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Abstract. The searches for supersymmetric and beyond Standard Model Higgsboson with the ATLAS detector
are presented. The results are based on integrated luminosity of 35 pb−1 to 1.6 fb−1 of proton-proton collision data
recorded at a centre-of-mass energy of 7 TeV at LHC. No signal is observed in any of the investigated channel
and exclusion limits on production cross-sections are given as function of Higgs boson mass and of minimal
supersymmetric model parameters.

1 Introduction

Discovering the mechanism responsible for electroweak
symmetry breaking and the origin of mass for elementary
particles is one of the primary goals of the physics pro-
gram of the ATLAS experiment [1]. In the Standard Model
(SM), this mechanism requires the existence of a scalar
particle, the Higgs boson [2], which couples both to bosons
and fermions. In severalfermiophobic extensions of SM
[3] the Higgs field couplings to some or all fermion gen-
erations are strongly suppressed or absent, altering the ex-
pected Higgs boson production and decay characteristics.
For theminimal supersymmetric extension to the Standard
Model (MSSM) [4] two Higgs doublets of opposite hy-
percharge are required, resulting in five observable Higgs
bosons. Three of these Higgs bosons (the CP evenh, H,
and the CP oddA) are electrically neutral, while two are
charged (H±). Further, theleft-right symmetric models [5],
the Higgs triplet models [6] and thelittle Higgs models
[7] predict existence of doubly charged Higgs bosons. In
this paper, we report ATLAS results of searches for Higgs
bosons in scenarios beyond the Standard Model.

2 Fermiophobic Higgs boson

The fermiophobic Higgs boson production and decay are
characterized by absence of coupling to the fermions. In
this case, the decay ofH → γγ is strongly enhanced, in
particular for low Higgs boson masses (mH). The analysis
follows the ATLAS Standard ModelH → γγ search [8],
asking for two energetic photons with transverse momenta
pT greater than 40 and 25 GeV, respectively. Then the di-
photon invariant mass is analysed in three ranges of the
transverse momentum of the photon pair. The three ranges
are fitted simultaneously for Higgs boson mass hypothesis
in the range of 110 GeV to 130 GeV [9]. The integrated
luminosity of 1.08 fb−1 is used. The background consists
mainly of di-photon production and misidentified photon-
jet events. No significant excess is observed as shown in
the exclusion limits presented in Fig. 1. There the Higgs
boson cross-section is calculated according to [3]. The mass
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Fig. 1. Exclusion limits for a fermiophobic Higgs boson normal-
ized to the fermiophobic cross-section times branching ratio ex-
pectation as a function of the Higgs boson mass hypothesis [9].
The integrated luminosity of 1.08 fb−1 is used.

ranges 110-111 GeV and 113.5-117.5 GeV are excluded at
95% CL1.

3 MSSM Higgs bosons searches

In the MSSM, the strength of the effective Higgs boson
couplings to fermions and gauge bosons is different from
those in the Standard Model. The Higgs boson production
proceeds mainly via gluon fusion or in association withb
quarks, where the latter is enhanced by tan2 β and thus be-
comes more important for large values of tanβ. While de-
cays toZZ or WW are dominant in the Standard Model for
Higgs boson masses above 140 GeV, in the MSSM these
decay modes are either suppressed by cos2(β−α), whereα
is the mixing angle of the twoCP-even Higgs bosons, for
theH boson or even absent for theA boson. Forh boson the
coupling is reduced by sin2(β − α). In particular, the cou-
plings of the Higgs bosons to the third generation down-
type fermions is strongly enhanced for large region of the
MSSM parameters space. Hence the decays of the neutral
Higgs bosons into a pair of tau leptons and decays of the

1 The modified frequentist method [10] for upper limit calcu-
lationsCLs is used for all results reported here.
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charged Higgs boson to tau lepton and tau neutrino are
ones of the most promising channels. The difficult part is
the reconstruction of the tau lepton decay products, which
have lowerpT due to escaping neutrinos and suppression
of the jet background to hadronic tau decays (τh). In case
of leptonic tau decays, the electrons and muons from tau
typically have lower momenta than prompt leptons, and
therefore are difficult to trigger.

