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1. Introduction

One of the main goals of the LHC is the identification of the mechanism of electroweak sym-
metry breaking. The most frequently investigated models are the Higgs mechanism within the
Standard Model (SM) and within the Minimal Supersymmetric Standard Model (MSSM). Con-
trary to the case of the SM, in the MSSM two Higgs doublets are required. This results in five
physical Higgs bosons. These are the light and heavyC P-even Higgs bosons,h andH, theC P-
odd Higgs boson,A, and the charged Higgs bosons,H±. The Higgs sector of the MSSM can be
specified at lowest order in terms of the gauge couplings, theratio of the two Higgs vacuum ex-
pectation values, tanβ ≡ v2/v1, and the mass of theC P-odd Higgs boson,MA. Consequently,
the masses of theC P-even neutral and the charged Higgs bosons as well as their production and
decay characteristics are dependent quantities that can bepredicted in terms of the Higgs-sector
parameters, e.g.M2

H± = M2
A + M2

W, whereMW denotes the mass of theW boson. Such tree-level
results in the MSSM are strongly affected by higher-order corrections, in particular from the sec-
tor of the third generation quarks and squarks, so that the dependencies on various other MSSM
parameters can be important, see e.g. Ref. [1] for reviews.

Here we review [2] the 5σ charged MSSM Higgs discovery contours at the LHC for the two
casesMH± < mt andMH± > mt within theC P-conservingmmax

h scenario [3, 4]. The results are
displayed in theMH±–tanβ plane. The respective LHC analyses are given in Ref. [5] for ATLAS
and in Refs. [6,7] for CMS. However, within these analyses the variation with relevant SUSY
parameters as well as possibly relevant loop corrections inthe Higgs production and decay [4]
have been neglected. Earlier analyses can be found in Ref. [8].

2. Combined analysis

The analysis of the variation with respect to the relevant SUSY parameters of the 5σ dis-
covery contours of the charged Higgs boson has been performed in Ref. [2]. The results have been
obtained by using the latest CMS analyses [6,7] (based on 30 fb−1) derived in a model-independent
approach, i.e. making no assumption on the Higgs boson production mechanism or decays. How-
ever, only SM backgrounds have been considered. These experimental results are combined with
up-to-date theoretical predictions for charged Higgs production and decay in the MSSM, taking
into account also the decay to SUSY particles that can in principle suppress the branching ratio of
the charged Higgs boson decay toτντ .

The main production channels at the LHC are

pp→ tt̄ + X, tt̄ → t H−b̄ or H+b t̄, (2.1)

gb→ H−t or gb̄→ H+t̄ . (2.2)

The decay used in the analysis to detect the charged Higgs boson is

H± → τντ → hadronsντ . (2.3)

The “light charged Higgs boson”is characterized byMH± < mt . The main production channel
is given in eq. (2.1). Close to threshold also eq. (2.2) contributes. The relevant (i.e. detectable)
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decay channel is given by eq. (2.3). The experimental analysis is based on 30 fb−1 collected with
CMS. The events were required to be selected with the single lepton trigger, thus exploiting the
W → ℓν decay mode of aW boson from the decay of one of the top quarks in eq. (2.1). More
details can be found in Refs. [2,6].

The “heavy charged Higgs boson”is characterized byMH± >∼ mt . Here eq. (2.2) gives the
largest contribution to the production cross section, and very close to threshold eq. (2.1) can con-
tribute somewhat. The relevant decay channel is again givenin eq. (2.3). The experimental analysis
is based on 30 fb−1 collected with CMS. The fully hadronic final state topology was considered,
thus events were selected with the singleτ trigger at Level-1 and the combinedτ-Emiss

T High Level
trigger. The backgrounds considered werett̄, W±t, W± + 3 jets as well as QCD multi-jet back-
ground [9–11]. The production cross sections for thett̄ background processes were normalized to
the NLO cross sections [12]. More details can be found in Refs. [2,7].

For the calculation of cross sections and branching ratios we use a combination of up-to-
date theory evaluations. The interaction of the charged Higgs boson with thet/b doublet can be
expressed in terms of an effective Lagrangian [13],

L =
g

2MW

mb

1+ ∆b

[

√
2Vtb tanβ H+t̄LbR

]

+h.c. (2.4)

Here mb denotes the running bottom quark mass including SM QCD corrections. ∆b ∝ µ tanβ
depends on the scalar top and bottom masses, the gluino mass,the Higgs mixing parameterµ and
tanβ . The explicit expression can be found in Refs. [4,14].

For the production cross section in eq. (2.1) we use the SM cross sectionσ(pp → tt̄) =

840 pb [12] times the BR(t → H±b) including the∆b corrections described above. The produc-
tion cross section in eq. (2.2) is evaluated as given in Ref. [15]. In addition also the∆b corrections
of eq. (2.4) are applied. Finally the BR(H± → τντ) is evaluated taking into account all decay
channels, among which the most relevant areH± → tb,cs,W(∗)h. Also possible decays to SUSY
particles are considered. For the decay totb again the∆b corrections are included. All the numeri-
cal evaluations are performed with the programFeynHiggs [16], see also Refs. [17,18].

