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Searches for a heavy Standard Model (SM) Higgs boson degayanH — ZZ — ¢4~ qq or

H — ZZ — ¢t~ vv, wherel = e, i, are presented. The analyses are based on proton-proton
collision data at/s= 7 TeV, collected by the ATLAS experiment at the CERN LHC dgr2011

and corresponding to an integrated luminosity of 4.7fbNo significant excess of data above
the expected SM background is observed in either channgetJjmits on the production cross
section for a Higgs boson with a mass in the range between3®6@0 GeV are derived. The

H — ZZ — ¢*¢~qq decay channel excludes a SM Higgs boson in the mass range330GeV

and 353-410 GeV, while thd — ZZ — ¢*¢~vv channel excludes a wide mass range between
319-558 GeV, both at 95% CL.
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1. Introduction

In the Standard Model (SM), the Higgs Mechanism [1 — 3] is oesjble for electroweak sym-
metry breaking and gives mass to the weak vector bosons hed pérticles. The search for the
associated Higgs boson and the confirmation of this meamaisisne of the most important goals
of the CERN Large Hadron Collider (LHC) physics programme.

Prior to the start of the 38International Conference on High Energy Physics (ICHER), t
status of the experimental search for the Higgs boson wasllas/§. Direct searches at the CERN
Large Electron-Positron Collider (LEP) excluded at 95%fictance level (CL) the production of
a SM Higgs boson with magsy less than 114t GeV [4]. Searches at the Fermilab Tevatpmm
collider excluded at 95% CL the regions 100-103 GeV and 180-GeV [5]. At the LHC, the
combination of searches performed by the ATLAS experimesitg up to 49 fb~! of \/s=7 TeV
data, rule out the production of a SM Higgs boson at 95% inelgeons 111.4-116 GeV, 119.4—
1222 GeV and 129.2-541 GeV [6]. The results presented hereilootgd significantly to the
exclusion in the highmy region. Corresponding combined results from CMS [7], usipgto
4.8 fb~! of \/s= 7 TeV data, excluded at 95% CL the region 127.5-600 GeV. Atths of the
conference, both ATLAS and CMS independently announce&dhebservation of a new neutral
boson with a mass of around 125 GeV, consistent with the SMy#igpson; the results have
subsequently been published in Refs [9, 10].

If my is larger than twice th& boson massiy, the Higgs boson is expected to decay to
a pair of on-shellZ bosons with a large branching ratio. A search for a SM Higgsohan the
mass range 200-600 GeV has been performed intheZZ — ¢*¢—qqandH — ZZ — (0~ vv
(¢ = e, u) decay channels [11, 12] using the ATLAS detector [8]. Theadeed in these searches
were recorded during the 2011 LHC run witip collisions at,/s= 7 TeV and correspond to an
integrated luminosity of # fb~1. The signal processes include both gluon fusion and véxison
fusion Higgs boson production mechanisms.

H—ZZ— ¢*¢~gqandH — ZZ — ¢/~ vv events are characterised by two high transverse
momentum leptons consistent with originating frord Boson decay and either a pair of jets also
consistent with @ boson decay in the caseldf— ZZ — ¢/~ qgqgor a large transverse momentum
imbalance in the case &f — ZZ — /"¢~ vv. The selection of signal candidates and the estimation
of the background processes in the two decay channels diredlin the following sections.

2. H— ZZ — llqq decay channel

H — ZZ — ("¢~ qq candidate events are required to contain exactly two eestor muons
with transverse momentumpr > 20 GeV in the pseudorapidity rangg| < 2.5. To ensure the
leptons are isolated, the sum of the of the tracks within a cone of radiuskR = 0.2 around the
lepton must be less than 10% of the leptoms The invariant mass of the lepton pair must be
consistent with th& boson, 83< my, < 90 GeV, and the two muons in a pair must be oppositely
charged (this is not required for electrons due to the higharge misidentification rate). Events
are then required to contain at least two jets with> 25 GeV and|n| < 2.5. To suppresst
background, the magnitude of the missing transverse mamemtust satishEMSS < 50 GeV.

To maximise the expected sensitivity of the analysis, evard split into two categories based
on the identification of jets originating frolmquarks b-jets): the “tagged” subchannel, containing
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events with exactly d-jets, and the “untagged” channel, containing events véthelr than two
b-jets. This exploits the fact that 21% of signal events contal®jets fromZ — bb decays, while
b-jets are produced less often in the m@n— ¢¢)+jets background. Events are required to contain
at least one dijet pair with invariant mass in the range<#0;; < 105 GeV. In the untagged channel,
all pairs of jets formed from the three highgst jets are considered, leading to the possibility of
multiple signal candidates per event; in the tagged chaomigltheb-jet pair is retained.