3.1 Neutral MSSM H → ττ

The ATLAS search forA/H/h → ττ [11] is done in four
final states according to decays of tau leptons:eµ4ν, eτh3ν,
µτh3ν, τhτh2ν using 1.06 fb−1, whereτh is a hadronic tau
decay. These final states have branching ratios of 6%(eµ),
23%(µτh), 23%(eτh) and 42%(τhτh). To compensate for
the neutrinos which escape undetected, various estimates
of the invariant mass are used. Forτhτh channel the invari-
ant mass of the detected products,visible mass, is used.
The effective mass calculation is used in theeµ channel,
where missing momentum is added to visible decay prod-
ucts of taus. In case of lepton andτh combination themiss-
ing mass calculator technique pioneered at Tevatron is de-
ployed, see [12] for details. The dominant background is
Z boson production in the channels with an electron or a
muon in the final state, whileτhτh is mainly polluted by
events with many jets (QCD) as well as events withZ bo-
son andW+jets.

No signal is observed in data of 1.03 fb−1 in any of
the channels and the exclusion limits at the 95% CL are
set on the production cross-section times branching ratio
of a generic Higgs bosonφ as a function of its mass, see
Fig. 2. The cross-sections are calculated according to [13].
The cross section limit is evaluated for signal acceptances
of two different production processes,gg→ φ and b-quark
associated production which can differ from the SM Higgs
boson by the coupling strength. Theeτh, µτh final states
provide the most stringent limit over a large part of the
accessible Higgs boson mass range. Theeµ and τhτh fi-
nal states lead to improvements of the exclusion limits for
small and large Higgs boson masses, respectively. For the
MSSM the limits on the production of neutral Higgs bosos
A/H/h are set as a function of the parametersmA and tanβ
for themmax

h scenario and Higgsino mass parameterµ > 0,
see Fig. 3.

3.2 Charged MSSM H → τν

The charged Higgs boson with mass lower than the mass of
the top quark is searched for in top quark pair production
where one of top quark decaying ast → H+b,H → τν.
The following final states are considered :

1. Both tau and second top quark decaying hadronically
[14],

2. Both tau and second top quark decaying leptonically
[15],

3. tau decaying leptonically and second top quark decay-
ing hadronically [15].

In first case, the signal is searched for using the trans-
verse mass of the tau candidate and the missing momentum
[14]. The dominant top quark andW+jet backgrounds are
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Fig. 2. Expected and observed limits at 95% CL on the produc-
tion cross section times branching ratio for a generic Higgs boson
[11].
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Fig. 3. Expected and observed exclusion limits in themA − tanβ
plane of the MSSM derived from the combination of the analyses
for theeµ, lτh andτhτh final states. The region above the drawn
limit curve is excluded at the 95% confidence level. [11].

estimated using event topology similar to the signal, but
with muon instead of the tau in the final state. The recon-
structed muon is then replaced by simulated tau decaying
hadronically, where tau momentum set equal to the recon-
structed muon momentum. The multi-jet background is es-
timated using control region by reverting tau identification
and b-tagging requirements.

In two latter cases, the signal is searched for using the
invariant mass ofb-quark and electron or muon coming
from the same top-quark and a Higgs boson candidate trans-
verse mass by performing maximization of the invariant
mass over possible values for neutrino momenta in each
event [15]. These variables allow additional discrimination
over the backgrounds consisting mainly of top quark pairs.
In both channels the data agree well with Standard Model
expectations.

