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Discovery potential of the Standard Model Higgs boson with the ATLAS and CMS detectors is
presented along with an estimates for the expected accuracy of the Higgs boson mass measurement.

1. Introduction

The Higgs mechanism is a cornerstone of the
Standard Model (SM) and its supersymmet-
ric extensions. Due to spontaneous symme-
try breaking in the Higgs sector the gauge
bosons W, Z as well as the fermions ac-
quire masses through the interaction with the
Higgs fields. The primary goal of the ATLAS
and CMS collaboration is the discovery of the
Higgs boson at LHC using its different pro-
duction and decays modes. The complete re-
view of the SM Higgs boson decays and pro-
duction mechanisms at hadron colliders can
be found in Ref. [1]. While the Higgs boson
mass is the free parameter of the Standard
Model, the direct LEP searches and the fit
of the precision electro-weak data constraint
its mass in the interval between 114.4 and ~
200 GeV.

Preparing for the first data taking by the
end of 2007, the ATLAS and CMS collabora-
tions are permanently updating the simula-
tion studies on observability of the Higgs bo-
son. The recent analyses published in Ref. [2]
and [3] take into account the latest trigger
tables, expected systematic uncertainty and
use the advanced event generators like ALP-
GEN, MadGraph, CompHEP, TopREX [4]
for multi-jet background generations. In the
CMS analyses a next-to-leading order (NLO)
cross sections are used for the Higgs bo-
son production and for background processes
when available.

The experimental topologies for the SM
Higgs boson discovery studied so far by AT-

LAS and CMS are relevant also for a number
of the Standard Model extensions like MSSM
(for review see Ref. [5]) or ESSM [6], where
the SM like Higgs boson is predicted in some
regions of the parameter space. It enforces
the importance of the detailed experimen-
tal analyses of the SM Higgs boson discovery
modes at LHC summarized in this paper.

2. Discovery modes with
inclusive Higgs boson
production

21. H— ZZ* —}4

The discovery of this ”golden” LHC mode
relays on the selection of four isolated lep-
tons (electrons or muons) originated from
the same primary vertex. Along with lepton
isolation requirements an excellent di(four)-
lepton invariant mass resolution allows al-
most complete suppression of the SM back-
ground from tf, £bb(c¢), thus leaving only
irreducible background from ZZ* /v* produc-
tion. Fig. 1 shows the expected four-lepton
(eepp) invariant mass distribution after all
selections, except four-lepton mass window,
for an integrated luminosity corresponding to
a discovery significance of 5¢, for Higgs bo-
son mass of 140 GeV. The background es-
timates include a variation of the next-to-
leading order (NLO) ZZ background cross
section as a function of four-lepton mass.
The ZZ production cross section through
”box” diagram (g9 —ZZ) is added as 20%
of the q@ —ZZ cross section.
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2.2. H— vy

Despite of the small H — v branching ratio,
the energy resolution of the CMS and AT-
LAS electromagnetic calorimeters together
with the primary vertex position determina-
tion using tracks allows the signal selection
from the huge QCD background. The irre-
ducible background includes direct di-photon
production from Born (¢g — 7) and "box”
(99 — 7vv) diagrams and gg — vg, ¢ = ¢’y
process. The reducible background come
from the multi-jet production and ¢g — g
process when quark or gluon fragmentation
leads to a high momentum 7°. The back-
ground is suppressed with the tracker and
calorimeter isolation of the photon candi-
dates. The both ATLAS and CMS analyses
performed a traditional, cut based analysis
and an ”optimized” analysis which exploits
more sophisticated techniques, like neural
network and likelihood methods. Table 1
shows the signal significance of the ATLAS
and CMS for the Higgs boson of 130 GeV
for an integrated luminosity of 30 fb=! us-
ing cut based and ”optimized” analyses. One
can see that the discovery potential of both
experiments is very similar. The NLO cross
sections for the signal and background were
used in both analyses.
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Fig. 1. The expected four-lepton (eepu) invariant

mass distribution after all selections, except four-
lepton mass window, for an integrated luminosity
corresponding to a discovery significance of 50, for
Higgs boson mass of 140 GeV.
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Table 1. The signal significance
of the ATLAS and CMS for the
Higgs boson of 130 GeV for an
integrated luminosity of 30 fb~1
using cut based and ”optimized”

analyses.

