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One of the most exciting prospects for the Large Hadron Collider is to observe the Higgs boson. The most important

experimental characteristics of the two general-purpose detectors, the CMS and ATLAS experiments are summarised. The

sensitivity for the CMS and ATLAS experiments at the LHC to discover a Standard Model Higgs boson with relatively low

integrated luminosity per experiment is outlined. The most relevant discovery modes are covered. A brief discussion about

the expected performance from these experiments in searches for one or more of the Higgs bosons from the minimal version

of the supersymmetric theories is also included.

1. Introduction

In the Standard Model (SM) of electroweak and strong
interactions, there are four types of gauge vector bosons
(gluon, photon, W and Z) and twelve types of fermions
(six quarks and six leptons) [1–4]. These particles have
been observed experimentally. At present, all the data
obtained from the many experiments in particle physics
are in agreement with the SM. In the SM, there is one
particle the Higgs boson, that is responsible for giving
masses to all the particles [5–10]. In this sense, the
Higgs particle occupies a unique position.

Prior to the end of the year 2000, the Higgs particle
was not observed experimentally. After the centre-of-
mass energy at the LEP1 accelerator of CERN reached
205 GeV/c2 in 2000, excess candidates began to show
up in the SM Higgs boson analysis in the ALEPH ex-
periment, consistent with a Higgs boson mass, MH ,
around 115 GeV/c2 [11, 12]. One of the most excit-
ing prospects for the Large Hadron Collider (LHC) [13]
is confirming or rejecting the first possible experimen-
tal evidence for the Higgs particle at a mass around
115 GeV/c2.

The Higgs boson mass is not predicated by theory
and, to date, direct experimental searches for the Higgs
boson have put a lower limit on its mass at MH >
114.4 GeV/c2 @ 95% confidence level (CL) [12, 14].2

Figure 1 shows the Δχ2 curve derived from high-Q2

precision electroweak measurements, performed at LEP
and by SLD, CDF and D0, as a function of the Higgs
boson mass, assuming the SM. While this is not a
proof that the SM Higgs boson actually exists, it does
serve as a guideline in what mass range to look for
it. A preferred value for the Higgs boson mass, de-
rived by fitting precision electroweak data [15] is cur-

1LEP stands for Large Electron-Positron Collider.
2This is usually referred to as the LEP limit.

Figure 1. Δχ2 curve derived from high-Q2 precision
electroweak measurements, performed at LEP and by
SLD, CDF and D0, as a function of the Higgs boson
mass

rently MH = 84+34

−26
GeV/c2 with an upper bound of

154 GeV/c2 @ 95% CL.
Both the CMS and ATLAS experiments at the LHC,

scheduled for proton-proton collision data-taking in
2009, have been designed to search for the Higgs bo-
son over a wide mass range [16, 17]. The CMS and
ATLAS detectors were designed for the search for the
Higgs boson using, for the most part, inclusive signa-
tures. In recent years significant progress has been
made, both in the phenomenology and experimentally,
in demonstrating the feasibility of observing a low mass
SM Higgs boson in association with jets using differ-
ent decay modes [16, 18–25].3 Here we summarise the

3The search for a heavy SM Higgs boson in association with
high transverse momentum hadronic jets had been considered
earlier [26].
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sensitivity for each experiment to discover a SM Higgs
boson with relatively low integrated luminosity per ex-
periment (1–30 fb−1) as well as recent developments
that have enhanced this sensitivity.

In this paper we briefly review the experimental ap-
paratus, covering the most relevant parameters of the
LHC accelerator facility (Section 2.1) together with the
CMS and ATLAS detectors (Sections 2.2 and 2.3). In
section 3 we’ll touch upon the production mechanisms,
of the Higgs boson in proton-proton collisions with the
most important discovery modes and related experi-
mental aspects. Section 4 summarises the discovery
potential of the CMS and ATLAS detectors.

2. The Experimental Apparatus

2.1. The Large Hadron Collider

The LHC [13] at the European Organisation for Nu-
clear Research (CERN) is a two-ring-superconducting
hadron accelerator collider constructed in the already
existing 26.7 km tunnel that was used for the LEP
machine. The LHC displays high luminosity experi-
ments, CMS [27] and ATLAS [28], both aiming at reg-
istering proton-proton collisions with a peak instanta-
neous luminosity of L = 1034 cm−2s−1. There are
also two low luminosity experiments: LHCb [29]4 for
B-physics, aiming at a peak instantaneous luminos-
ity of L = 1034 cm−2s−1, and TOTEM [30] for the
detection of protons from elastic scattering at small
angles, aiming at a peak instantaneous luminosity of
L = 1029 cm−2s−1. In addition to the proton beams,
the LHC will also be operated with ion beams. The
LHC has one dedicated ion experiment, ALICE [31],5

aiming at a peak instantaneous luminosity of L =
1027 cm−2s−1 for nominal lead-lead ion operation.

To collide two counter-rotating proton beams re-
quires opposite magnetic dipole fields in both rings.
The LHC is designed as a proton-proton collider with
separate magnet fields and vacuum chambers in the
main trajectories and with common sections only at the
insertion regions where the detectors are located. The
two beams share an approximately 130 m long beam-
pipe along the interacting regions. According to the de-
sign, a large number of bunches (2808 for each proton
beam) will be provided with a nominal bunch spacing
of 25 ns. The long common beam pipe implies 34 para-
sitic collision points at each insertion region where the
detectors will observe collisions. The LHC uses twin
bore magnets since there is not enough room for two
separate rings. These consist of two sets of coils and

4LHCb stands for Large Hadron Collider Beauty Experiment.
5ALICE stands for A Large Ion Collider Experiment.

Figure 2. The LHC accelerator complex. CERN’s ac-
celerator complex is a succession of particle accelerators
that can reach increasingly higher energies. Each accel-
erator boosts the speed of a beam of particles, before
injecting it into the next one in the sequence

beam channels within the same mechanical structure
and cryostat. The peak beam energy depends on the
integrated dipole field around the storage ring. This
implies a peak dipole field of 8.33 T for the 7 TeV in
the LHC machine and the use of superconducting mag-
nets.

CERN’s accelerator complex is a succession of parti-
cle accelerators that can reach increasingly higher en-
ergies (Fig. 2). Each accelerator boosts the speed of
particles clustered in bunches, before injecting it into
the next one in the sequence. Protons are produced by
ripping off electrons from hydrogen atoms. They are
injected from the linear accelerator (LINAC2) into the
PS booster, then into the Proton Synchrotron (PS), fol-
lowed by the Super Proton Synchrotron (SPS). Finally,
the protons reach the LHC. Protons will circulate in
the LHC for 20 minutes before reaching the maximum
speed and energy.

