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1. Introduction

The recent discovery of the 125 GeV resonance at the LH@ [, 2] leads the searches for
physics Beyond the Standard Model (BSM) to a crucial point: despite itsdogpatibility with
the SM prediction reinforces the robustness of the latter, still we know thaBhkhis an effective
theory which is missing particular ingredients such as neutrino masseiyget (e.g., sed][3] for
details). In this regard, the LHC is the only chance to explore concrete t@&idcale extensions in
the near future. Among the options, one popular set is represented sypgbesymmetric (SUSY)
scenarios, and much effort has been devoted in this direction by theploggnmunity. However,
in the less favourable situation, the scale of energy at which this kind afiésezan be fully probed
could be well beyond the LHC capability. If this occurs then the only poaafihdirect” SUSY
detection is through the profiling of the Higgs sector.

Moreover, the main feature of any SUSY potential is to have at least twosHiggblets set in
the so-called type-Il configuration (e.g., sBle [4]), and the peculiariytef-Higgs-doublet model
(2HDM) is that a charged scalar is contained in the particle specfjum f&}eTore, the discovery
of a charged Higgs boson would demonstrate the existence of a non-miniggd pbtential. In
a minimal approach, this would be interpreted as the presence of more thadiggs doublet
and possibly (but not necessarily) an underlying SUSY nature of thetse. Furthermore, it is
known [§] that quantum corrections will lead to the mixing between scalat@aseudoscalar in
a SUSY tree-level potential, and this mechanism will produce an effecigi@lating potential.
Following these motivations, we consider the scope for the LHC to discasrearged Higgs which
stems from an explicitly CP-violating 2HDM with type-Il Yukawa couplings, is@sation with
the lightest neutral Higgs and a charged vector boson, with the formayidecinto the lightest
neutral Higgs and a secoWdl boson. The final state altogether yieldbW W~ signature, of
which we exploit thaV+W— semileptonic decay$][7].

2. The Model

In this Section, we describe the parametrisation of the CP-violating 2HDM wigle-Ty
Yukawa couplings. The Higgs sector is defined by the presence of twgsHigublets, with one
(d,) coupled to thau-type quarks, and the othe®{) to thed-type quarks and charged leptons, in
analogy with the Minimal Supersymmetric Standard Model (MSSM).

Following [8,[9], we take the scalar potential to be

V= %(q’lq’l)ZJr%(¢;¢2)2+/\3(¢I¢1)(¢£¢2)
T T 1
+ Aa(P1P2)(P,P1) + >

_ %{m%l(qf{d)l)—k {”ﬁz(‘blq’Z)‘Fh-C-} +m§2(q’;¢2)}’

[As(q:}cpz)? + h.c.} (2.1)

where A5 and m%z are complex parameters which trigger the mixing between CP-violating and
CP-conserving components. Following the parametrisatiop p{]30, 113tavefrom 8 degrees of
freedom: 3 of them are the would-be Goldstone components of the maasige gosons, then we
are left with 5 Higgs bosong, Hp, Hz andH®*. Then, the whole parameter space is described
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by 8 parameters: tgh (ratio of VEVS), sing; (mixing parameters, with= 1, 3), M1 (mass oHy),
M, (mass ofHy), My= (mass ofH*), u (combination of Lagrangian mass parameters and VEVS:
u? = Ren?,/(2cosBsinB)).

We remark that CP violation potentially modifies the structure of any Higgs interatience
also the Yukawa couplings are affected. For a complete treatment we inviteatier to consult
reference[[[7] (and references therein).

3. The Charged Higgs boson profile

The multi-dimensional type-Il 2HDM parameter space is severely restrigtedariety of
theoretical T) and experimental) constraints, which are listed in the following:

T: positivity, tree-level perturbative unitarity, perturbativity, global pdigl minimum.

E: B— Xsy, By — Tvr, B— D1y, D — vy, Bys — putu—, BY—B° (the SM predictions for
the flavour observables are obtained using Superlso Y34 T2, R3]pp — H;X (LHC
constraints);T andS (EW precision tests), Electron Electric Dipole Moment (EDM).

After a detailed analysis of the surviving parameter space, we havedefiset of benchmark
points which is collected in Tab[é [ [7], with a preference for points wittBtanc'(1).

ar/mt| ap/m | az/m | tanB | My | M, M
P | 023 0.06 | 0.005 1 300 | 300,325
P | 035 | —0.014| 0.48 1 300 | 300,415
P; | 0.35 | —0.015| 0.496 1 350 | 300,450
P, | 0.35 | —0.056| 0.43 1 400 | 300,455
P | 033 | -021 | 0.23 1 450 | 300,470
Ps | 0.27 | —0.26 | 0.25 1 500 | 300,340
P, | 0.39 | —0.07 | 0.33 2 300 | 300,405
Ps; | 034 | —0.03 | 0.11 2 400 | 300,315

Table 1: Benchmark points selected from the allowed parameter spheaM; = 125 GeV. MasseM,
and allowed range d¥l,+ are in GeV, andu is set to 200 GeV.

