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Abstract

A search for the Standard Model Higgs boson in proton-pratolfisions with the ATLAS detector at the
LHC is presented. The datasets used correspond to intddratenosities of approximately 4.8 th collected at
vs = 7TeV in 2011 and 5.8 fi} at /s = 8TeV in 2012. Individual searches in the channéls> ZZ*) — 4¢,
H—vyy and H—» WW® - evuv in the 8 TeV data are combined with previously published ltesaf searches for
H—27ZZ®, Ww®, bb andt*7 in the 7 TeV data and results from improved analyses ofHkhe ZZ(*)— 4¢ and

H— vyy channels in the 7 TeV data. Clear evidence for the produdfanneutral boson with a measured mass of
1260 + 0.4 (stat) + 0.4 (sys) GeV is presented. This observation, which has afgignce of 5.9 standard devia-
tions, corresponding to a background fluctuation probighif 1.7 x 107, is compatible with the production and

decay of the Standard Model Higgs boson.

1. Introduction

The Standard Model (SM) of particle physics|[1-4]

has been tested by many experiments over the last four,

decades and has been shown to successfully describ
high energy particle interactions. However, the mecha-
nism that breaks electroweak symmetry in the SM has
not been verified experimentally. This mechanisim [5—
10], which gives mass to massive elementary particles,
implies the existence of a scalar particle, the SM Higgs
boson. The search for the Higgs boson, the only ele-
mentary particle in the SM that has not yet been ob-
served, is one of the highlights of the Large Hadron Col-
lider [11] (LHC) physics programme.

Indirect limits on the SM Higgs boson massmaf; <
158 GeV at 95% confidence level (CL) have been set
using global fits to precision electroweak results [12].
Direct searches at LEP [13], the Tevatronl [14-16] and
the LHC [17/13] have previously excluded, at 95% CL,
a SM Higgs boson with mass below 600 GeV, apart from
some mass regions between 116 GeV and 127 GeV.

Both the ATLAS and CMS Collaborations reported
excesses of events in their 2011 datasets of proton-
proton (pp) collisions at centre-of-mass energys =
7TeV at the LHC, which were compatible with SM
Higgs boson production and decay in the mass region
124-126 GeV, with significances of 2.9 and 3.1 standard
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deviations §), respectively![17, 18]. The CDF and D&
experiments at the Tevatron have also recently reported
a broad excess in the mass region 120-135GeV; using
the existing LHC constraints, the observed local signifi-

%ances fory = 125GeV are 2.6 for CDF [14], 1.10

for D@ [15] and 2.8r for their combination [16].

The previous ATLAS searches in 4.6-4.8%of data
at /s = 7 TeV are combined here with new searches for
H— ZZW— A}, H— yy andH— WW® = evuy in the
5.8-5.9fb! of pp collision data taken ai/s = 8 TeV
between April and June 2012.

The data were recorded with instantaneous luminosi-
ties up to 68 x 10 cm™2s7!; they are therefore af-
fected by multiplepp collisions occurring in the same
or neighbouring bunch crossings (pile-up). In the 7 TeV
data, the average number of interactions per bunch
crossing was approximately 10; the average increased
to approximately 20 in the 8 TeV data. The reconstruc-
tion, identification and isolation criteria used for elec-
trons and photons in the 8 TeV data are improved, mak-
ing the H— ZZ")— 4¢ and H— yy searches more ro-
bust against the increased pile-up. These analyses were
re-optimised with simulation and frozen before looking
at the 8 TeV data.

1The symbolf stands for electron or muon.
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In the H— WW® — ¢v¢v channel, the increased pile-  in 7 to facilitatee/y separation fromx® and to improve
up deteriorates the event missing transverse momentumthe resolution of the shower position and direction mea-
EQ"iSS, resolution, which results in significantly larger surements. In the regidn| < 1.8, the electromagnetic
Drell-Yan background in the same-flavour final states. calorimeter is preceded by a presampler detector to cor-
Since theeu channel provides most of the sensitivity rect for upstream energy losses. An iron-scintillAtier
of the search, only this final state is used in the anal- calorimeter gives hadronic coverage in the central ra-
ysis of the 8 TeV data. The kinematic region in which pidity range [| < 1.7), while a LAr hadronic end-cap
a SM Higgs boson with a mass between 110 GeV and calorimeter provides coverage ovebk || < 3.2. The
140 GeV is searched for was kept blinded during the forward regions (2 < || < 4.9) are instrumented with
analysis optimisation, until satisfactory agreement was LAr calorimeters for both electromagnetic and hadronic
found between the observed and predicted numbers ofmeasurements. The muon spectrometer (MS) surrounds
events in control samples dominated by the principal the calorimeters and consists of three large air-core su-
backgrounds. perconducting magnets providing a toroidal field, each
This Letter is organised as follows. The ATLAS de- with eight coils, a system of precision tracking cham-
tector is briefly described in Sectigh 2. The simula- bers, and fast detectors for triggering. The combi-
tion samples and the signal predictions are presented innation of all these systems provides charged particle
SectiorB. The analyses of ti#e— ZZ*)— 4¢, H— yy measurements together wittiieient and precise lepton
and H— WW® - evuy channels are described in Sec- and photon measurements in the pseudorapidity range
tions[4£6, respectively. The statistical procedure used || < 2.5. Jets andErTniss are reconstructed using en-
to analyse the results is summarised in Sedfion 7. The ergy deposits over the full coverage of the calorimeters,
systematic uncertainties which are correlated between|n| < 4.9.
datasets and search channels are described in Sektion 8.
The results of the combination of all channels are re-
ported in Sectiori]9, while Sectiénl10 provides the con- 3. Signal and background simulation samples
clusions.
The SM Higgs boson production processes con-
sidered in this analysis are the dominant gluon fu-
2. The ATLAS detector sion gg — H, denoted ggF), vector-boson fusion
(9¢¢ — qq’H, denoted VBF) and Higgs-strahlung
The ATLAS detector [1/9—21] is a multipurpose parti- (¢¢ — WH,ZH, denotedWH/ZH). The small con-
cle physics apparatus with forward-backward symmet- yihytion from the associated production withizapair
ric cylindrical geometry. The inner tracking detector (97/gg — tH, denotedtH) is taken into account only
(ID) consists of a silicon pixel detector, a silicon mi- jn the H—s yy analysis.
crostrip detector (SCT), and a straw-tube transition ra-  gqr the ggF process, the signal cross section is com-
diation tracker (TRT). The ID is surrounded by a thin su- puted at up to next-to-next-to-leading order (NNLO)
perconducting solenoid which provides a 2 T magnetic ;. QCD [22--28]. Next-to-leading order (NLO) elec-
field, and by high-granularity liquid-argon (LAr) sam-  yoweak (EW) corrections are applied [29] 30], as well
pling electromagnetic calorimetry. The electromagnetic ,q QCD soft-gluon re-summations at up to next-to-next-
calorimeter is divided into a central barrel (pseudora- to-leading logarithm (NNLL)[[31]. These calculations,
pidityd [n| < 1.475) and end-cap regions on either end which are described in Refs. [32+-35], assume factori-
of the detector (B75 < || < 2.5 for the outer wheel  g5iion hetween QCD and EW corrections. The trans-
and 25 < || < 3.2 for the inn.erlwheefl). In the region | orge momenturmyr, spectrum of the Higgs boson in
matched to the ID|4| < 2.5), it is radla!|y segmented_ the ggF process follows th#yT calculation[35], which
into three layers. The first layer has a fine segmentation j,cjudes QCD corrections at NLO and QCD soft-gluon
re-summations up to NNLL; theffects of finite quark