2.2. The CMS Experiment

The Compact Muon Solenoid (CMS) is one of two
general-purpose experiments at the LHC designed to
explore the physics at the energy frontier [27]. The
main volume of the CMS detector (Fig. 3) is a multi-
layered cylinder, about 21.3 m long and 16 m in diam-
eter, weighing more than 13,000 tons. The innermost
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Figure 3. The CMS detector

layer is a silicon-based particle tracker, surrounded by
electro-magnetic and hadronic calorimeters for measur-
ing particle energies. These detector devices are placed
inside a central superconducting solenoid magnet, 13 m
long and 6 m in diameter. The magnetic field pro-
duced by the superconducting solenoid is used to mea-
sure the momentum of particles. Outer muon detectors
surround the central magnet. The CMS detector is a
hermetic detector in the range |η| < 5.

2.2.1. The Inner Tracker

The inner tracking system of CMS is designed to give
a precise measurement of the trajectories of charged
particles coming out from the LHC collisions [27]. Sec-
ondary vertexes will be reconstructed precisely, as well.
The Inner Tracker surrounds the interaction point and
has a length of 5.8 m and a diameter of 2.5 m. The
CMS solenoid provides a homogeneous magnetic field
of 4 T over the full volume of the Inner Tracker. The
tracker is entirely based on silicon detectors due to the
requirements of granularity, occupancy, speed and ra-
diation hardness. The CMS Inner Tracker is composed
of a pixel detector with three barrel layers at radii be-
tween 4.4 cm and 10.2 cm and a silicon strip tracker
with 10 barrel detection layers to a radius of 1.1 m.
Each system is covered on backward and forward sides
by end-caps which consist of two disks in the pixel de-
tector and three plus nine disks in the strip tracker on
each side of the barrel, extending the acceptance of the
tracker up to a pseudorapidity of |η| < 2.5.6 The CMS
Inner Tracker, with about 200 m2 of active silicon are, is
the largest silicon tracker ever assembled. In addition,

6Pseudorapidity, η, is defined as η = − log (tan (θ/2)), where, θ
is the polar angle.

CMS is the first experiment using silicon detectors in
this outer tracker region. The construction of the CMS
tracker, composed of 1440 pixel and 15,148 strip detec-
tor modules, required the development of production
methods and quality control procedures that are new
to the field of particle physics detectors.

In order to keep the occupancy at or below 1%. pix-
elated detectors with radii below 10 cm need to be con-
structed. The pixel size is 100 × 150 μmm in –φ and
z, respectively. This is driven by the impact parameter
resolution. In this configuration the occupancy is of the
order 10−4 per pixel and the LHC bunch crossing. At
intermediate radii (20 cm < < 55 cm) the reduced
particle flux allows the use of silicon micro-strip detec-
tors with a typical cell size of 10 cm × 80 μm. This
results in an expected occupancy of up to 2 ÷ 3% per
strip and the LHC bunch crossing.

In order to maintain a good signal to noise ratio
well above 10, CMS uses thicker silicon sensors for the
outer tracker region (500 mm thickness as opposed to
the 320 mm in the Inner Tracker) with correspondingly
higher signal. Cell sizes up to about 25 cm × 180 μm
can be used in the outer region of the tracker, with an
occupancy of about 1%.

2.2.2. The Calorimeter

One of the driving criteria in the design was the capa-
bility to detect two photons coming from the decay of a
Higgs boson (Section 3). This capability is enhanced by
the good energy resolution provided by a homogeneous
crystal calorimeter. The use of high density crystals
has allowed the design of a calorimeter which is fast,
has fine granularity and is radiation resistant, all im-
portant characteristics in the LHC environment.

The electro-magnetic calorimeter of CMS (ECAL)
is a hermetic homogeneous calorimeter consisting of
61,200 lead tungstate (PbWO4) crystals mounted in
the central barrel part [27]. The barrel part is closed by
7324 crystals in each of the two end-caps. Avalanche
photo-diodes are used as photo-detectors in the bar-
rel and vacuum photo-triodes in the end-caps. A pre-
shower detector is placed in front of the end-cap crys-
tals.

The barrel part of the ECAL (EB) covers the pseu-
dorapidity range |η| < 1.479. The barrel granularity is
360-fold in φ and 2 × 85-fold in η, resulting in a total
of 61,200 crystals. The crystals have a tapered shape,
slightly varying with position in η. They are mounted
in a quasi-projective geometry to avoid cracks aligned
with particle trajectories, so that their axes make a
small angle (3o) with respect to the vector from the
nominal interaction vertex, in both the φ and η projec-
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tions. The crystal cross-section corresponds to approx-
imately 0.0174× 0.0174 in η×φ or 22× 22 mm2 at the
front face of crystal, and 26× 26 mm2 at the rear face.
The crystal length is 230 mm corresponding to 25.8 X0.

The end-caps (EE) cover the range 1.479 < |η| <
3.0 [27]. The distance between the interaction point
and the end-cap envelope is 315.4 cm. The end-cap
consists of identically shaped crystals grouped in me-
chanical units of 5× 5 crystals (super-crystals, or SCs)
consisting of a carbon-fiber alveolar structure. The
crystals and SCs are arranged in a rectangular x–y grid,
with the crystals pointing at a focus 1300 mm beyond
the interaction point, giving off-pointing angles rang-
ing from 2–8 degrees. The crystals have a rear face
cross section 30× 30 mm2, a front face cross section of
28.62 × 28.62 mm2 and a length of 220 mm (24.7 X0).

The hadronic barrel calorimeter (HB) is a sampling
calorimeter covering the range |η| < 1.3 consisting of
36 identical azimuthal wedges arranged in two half-
barrels [27]. The wedges are constructed out of flat
brass absorber plates aligned parallel to the beam axis.
The plastic scintillator is divided into 16 η sectors, re-
sulting in a segmentation Δη × Δφ = 0.087 × 0.087.
The total absorber thickness at 90o is 5.82 interac-
tion lengths, λ. The HB effective thickness increases
with polar angle (θ) as 1/ sin θ, resulting in 10.6 λat
|η| < 1.479. The electro-magnetic crystal calorime-
ter in front of HB adds about 1.1 λ of material. In
the central pseudorapidity region, the combined stop-
ping power of EB plus HB does not provide sufficient
containment for hadron showers. To ensure adequate
sampling depth for |η| < 1.3, the hadron calorimeter is
extended outside the solenoid with a tail catcher called
the outer calorimeter.

The hadron calorimeter end-caps (HE) cover 1.3 <
|η| < 3 and it is a sampling calorimeter [27]. The to-
tal length of the calorimeter, including electro-magnetic
crystals, is about 10 λ. Quartz fibers were chosen as the
active medium for the forward calorimeter, extending
the calorimeter coverage to |η| < 5 [27]. The calorime-
ter consists of a steel absorber structure that is com-
posed of 5 mm thick grooved plates and fibers are in-
serted in these grooves.

