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INCLUSIVE HIGGS BOSON SEARCHES IN FOUR-LEPTON FINAL STATES
AT THE LHC

EVELYNE DELM EIRE
on behalfofthe ATLAS and CM S Collaborations
U niversidad A utonom a de M adrid @

T he inclusive search for the Standard M odel H iggs boson in four-lepton nalstates w ith the
ATLAS and CM S detectors at the LHC pp collder is presented. The discussion focusses
on the H ! 2zz'’ ! 41+ X decay mode for a Higs boson in the mass range 120

My . 600Gev=C.A prospective analysis is presented for the discovery potentialbased on a
detailled sin ulation of the detector regponse in the experin entalconditions of the st yearsof
LHC running at low lum inosity. An overview of the expected sensitivity in the m easurem ent
of the H Iggs boson properties is also given.

0705.2090v1 [hep-ex] 15 May 2007

1 Introduction

arXiv

The Standard M odel(SM ) of electroweak Interactions contains one H iggs boson whose m ass,
My , Is a free param eter of the m odel. T he inclusive single production reaction p+ p ! H + X
llowed by thedecay H ! 2z 1 I'1 ¥ P (i shortH ! 41) is the cleanest("goden") decay
m ode for the discovery of the SM H iggs boson at the LHC and can provide a sensitivity over a
wide range of masses M y from 120 to 600 G &V =c?. T here are three di erent nal states which
depend on the avour of the Z-boson decay leptons: H ! 4e,H ! 4 and H ! 2e2 . Thanks
to the relatively an allbackground contam ination,theH ! 4lalso allow s a precisem easurem ent
of the H iggs boson properties (m ass, w dth, soin, couplings, etc...).

T he report summ arizes the expected potential of ATLAS and CM S in SM H iggs boson
searches In the H ! 41 channel. For m ore details on the analyses described here, the reader is
directed to the ATLA Sm and CM S[2 Physics Technical D esign R eports.

“Now at the Universiteit A ntwerpen.
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2 H ilggs boson signal and backgrounds

At LHC energies, there are two dom Inant SM H iggs boson production processes: gluon-gluon,
gg ! H,and weak boson fusion gqq ! ggH. In themass range My . 135 G&V=c?, the SM
Higgsboson decaysm ainly nto lb(BR  85% )and * (BR 8% ) pairs but the search In the
H ! decay m ode is priviledged despite it an all branching ratio(BR 02% ) because of its
clean experin ental signature. ForM g & 135G eV=c?,thedecay ntoH ! W *W  isdom iant.
T he branching ratio fortheH ! 2ZZ() decay is sizable forM 4 115 G eV =c?.

TheH ! 7z') ! 4lsignalevent topology is characterized by tw o pairs of oppositely charged
and isolated sam e- avour leptons com ing from the sam e vertex w ith a didepton invariant m ass
com patible w ith the Z-Joson m ass. The H iggs boson signal m anifests itself as a narrow m ass
peak in the reconstructed fourJdepton invariantm ass spectrum . T here are threem ain background
sources to the H ! 4l signal. The reducible Zbb and tt background processes di er from the
signal by the presence of two non-isolated leptons inside b—pts w ith displaced vertices. The
irreducible 27 ) background has kinem atical properties which are very sin ilar to that of the
sighal except for the fourJdepton invariant m ass which show s a broad spectrum .

3 Event selection

A 11 selections are optin ised to have the highest signi cance for discovery w ith em phasis on a
realistic strategy for the control of experin ental errors and background system atics.

T he on-line preselection consists of a logical O R of basic single and double electron or m uon
triggers. The o -line presslection starts w ith the search for events w ith at least four lepton
candidates within the ducial volume. The ain is to reduce as much as possible the con—
tam ination of background sources involving "fake" leptons from QCD Fts while preserving as
much as possible the signal detection e ciency. The Zb b and tt backgrounds have at least
one non-isolated lepton-pair with often detectable displaced vertices in contrast to the signal
and 7z2 ') background. T herefore, the m ost descrin inating preselection variables against these
backgrounds com e from vertex constraints and isolation criteria relying on the m easurem ent of
prin ary tracks In the tracker and/or the energy ow In the calorim eters.

T he kinem atical selection consists of cuts on the lepton transverse m om enta and the recon-
structed didepton invariant m ass spectra. The st cut exploits the fact that b-decay leptons
from the Zbb and tt backgrounds have on average a softer pr spectrum than leptons from the
H iggs boson signalor ZZ‘ ) background. T he second requirem ent is powerfiil against all back—
grounds.