2 , . L masses are also taken into account [37].
ATLAS uses a right-handed coordinate system with its oragin h full
the nominal interaction point (IP) in the centre of the detecand For the VBF process, full QCD and EW correc-

the z-axis along the beam line. Theaxis points from the IP to the  tions up to NLO|[38-41] and approximate NNLO QCD
centre of the LHC ring, and theaxis points upwards. Cylindrical co- corrections [42] are used to calculate the cross sec-

ordinates £, ¢) are used in the transverse plapéyeing the azimuthal tion. Cross sections of the associaté#f/ZH processes
angle around the beam line. Observables labelled “trassVere '

projected into the: — y plane. The pseudorapidity is defined in terms ~ (VH) are_calculated including QCD corrections up to
of the polar angl® asn = — Intan@/2). NNLO [43-45] and EW corrections up to NLO [46].




The cross sections for thell process are estimated up
to NLO QCD [47+51].

The total cross sections for SM Higgs boson produc-
tion at the LHC withmy = 125GeV are predicted to
be 17.5 pb fory/s = 7TeV and 22.3pb forys =
8TeV [52,53].

The branching ratios of the SM Higgs boson as a
function ofmy, as well as their uncertainties, are calcu-
lated using the HDECAY! [54] and PROPHECY4FE|[55,
56] programs and are taken from Refs.|[62, 53]. The
interference in théf— ZZ®*) — 4¢ final states with iden-
tical leptons is taken into account [53/ 55, 56].

Table 1: Event generators used to model the signal and baokdr
processes. “PYTHIA’ indicates that PYTHIA6 and PYTHIA8 are
used for simulations ofy’s = 7 TeV and+/s = 8 TeV data, respec-
tively.

Process Generator

ggF, VBF POWHEG [57, 58]PYTHIA
WH,ZH, ttH PYTHIA

W+jets,Z/y*+jets  ALPGEN [59}HERWIG

11, tW, th MC@NLO [60H+HERWIG
tqb AcerMC [61HPYTHIA
qq —» WW MC@NLO+HERWIG

gg > WW 092WW [62+HERWIG
qq — ZZ POWHEG [63}PYTHIA

g8 — 727 09277 [64}HERWIG

wz MadGraphkPYTHIA, HERWIG
Wy+jets ALPGENrHERWIG

Wy* [65] MadGraphkPYTHIA

qq/88 = vy SHERPA

The event generators used to model signal and back-
ground processes in samples of Monte Carlo (MC) sim-
ulated events are listed in Talile 1. The normalisations

of the generated samples are obtained from the state of

the art calculations described above. Severfierint
programs are used to generate the hard-scattering pro
cesses. To generate parton showers and their hadroni
sation, and to simulate the underlying event [66—68],
PYTHIAG [69] (for 7 TeV samples and 8 TeV sam-
ples produced with MadGraph |70,/ 71] or AcerMC) or
PYTHIAS [72] (for other 8 TeV samples) are used. Al-
ternatively, HERWIG [[73] or SHERPAL[74] are used
to generate and hadronise parton showers, with the
HERWIG underlying event simulation performed using
JIMMY [If5]. When PYTHIA6 or HERWIG are used,
TAUOLA [76] and PHOTOSI[77] are employed to de-
scribe tau lepton decays and additional photon radiation
from charged leptons, respectively.

The following parton distribution function (PDF) sets
are used: CT10[[78] for the POWHEG, MC@NLO,
092WW and gg27Z7 samples; CTEQG6L1 [79] for the
PYTHIA8, ALPGEN, AcerMC, MadGraph, HERWIG
and SHERPA samples; and MRSTMCal |[80] for the
PYTHIAG6 samples.

Acceptances andfléciencies are obtained mostly
from full simulations of the ATLAS detector [381] us-
ing Geant4 [82]. These simulations include a realistic
modelling of the pile-up conditions observed in the data.
Corrections obtained from measurements in data are ap-
plied to account for small éierences between data and
simulation (e.g. large samples ®f, Z andJ/y decays
are used to derive scale factors for lepton reconstruction
and identification fiiciencies).

4. H - ZZ™ — 4¢ channel

The search for the SM Higgs boson through the
decayH — ZZ® — 4¢, where? eoru, pro-
vides good sensitivity over a wide mass range (110-
600 GeV), largely due to the excellent momentum reso-
lution of the ATLAS detector. This analysis searches
for Higgs boson candidates by selecting two pairs of
isolated leptons, each of which is comprised of two lep-
tons with the same flavour and opposite charge. The
expected cross section times branching ratio for the pro-
cessH — ZZ® — 4¢ with my = 125 GeV is 2.2 fb for
vs =7 TeV and 2.8 fb fory/s = 8 TeV.

The largest background comes from continuum
(Z%) [y*)(2®¥ /y*) production, referred to hereafter as
7ZZ%). For low masses there are also important back-
ground contributions fronZ + jets andzs production,
where charged lepton candidates arise either from de-
cays of hadrons with- or c-quark content or from mis-
identification of jets.