2.2.3. The Muon System

CMS uses three different types of gaseous particle de-
tectors for muon identification [27]. In the barrel region
the neutron-induced background and the muon rate are
low. Here the

∫
Bdl is uniform and mostly contained

in the steel yoke. Standard rectangular drift chambers
are used, which are outside the cryostat. The barrel
drift tube (DT) chambers cover the range |η| < 1.2.

In the two end-cap regions the muon rates and back-
ground levels are high and the magnetic field is large
and non-uniform. Here the muon system consists of
cathode strip chambers (CSC). With their fast response
time, fine segmentation and radiation resistance, the
CSCs identify muons in the range 0.9 < |η| < 2.4.
A complementary, dedicated trigger system consisting
of resistive plate chambers (RPC) was added. The
RPCs are assembled in both the barrel and end-cap
regions. The RPCs provide a fast, independent and
highly segmented trigger with a sharp transverse mo-
mentum threshold over a large portion of the rapidity
range |η| < 1.6.

2.2.4. The Superconducting Magnet

The superconducting magnet for CMS was designed to
produce a 4-T magnetic field in a free bore of 6 m di-
ameter and 12.5 m length with a total stored energy
of 2.6 GJ at full current [27]. The return flux occurs
through a 10000-t yoke comprising 5 wheels and 2 end-
caps, composed of three disks each. The distinctive
feature of the 220-tonne cold mass is the 4-layer wind-
ing made from a stabilised reinforced NbTi conductor.
The ratio between stored energy and cold mass is high
(11.6 KJ/kg), causing a large mechanical deformation
(0.15%) during energising. This is well beyond the val-
ues of previous solenoidal detector magnets. The mag-
net was designed to be assembled and tested in a surface
hall (SX5), prior to being lowered 90 m below ground to
its final position in the experimental cavern. After pro-
visional connection to its ancillaries, the CMS magnet
has been fully and successfully tested and commissioned
in SX5 during the autumn 2006.

2.2.5. The Trigger and Data Acquisition Sys-

tems

In order to reduce the GHz proton-proton collision rate
expected at design instantaneous luminosity, the CMS
detector pursues a two-level trigger system: Level-
1 (L1) trigger and High-Level Trigger (HLT), respec-
tively [27]. The L1 trigger consists of custom-designed,
largely programmable electronics, whereas the HLT is
a software system implemented in a filter farm of about
1000 commercial processors. The rate reduction capa-
bility is designed to be at least a factor of 106 for the
combined L1 trigger and HLT. The design output rate
limit of the L1 trigger is 100 kHz. The L1 trigger uses
coarsely segmented data from the calorimeters and the
muon system, while holding the high resolution data in
pipelined memories in the front-end electronics. The
HLT has access to the complete read-out data and can
therefore perform complex calculations similar to those
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Figure 4. The ATLAS detector

made by the analysis off-line software if required for
specially interesting events. The Global Calorimeter
and Global Muon Triggers determine the highest-rank
calorimeter and muon objects across the entire exper-
iment and transfer them to the Global Trigger. The
latter takes the decision to reject an event or to accept
it for further evaluation by the HLT. The output rate
of the HLT is 200 Hz. The CMS Data Acquisition Sys-
tem is designed to handle the data flow driven by the
trigger chain.

2.3. The ATLAS Experiment

ATLAS (A Toroidal LHC ApparatuS) is one of the two
general-purpose experiments at the LHC designed to
explore the physics at the energy frontier [28]. The
ATLAS detector consists of four major components, the
Inner Tracker which measures the momentum of each
charged particle, the calorimeter which measures the
energies carried by the particles, the muon spectrome-
ter which identifies and measures muons and the mag-
net system that bends charged particles for momentum
measurement (Fig. 4). The detector is a cylinder with
a total length of 42 m and a radius of 11 m and weighs
approximately 7000 tonnes. The ATLAS detector is
hermetic in the range |η| < 4.9.

2.3.1. The Inner Tracker

The ATLAS Inner Tracker provides precise measure-
ment of the trajectories of charged particles that pass
through the region in the range |η| < 2.5 [28]. The in-
nermost layer is a precision tracker comprised of three
layers of silicon pixel detectors, arranged in a cylindri-
cal geometry, with an inner radius of about 50 mm,

an outer radius of about 150 mm and a total length of
about 1.3 m. It provides position measurements with
an accuracy of about 10 μm in R–φ and about 115 μm
in z in the barrel, with similar precision for the disks
at either end.

The middle layer, the Semiconductor Tracker (SCT),
uses four stereo layers of silicon strip detectors with
one set of strips in each layer offset by a small angle
with respect to the other, to provide additional position
measurements with a precision of 17 μm in R–φ and
about 580 μm in z, again with similar precision for the
disks at either end. The SCT has an inner radius of
about 250 mm, an outer radius of about 600 mm, and
a length of about 5.4 m.

The outer layer, the Transition Radiation Tracker
(TRT), is a straw tube tracker that provides a large
number (about 36 per track) of R–φ measurements in
the region with radius, R, from about 550 mm to about
1100 mm. The straws are interleaved with polypropy-
lene (fibers in the barrel region, foil in the end-caps) to
provide transition radiation to help with electron iden-
tification. The total length of the TRT is about 5.4 m;
this corresponds to the range |η| < 2.5. The precision
of the R–φ measurement is 130 μm per straw.

The material budget of the ATLAS Inner Detector
ranges from < 0.5 radiation lengths and 0.2 interaction
lengths near η = 0 to almost 2.5 X0 and 0.7 λ in the re-
gion around |η| = 1.6–1.7. This large material budget
can lead to degraded performance for the reconstruc-
tion of physics objects.

2.3.2. The Calorimeter

The innermost layer, comprised of the Liquid Argon
(LAr) barrel and end-cap electromagnetic calorimeters,
is a lead-LAr detector with accordion-shaped absorbers
and electrodes [28]. This unusual geometry is intended
to improve the readout time of the detector by avoid-
ing current loops. It has a thickness > 22 X0 in the
barrel region and a thickness > 24 X0 in the end-cap.
The electromagnetic calorimeters are arranged in three
layers, plus a pre-sampler in the region |η| < 1.8. The
granularity of the pre-sampler in η × φ is 0.025 × 0.1.
The first sampling is segmented into strips of η × φ
is 0.025/8 × 0.1 in the range |η| < 1.4; the granu-
larity decreases in the forward regions. Similarly, the
second sampling has a granularity of 0.025 × 0.025 in
|η| < 1.4, with similar or lower granularity in other
regions. Finally, the third sampling is segmented into
cells of 0.05 × 0.025 in |η| < 1.35 and in the range
1.5 < |η| < 2.5.