As an example, let us considBg and profile the charged Higgs by studying the branching
ratios (BR) of the main decay channels and the production cross sectiommsder to perform
the computation, the model has been implemented via Lanfl§P [14] into CaldFHER [t the
left frame of Figurd]1, we show the BR of the most important charged Higgaydchannelslf,
WH, tsandWH,), from which it is possible to conclude that the decay madeandW H; lie
in the rangeBR~ 0.1 — 1. From the right frame of Figulg 1, instead, we see that the dominant
production mechanisms are via top associatgm-¢ tt — H*bf(H "tb)) and gluon fusiondg —
H, — H*WT, wherei = 1,3), and for allowed masses of the charged Higgs the cross section is
o ~ 0(10%) fb. We have verified that this is mostly true for all the benchmarks.

1The implementation of the loop-induced Higgs couplings was made via lnmb@@]. As for the implementation
of the Goldstone and ghost sectors of the model Ee [17].
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Figure 1: BRs (left frame) and production cross section (right framiea charged Higgs boson plotted
against its mass. The choice of parameters correspondstbimark poin®s of Table 1.

Since we established that the production and decay modes may differ abynastactor
~ ¢'(10) and considering the fact that it is very difficult to extract any fermiospagted process
from the largegg — tt background at the LHC, we decided to pursue the strategy of analysing th
pure boson-associated charged Higgs signal.

4. Phenomenological strategies

We studied the procegg — H; — HT¥WT combined with the decay mod&™ — W*H;, with
the neutral Higgs further decayingb-pairs and th&V pair taken to decay semi-leptonically (this
allows for a full reconstruction of the event and for a final state whicHdarer than the fully
hadronic decay mode). We analysed the Gaussian significaneeS(/B) of such process at
the LHC with a hadronic centre-of-mass energy/ &= 14 TeV and an integrated luminosity of
Yt = 100 fb~1. For each benchmark point; 20* unweighted events were produced. Regarding
the t background, 4-10° unweighted events (with generation cuts) have been simulated. For
emulating a real LHC-prototype detector, a Gaussian smearing was inclutidtmto account
the electromagnetic energy resolution of®'+/E and the hadronic energy resolution o50VE.

We next describe the overall strategy for the background reductomegdure. A first set of cuts
includes typical detector kinematic acceptances and standard intermed&terebonstruction,
such asV — jj andH; — bb (cuts 1-3 in [[r]). Further, &(anti)quark reconstruction is used as
“top veto” (cut 4 in [T]). Guided by the consideration that guark pair stemming from the Higgs
boson is boosted (unlike the almost back-to-back pair ftfjmmwe define the last cut of this first
set (cut 5 in [[7]). After these rather generic cuts are imposed, moraldigised selections can
improve the significance.

The main consideration of the following analysis is that the charged Higgs caassquiva-
lently be reconstructed by either the invariant mass of the four jets 23), M(bbjj), or the trans-
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Figure 2: Fs. Number of events with?,,; = 100 fb~! at \/s = 14 TeV vsM(bbjj) for signal (coloured
histograms) antf-quark background (black). Red (green) correspondd,jo = 310 (390) GeV.

verse mass of thiejets, the lepton and the MEW}y (bbév). Let's focus on thév(bbjj)-Mr (bb/v)
plane: for the signal, either of the two variables will always reconstrcttirect charged Higgs
boson mass, thus producing a cross-like shape in the plane definedtiyptitasses. In contrast,
the background events accumulate-a2m. The presence of long tails for the signal towards re-

gions where the top background is heavily reduced allows us to introdtsiagie” cut on the
aforementioned plane:

“single cut”: Csng = Mr(bbfv) > Mi, . (4.1)

The single cut of Equatior] (4.1) is applied only bk (bb/v) because the reduction of the top
background is higher than if compared to a similar cut orMiiebj j) for the same numerical value

of Mjim. If a further selection is imposed, restricting the evaluation of the signaHmaekground
to the peak-region only, i.e.

peak cut: IM —Mp=| < 50 GeV, (4.2)

then the significance is optimised by imposilly,, = 600 GeV. As for the specific case B,
whenMy+ = 310 (390) GeV the number of surviving eventsd3.3 (53.4) and the significance
isY=5.2(11.8).

In Figure[R we plot the number of integrated events as a functiav (@bjj) for both the
signal and the background witfiy+ = 310 GeV (left frame) antly+ = 390 GeV (right frame),
from which we see that the cutting strategy allowed us to extract a signaitett background.

5. Conclusion

We have reviewed a set of benchmarf§s [7] for the CP-violating 2HDM wjtheTll Yukawa
interactions to be investigated at the LHC by exploiting the chappels H*WT — WFW~bb.
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These points all havél; = 125 GeV, low tarB, they all violate CP, and allow for a range of
charged-Higgs masses.

A set of cuts is proposed with the aim of reducing thbackground to a tolerable level, and
allowing for the detection of a signal in théW — jj /v channel. Many of the proposed benchmark
points lead to enhanced*WT production cross sections due to resonant productioklyiar Hs
in thes-channel.

Finally, we have shown an explicit example of this successful strategy wpplied to the
benchmark poinBs. In all generality, we conclude that this procedure helps in the isolation of a
signal stemming from a charged Higgs boson which is only associated to aodlsector bosons
(both in production and decay).
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