The 7 TeV data have been re-analysed and combined
with the 8 TeV data. The analysis is improved in several
aspects with respect to Ref. [83] to enhance the sensitiv-

ity to a low-mass Higgs boson. In particular, the kine-

matic selections are revised, and the 8 TeV data anal-
ysis benefits from improvements in the electron recon-
struction and identification. The expected signal sig-
nificances for a Higgs boson withy = 125 GeV are
1.6 o for the 7 TeV data (to be compared with 1.25

in Ref. [83]) and 2.1 for the 8 TeV data.

4.1. Event selection

The data are selected using single-lepton or dilepton
triggers. For the single-muon trigger, tpe threshold
is 18 GeV forthe 7 TeV data and 24 GeV forthe 8 TeV



data, while for the single-electron trigger the transverse with an invariant mass closest to tAdoson massiz)
energyEr, threshold varies from 20 GeVto 22 GeVfor inthe quadrupletis referred to as the leading lepton pair.
the 7 TeV data and is 24 GeV for the 8 TeV data. For Its invariant mass, denoted by, is required to be
the dielectron triggers, the thresholds are 12 GeV for between 50 GeV and 106 GeV. The remaining same-
both electrons. For the dimuon triggers, the thresholds flavour, opposite-charge lepton pair is the sub-leading
for the 7 TeV data are 10 GeV for each muon, while lepton pair. Its invariant mass;ss, is required to be
for the 8 TeV data the thresholds are 13 GeV. An addi- in the rangenmin < msz4 < 115 GeV, where the value
tional asymmetric dimuon trigger is used in the 8 TeV of mnjn depends on the reconstructed four-lepton in-
data with thresholds 18 GeV and 8 GeV for the leading variant masss,. The value ofmmi, varies monoton-
and sub-leading muon, respectively. ically from 175 GeV atmys, = 120 GeV to 50 GeV

Muon candidates are formed by matching recon- &t ma = 190 GeV [87] and is constant above this
structed ID tracks with either a complete track or a value. All possible lepton pairs in the quadruplet that

track-segment reconstructed in the NIS [84]. The muon have the same flavour and opposite charge must satisfy
acceptance is extended with respect to Refl [83] us- "« > 5 G€V in order to reject backgrounds involving
ing tracks reconstructed in the forward region of the the productionand decay gfy mesons. If two or more
MS (25 < Iyl < 2.7), which is outside the ID cov- quadruplets satisfy the above selection, the one with the
erage. If both an ID and a complete MS track are highest value ofnz, is selected. Four ffierent analysis

present, the two independent momentum measurement$UP-channels, & 2e2u, 2u2e and 4., arranged by the

are combined: otherwise the information of the ID or flavour of the leading lepton pair, are defined.
the MS is used alone. Electron candidates must have a Non-promptleptons from heavy flavour decays, elec-

well-reconstructed ID track pointing to an electromag- roNs from photon conversions and jet_s mis-identified
netic calorimeter cluster and the cluster should satisfy @S €l€ctrons have broader transverse impact parameter
a set of identification criterid [85] that require the lon- distributions than prompt leptons fromboson decays
gitudinal and transverse shower profiles to be consis- @ndor are non-isolated. Thus, ti+jets andrr back-

tent with those expected for electromagnetic showers, 9round contributions are reduced by applying a cut on
Tracks associated with electromagnetic clusters are fit- the transverse impact parameter significance, defined as
ted using a Gaussian-Sum Filter [86], which allows for the transverse impact parameter divided by its uncer-

bremsstrahlung energy losses to be taken into account. [N, do/04,. This is required to be less than 3.5 (6.5)
for muons (electrons). The electron impact parameter is

Each electron (muon) must S‘.”‘tisb"r > 7 GeV_ . affected by bremsstrahlung and thus has a broader dis-
(pr > 6 GeV) and be measured in the pseudorapidity .\ +ion

range_|n| < 2'47. (nl < 2.7). Al poss@le quadruplet In addition, leptons must satisfy isolation require-
comblnatlons with same-flavour 0pp0$|te_-charge Igpton ments based on tracking and calorimetric information.
palrz arel then forme_d. The r;gstGecergeélcr:epton méhe The normalised track isolation discriminant is defined
quacrup et mgst satisfyr > €V, an the secon as the sum of the transverse momenta of tracks inside a
(third) lepton inpr order must satisfyr > 15 GeV cone of sizeAR = 0.2 around the lepton direction, ex-
(pT. > ﬁo G_eV?. IAt Ieas'F ane of the 'ePtO”S must cluding the lepton track, divided by the leptpf. The
;at|sfy t € sing e-.epton tngger or one pair must sat- ., s considered in the sum are those compatible with
isfy the dilepton trigger requirements. The leptons are . lepton vertex and haye > 0.4 GeV (pr > 1 GeV)
requw2ed to b2e separf':lted from each other A = in the case of electron (muon) candidates. Each lepton
V(An)? + (Ag)? > 0.1 if they are of the same flavour s required to have a normalised track isolation smaller
and byAR > 0.2 otherwise. The longitudinalimpactpa-  than 0.15. The normalised calorimetric isolation for
rameters of the leptons along the beam axis are requiredg|actrons is computed as the sum of fheof positive-
to be within 10 mm of the reconstructed primary vertex. energy topological clusters [88] with a reconstructed
The primary vertex used for the event is defined as the barycentre falling within a cone of sizek = 0.2 around
. . 2 . .

reconstructed vertex with the highgspr of associated  the candidate electron cluster, divided by the electron
tracks and is requwe_d to have_at least three tracks with Er. The algorithm for topological clustering suppresses
pr > 0.4 GeV. To reject cosmic rays, muon tracks are p4ise by keeping cells with a significant energy deposit
requweo_l to have a transverse impact param_eter, defined, g their neighbours. The summed energy of the cells
as the distance of closest approach to the primary vertexassigned to the electron cluster is excluded, while a cor-
in the transverse plane, of less than 1 mm. rection is applied to account for the electron energy de-

The same-flavour and opposite-charge lepton pair posited outside the cluster. The ambient energy deposi-
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tion in the event from pile-up and the underlying event
is accounted for using a calculation of the median trans-
verse energy density from loyr jets [89) 90]. The nor-
malised calorimetric isolation for electrons is required
to be less than 0.20. The normalised calorimetric isola-
tion discriminant for muons is defined by the ratio to the
prt of the muon of thekt sum of the calorimeter cells
inside a cone of sizAR = 0.2 around the muon direc-
tion minus the energy deposited by the muon. Muons
are required to have a normalised calorimetric isolation
less than 0.30 (0.15 for muons without an associated 1D
track). For both the track- and calorimeter-based isola-
tion, any contributions arising from other leptons of the
qguadruplet are subtracted.