The Tile Calorimeter (TileCal), placed directly out-
side the LAr calorimeter, is a hadronic sampling
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calorimeter using steel as the absorber and scintillat-
ing tiles as the active material [28]. It is separated
into two regions, the barrel region with |η| < 1 and
the extended barrel region with 0.8 < |η| < 1.7. Like
the electromagnetic calorimeter, the tile calorimeter is
segmented longitudinally into three layers. In the bar-
rel, the first layer has a thickness of about 1.5 λ, the
second about 4.1 λ, and the thickness of the third sam-
pling is 1.8 λ. In the extended barrel, these figures are
1.5 λ, 2.6 λ and 3.3 λ, respectively. The granularity of
the first two layers of the tile calorimeter is 0.1 × 0.1;
the granularity of the last layer is 0.1 × 0.2.

In the region |η| > 1.5 liquid argon is used as
the active medium for the hadronic calorimetry. The
Hadronic End Cap (HEC) uses copper plates as the ab-
sorber and covers the range up to |η| < 3.2 to a depth
of about 10 λ [28]. It has three layers, with a granular-
ity of 0.1 × 0.1 in the range |η| < 2.5 and 0.2 × 0.2 in
the range |η| > 2.5.

The forward calorimeter (FCal) covers the region
with 3.1 < |η| < 4.9; like the other calorimeters, it
is also divided into three longitudinal layers [28]. The
FCal is split into one electromagnetic calorimeter and
two hadronic calorimeters, each about 45 cm deep. The
absorber for the electromagnetic FCal is copper; for the
hadronic FCal modules, it is tungsten. The granular-
ity is dependent on η and it is slightly different for the
three different FCal modules, but in general it is lower
for the FCal than for the other calorimeters.

2.3.3. The Muon System

The muon spectrometer consists of a large air-core
toroidal magnet system instrumented with a variety of
detectors that provide position measurements for muon
tracks passing through its volume. The toroidal mag-
netic field geometry was chosen so that the momentum
resolution will not be degraded significantly in the for-
ward directions. Muon trajectories are measured by
three concentric cylindrical shells of detectors with radii
of about 5, 7.5 and 10 m in the barrel region, and by
four end-cap “wheels” located at |z| ≈7.4, 10.8, 14 and
21.5 m. The Monitored Drift Tubes (MDTs) are alu-
minum tubes with a diameter of about 30 mm; they are
filled with a gas mixture of 93% argon and 7% of CO2,
with a tungsten-rhenium wire running down the cen-
tre [28]. Each MDT chamber provides a measurement
of the bending direction, z (in the barrel) or R (in the
end-cap), with precision of approximately 34 μm. The
MDTs cover the full range of |η| < 2.7, except for the
first layer which only covers |η| < 2.

Cathode Strip Chambers (CSCs) consist of thin
anode wires suspended halfway between two parallel

plates covered with cathode strips, with one layer ori-
ented parallel to the wires and the other perpendicular;
position measurements (in both the bending and az-
imuthal directions) are taken from these cathode strips
and not the anode wires [28]. Four wire planes per
chamber provide position measurements with a preci-
sion of about 60 μm per CSC plane in the bending
direction and about 0.5 cm in the azimuthal direction

In addition to the MDTs and the CSCs ATLAS
displays two muon subsystems used for triggering on
muons candidates. Resistive Plate Chambers (RPCs)
cover the region with |η| < 1.05 [28]. RPCs are
parallel-plate electrodes filled with a gaseous mixture.
Thin Gap Chambers (TGCs) cover the region with
1.05 < |η| < 2.4 [28]. These are multi-wire propor-
tional chambers similar to the CSCs.

2.3.4. The Magnet System

The central ATLAS solenoid has a length of 5.3 m
with a bore of 2.4 m. The conductor is a composite
that consists of a flat superconducting cable located in
the centre of an aluminum stabiliser with rectangular
cross-section. It is designed to provide a field of 2 T in
the central tracking volume with a peak magnetic field
of 2.6 T. To reduce the material build-up the solenoid
shares the cryostat with the Liquid Argon calorimeter.

The ATLAS toroid magnet system consists of eight
barrel coils housed in separate cryostats and two End-
Cap cryostats housing eight coils each. The End-Cap
coils systems are rotated by 22.5o with respect to the
barrel toroids in order to provide radial overlap and to
optimize the bending power in the interface regions of
both coil systems.

2.3.5. The Trigger and Data Acquisition Sys-

tems

The ATLAS trigger consists of a three-level system: the
first-level trigger or Level-1, the second-level trigger or
Level-2 and the third-level trigger or the Event Filter
(EF) [32, 33]. Event selection is performed at Level-2
and EF with software algorithms. Both triggers have
strong similarities in terms of software frameworks and
architecture. They are commonly referred to as the
High Level Trigger (HLT). The Level-1 trigger [32] re-
duces the initial 40 MHz to < 75 kHz in < 2.5 μs, the
maximum output rate and latency the trigger hardware
can tolerate. In the HLT [33], where the boundary be-
tween the two trigger steps is purposefully kept flexible,
the Level-2 trigger will reduce the rate to O(2) kHz and
the EF further to O(200) Hz. The available average la-
tency of the two steps is substantially different, with
∼ 10 ms for the Level-2 trigger and ∼ 1 s for the EF.
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The ATLAS Data Acquisition System is designed to
handle the data flow driven by the trigger chain.

3. The Search for the Higgs Boson

In this section we deal with the most relevant aspects
that define the different experimental analyses. In sec-
tion 3.1 a brief overview of the production mechanisms
and decay mode is given. In section 3.2 we give a brief
overview of the experimental reconstruction of physics
objects relevant to Higgs boson searches. In section 3.3
we give the specifics of the most relevant analysis for
the observation of the Higgs boson.

3.1. Production Mechanisms and Decay Modes

When it comes to defining the experimental strategy for
searches of the Higgs boson several theoretical inputs
are necessary: the Higgs boson width, decay products
and production mechanisms. The CMS and ATLAS
detectors have been designed to a significant degree ac-
cording to these theoretical inputs and within the con-
text of inclusive analyses. A very important theoretical
input is the expected natural width of the Higgs boson.
Figure 5 shows the total width of the SM Higgs boson
as a function of the mass [34]. In the mass range that
seems to be preferred by the electroweak constraints
(Section 1) the SM Higgs boson width is well below a
GeV/c2. For masses close to the LEP limit, the SM

Higgs boson width is expected to be of the order of
(1) MeV/c2, which is much smaller than the resolu-

tions that can be achieved experimentally. As a result,
for practical purposes the width of the low mass SM
Higgs boson is neglected in experimental searches. The
SM Higgs boson natural width becomes comparable to
the experimental resolution in some of the discovery
channels (Section 3.3) for MH > 250 ÷ 300 GeV/c2.
The SM Higgs boson width grows rapidly with the mass
and at some point reaches (102) GeV/c2, making ex-
perimental observation more challenging. On the other
hand, when at the SM Higgs boson mass approaches
TeV/c2 perturbation theory breaks down and some of

the theoretical inputs used here are not valid anymore.

