 GeV and there is an intense experimental program, per-
formed by the ATLAS and CMS collaborations, in order to search for the remaining heavy Higgs 
bosons at the LHC, that depends on the different Higgs decay channels considered. The heavy 
neutral Higgs bosons H and A are being looked for through their decay modes into vector and/or 
SM-like Higgs bosons (γ γ [13–17], Zγ [18,19], ZZ [20,21], W+W− [21,22], Zh [23–26], 
and hh [25,27–35]), into charged-lepton pairs (μ+μ− [36] and τ+τ− [37–44]), and into heavy-
flavor quarks (bb̄ [45] and t t̄ [46]). Meanwhile, the charged Higgs bosons are searched for in the 
H± → W±Z [47,48], H± → τ±ν [49–52], and H± → tb [51,53] decay channels. No signif-
icant deviations from the SM backgrounds have been found in any of these searches, imposing 
important constraints on the parameter space of simplified models of extended Higgs sectors, as 
the so-called hMSSM [54–58], but without taking the possibility of invisible Higgs decays into 
account.

On the other hand, the presence of invisible Higgs decays, which would be another clear 
signal of new physics, is very well-motivated and predicted in many extensions of the SM, such 
as the MSSM (for a review, see, e.g., [59]). The searches for these exotic decays at the LHC are 
centered on the production of an invisibly decaying Higgs boson via gluon fusion [60], vector 
boson fusion [60–63], and in association with a vector boson [60,61,63–66]. These searches are 
also carried out considering the production of dark matter candidates in association with a vector 
boson [66,67], with a Higgs boson [68–73], or with heavy-flavor quarks [74,75]. As it happens 
with the searches for heavy Higgs bosons, no significant excesses have been observed over the 
SM backgrounds in these invisible decay searches and limits are placed on the parameter spaces 
of the different models, production cross sections, and invisible branching ratios.

It is worth to stress that none of the searches listed above considers the heavy Higgs boson 
pair production. With the aim to explore this production mechanism, we analyze in a jointed 
framework the invisible heavy Higgs decays together with the decays into SM particles as final 
products. In particular, this combination represents a probe of the coupling between two heavy 
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