The combined signal reconstruction and selection ef-
ficiencies for a SM Higgs witlny = 125 GeV for the
7 TeV (8 TeV) data are 37% (36%) for tha 4hannel,
20% (22%) for the 22u/2u2e channels and 15% (20%)
for the 4 channel.

The 4 invariant mass resolution is improved by ap-
plying aZ-mass constrained kinematic fit to the leading
lepton pair forms, < 190 GeV and to both lepton pairs
for higher masses. The expected width of the recon-
structed mass distribution is dominated by the experi-
mental resolution fomy < 350 GeV, and by the natu-
ral width of the Higgs boson for higher masses (30 GeV
atmy = 400 GeV). The typical mass resolutions for
my = 125 GeV are 7 GeV, 17 GeVj2.2 GeV and
2.3 GeV for the 4, 2¢2u/2u2e and 4 sub-channels, re-
spectively.

4.2. Background estimation

The expected background yield and composition are
estimated using the MC simulation normalised to the
theoretical cross section f&#Z®*) production and by
methods using control regions from data for e jets
andrz processes. Since the background composition de-
pends on the flavour of the sub-leading lepton pair, dif-
ferent approaches are taken for tiie yu and thef¢+ee
final states. The transfer factors needed to extrapolate
the background yields from the control regions defined
below to the signal region are obtained from the MC
simulation. The MC description of the selectiofii€
ciencies for the dferent background components has
been verified with data.

The reducible’t + uu background is dominated by
andZ +jets (mostlyZbb) events. A control region is de-
fined by removing the isolation requirement on the lep-
tons in the sub-leading pair, and by requiring that at least
one of the sub-leading muons fails the transverse impact
parameter significance selection. These modifications
removeZZ™ contributions, and allow both the and

Z +jets backgrounds to be estimated simultaneously us-
ing a fit to them;, distribution. Therr background con-
tribution is cross-checked by selecting a control sample
of events with an opposite charge pair with an invari-
ant mass between 50 GeV and 106 GeV, accompanied
by an opposite-charge muon pair. Events with ean-
didate decaying to a pair of electrons or muons in the
aforementioned mass range are excluded. Isolation and
transverse impact parameter significance requirements
are applied only to the leptons of the pair.

In order to estimate the reducillé+ ee background,
a control region is formed by relaxing the selection cri-
teria for the electrons of the sub-leading pair. THesal
ent sources of electron background are then separated
into categories consisting of non-prompt leptons from
heavy flavour decays, electrons from photon conver-
sions and jets mis-identified as electrons, using appro-
priate discriminating variables [91]. This method allows
the sum of theZ + jets andir background contributions
to be estimated. As a cross-check, the same method is
also applied to a similar control region containing same-
charge sub-leading electron pairs. An additional cross-
check of the’t + ee background estimation is performed
by using a control region with same-charge sub-leading
electron pairs, where the three highesteptons satisfy
all the analysis criteria whereas the selection cuts are re-
laxed for the remaining electrons. All the cross-checks
yield consistent results.

Table 2: Summary of the estimated number&of jets ands back-
ground events, for the/s = 7 TeV and+/s = 8 TeV data in the entire
phase-space of the analysis after the kinematic seledliestzribed in
the text. The backgrounds are combined for theezand 4 channels,
as discussed in the text. The first uncertainty is statistighile the
second is systematic.

Background Estimated
numbers of events
Vs =7 TeV Vs =8 TeV
4u
Z+jets 0.3:0.1+0.1 0.5:0.1+0.2
i 0.02:0.02+0.01  0.04-0.02:0.02
2e2
Z+jets 0.220.1+0.1 0.4-0.1+0.1
tt 0.02:0.01+0.01 0.04:0.01+0.01
2u2e
Z+jets, 1t 2.6+£0.4+04 4.9 0.8+0.7
e
Z+jets, t 3.1+ 0.6+0.5 3.9-0.7+0.8

The data-driven background estimates are sum-
marised in Tabl€]2. The distribution ofs4, for events
selected by the analysis except that the isolation and
transverse impact parameter requirements for the sub-



leading lepton pair are removed, is presented in[Hig. 1.
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Figure 1: Invariant mass distribution of the sub-leadingtde pair
(m34) for a sample defined by the presence @flaoson candidate and
an additional same-flavour electron or muon pair, for thelzioation

of /s =7 TeV and+/s = 8 TeV data in the entire phase-space of the
analysis after the kinematic selections described in tkie ksolation
and transverse impact parameter significance requirerasngpplied

to the leading lepton pair only. The MC is normalised to theada
driven background estimations. The relatively small dbotion of a
SM Higgs withmy = 125 GeV in this sample is also shown.

4.3. Systematic uncertainties

The uncertainties on the integrated luminosities are
determined to be 1.8% for the 7 TeV data and 3.6%
for the 8 TeV data using the techniques described in
Ref. [92].

The uncertainties on the lepton reconstruction and
identification éficiencies and on the momentum scale
and resolution are determined using samplesWgf
Z and J/y decays|[84, 85]. The relative uncertainty
on the signal acceptance due to the uncertainty on
the muon reconstruction and identificatiofi@ency is
+0.7% (x0.5%/+0.5%) for the 4« (2¢2u/2u2¢) chan-
nel for mge 600 GeV and increases t@0.9%
(£0.8%/+0.5%) for mg, = 115 GeV. Similarly, the

resolution and on the muon momentum resolution and
scale are found to be negligible.