Figure 6 shows the branching ratios of the SM Higgs
boson to different decay products [34]. Branching ratios
in Fig. 6 are given as a function of the Higgs boson
mass. The final states most suitable for discovery at the
LHC vary depending on the branching ratios, which are
a function of the Higgs boson mass, and the relevant
backgrounds. For MH < 2MW the dominant decay
mode is through bb. However, due to the enormous
QCD background, this channel is only considered in
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Figure 5. Total width of the SM Higgs boson to differ-
ent decay products as a function of the mass

the ttH final state where handles exist for the rejection
of this background.7 The γγ final state, which appears
when the Higgs boson decays via bottom, top and W
loops, has a small branching fraction but excellent γ/jet
separation and γ resolution help to make this a very
significant channel. The H → ττ decay is accessible
if the Higgs boson is produced in association with jets
(Section 3.3).

If the Higgs boson mass is large enough to make the
WW and ZZ modes kinematically accessible, the H →
WW (∗) final-states are powerful over a very large mass
range (WW accounts for ∼95% of the branching ratio
at MH ∼160GeV/c2), as is the H → ZZ(∗) → 4l final
state–the latter of which is commonly referred to as
the “Golden Mode” as with four leptons in the final
state the signal is easy to trigger on and allows for full
reconstruction of the Higgs boson mass.

For SM Higgs boson masses close to 2mtop, the chan-
nel H → tt opens up, thus reducing the branching ratio
of H → ZZ, WW . Due to the very large cross-section
for the production of non-resonant tt pairs, the inclu-
sive search for the SM Higgs boson with H → tt is not
considered feasible.

The SM Higgs boson will be produced at the LHC via
several mechanisms. The Higgs boson will be predomi-
nantly produced via gluon-gluon fusion [35] (see the left
diagram in Fig. 7). For Higgs boson masses, such that
MH > 100 GeV/c2, the second dominant process is the
Vector Boson fusion (VBF) [36, 37] (see right diagram

7The observation of a Higgs boson with the bb decay in associa-
tion with tt is not considered here as a discovery channel for the
SM Higgs boson.
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Figure 6. Branching ratio of the SM Higgs boson to
different decay products as a function of the mass

in Fig. 7).
In addition to inclusive searches, the CMS and AT-

LAS collaboration have investigated the feasibility of
observing the Higgs boson in association with at least
one or two high transverse momentum, pT , hadronic
jets. In the case of gluon-gluon fusion the Higgs bo-
son can be produced alone. However, when one of the
gluons or top quarks emits a gluon, the Higgs boson is
produced with the gluon, which is seen in the detector
as a hadronic jet. When the Higgs boson has a signifi-
cant transverse momentum the associated jet tends to
be back-to-back with the Higgs boson in the transverse
plane (for reasons of transverse momentum balance).
In the case of VBF the Higgs boson is produced with
at least two jets. In both cases, jets produced in as-
sociation with the Higgs boson are most useful in the
identification of the Higgs boson, suppressing signifi-
cantly the QCD backgrounds. The presence of one or
two high pT hadronic jets in association with the Higgs
boson produces two distinct type of topologies. The
hadronic jet in final states with one jet tends to be
more forward and the invariant mass of the Higgs bo-
son system and the jet tend to be larger than that of
the backgrounds [20,24,25]. These and other particular
properties are used to suppress backgrounds.

In events with two high pT jets produced by the VBF
process display different peculiarities. The VBF process
gives final state in which the two struck quarks appear
as high-pT jets in the forward (high-η) and opposite re-
gions of the detectors (backward-forward). In addition,

Figure 7. Leading order diagrams for the dominant
processes involving the production of a SM Higgs boson
at the LHC: gluon-gluon fusion (left) and VBF (right)

due to the lack of QCD colour flow between the scat-
tered quarks, low hadronic activity is expected to arise,
giving rise to a final state with a depleted hadronic ac-
tivity. The application of a central jet veto, in addition
to the presence of two forward high pT jets in opposite
hemispheres and a cut on the invariant mass of the di-
jet system reduces QCD backgrounds very strongly and
enhances significantly the sensitivity of searches for a
low mass Higgs boson at the LHC [18–22].

Early analyses performed at the parton level as-
sociated with one or two high transverse momentum
hadronic jets indicated that this final state can be a
powerful observation mode for a low mass Higgs. The
ATLAS and CMS collaborations have performed fea-
sibility studies for SM Higgs boson searches in asso-
ciation with two jets including more detailed detector
description and the implementation of initial state and
final state parton showers, hadronisation and multiple
interactions, which has confirmed the strong potential
of these final states [16, 23].

The SM Higgs boson production cross-sections at the
LHC to QCD Next-to-Leading-Order (NLO) [38–42],8

as a function of Higgs boson mass are shown in Fig. 89

fusion mode. The Higgs boson cross-section with
this mechanism reaches over 30 pb for masses around
115 GeV/c2. The VBF process is the second most dom-
inant production mode at the LHC. It typically takes
up ≈ 10% of the total Higgs boson cross-section for low
masses and up to ≈ 50% for a very heavy Higgs boson.
Associated production modes, where the Higgs boson is
produced via ′ → HW , → HZ and gg, → ttH ,
have smaller cross-sections. The presence of a W , Z or

8The references given here correspond to the first computations of
the QCD NL corrections to the gluon-gluon fusion and the VBF
processes (Section 3). Great progress has been made in recent
years in understanding QCD Next-to-Next-to-Leading- rder ef-
fects, QCD NL corrections to other production mechanisms and
EW corrections. We do not deem it appropriate to review this
question here, instead we refer the reader to a comprehensive
review [43].
9Cross-sections were computed with [34].



Prospects of Searches for the Higgs Boson at the LHC 83

σ(pp→H+X) [pb]
√s = 14 TeV
Mt = 175 GeV
CTEQ6M

gg→H

qq→Hqqqq
_
’→HW

qq
_
→HZ

gg,qq
_
→Htt

_

MH [GeV]
0 200 400 600 800 1000

10
-4

10
-3

10
-2

10
-1

1

10

10 2

Figure 8. Production cross-section for the SM Higgs bo-
son in proton proton collisions with the centre of mass
of the LHC. Results are given for different production
mechanisms as a function of the mass (see text)

top-quark alongside the Higgs, or high-pT high-η jets
from VBF, allow for triggering on events with Higgs
boson in invisible final states.