To exploit the fact that the boost of tlebosons from théd — ZZ decay increases witmy,
the analysis is split into a “loway” and “high-my“ region, used to search for a Higgs boson with
mass above and below 300 GeV, respectively. In the highcase, additional cuts are placed on
the jetpr and the azimuthal opening angle between both the two legtotshe two jets.

The dominant background in this channelzisjets production. The shapes of the relevant
kinematic distributions for this background are taken figi@, while the normalisation is derived
from data. First, the relative fractions of tle-light jets ,Z 4+ c jets, andZ + b jets components are
estimated from data by fitting the distribution of theagging discriminant with MC templates for
each flavour. The overall-+jets normalisation is then determined from data using arobregion
based on then;; sidebands. The number of events in the control region, sftietracting the MC
contribution from other background sources, is used tovdestale factors to correct thetjets
normalisation. The uncertainty on the shape ofZhgets background is estimated by reweighting
various kinematic distributions to cover any data to MCatiginces in the sidebands.

The second largest background, which is particularly ingrarin the tagged channel, is top
production. The shapes of the relevant kinematic distidbgtare taken from MC and the normali-
sation corrected to data using scale factors determined drtop control region defined by the,
sidebands with thE"sSselection reversed. The extraction of the scale factorsri®pned simul-
taneously for theZ+jets and top background, and in both cases separately famtagged and
tagged channels. The small irreducible background fZahandWZ production is taken directly
from MC. The background due to multijet events is estimatechfdata and found to be negligible.

AH — ZZ — ("¢~ qqsignal should appear as a peak in the invariant mass distribaf the
¢l system, withmy,j; aroundmy. To improve the Higgs boson mass resolution, the energies of
the jets forming each dijet pair are scaled torsgt equal to the nominain;. Figure 1 shows the
resultingmy, j; distributions in the untagged and tagged channels for tie+hj; selection.

3. H—ZZ — llvv decay channel

H — ZZ — ¢"¢~vv candidate events are required to contain an oppositelygetgpair of
isolated leptons, each havipg > 20 GeV andn| < 2.5, with an invariant mass consistent with the
Z boson,|my, — mz| < 15 GeV. Events are rejected if they contain a third lepto it > 10 GeV,
which mainly reduces background dueW production. To suppress the background from top
production, events are also rejected if they contaimjet with pr > 20 GeV andn| < 2.5. The
event is then required to contain significﬁﬂissarising from theZ — vv decay.

To exploit the increasing boost of t@ebosons withmy, the search is again split into a lawy
region and a highwmy region, used to search for a Higgs boson with mass below aea2®0 GeV,
respectively. In the lowry region, events are required to satisf'ss> 66 GeV, while in the high-
my region this is raised t&"sS > 82 GeV. These cuts significantly reduce the background from
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Figure 1: The invariant mass distributions of the— ZZ — ¢+ ¢~ qq candidates for the highiy selection in
the untagged (left) and the tagged (right) channels [11¢ &pected Higgs boson signal fog; = 400 GeV

is shown, scaled up by a factor of 5 in the untagged case to in@alae visible. The hashed band represents
the combined systematic uncertainty on the total backgi@uediction.

processes with no reEﬁ“ssfrom undetected neutrinos. To reduce the background frantswvith
fake E?“‘Ssdue to mis-measured jets, events are rejected if the azahatigle between the missing
transverse momentum vector and the nearesAjetpr ™S pr'®!), is small. To further exploit the
mass-dependent kinematic feature$lofs ZZ — ¢+ ¢~ vv production, different cuts are placed on
the azimuthal angle between the two leptons and betweenidising transverse momentum vector
and theZ — ¢¢ direction in the twamy regions.

TheE%“‘ssresolution is found to degrade in the later running periagstd an increased number
of additional interactions per bunch crossing: “pile-uphis leads to an increase in the background
from inclusiveZ production and hence to retain sensitivity the analysiplis igto a low and high
pile-up data sample, corresponding to 2.3%land 2.4 fo'l, respectively.

SM diboson production forms a major background to this seagrarticularly in the highwy
region. The irreducibleZZ component is taken from MC simulation, with a shape unasttai
obtained by comparing different MC generators, and nosedlito the theoretical cross section.
TheWW andWZ components are similarly normalised; M& normalisation being verified in a
control sample containing exactly three leptons.