3. Numerical results

The numerical analysis has been performed [2] in themmax
h scenario [3,4] forµ =−1000, -200,

+200,+1000 GeV. In Fig. 1 we show the results for the variation of the5σ discovery contours for
the light (left plot) and the heavy (right plot) charged Higgs boson, where the charged Higgs boson
discovery will be possible in the areas above the curves shown in the figure. The top quark mass
is set tomt = 175 GeV. The thick (thin) lines correspond to positive (negative) µ , and the solid
(dotted) lines have|µ | = 1000(200) GeV.

Concerning the light charged Higgs case, the curves stop at tanβ = 60, where we stopped
the evaluation of production cross section and branching ratios. For negativeµ very large values
of tanβ result in a strong enhancement of the bottom Yukawa coupling, and for ∆b → −1 the
MSSM enters a non-perturbative regime, see eq. (2.4). The search for the light charged Higgs
boson covers the area of large tanβ andMH± <∼ 130. . .160 GeV. The variation withµ induces
a strong shift in the 5σ discovery contours. This corresponds to a shift in tanβ of ∆ tanβ = 15
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Figure 1: Discovery reach for the light (left) and heavy (right) charged Higgs boson in theMH±–tanβ plane
for themmax

h scenario [2].

for MH± <∼ 110 GeV, rising up to∆ tanβ = 40 for largerMH± values. The discovery region is
largest (smallest) forµ =−(+)1000 GeV, corresponding to the largest (smallest) production cross
section.

We now turn to the heavy charged Higgs case. ForMH± = 170 GeV, where the experimental
analysis stops, we find a strong variation in the accessible parameter space forµ =−(+)1000 GeV
of ∆ tanβ = 40. It should be noted in this context that close to threshold, where both production
mechanisms, eqs. (2.1) and (2.2), contribute, the theoretical uncertainties are somewhat larger than
in the other regions. Furthermore, for relatively lowMH± the compensation of the∆b effects from
production and decay is not strong, leading to a larger variation with ∆b. ForMH± = 300 GeV the
variation in the 5σ discovery contours goes from tanβ = 38 to tanβ = 54. Forµ = −1000 GeV
and larger tanβ values the bottom Yukawa coupling becomes so large that a perturbative treatment
would no longer be reliable in this region, and correspondingly we do not continue the respective
curve(s). Detailed explanations about the shape of theµ = +1000 GeV curve forMH± ≈ 300 GeV
can be found in Ref. [2].
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Figure 2: Discovery reach for the charged
Higgs boson of CMS with 30 fb−1 in the MA–
tanβ plane for the mmax

h scenario for µ =

±200,±1000 GeV in comparison with the re-
sults from the CMS PTDR [19] (see text), ob-
tained forµ = +200 GeV and neglecting the∆b

effects [2].

In Fig. 2 we show the combined results for the 5σ discovery contours for the light and the
heavy charged Higgs boson, corresponding to the experimental analyses in themmax

h scenario. They
are compared with the results presented in the CMS PTDR [19],now shown in theMA–tanβ plane.
The thick (thin) lines correspond to positive (negative)µ , and the solid (dotted) lines have|µ | =
1000(200) GeV. The thickened dotted (red/blue) lines represent the CMS PTDR results, obtained
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for µ = +200 GeV and neglecting the∆b effects. Apart from the variation in the 5σ discovery
contours with the size and the sign of|µ |, two differences can be observed in the comparison with
the PTDR results. For the light charged Higgs analysis the discovery contours are now shifted to
smallerMA values, for negativeµ even “bending over” for larger tanβ values. The reason is the
more complete inclusion of higher-order corrections to therelation betweenMA andMH± that is
included inFeynHiggs as compared to the calculation used for the CMS PTDR. The second
feature is a small gap between the light and the heavy chargedHiggs analyses, while in the PTDR
analysis all charged Higgs masses could be accessed. Possibly the heavy charged Higgs analysis
strategy exploiting the fully hadronic final state can be extended to smallerMA values to completely
close the gap. For the interpretation of Fig. 2 it should be kept in mind that the accessible area in
the heavy Higgs analysis also “bends over” to smallerMA values for larger tanβ , thus decreasing
the visible gap in Fig. 2.

4. Theory uncertainties

The prediction of the charged Higgs production cross section is subject to theory uncertainties,
∼ 6.5% in the low mass case and<∼ 20% in the high charged Higgs mass range, see Ref. [2] for
details and a complete list of references. Furthermore theO(αs) corrections entering via∆b have
been estimated to yield an intrinsic uncertainty of<∼ 20%. These theory errors have an effect on the
5σ discovery contours analyzed in the previous section. In Fig. 3 we show the corresponding 5σ
discovery contours as a function ofMH± in the case of low (high)MH± in the left (right) plot. The
dark (light) shaded band have been obtained for positive (negative)µ , and the solid lines represent
the central values. In the lowMH± case the two bands show substantial overlap, separating only
for the highestMH± values. In the highMH± case the two bands overlap forMH± >∼ 280 GeV. This
shows that the effects of the current level of theory uncertainties can be at the same level as the
effect of the variation of the sign and size ofµ .
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Figure 3: The 5σ discovery contours as a function ofMH± including theory uncertainties (see text).

Consequently, turning the argument around and assuming a charged Higgs boson signal at the
LHC, the theory uncertainties play an important role. In order to arrive at a reliable interpretation
of a signal of the charged MSSM Higgs boson at the LHC a strong reduction in the relevant theory
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uncertainties as outlined above is necessary. Only then an analysis in terms of underlying model
parameters can be performed.
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