Efforts have been developed to understand the sen-
sitivity of the detectors for the minimal expression of
the Higgs boson sector, a single Higgs boson doublet.
With the extension of the Higgs boson sector by the
addition of a second Higgs boson doublet, the situation
becomes more complex, as the multiplicity of relevant
final states is enhanced. In the latter case, within the
context of the minimal supersymmetric (MSSM) exten-
sion, the Higgs boson sector contains two charged (H±)
and three neutral (h, H, A) physical states.10 All Higgs
boson masses and couplings are expressed in terms of
two parameters: the mass of the CP-odd boson, mA,
and the ratio of the vacuum expectation values of the
Higgs boson doublets, tan β. Here we consider the case
when the mass of supersymmetric particles are large
enough so that they do not play an important role in
the phenomenology. A review of the impact of super-
symmetric particles can be found in [44].

Whereas Figures 9-11 show the branching ratio of
the MSSM Higgs bosons h, A, H± as a function of the
mass, Fig. 12 refers to production cross-section of the
MSSM Higgs boson in proton-proton collision. Results
are given for two representative points in the MSSM

10It is relevant to note that the notation for a SM Higgs boson
is H, where the notation for the lightest and heaviest neutral
CP-even MSSM Higgs boson is h, H, respectively.
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Figure 9. Branching ratio of the MSSM Higgs boson h
to different decay products as a function of the mass.
Results are given for two regions in the MSSM param-
eter space, tan β = 3, 30

parameter space.
The production processes shown in Fig. 7 for the

SM Higgs can also be computed for the CP-even h, H
bosons. However, the production mechanism involving
the b-quark will play an important role for moderate
to large tanβ values as the couplings to the Higgs bo-
son are enhanced. Firstly, one has to take into account
the b-quark loop contribution in the gg → h, H mech-
anism. Secondly, associated Higgs boson production
with heavy quarks in the final states must be consid-
ered, pp → bbh, H and this process for either h or H
becomes the dominant one in the MSSM. The cross
sections for the associated production with tt pairs and
with W/Z bosons as well as the WW/ZZ fusion pro-
cesses, are suppressed for at least one of the particles
as a result of the V V coupling reduction.

Because of CP invariance, which forbids AV V cou-
plings, the A boson cannot be produced in the Higgs-
strahlung and VBF processes; the rate for the pp → ttA
mechanism is suppressed due to the small Att coupling
for tanβ > 3. The processes gg → A, including the
b-quark loop and the production in association with bb
pairs yield significant cross-sections. The one-loop in-
duced diagrams gg → AZ, Ag and the associated pro-
duction with other Higgs bosons are possible but their
cross-sections are typically small.

Concerning the production of the charged Higgs bo-
son, it is important to consider the mass. For Higgs
boson masses lighter than the top-quark mass, the dom-
inant channel is the production from top-quark decays.
For higher masses, one needs to consider the processes
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Figure 10. Branching ratio of the MSSM Higgs boson
A to different decay products as a function of the mass.
Results are given for two regions in the MSSM param-
eter space, tan β = 3, 30

gg → H±tb and gb → H±t, which have to be prop-
erly combined in order to compute the physical cross-
section.

A comprehensive review of the properties and the
production mechanism of the MSSM Higgs bosons can
be fond in [44]. A brief discussion on the sensitivity for
these experiments to discover one or more of the Higgs
bosons from the minimal version of the supersymmetric
theories is also included (Section 4).

3.2. Experimental Reconstruction of Physics

Objects

Here we briefly review the experimental reconstruction
of physics objects that are relevant to the search of the
Higgs boson with the CMS and ATLAS detectors. As
seen in section 3.1 the search for the Higgs boson will
involved a variety of final states. This will include the
reconstruction of photons, electrons, muons, hadronic
τ decays, hadronic jet reconstruction, b-jet reconstruc-
tion and the computation of missing transverse momen-
tum, /pT , carried by neutrinos.

Electrons are reconstructed as objects that have a
track in the Inner Tracker and an electromagnetic clus-
ter in the electromagnetic section of the calorimeter. In
order to separate isolated electrons originating from in-
teresting events, from QCD background (hadrons, jets
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Figure 11. Branching ratio of the MSSM Higgs boson
H± to different decay products as a function of the
mass. Results are given for two regions in the MSSM
parameter space, tan β = 3, 30

and photons) with similar topology, several of their
characteristics are exploited. The electro-magnetic
cluster in the calorimeter is required to match with
a track in the Inner Tracker and the ratio of its en-
ergy over its momentum measured by the tracker (E/p)
to be that of an electron. Cuts on the longitudinal
(and lateral) shape of the shower are applied, and min-
imal energy is allowed to be deposited in the hadronic
calorimeter. Rejections of 104 ÷ 106 against hadronic
jets can be achieved, depending on the definition of the
electron identification, transverse momentum and an-
gle.

Photons are also reconstructed as electromagnetic
clusters with a different treatment of the information
given by the inner detector. For identification purposes
photon candidates are classified into unconverted (no
high pT tracks are associated) and converted (one or
two high pT tracks are associated). Due to the large
amount of inactive material in front of the face of the
calorimeter, a significant fraction of photons will con-
vert into a e+e− pair, leading to the observation of one
or two tracks, depending on the circumstances of the
conversion. Sophisticated tracking algorithms are im-
plemented in order to identify a vertex produced by a
e+e− pair with a large distance to the beam-line. In ad-
dition, single tracks are searched for such that no hits
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Figure 12. Production cross-section of the MSSM Higgs
boson h, H in proton-proton collisions with the centre
of mass of the LHC, as a function of the mass. The
results are presented for tanβ = 30

are found in the layer of the silicon detectors closest to
the beam-pipe. Rejections of 103÷104 against hadronic
jets can be achieved, depending on the definition of the
photon identification, transverse momentum and angle.

The calorimeter is designed to contain almost all of
the energy of a high pT (TeV range) electron/photon,
and has an energy resolution of 2 ÷ 10%/

√
E[ GeV],

depending on the experiment. The energy resolution
for electron and photon candidates is similar.

Muons are reconstructed as objects that have a
track in the muon spectrometer and a correspond-
ing (“matched”) track in the Inner Tracker. In the
case of ATLAS, the good resolution of the muon spec-
trometer provides the possibility to trigger and re-
construct muons in “stand alone” mode (no match-
ing with the inner detector involved). The momen-
tum resolution is maintained high for both experi-
ments. For low momenta the muon momentum res-
olution is dominated by the resolution of the Inner
Tracker. The Inner Tracker has an intrinsic pT reso-
lution of a few times 10−4pT ( TeV/c), which is limited
by early bremsstrahlung in its material. For muon pT

in the TeV/c range the resolution is limited by detec-
tor alignment in the case of ATLAS and can be kept at
σ/pT ≈ 10%, whereas in the case of CMS it is limited
by energy losses in the iron yoke, and it varies between
15 ÷ 30%.

