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1. Introduction

The Higgs boson is a consequence of the Higgs Mecharfjsm [1], reibpfor breaking the
electroweak symmetry and giving mass to the particles of the Standarad (@bdllt is the only
particle predicted by the SM not yet discovered, and to discover or@xdis one of the principal
goals of the ATLAS experimenf][2] at CERN'’s Large Hadron Collidér [3]

The Higgs boson has been searched for in both electron-positronaaindnhcollider exper-
iments. At the Large Electron Positron collider (LEP) at CERN, a Higgs mas@ mass below
114.4 GeV has been excluded at 95% confidence I¢el [4]. At thetrBeveollider at Fermilab,
the Higgs boson is currently being searched for in proton-antiproton icokisat,/s =1.96 TeV
by both the DO and CDF experiments. Combining the results from both expdsmesing an
integrated luminosity of 5.4 fot and 4.8 fo'! respectively, it has been possible to exclude a SM
Higgs boson for a mass-range of 162-166 GeV at 95% confidenddfve

Models for physics beyond the SM often include a non-minimal Higgs sextioh a%.g. the
Minimal Supersymmetric extention of the Standard Model (MSSM) which comthiree neutral
and two charged Higgs bosons. Such Higgs bosons are also sefochedTLAS.

2. The Standard Model Higgs boson

At the LHC, a Higgs boson can be produced (in order of decreasgg-ection) through
gluon fusion ¢g — H), vector boson fusiongfy — qgH) or associated productiogd — WH or
ZH, gg,qq — ttH). Depending on the Higgs boson mass, the decaybtat, yy, WW andZZ
are important for experimental searches. The production cross+seetial branching ratios as a
function of the Higgs mass can be seen in Figjre 1.
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Figure 1: Higgs boson production cross-section at the LHG/at=14 TeV (left) and branching ratios
(right) as a function of the Higgs masﬂ. [6]

H — bb: The Higgs boson decaying to a pair of b-quarks has been studied in tfiecedif pro-
duction modesttH andVH. ThettH, H — bb channel has an experimentally very challenging
final state and has been shown to be very sensitive to systematic uncestf@htié very good
control of the backgrounds will be necessary for this channel toibomérto the ATLAS discovery
sensitivity. ThevVH, H — bb channel was recently investigated\@ = 14 TeV [7] for a highly
boosted Higgs bosorpg > 200 GeV), in which case both b-quarks end up in a sirfiglget.
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Analyzing the sub-structure of the fat jet, this approach was shown tstasutially improve the
sensitivity forH — bb, while being more robust against systematics tharttHienode.

qoH,H — tT:  Three different channels have been investigatedsat 14 TeV [§] for the Higgs
boson produced in Vector Boson Fusion (VBF) and decaying to a pas,afepending on whether
the T decays leptonically or hadronically. This decay mode of the Higgs bossriheasecond
largest branching ratio in the low mass region, anddtiénear approximation allows the recon-
struction of the Higgs mass, with a mass resolution-af0GeV. The characteristic topology of
VBF is exploited to suppress the most important backgrounds, by dematvainfprward jets
with a large rapidity gap and applying a central jet veto while at the same time deamgahert de-
cay products to be in the central part of the detector. The shape of thempastant background,
Z — 1T, can be obtained from data, by replacing realwith simulatedrs inZ — uu samples.

H — yy. Despite its small branching ratio, the decay of the Higgs boson tg#i®an important
channel, as it allows for a clear mass peak to be reconstructed. ATLAPdréormed both an
inclusive analysis, as well as studying diphotons in association with 1 or, 2fgfs = 14 TeV [8].

It was shown that a good mass resolutiop(m~ 1.2%) can be obtained. Powerfuidentification

is required to reduce the backgrounds from jets fakma@nd this is achieved by making use of
shower shape and track isolation requirements, whilenversions can be efficiently reconstructed
by combining information from the electromagnetic calorimeter and the tracker.

H — WW — lvlv: ATLAS has investigated thel — WW channel in theH + 0 jets andH + 2

jets modes for thevuv channel at,/s = 14 TeV [§], as well as for all three lepton channels
(ee, up,eu +2v)in 3 jet bins H +0,1, 2 jets) at,/s= 10 TeV [§]. Due to the spin correlations of
theW-bosons from thél, one can discriminate against the background by demanding the presence
of two leptons with a small transverse opening angle. In the case of thegglysis, cuts are made
reflecting the characteristic VBF topology (two forward jets with rapidity gdjme two neutrinos

in the final state prohibit the reconstruction of a mass peak, so the traasveasss is reconstructed
instead. Control regions are used to study the dominant backgroundslatittand extrapolate
them into the signal region. Figuf¢ 2 (left) shows the expected exclusimtgal at./s = 10
TeV, assuming 200 ptd. This channel is expected to have the earliest sensitivity, for Higgsboso
masses around 160 GeV.