The theoretical uncertainties associated with the sig-
nal are described in detail in Sectibh 8. For the SM
77" background, which is estimated from MC simula-
tion, the uncertainty on the total yield due to the QCD
scale uncertainty is5%, while the &ect of the PDF
anda;, uncertainties is=4% (+8%) for processes initi-
ated by quarks (gluons) [63]. In addition, the depen-
dence of these uncertainties on the four-lepton invariant
mass spectrum has been taken into account as discussed
in Ref. [53]. Though a small excess of events is ob-
served formy > 160 GeV, the measuretZ® — 4¢
cross section [93] is consistent with the SM theoreti-
cal prediction. The impact of not using the theoretical
constraints on th&Z®) yield on the search for a Higgs
boson withmy < 2mz has been studied in Ref. [87] and
has been found to be negligible . The impact of the in-
terference between a Higgs signal and the non-resonant
gg — ZZ® background is small and becomes negligi-
ble formy < 2my [94].
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Figure 2: The distribution of the four-lepton invariant rmasa,, for

the selected candidates, compared to the background apacin
the 80-250 GeV mass range, for the combination offse= 7 TeV

and +/s = 8 TeV data. The signal expectation for a SM Higgs with

relative uncertainty on the signal acceptance due to the# = 125 GeV is also shown.

uncertainty on the electron reconstruction and identifi-
cation dficiency is+2.6% (+1.7%/+1.8%) for the 4
(2¢2u/2u2¢) channel forms, = 600 GeV and reaches
+8.0% (x2.3%/+7.6%) for ms, = 115 GeV. The un-
certainty on the electron energy scale results in an un-
certainty of+0.7% (+0.5%/+0.2%) on the mass scale
of the my, distribution for the 4 (2¢2u/2u2e) channel.
The impact of the uncertainties on the electron energy
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4.4. Results

The expected distributions of,, for the background
and for a Higgs boson signal withy = 125 GeV are
compared to the data in Figl 2. The numbers of ob-

served and expected events in a window+& GeV

aroundmy = 125 GeV are presented for the combined



7 TeV and 8 TeV data in Tablg 3. The distribution of
the ma4 versusm;, invariant mass is shown in Figl 3.

the sensitivity to the VBF process. Higgs boson events
produced by the VBF process have two forward jets,

The statistical interpretation of the excess of events nearoriginating from the two scattered quarks, and tend to

mge = 125 GeV in Fig[2 is presented in Sect[dn 9.

Table 3: The numbers of expected signal;(= 125 GeV) and back-
ground events, together with the numbers of observed everitse
data, in a window of size5 GeV around 125 GeV, for the combined
Vs =7 TeV and+/s = 8 TeV data.

Signal V748 Z + jets,it Observed
Au 2.09:0.30 1.120.05 0.130.04 6
2e2u/2u2e 2.29+0.33 0.8@&0.05 1.240.19 5
4e 0.90:0.14 0.440.04 1.020.20 2
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Figure 3: Distribution of thenss versus theni, invariant mass, be-
fore the application of th&-mass constrained kinematic fit, for the
selected candidates in they, range 120-130 GeV. The expected
distributions for a SM Higgs witmy = 125 GeV (the sizes of the
boxes indicate the relative density) and for the total bemtid (the
intensity of the shading indicates the relative densitg)aso shown.

5. H- yy channel

The search for the SM Higgs boson through the de-
cay H— vy is performed in the mass range between
110 GeV and 150 GeV. The dominant background is
SM diphoton productiomyy); contributions also come
from y+jet and jetjet production with one or two jets
mis-identified as photong { and;j) and from the Drell-

be devoid of jets in the central region. Overall, the sen-
sitivity of the analysis has been improved by about 20%
with respect to that described in Ref.[95].

5.1. Event selection

The data used in this channel are selected using
a diphoton trigger|[96], which requires two clusters
formed from energy depositions in the electromagnetic
calorimeter. AnEy threshold of 20 GeV is applied to
each cluster for the 7 TeV data, while for the 8 TeV
data the thresholds are increased to 35 GeV on the lead-
ing (the highesEr) cluster and to 25 GeV on the sub-
leading (the next-highegtr) cluster. In addition, loose
criteria are applied to the shapes of the clusters to match
the expectations for electromagnetic showers initiated
by photons. Theféciency of the trigger is greater than
999% for events passing the final event selection.

Events are required to contain at least one recon-
structed vertex with at least two associated tracks with
pt > 0.4 GeV, as well as two photon candidates. Pho-
ton candidates are reconstructed in the fiducial region
7l < 2.37, excluding the calorimeter barfehd-cap
transition region B7 < || < 1.52. Photons that convert
to electron-positron pairs in the ID material can have
one or two reconstructed tracks matched to the clusters
in the calorimeter. The photon reconstructidficeency
is about 97% foET > 30 GeV.

In order to account for energy losses upstream of the
calorimeter and energy leakage outside of the cluster,
MC simulation results are used to calibrate the energies
of the photon candidates; there are separate calibrations
for unconverted and converted candidates. The calibra-
tion is refined by applying-dependent correction fac-
tors, which are of the order cf1%, determined from
measuredZ— e*e” events. The leading (sub-leading)
photon candidate is required to hate > 40 GeV
(30 GeV).

Photon candidates are required to pass identification
criteria based on shower shapes in the electromagnetic
calorimeter and on energy leakage into the hadronic
calorimeter([97]. For the 7 TeV data, this information is
combined in a neural network, tuned to achieve a sim-
ilar jet rejection as the cut-based selection described in
Ref. [95], but with higher photonficiency. For the
8 TeV data, cut-based criteria are used to ensure reliable

Yan process. The 7 TeV data have been re-analysed ancghoton performance for recently-recorded data. This

the results combined with those from the 8 TeV data.

cut-based selection has been tuned to be robust against

Among other changes to the analysis, a new category pile-up by relaxing requirements on shower shape cri-

of events with two jets is introduced, which enhances
7

teria more susceptible to pile-up, and tightening others.



The photon identificationficiencies, averaged over ple. The contribution from the Drell-Yan background

range from 85% to above 95% for ti#& range under  is determined from a sample Bf- ¢*e~ decays in data

consideration. where either one or both electrons pass the photon selec-
To further suppress the jet background, an isolation tion. The measured composition of the selected sample

requirement is applied. The isolation transverse en- is approximately 74%, 22%, 3% and 1% for thg v/,

ergy is defined as the sum of the transverse energy jj and Drell-Yan processes, respectively, demonstrating

of positive-energy topological clusters, as described in the dominance of the irreducible diphoton production.