For the reconstruction of hadronic jets, a seeded
fixed-cone reconstruction algorithm with a cone size
ΔR =

√
Δφ2 + Δη2 = 0.4 is presently used for search

studies the Higgs boson. For future studies also the
SISCone (Seedless Infrared Safe Cone) jet algorithm
and the fast KT algorithm are considered. If one ne-
glects the noise term, the jet energy resolution varies
between 50 ÷ 100%/

√
E[ GeV], depending on the an-

gle and the detector. Both experiments have strong
capabilities for the identification of b-jets and τ -jets in
wide range of transverse momentum for |η| < 2.5. For
a b-jet tagging efficiency of 60% and transverse mo-
mentum of 20 < pT < 100 GeV/c a rejection above
100 and about 10 may be achieved against light an c-
jets, respectively, with degradation of performance for
pT > 100 GeV/c. For a τ -jet efficiency of 50%, the re-
jection against hadronic jets improves with pT , reaching
rejection values of (102) ÷ (103).

The missing transverse momentum carried by neu-
trinos is primarily reconstructed from the energy de-
posits in the calorimeter and the reconstructed muon
tracks. Apart from the hard scattering process of inter-
est, many other sources, such as the underlying event,
multiple interactions, pileup and electronic noise lead
to energy deposits and/or fake muon tracks. Classify-
ing these energy deposits into various types (e.g. elec-
trons, taus or jets) and calibrating them accordingly, is
the essential key for optimal /pT measurement. In addi-
tion, the loss of energy in regions of inactive material
and dead detector channels make the /pT measurement
a real challenge.

The /pT reconstruction algorithm starts from the en-
ergy deposits in calorimeter cells or clusters of cells
(“raw /pT ”). The raw /pT is then cleaned up from
a number of sources of fake /pT : hot cells, overlay
of beam-halo, cosmics, detector malfunctions, detec-
tor hermiticity. Overall, the reconstruction of /pT is a
challenging task and it requires a good understanding
of the calorimeter response and the topology of differ-
ent signatures. The /pT resolution roughly scales with√∑

ET , where
∑

ET is the scalar sum of the ener-

gies of the particles in the final state, for
√∑

ET <
1.5 TeV.

Both CMS and ATLAS have conducted extensive
fully-simulated GEANT-based [45] Monte Carlo studies
to determine the experimental viability of all of these
channels. A few of these signatures are highlighted be-
low. A more comprehensive and complete account can
be found elsewhere [16, 17, 23].

3.3. Discovery Channels

In this section we succinctly put in perspective the rele-
vant theoretical inputs (Section 3.1) and corresponding
experimental parameters (Section 3.2) needed to define
the strategy for the observation of the Higgs boson.
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Analysis γγ ττ WW ZZ

Inclusive Yes NA Yes Yes
≥ 1 jet Yes Yes Yes NA
≥ 2 jet Yes Yes Yes NA
Z/WH Yes NA Yes NA

ttH Yes NA Yes NA

Table 1. Final states with the potential to give a sig-
nificant contribution to the discovery of the SM Higgs
boson at the LHC. The those final states labeled as
NA correspond to channels that are not feasible or for
which feasibility studies are not available.

Table 1 summarises the final states with the potential
to give a significant contribution to the discovery of the
SM Higgs boson at the LHC. Those final states labeled
as NA correspond to channels that are not feasible or
for which feasibility studies (for discovery purposes) are
not available. Below we give a summary of the most
relevant aspects of the experimental analysis involving
H → γγ, ττ, WW, ZZ decays.

The feasibility of channels intrinsic to the observation
of MSSM Higgs bosons will be also briefly discussed in
section 4. This includes the search for di-μ and di-τ
pairs. The feasibility of these searches is usually per-
formed when the di-μ and di-τ pairs are produced in as-
sociation with at least one b-jet.11 The potential of the
decay chains, such as Wh → lνbb (l = e, μ), A/H → tt,
A → Zh → llbb (l = e, μ) and H → hh → bbγγ has
been evaluated. The decay mode H± → τ±ν is consid-
ered, as well.

3.3.1. H → γγ
Despite the small branching ratio, H → γγ remains a
very attractive channel for 115 < MH < 140 GeV/c2.
The feasibility of this channel heavily relies on excel-
lent photon resolution due to the small signal to ratio
expected for the inclusive analysis. In addition to the
required calorimeter resolution, the reconstruction of
the di-photon vertex plays a significant role. This is
achieved by using the main vertex of the event pro-
duced by the multiplicity of low pT tracks (the under-
lying event) and hadronic jets.

The backgrounds to this channel are usually divided
into two types: irreducible and reducible. Photon pairs
from → γγ, gg → γγ and quasi-collinear quark

11The feasibility of purely inclusive searches using A/H → μμ, ττ
at the LHC is being evaluated.

bremsstrahlung comprise the irreducible background,
while jet-jet and γ-jet events, where one or more jets
are misidentified as photons (mostly from the produc-
tion of energetic π0s), take up the bulk of the reducible
background. Z → e+e− events, with both electrons
misidentified as photons, can be reduced using elec-
tron/photon separation techniques. Excellent photon
identification is required in order to suppress the re-
ducible backgrounds, and, in particular, to separate π0s
leading to two collimated photons from a single photon.
The high-granularity Liquid Argon calorimeter of AT-
LAS is capable of resolving single photons from π0s,12

while CMS has a superior energy resolution.13

Studies conducted of the inclusive analysis by both
experiments consider the signal and backgrounds to
QCD NLO [46–52]. Both experiments have looked be-
yond a simple cut-based analysis. The discriminating
power of the di-photon transverse momentum and the
photon decay angle in the Higgs boson rest frame with
respect to the Higgs boson lab flight direction, | cos θ∗|,
are evaluated in conjunction with the di-photon invari-
ant mass.

Efforts have been made to evaluate the feasibility of
Higgs boson searches in association with at least one or
two high pT hadronic jets. The sensitivity of the Higgs
boson production in association with Z, W and tt has
also been evaluated.

The sensitivity of this channel is similar for both
experiments. For MH = 130 GeV/c2, and an inte-
grated luminosity of 30 fb−1 of integrated luminosity
more than a 5 σ effect may be achieved with one exper-
iment, as illustrated in Fig. 13. The sensitivity of this
channel can increase significantly with a more sophis-
ticated treatment of discriminating variables. This is
illustrated in Fig. 13, where the sensitivity of the cut-
based analysis is compared to that of a more complete
analysis.