No excess is observed in 1.03 fb−1 in either of three
channels and the upper limits on cross-section multiplied
with branching ratioBr(t → Hb) · Br(H → τν) are set
as shown in Fig. 4 and 6. The upper limits for charged
Higgs boson production from top decays as function of
MSSM parametersmA and tanβ are given on Fig. 5 and
7. Although the presence of leptons in final state allows
to suppress backgrounds significantly, the statistics in case
of hadronic tau decay is higher, which results in lower up-
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Fig. 4. Expected and observed 95% CL exclusion limits for
charged Higgs boson production from top quark decays hadronic
tau decays in final state, obtained for integrated luminosity of
1.03 fb−1. Results are shown as a function ofmH+ in terms of
BR(t → H+b) × BR(H+ → τ+ν) [14].

 [GeV]+Hm

90 100 110 120 130 140 150 160

β
ta

n
 

0

10

20

30

40

50

60
Expected Limit

σ 1±Expected 
σ 2±Expected 

Observed Limit
σ 1 ±Observed, 

theor. uncertainties

-1
 L dt= 1.03 fb∫Data 2011   

max
hm

ATLAS Preliminary

Fig. 5. Upper limits for charged Higgs boson production from
top quark decays with hadronic tau decays in final state, obtained
for integrated luminosity of 1.03 fb−1. Results are shown for the
MSSM scenariommax

h in themH+ -tanβ plane [14].

per limits. The combination of all three channels is not yet
available.

3.3 Charged MSSM H+ → cs̄

The ATLAS Collaboration has also performed the search
of charged Higgs boson inH+ → cs̄ channel [16]. Such
decay is an important mode at low values of tanβ < 1 with
Br(H+ → cs̄) near 40% formH+ ≃ 130 GeV. The electron
or muon decays of the second top quark are selected. The
signal has the same characteristics as semi-leptonictt̄, with
the exception of the mass of the two jets fromH+, which
will peak atmH+ , rather thanmW . Both the overall number
of events observed and the shape of the dijet mass spectrum
is analysed. The kinematic fit of the events is performed to
select jets originating from the Higgs boson. The number
of observed events and dijet mass distribution is found in
good agreement with the expectations from the SM and the
limits set on the branching ratioBr(t → H+b), assuming
Br(H+ → cs̄) = 1, see Fig. 8. This result can be used to set
limits for an anomalous scalar charged boson decaying to
dijets in top quark decays, as no model-specific parameters
are used in this analysis.
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Fig. 6. Upper limits onBr(t → bH+) for the combined single-
lepton and di-lepton channels, as a function of the charged Higgs
boson mass, obtained for an integrated luminosity of 1.03/fb and
with the assumption thatBr(H+→ τν) = 1 [15].
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Fig. 7. Upper limits for charged Higgs boson production from
top-quark decays in themH+ -tanβ plane, in the context of the
mmax

h scenario of the MSSM, obtained for an integrated luminos-
ity of 1.03/fb and with the assumption thatBr(H+ → τ+ν) = 1
[15].
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Fig. 8. The extracted 95% C.L. upper limits onB(t → H + b)
from the ATLAS data of integrated luminosity of 35 pb−1 [16] are
compared with the expected results and results from the Tevatron.
The results assumeBr(H+→ cs̄) = 1.



EPJ Web of Conferences

 mass [GeV]±±H

100 150 200 250 300 350 400

) 
[f

b
]

±
µ ±

µ 
→ ±±

 B
R

(H
×)±±

 H±±
 H

→
(p

p
 

σ -110

1

10

210

Observed 95% upper limit
Expected 95% upper limit
68% of Pseudo-Experiments
95% of Pseudo-Experiments

)=100%±µ±µ→±± production, BR(H±±Left-handed H
)=100%±µ±µ→±± production, BR(H±±Right-handed H

ATLAS Preliminary

∫ -1Ldt = 1.6 fb

Fig. 9. Upper limit at 95% CL on the cross section times branch-
ing ratio for pair production of doubly charged Higgs bosons de-
caying to two muons using 1.6 fb−1 of data [17]. Superimposed
is the predicted cross section for left-handed and right-handed
doubly charged Higgs boson production assuming the branching
ratio to muons is 100%.