exp. cut based optimized
ATLAS 6.3 8.7
CMS 6.0 8.2

2.3. H— WW — 2¢2v

This mode could provide an early discov-
ery of the SM Higgs boson if the mass of
the Higgs boson is about of 165 GeV, when
cross section times branching ratio reaches
the maximum value. The backgrounds from
the WbWb and WW production can be sup-
pressed by taking advantage of WW spin cor-
relation, which turn into small #¢ opening
angle. Central-jet veto was used to suppress
further the WbWb background. The W+jet,
Drell-Yan, WZ and ZZ backgrounds were
found to be negligible. The presence of the
signal is justified as an excess of the events
above the expected background. Fig. 2 shows
the angle between the leptons in the trans-
verse plane for the signal and the different
backgrounds at a luminosity of 10 fb=! af-
ter all selections. The methods of the tt
and WW background estimations from the
data have been proposed. The estimates of
the single top background (Wt) and "box”
WW background (99 -=WW) are based on
the theoretical predictions. Thus both ex-
perimental and theoretical uncertainties con-
tribute to the background systematics. At
the best mass point of 165 GeV, the Higgs
boson discovery requires only ~ 0.8 fb~! of
the data.

2.4. Luminosity needed for
discovery

Fig. 3 shows an integrated luminosity needed
for obtaining of the signal significance 5 as a
function of the Higgs boson mass for inclusive
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Higgs boson production with vy, ZZ— £/
and WW—2/2v decay modes. For vy decay
mode the results of the cut based and ”opti-
mized” analyses are shown. One can see that
for the low Higgs boson mass of ~ 120 GeV
the vy is the best discovery mode. Moving
toward the higher Higgs boson mass up to
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Fig. 2. The angle between the leptons in the trans-
verse plane for the signal and the different back-
grounds at an integrated luminosity of 10 fb—1.
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Fig. 3. The integrated luminosity needed for ob-

taining of the signal significance 5 as a function of the
Higgs boson mass for inclusive Higgs boson produc-
tion with vy, ZZ— ¢¢ and WW—2¢2v decay modes.
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170 GeV, it followed by the ZZ— £¢ mode
and then by the WW—2/2y decay mode.

2.5. Accuracy of Higgs boson
mass measurement

Fig. 4 shows statistical accuracy of the Higgs
boson mass measurement with H— vy and
H—-77Z* —4¢ decay modes in CMS for 30

fb~!. The systematical error related to the
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Fig. 4. Statistical accuracy of the Higgs boson mass

measurement with H— vy and H—ZZ* —4/¢ decay
modes in CMS for 30 fb—1.

energy and momentum measurement uncer-
tainties is expected to be smaller than the
statistical one.

3. Summary of discovery
potential for 30 fb—!

The Higgs boson production with Vector Bo-
son Fusion (VBF) increases the discovery po-
tential of the SM Higgs boson at LHC (AT-
LAS searches can be found in Ref. [3]) and
significantly extends the possibility of the
Higgs boson coupling measurement as shown
in Ref. [7] and [8]. The discovery potential of
the H— 77 decay mode with VBF Higgs bo-
son production have been recently confirmed
by CMS with the full detector simulation.
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Fig. 6. The ATLAS sensitivity for the discovery of

the Standard Model Higgs boson for integrated lu-
minosity 30 fb~1.
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Fig. 7. The CMS sensitivity for the discovery of the
Standard Model Higgs boson for integrated luminos-
ity 30 fb—1.

Fig. 5 shows the di-tau effective mass for the
signal with 77 — f+jet final state and for
the background with 30 fb~! after all selec-
tions. The central-jet veto allowing an effec-
tive suppression of the Z plus multi-jet and ¢t
backgrounds was suffering from the presence
of the fake jets due to pile up and electronic
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noise. A dedicated technique with the usage
of tracks and signal vertex have been devel-
oped and successfully applied to discard fake
jets.

The ATLAS and CMS discovery poten-
tials for 30 fb~! are summarized in Fig. 6
and Fig. 7. Figures show the significance of
the Higgs boson discovery as a function of
the Higgs boson mass for different channels.
One can see that the region between 115 GeV
and 600 GeV is the 5o discovery region with
30 fb 1.
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