Sectior 4, within a cone of siz&R = 0.4 around the This decomposition is not directly used in the signal

photon candidate, excluding the region withir1 26 x search; however, it is used to study the parameterisation

0.175inAnx A¢ around the photon barycentre. The dis- of the background modelling.

tributions of the isolation transverse energy in data and

simulation have been found to be in good agreement us-5.3. Event categorisation

ing electrons fronZ— e*e™ events and photons from

Z — (*¢"y events. Remaining small fierences are

taken into account as a systematic uncertainty. Photon

candidates are required to have an isolation transvers

energy of less than 4 GeV.

To increase the sensitivity to a Higgs boson signal,
the events are separated into ten mutually exclusive cat-
egories having dierent mass resolutions and signal-to-
ebackground ratios. An exclusive category of events con-
taining two jets improves the sensitivity to VBF. The
other nine categories are defined by the presence or not
of converted photong,of the selected photons, apék,
the componeﬁtof the diphotorpt that is orthogonal to
the axis defined by the flerence between the two pho-
ton momenta [29, 100].

Jets are reconstructed [101] using the @&ptalgo-
rithm [102] with radius parametet = 0.4. At least
two jets with || < 4.5 and pr > 25 GeV are re-
quired in the 2-jet selection. In the analysis of the 8 TeV
data, thept threshold is raised to 30 GeV for jets with
25 < |n| < 4.5. For jets in the ID acceptancig|(< 2.5),
the fraction of the sum of thet of tracks, associated
with the jet and matched to the selected primary vertex,
with respect to the sum of ther of tracks associated
with the jet (jet vertex fraction, JVF) is required to be
at least 075. This requirement on the JVF reduces the
number of jets from proton-proton interactions not asso-
ciated with the primary vertex. Motivated by the VBF
topology, three additional cuts are applied in the 2-jet
selection: the dference of the pseudorapidity between
the leading and sub-leading jets (tag jets) is required to
be larger than B, the invariant mass of the tag jets has
to be larger than 400 GeV, and the azimuthal angle dif-
ference between the diphoton system and the system of
the tag jets has to be larger tha®2About 70% of the
signal events in the 2-jet category come from the VBF
process.

The other nine categories are defined as follows:
events with two unconverted photons are separated into
unconverted central (|n| < 0.75 for both candidates) and
unconverted rest (all other events), events with at least

5.2. Invariant mass reconstruction

The invariant mass of the two photons is evaluated us-
ing the photon energies measured in the calorimeter, the
azimuthal angles between the photons as determined
from the positions of the photons in the calorimeter, and
the values of; calculated from the position of the identi-
fied primary vertex and the impact points of the photons
in the calorimeter.

The primary vertex of the hard interaction is identi-
fied by combining the following information in a global
likelihood: the directions of flight of the photons as
determined using the longitudinal segmentation of the
electromagnetic calorimeter (calorimeter pointing), the
parameters of the beam spot, andihp% of the tracks
associated with each reconstructed vertex. In addition,
for the 7 TeV data analysis, the reconstructed conver-
sion vertex is used in the likelihood for converted pho-
tons with tracks containing hits in the silicon layers of
the ID. The calorimeter pointing is ficient to ensure
that the contribution of the opening angle between the
photons to the mass resolution is negligible. Using the
calorimeter pointing alone, the resolution of the vegex
coordinate is~ 15 mm, improving to~ 6 mm for events
with two reconstructed converted photons. The tracking
information from the ID improves the identification of
the vertex of the hard interaction, which is needed for
the jet selection in the 2-jet category.

With the selection described in Sectibn]5.1, in the
diphoton invariant mass range between 100 GeV and
160 GeV, 23788 and 35251 diphoton candidates are ob-
served in the 7 TeV and 8 TeV data samples, respec-
tively.

Data-driven techniques [98] are used to estimate the 3, _ (ot + p22) x (p — p22)| /|p2* - p7?|, wherep!! andp??
numbers ofyy, yj and jj events in the selected sam- are the transverse momenta of the two photons.
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Table 4: Number of events in the datsiy) and expected number of
signal eventsXs) for my = 1265 GeV from theH— yy analysis, for
each category in the mass range 4060 GeV. The mass resolution
FWHM (see text) is also given for the 8 TeVdata. The Higgs boso
production cross section multiplied by the branching ratio two
photons ¢xB(H — yy)) is listed formy = 1265 GeV. The statistical
uncertainties ois and FWHM are less than 1 %.

s 7 TeV 8 TeV

o X B(H — yy) [fb] 39 50 | FWHM
Category Np Ns Np Ns [GeV]
Unconv. central, low 2054 10.5| 2945 14.2 3.4
Unconv. central, highpr, 97 15| 173 25 3.2
Unconv. rest, lowpr; 7129 21.6| 12136 30.9 3.7
Unconv. rest, highpr, 444 28| 785 5.2 3.6
Conv. central, lowprt 1493 6.7| 2015 8.9 3.9
Conv. central, highp 77 1.0 113 1.6 35
Conv. rest, lowpry 8313 21.1} 11099 26.9 4.5
Conv. rest, highpr 501 2.7 706 4.5 3.9
Conv. transition 3591 9.5/ 5140 12.8 6.1
2-jet 89 22 139 3.0 3.7
All categories (inclusive)| 23788 79.6| 35251 110.5 3.9

one converted photon are separated uat@erted cen-

tral (Jn| < 0.75 for both candidatesyopnverted transi-
tion (at least one photon with.3 < |5 < 1.75) and
converted rest (all other events). Except for then-
verted transition category, each category is further di-
vided by a cut apti= 60 GeV into two categoriegew

ptt andhigh pri. MC studies show that signal events,
particularly those produced via VBF or associated pro-
duction WH/ZH andH), have on average larggk,

than background events. The number of data events in

and 12-2.1% in the end-cap regions) to account for
small diferences observed betwegr» e*e™ data and
MC events. The signal yields expected for the 7 TeV
and 8 TeV data samples are given in Tdlile 4. The over-
all selection €iciency is about 40%.