H—Z®Z - 4: TheH — Z®Z — 4l channel is a very promising one, as it allows for a clear
peak to be reconstructed on top of a smooth background, while a wide tdngasses can be
covered. ATLAS has studied the2e2u and 41 modes for,/s= 14 TeV [§]. Two pairs of same
flavour, opposite sign leptons are demanded from whicE t2&*) andH masses are reconstructed.
The background is further suppressed by requirements on the leplatiois@nd impact parameter.
The remaining backgrounds are estimated by making a fit on the sidebamdassAresolution of

~ 2-3 GeV can be obtained, while the discovery potential reaches up tdigdryHiggs masses.

Combination: The combined expected Higgs boson sensitivity reach for ATLAgsat 14 TeV
was calculated[]6] using the profile likelihood ratio method and is shown in EBurAs can be
seen, already with 2 fi at 14 TeV, ATLAS has a & (or more) discovery sensitivity for the mass
range of 143-179 GeV while the exclusion sensitivity at 95% C.L. reagbhdmwv as 115 GeV.
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Figure 2: Left: ATLAS expected 95% confidence level limit on the signatmalization as a function of
Higgs boson mass in thé — WW — lvlv channel, assuming 200 pbat /s= 10 TeV. Combined results:
ATLAS combined discovery (centre) and exclusion (left)gatal for Standard Model Higgs boson searches
at 14 TeV centre-of-mass energy.

3. MSSM Higgs bosons

In the MSSM, the Higgs sector consists of two Higgs doublets (as opposetim the SM)
which leads to five physical Higgs bosorisl,A,HT). At tree level, this Higgs sector can be
described using only two parameters, conventionailyand tar3. The discovery potential for
both neutral and charged Higgs bosons was evaluated m{fffescenario [[9] of the MSSM.

For the neutral Higgs bosons of the MSSM the dominant production modegan fusion
and associated production with b-quarks. Decays to third generatimiofes are enhanced with
respect to the SM, while decays to vector bosons are supprdss€dof completely absenty.

Theh/H /A — pp decay has been studied by ATLAS fpis= 14 TeV in both the Ob-tag .€.
gluon-fusion production) and the 1b-tag (associated production) channg]s [6]. The dominant
backgrounds are estimated using sidebands and control sareglegging theee channel to get
a signal-free control region). A mass resolution around 6-7 GeV cachieved. Figurf]3 (left)
shows the expected discovery potential of this channel.

ATLAS has also studied the/H /A — 117 — || +4v channel in associated production, requir-
ing at least one b-tagged jd} [6]. The main background¥aretT for low andtt for high Higgs
boson masses. The— 11 background shape and normalization is estimated om pu/ee
sideband events. The mass can be obtained using the collinear approxjmiiding a resolu-
tion of around 25 GeV in the low-mass region and around 80 GeV in the higis-negion. The
expected discovery potential of this channel is shown in Fifjure 3 (Qentre

The charged Higgs bosons are primarily produced in top quark decays:ikk m;, else in
gg/gb-fusion. For low masses the decdly” — tv is the most important, whilel* — tb starts to
dominate when it becomes kinematically accesible.

Five differentH* analyses have been performed by ATLAIS [6]&= 14 TeV: three studying
thett — bWbH*, H* — v process, witlt — Ivv or hadrons anwV — | v or qg; and two studying
gg/gb — t[b]H* with H* — th or H* — 15qv. The latter is the most important channel in the
high-mass region, while for a lo#W* mass thét — bagbH*, H* — T,V has the highest expected
sensitivity. Due to the complicated final states, goednd b-tagging as well as missing transverse
energy and lepton reconstruction are necessary. The most importkgrbandtt, can be studied
from data using a-embedding technique similar to that used in the SM \MBF~ 1T analysis.
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Figure[B (right) shows the expected discovery potential for chargegsHigsons after combining
all channels.
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Figure 3: ATLAS discovery potential at/s = 14 TeV for theh/H/A — ppu (left) andh/H/A — 17 —
Il +4v (centre) channels, and the combiréd discovery contour (right).

4. Conclusions

The discovery of the Higgs boson is one of the main goals of the ATLASrerpat. The
expected sensitivity for a large number of channels has been investlgztteéor the SM Higgs
boson and for MSSM Higgs bosons. While it has been shown that ATL&sSsknsitivity for a
Higgs boson also at lower centre-of-mass energies, most of thesesshadie been performed
for /s = 14 TeV where the full Higgs boson search potential will be reached. A expects
to be sensitive to a SM Higgs boson over the full mass-range, while forNIBiggs bosons a
substantial part of thea-tang plane is expected to be covered.
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