T he num ber of signal and background events is determ ined by a sin ple w indow sliding in
the reconstructed four-lepton invariant m ass spectrum . A fter the fi1ll selection, the reducible
backgrounds are suppressed well below the level of the ZZ( ) contam ination which rem ains the
dom inant and sole rem aining background. T he typical refection factors vary from 2 10° to 10*
for tt, from 500 to 10° for Zbb and from 20 to 4 for 2z ), depending on the M y -hypothesis, for
a signal selection e ciency of 25-55 % .

4 System atics

T he systam atics on the signal signi cance are related to the know ledge of the 27 ¢ ) background
rate in the signal region and the uncertainty on this know ledge. Two approaches have been
follow ed to estim ate the background directly from the data: a nom alisation to single 7,2 ! 21,
data and a nom alisation to sidebands. Both approaches lead to a reduced sensitivity to theo—
retical and experin entaluncertainties aswellas a fullcancellation of the um inosity uncertainty.
T he theoretical uncertainty is of the order of 2 to 8% for the nom alisation to Z ! 2land 05
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Figure 1: T he expected statistical signi cance for the Standard M odel H iggs boson signalas function of itsm ass
for an integrated lum inosity of 30 fo ! ortheATLAS (Left) and CM S (R ight) experin ents.

to 4% for the nom alisation to sidebands. The Iow statistics of ZZ( ) events could be a lim iting
factor for the sidebandsm ethod.

T he overal strategy for controling the detector systam atics is to estin ate the e ciency and
the precision of the energy and m om entum m easurem ents from experim entaldata. Single 72 and
single W processes have huge cross section at the LHC , and are expected to lead to a signi cant
reduction of the reconstruction uncertainties already after few fo L

5 D iscovery reach

Figure[ll show s the expected statistical signi cance for the SM H iggs boson signal as finction
of itsm ass for an integrated lum inosity of 30 fo t.as -discovery is possible over a w de range
ofmasses in the H ! 4lchannel: 130 < My < 160 Gev=c® and 2my; < My < 550 Gev=".
The drop In sensitivity around M g 180 GeV=c® willbe lkd by the com plem entary channel
H! Ww ()! 22 wherelessthan 1 ! isneeded for 5 -discovery. ForM 5 < 130 GeV=cz,
the highest discovery potential is obtained In the H ! decay m ode.

6 M easurem ent of the H iggs boson properties

T he H iggs boson m ass and w dth are obtained from a t to the fourdepton invariantm ass spec—
trum . For an integrated lum inosity of 30 fo L, the expected statistical precision of the m ass
m easuram ent is better than 1% over a w de range of m asses(F gure[2 Left). T he H iggs boson
w idth m easurem ent is only possble for H iggs boson m asses beyond 200 G &V =2 w hen the H iggs
boson naturalw dth starts to dom inate the experim ental resolution. T he expected precision on
the w dth is an aller than 30% .

T he H iggs boson couplings to farm ions and gauge bosons can be extracted from rate m ea—
surem ents in the di erent H iggs boson production and decay channels. R elative precision on the
squared H iggs boson couplings, assum ing 300 fb ! of data collected by both the ATLAS and
the CM S experin ents, varies between 10% and 40% depending on the coupling, except for the
Yukawa coupling to the bquark which su ers from large uncertainties related to b-tagging and

background nomm alisation 4,
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Figure 2: Left: T he expected statistical precision of the H iggs boson m assm easurem ent in CM S for an Integrated
Tum inosity of 30 fo L R ight: The relative precision on the H iggs boson couplings assum ing 300 fo ! of data
collected by both the ATLA S and the CM S experim ents.

The H ! 41 channel is particularly suitable to m easure the H iggs boson spin and CP
state because its sm all background contam ination and the fact that the event kinem atics can
be com pletely reconstructed with good precision. The angular correlations between the Z-
boson decay products are used to extract the spin and CP state of the resonance. A study
based on ATLA S fast sinulation show s that with 100 fo ! a pseudo-scalar H iggs boson can be
ruled out If My > 200 Ge&V=c’ and an axial vector and vector H iggs boson can be excluded
ifMyg > 230 GeVv= ZE. A recent analysis by the CM S experim ent considers also CP <violating
soin-0 H iggs boson states via the ntroduction of a CP-m ixing param eter and determm ines the
m inin alenhancem ent or suppression In cross section needed in order to exclide the SM pseudo-
scalar H iggs boson . Tt is shown that the distinction between a scalar and a pseudo-scalar H iggs
boson is already possible w ith 60 fo . Integrated lum :inosity@.
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