The shape of the invariant mass of the signal in each
category is modelled by the sum of a Crystal Ball func-
tion [104], describing the core of the distribution with
a width o¢g, and a Gaussian contribution describing
the tails (amounting t&10%) of the mass distribution.
The expected full-width-at-half-maximum (FWHM) is
3.9 GeV andr¢p is 1.6 GeV for the inclusive sample.
The resolution varies with event category (see Table 4);
the FWHM is typically a factor 2.3 larger thary .

5.5. Background modelling

The background in each category is estimated from
data by fitting the diphoton mass spectrum in the mass
range 106160 GeV with a selected model with free pa-
rameters of shape and normalisationfi@ient models
are chosen for the fierent categories to achieve a good
compromise between limiting the size of a potential bias
while retaining good statistical power. A fourth-order
Bernstein polynomial function [105] is used for the-
converted rest (low pti), converted rest (low pti) andin-
clusive categories, an exponential function of a second-
order polynomial for themnconverted central (low pry),
converted central (low ptt) andconverted transition cat-
egories, and an exponential function for all others.

Studies to determine the potential bias have been per-

each category, as well as the sum of all the categories,formed using large samples of simulated background

which is denotednciusive, are given in Tablgl4.

5.4. Signal modelling
The description of the Higgs boson signal is obtained

events complemented by data-driven estimates. The
background shapes in the simulation have been cross-
checked using data from control regions. The poten-
tial bias for a given model is estimated, separately for

from MC, as described in Sectiéh 3. The cross sections each category, by performing a maximum likelihood fit

multiplied by the branching ratio into two photons are
given in Tabld®# formy = 1265 GeV. The number of

to large samples of simulated background events in the
mass range 10160 GeV, of the sum of a signal plus

signal events produced via the ggF process is rescaledthe given background model. The signal shape is taken
to take into account the expected destructive interfer- to follow the expectation for a SM Higgs boson; the sig-

ence between thgg — yy continuum background and
ggF [103], leading to a reduction of the production rate
by 2-5% depending omy and the event category. For
both the 7 TeV and 8 TeV MC samples, the fractions of
ggF, VBF, WH, ZH and zH production are approxi-
mately 88%, 7%, 3%, 2% and®%, respectively, for
my = 1265 GeV.

In the simulation, the shower shape distributions
are shifted slightly to improve the agreement with the

data [97], and the photon energy resolution is broad-

ened (by approximately 1% in the barrel calorimeter
9

nal yield is a free parameter of the fit. The potential bias
is defined by the largest absolute signal yield obtained
from the likelihood fit to the simulated background sam-
ples for hypothesised Higgs boson masses in the range
110-150 GeV. A pre-selection of background parame-
terisations is made by requiring that the potential bias,
as defined above, is less than 20% of the statistical un-
certainty on the fitted signal yield. The pre-selected pa-
rameterisation in each category with the best expected
sensitivity formy = 125 GeV is selected as the back-
ground model.



The largest absolute signal yield as defined above is

taken as the systematic uncertainty on the background

model. It amounts ta:(0.2-4.6) and+(0.3-6.8) events,
depending on the category for the 7 TeV and 8 TeV data
samples, respectively. In the final fit to the data (see
Sectior[5.)7) a signal-like term is included in the likeli-
hood function for each category. This term incorporates
the estimated potential bias, thus providing a conserva-
tive estimate of the uncertainty due to the background
modelling.

5.6. Systematic uncertainties

Hereafter, in cases where two uncertainties are
guoted, they refer to the 7 TeV and 8 TeV data, respec-
tively. The dominant experimental uncertainty on the
signal yield 8%, +11%) comes from the photon re-
construction and identificationffeciency, which is es-
timated with data using electrons frofdecays and
photons fromZ — ¢*¢~y events. Pile-up modelling
also dfects the expected yields and contributes to the
uncertainty £4%). Further uncertainties on the sig-
nal yield are related to the trigget1%), photon isola-
tion (£0.4%, +0.5%) and luminosity £1.8%, +3.6%).
Uncertainties due to the modelling of the underlying
event arex6% for VBF and+30% for other produc-
tion processes in the 2-jet category. Uncertainties on the
predicted cross sections and branching ratio are sum-
marised in Sectionl 8.

The uncertainty on the expected fractions of signal
events in each category is described in the following.
The uncertainty on the knowledge of the material in
front of the calorimeter is used to derive the amount of
possible event migration between the converted and un-
converted categories{%). The uncertainty from pile-
up on the population of the converted and unconverted
categories is2%. The uncertainty from the jet energy
scale (JES) amounts to up #19% for the 2-jet cate-
gory, and up ta=4% for the other categories. Uncertain-
ties from the JVF modelling are12% (for the 8 TeV
data) for the 2-jet category, estimated frdfn2-jets
events by comparing data and MC fiegrent PDFs and
scale variations in theqT calculations are used to de-
rive possible event migration among categorie8%)
due to the modelling of the Higgs boson kinematics.

The total uncertainty on the mass resolutios 121%.

The dominant contribution{12%) comes from the un-
certainty on the energy resolution of the calorimeter,
which is determined fronZ— e*e™ events. Smaller
contributions come from the imperfect knowledge of the
material in front of the calorimeter, whiclffacts the ex-
trapolation of the calibration from electrons to photons
(x6%), and from pile-up£49%).
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Figure 4: The distributions of the invariant mass of dipmot@n-
didates after all selections for the combined 7 TeV and 8 Tatad
sample. The inclusive sample is shown in (a) and a weightesiore

of the same sample in (c); the weights are explained in thte Tehe
result of a fit to the data of the sum of a signal component figed t
mpy = 1265 GeV and a background component described by a fourth-
order Bernstein polynomial is superimposed. The resichfdlse data
and weighted data with respect to the respective fitted aakgl
component are displayed in (b) and (d).

5.7. Results

The distributions of the invariant mass,,, of the
diphoton events, summed over all categories, are shown
in Fig.[4(a) and (b). The result of a fit including a signal
component fixed teny = 1265 GeV and a background
component described by a fourth-order Bernstein poly-
nomial is superimposed.