3.3.2. H → ττ
As pointed out in Table 1, the search for a SM Higgs
boson with the H → ττ decay requires the presence of
at least one high pT jet.14 The final state with at least
two high pT jets is the best studied by the CMS and
ATLAS collaborations. The distinct experimental sig-
nature of Higgs boson production via VBF, with jets
from the “struck quarks” at high-η and Higgs boson

12The ATLAS calorimeter is able to suppress π0s by a factor of
2.5÷ 3 in the range of transverse momentum relevant to the SM
Higgs boson search [28].
13Detailed comparisons of the sensitivity of the two experiments
are underway.
14The inclusive search for excess of events di-τ pairs carries sen-
sitivity to the MSSM light h for large values of tan β.
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decay products in the central region is a great asset for
channels like H → ττ . CMS and ATLAS now both
consider three final states, thus covering all combina-
tions of leptonically- and hadronically-decaying taus.15

Triggering on the fully hadronic mode by using combi-
nations of low-pT tau and other triggers (e.g. missing
transverse momentum or forward jets) are currently un-
der investigation. Despite the presence of multiple neu-
trinos in the final-state, mass reconstruction can typi-
cally be done via the collinear approximation where the
tau decay daughters are assumed to be in the same di-
rection as their parent. The reconstruction of the di-τ
invariant mass using the collinear approximation is fea-
sible when the τs are not back-to-back, which is the case
considered here. The resolution on the reconstructed
mass (∼10 GeV/c2 for MH = 120 GeV/c2) is mainly
affected by the missing energy resolution. Other ex-
perimental issues, such as the identification of hadronic
taus and low pT electrons and muons, together with the
reconstruction of forward jets and the understanding of
the central jet veto are central to the analysis, as well.
Data-driven methods for understanding the dominant
backgrounds (Z + jets, QCD and tt) have been inves-
tigated. With the combination of all the decay modes,
one experiment may achieve 5 σ significance for 30 fb−1

of integrated luminosity (Fig. 13).

3.3.3. H → ZZ(∗) → 4l (4e, 4μ, 2e2μ)

At MH > 130 GeV/c2, the 4-lepton channels gain in
importance on account of the energy reconstruction
and identification of both ATLAS and CMS for elec-
trons and muons. This analysis is performed inclusively
due to the small cross-section of the expected SM back-
grounds giving four isolated leptons (e, μ).16 The domi-
nant backgrounds for these channels are ZZ(∗), Zbb and
tt production. Through the use of impact parameter
and lepton isolation requirements the latter two can be
significantly reduced. The component of the ZZ(∗)

background is known at NLO [54–57], however due to
the lack of a Monte Carlo generator for gg → ZZ(∗),
typically the contribution from this process is added
as 30% of the LO → ZZ(∗).17 After the imposi-

15The search for a low mass SM Higgs boson when both τs decay
hadronically has been investigated rendering the analysis chal-
lenging. Searches for di-τ pairs are feasible when dealing with
heavy MSSM Higgs bosons.
16The impact of the search for ZZ pairs in association with jets
is still being assessed by the collaborations. The isolation of ZZ
pairs in conjunction with two high pT and well separated jets
has been addressed within the context of Higgs boson coupling
measurements [53].
17Currently, the gg2ZZ generator is being used in order to prop-
erly take into account the gg → ZZ(∗) process, including Z/γ
interference effects [58].
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Figure 13. The discovery potential at CMS for SM
Higgs boson searches, as obtained using NLO cross-
sections, for 30 fb−1 of integrated luminosity

tion of an appropriate event selection the contribution
of the reducible Zbb and tt backgrounds becomes neg-
ligible for searches of a heavy Higgs boson and become
significantly smaller than the contribution of reducible
backgrounds for low mass Higgs boson searches. Collec-
tively, the significance for these channels is more than
5σ for 30 fb−1 of integrated luminosity in a wide range
of Higgs boson masses (Fig. 13).18

3.3.4. H → WW (∗) → lνlν (l = e, μ)

As the branching ratio for a SM Higgs boson decaying
to WW is more than 95% at ∼ 160 GeV/c2, this is
the most significant channel at that mass point. Unlike
other channels, in the H → WW → lνlν final state full
mass reconstruction is not possible and the analysis is
essentially reduced to a counting experiment; therefore
an accurate background estimate is critical. The dom-
inant backgrounds for this analysis are W+W− and tt
production. The former can be suppressed by exploit-
ing spin correlations between the two leptons while the
latter has been shown to be suppressed significantly by
a jet veto. The CMS and ATLAS collaborations have
extensively studied two regimes: an analysis based on

18The sensitivity of this channel is very strong with the exemp-
tion of a narrow window 160 < MH < 175 GeV/c2, where
branching ratio of H → ZZ is diminished (Fig. 6).
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the application of a full jet veto19 and with the tagging
of two high pT hadronic jets.20 The feasibility of search
for WW pairs in association with Z/W and tt has been
evaluated.

Using NLO [55–57, 59, 60] cross-sections and conser-
vative estimates for the effect of systematic uncertain-
ties, a significance of around 5σ for MH = 165 GeV/c2

using an integrated luminosity of ∼1 fb−1 is estimated.
The sensitivity of this channel is also evaluated for other
Higgs boson masses showing strong sensitivity for the
mass range 140 < MH < 190 GeV/c2, as illustrated in
Fig. 13.

4. Summary of Higgs Boson Discovery Potential

The expected significance in 30 fb−1 of integrated lumi-
nosity, for various final states as a function of SM Higgs
boson mass is summarised in Fig. 13 for the CMS ex-
periment. The discovery potential at CMS and ATLAS
is quite similar. When combining all the most impor-
tant channels one experiment is expected to reach a
5 σ effect in the entire SM Higgs boson mass range of
interest with about 10 fb−1 of integrated luminosity.

Discovery prospects for the detection of MSSM Hig-
gses (A, h, H and H±) have also been evaluated [16,17].
At tree-level, all Higgs boson masses and couplings can
be expressed in terms of mA and tanβ. The complete
region of the mA–tanβ parameter space (mA = 50–
500 GeV/c2 and tanβ = 1–50) should be accessible to
the LHC experiments. The sensitivity for the discovery
of MSSM Higgses, in the minimal mixing scenario for
30 fb−1 of data, is summarised in Fig. 14 for the ATLAS
experiment. With the further increase of the integrated
luminosity the sensitivity the ability to observe more
than one Higgs boson for intermediate tanβ and large
MA is enhanced. However, there wil always remain a re-
gion at intermediate tanβ and MA > 200÷250 GeV/c2

for which the observation of more than one Higgs bo-
son will not be feasible. As in the case of the SM Higgs
boson, the discovery potential at CMS and ATLAS is
quite similar.
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