4 Doubly Charged Higgs boson

Doubly charged Higgs bosons are predicted by a number
of models such as left-right symmetric models [5], Higgs
triplet [6] or little Higgs models [7]. The dominant pro-
duction process of doubly charged Higgs boson is a pair
production via the Drell-Yann processpp → H++H−−.
The search is performed in events with two muons with
the same charge using 1.6 fb−1 [17]. Only coupling values
between 10−5 and 0.5 of theH±± to muons are considered
to ensure a short lifetime (cτ < 10µm) and to ensure that
the relative natural width of the Higgs boson is less than
1%. The data are in good agreement with the background
prediction. The backgrounds at low masses are populated
by non-prompt muons, originating in heavy flavor decay
or decay-in-flight of pions or kaons. The high mass range
has an additional contribution from di-boson production.
No evidence for any resonant production of like-sign di-
muon pairs is observed. Stringent limits are placed onH±±

masses between 295 GeV (375 GeV) for the right-handed
(left-handed) production assumingBr(H±± → µ±µ±) = 1,
see Fig. 9. The details on cross-section calculations could
be found in [17]. Assuming branching ratio of 33% the
corresponding limits become 210 (268) GeV, respectively.

References

1. ATLAS Collaboration, JINST2 (2008) S08003
2. P. W. Higgs, Phys.Lett.12, (1964) 132; Phys.Rev.Lett.

12 (1964) 508; Phys.Rev.145 (1966) 1156; F. Englert
and R. Brout, Phys. Rev. Lett.13 (1964) 321; G. S. Gu-
ralnik, C.R. Hagen and T. W. B. Kibble, Phys. Rev. Lett.
13 (1964) 585.

3. LEP Higgs Working Group, ALEPH Collaboration,
DELPHI Collaboration, L3 Collaboration, OPAL Col-
laboration, arXiv:hep-ex/0107035 [hep-ex].

4. H. P. Nilles, Phys.Rep.110 (1984) 1; H. E. Haber and
G. L. Kane, Phys.Rep.117 (1985) 75

5. G. Senjanovic and R. N. Mohapatra, Phys.Rec.D12
(1975) 1502

6. H. Georgi and M. Machacek, Nucl.Phys.B262 (1985)
463; J. F. Guion, R. Vega, J. Wudka, Phys.Rev.D42
(1990) 1673

7. N. Arkani-Hamedet al., JHEP0208 (2002) 021.
8. ATLAS Collaboration, Phys.Lett.B705 (2011) 452
9. ATLAS Collaboration, ATLAS-CONF-2011-149,

https://cdsweb.cern.ch/record/1397815
10. A. Read, J.Phys.G28 (2002) 2693
11. ATLAS Collaboration, ATLAS-CONF-2011-132,

http://cdsweb.cern.ch/record/1383835
12. A. Elagin, P. Murat, A. Pranko and A. Safonov,

Nucl.Inst.Meth.A654 (2011) 481
13. LHC Higgs Cross Section Working Group,

S. Dittmaier, C. Mariotti, G. Passarino, and R. Tanaka
(Eds.), CERN-2011-002 (CERN, Geneva, 2011),
arXiv:1101.0593 [hep-ph].

14. ATLAS Collaboration, ATLAS-CONF-2011-138,
http://cdsweb.cern.ch/record/1383841

15. ATLAS Collaboration, ATLAS-CONF-2011-151,
https://cdsweb.cern.ch/record/1398187

16. ATLAS Collaboration, ATLAS-CONF-2011-094,
http://cdsweb.cern.ch/record/1367737

17. ATLAS Collaboration, ATLAS-CONF-2011-127,
http://cdsweb.cern.ch/record/1383792