The background from inclusivé boson production, which gives a large contribution in the
low-my channel, is taken from MC simulation and the normalisatierified in a control region

formed from events failing thg( 5y ™S, pP') cut after theEMSs requirement. The background
from top production is again taken from MC and its normal@atverified in two independent
control samples: the first consists of events containingosipgly-chargedeu pairs, while the
second uses events in thg sidebands containinglajet. The additional small background from
inclusiveW production is normalised from data using a sample of likgrse or ey events in the
my; sidebands. The multijet background, estimated from dafaund to be negligible.

A H — ZZ — ¢4~ vv signal is searched for as an excess of events in the traeswess
distribution of thef/vv system. The transverse mass;, is calculated assuming the lepton pair
and E?iss arise, respectively, from 2 — ¢¢ andZ — vv decay. Figure 2 shows the resulting
distributions in the low and high pile-up samples for thehhigy selection.
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Figure2: The transverse mass distributions of the+ ZZ — ¢+ ¢~ vv candidates for the highay selection
in the low (left) and high (right) pile-up data [12]. The exped Higgs boson signal fany = 400 GeV is
shown. The hashed band represents the combined systemegitainty on the total background prediction.

4. Results

No significant excess of data above the expected SM backdrizuabserved in either the
H—ZZ—¢"¢—qqorH — ZZ — ¢*¢~vv decay channel. Upper limits are set on the Higgs boson
production cross section relative to the SM prediction asation ofmy. The limits are extracted
based on a maximum likelihood fit to either thig;j; or my distribution using the&CLs modified
frequentist formalism [13] with the profile likelihood testatistic [14]. Individual channels or
samples are combined by forming the product of their lil@iths. In theH — ZZ — ¢ /—qq
search, the untagged and tagged channels contribute &ppteky equally across they range. In
theH — ZZ — ¢* ¢~ vv search, the low pile-up sample dominates in the fowregion, while the
low and high pile-up samples contribute approximately éguathe highimy region. Systematic
uncertainties, along with their correlations, are incogped as nuisance parameters.

The systematic uncertainity on the Higgs boson productioascsection is taken from theory.
In the absence of a full line shape calculation for the prtidnanechanisms, taking into account
the width of the Higgs boson and possible interference wighSMZZ background, an additional
my-dependent normalisation uncertainty is appliednfipr> 300 GeV. The uncertainty on the sig-
nal acceptance due to the production-process modellingtima&ed by varying the parameters of
the signal MC simulation, including initial and final stasaliation, factorisation and normalisation
scales and underlying event model. The normalisation teiog¢y of the various background pro-
cesses are estimated from the agreement of MC simulatidndaiia in the control regions used
to normalise them. The exception is the diboson productidrere the uncertainty is taken from
theory. When the normalisation is derived from theory, aditamhal luminosity uncertainty is
applied. Various experimental uncertainties related ¢osflection and calibration of leptons and
jets, the calculation (E?“SS and the identification db-jets are also applied where appropriate.

Figure 3 shows the expected and observed limits intthe ZZ — ¢*¢~qqandH — ZZ —
¢*¢~vv decay channels at 95% CL. The— ZZ — ¢/~ qq channel excludes a SM Higgs boson
in the mass ranges 300-322 GeV and 353—-410 GeV at 95% CL, thibileorresponding expected
exclusion range is 351-404 GeV. The— ZZ — ¢/~ vv channel excludes a wide mass range
between 319-558 GeV at 95% CL, compared to an expected exclasge of 319-558 GeV.
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Figure 3: The expected (dashed line) and observed (solid line) @%wupper limits on the Higgs boson
production cross section divided by the expected SM Higgmbaross section fdd — ZZ — ¢T¢~qq
(left) [11] andH — ZZ — £+ ¢~ vy (right) [12]. The inner and outer bands indicate this and-+20 ranges

in which the limit is expected to lie in the absence of a sigidie horizontal dashed line shows the SM
value of unity. The discontinuity in the limits a4y = 300 GeV (ny = 280 GeV) fortheH — ZZ — ¢ ¢—qq

(H — ZZ — ¢*¢~vv) channel is due to the transition between the use of the lag-haghmy selections.

5. Summary

A search for a SM Higgs boson in th¢ — ZZ — ¢*¢—qqandH — ZZ — ¢*¢~vv decay
channels has been performed over the Higgs mass range 200 {G&#V. The results are based
on 4.7 fo'! of \/s= 7 TeV pp data recorded by the ATLAS experiment at the LHC in 2011. No
evidence for a signal is observed and cross section lim@satracted, excluding the production
of a SM Higgs boson over a wide range of masses above 300 GeMulltdetails of the results
presented here can be found in Refs. [11, 12].
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