The statistical analysis of the data employs an un-
binned likelihood function constructed from those of
the ten categories of the 7 TeV and 8 TeV data samples.
To demonstrate the sensitivity of this likelihood analy-
sis, Fig[4(c) and (d) also show the mass spectrum ob-
tained after weighting events with category-dependent
factors reflecting the signal-to-background ratios. The
weightw; for events in categorjye [1, 10] for the 7 TeV
and 8 TeV data samples is defined to be In(;/B;),



whereS; is 90% of the expected signal fory = 1265 lepton and 15 GeV for the sub-leading lepton. Events

GeV, andB; is the integral, in a window containingy, are classified into two exclusive lepton channels de-
of a background-only fit to the data. The valug$B; pending on the flavour of the leading lepton, whege
have only a mild dependence on,. (ue) refers to events with a leading electron (muon). The

The statistical interpretation of the excess of events dilepton invariant mass is required to be greater than
nearm,, = 1265 GeV in Fig.[4 is presented in Sec- 10 GeV.

tion[9. The lepton selection and isolation have more strin-
gent requirements than those used forkhes ZZ*) —
4¢ analysis (see Sectidn 4), to reduce the larger back-
ground from non-prompt leptons in tifefv final state.
The signature for this channel is two opposite-charge El€ctron candidates are selected using a combination of
leptons with large transverse momentum and a large fracking and calorimetric information [85]; the criteria
momentum imbalance in the event due to the escaping@r€ optimised for background rejection, at the expense
neutrinos. The dominant backgrounds are non-resonant?f Some reducedfgciency. Muon candidates are re-
WW, 1, and Wt production, all of which have real  Stricted to those with matching MS and ID tracksl/[84],
W pairs in the final state. Other important backgrounds and therefore are reconstructed owgir < 2.5. The
include Drell-Yan eventspp— Z/y®")— £¢) with Emiss isolation criteria require the scalar sums of the of
that may arise from mismeasuremeiitijets events chargc_ad_particles and of calorime.ter tppological .clus-
in which a jet produces an object reconstructed as the t€rs withinAR = 0.3 of the lepton direction (excluding
second electron or muon, ady events in which the  the leptonitself) each to be less than 0.12-0.20 times the
photon undergoes a conversion. Boson pair produc- leptonpr. The exact value diers between the criteria
tion (Wy*/WZ® andzz®) can also produce opposite- fOF tracks and calorimeter clusters, for both electrons

charge lepton pairs with additional leptons that are not @nd muons, and depends on the leptan Jet selec-

6. H-> WW®™ - eyuv channel

detected. tions follow those described in Sectibnl5.3, except that
The analysis of the 8 TeV data presented here is fo- € JVF is required to be greater than 0.5.
cused on the mass range 1¢0ny < 200 GeV. It fol- Since two neutrinos are present in the signal final

lows the procedure used for the 7 TeV data, described state, events are required to have Ia&jﬁ'—iﬁs. E?iss is

in Ref. [106], except that more stringent criteria are ap- the negative vector sum of the transverse momenta of
plied to reduce th&/ +jets background and some selec- the reconstructed objects, including muons, electrons,
tions have been modified to mitigate the impact of the photons, jets, and clusters of calorimeter cells not as-
higher instantaneous luminosity at the LHC in 2012. In sociated with these objects. The quanti§7 used
particular, the higher luminosity resultsin alarger Drell  in this analysis is required to be greater than 25 GeV
Yan background to the same-flavour final states, due to and is defined asty'%} = ET"**sinAgmin, WhereAdmin

the deterioration of the missing transverse momentum is min(A¢, Z), and Episs is the magnitude of the vec-
resolution. For this reason, and the fact thatdfaéinal tor E@SS_ Here,A¢ is the angle betwee]ﬁgﬁiss and the
state provides more than 85% of the sensitivity of the transverse momentum of the nearest lepton or jet with
search, the same-flavour final states have not been useg; > 25 GeV. Compared tﬂTmiSS, EMiSS has increased

T,rel
in the analysis described here. rejection power for events in which tHe"ss is gener-
ated by a neutrino in a jet or the mismeasurement of an
6.1. Event selection object, since in those events tH&"S tends to point in
For the 8 TeVH— WW® - eyuy search, the data the direction of the object. After the lepton isolation and

. . . . . miss i ;
are selected using inclusive single-muon and single- E7yre réquirements that define the pre-selected sample,

electron triggers. Both triggers require an isolated lep- the multijet background is negligible and the Drell-Yan

ton with pr > 24 GeV. Quality criteria are applied background is much reduced. The Drell-Yan contribu-
to suppress non-collision backgrounds such as cosmic-tion becomes very small after the topological selections,
ray muons, beam-related backgrounds, and noise indescribed below, are applied.

the calorimeters. The primary vertex selection fol-  The background rate and composition depend signif-
lows that described in Sectidd 4. Candidates for the icantly on the jet multiplicity, as does the signal topol-

H— WW®  eyuy search are pre-selected by requir- ogy. Without accompanying jets, the signal originates
ing exactly two opposite-charge leptons oftfdient almost entirely from the ggF process and the back-
flavours, withpt thresholds of 25 GeV for the leading ground is dominated bW W events. In contrast, when
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produced in association with two or more jets, the signal A transverse mass variabkay [110], is used to test
contains a much larger contribution from the VBF pro- for the presence of a signal for all jet multiplicities. This
cess compared to the ggF process, and the backgroundariable is defined as:
is dominated byr production. Therefore, to maximise
the sensitivity to SM Higgs events, further selection cri- mr = \/(E? + EMS9)2 — |plt 4 EMiSY2,
teria depending on the jet multiplicity are applied to the
pre-selected sample. The data are subdivided into O-jet,
1-jet and 2-jet search channels according to the num-
ber of jets in the final state, with the 2-jet channel also
including higher jet multiplicities.

Owing to spin correlations in the W) system aris-
ing from the spin-0 nature of the SM Higgs boson and
the V-A structure of theW boson decay vertex, the
charged leptons tend to emerge from the primary ver-
tex pointing in the same direction [107]. This kinematic
feature is exploited for all jet multiplicities by requign
that|A¢.| < 1.8, and the dilepton invariant massy,,
be less than 50 GeV for the 0-jet and 1-jet channels. For
the 2-jet channel, the:,, upper bound is increased to

whereEY = /Ipf[? + m2,. The statistical analysis of
the data uses a fit to ther distribution in the signal re-
gion after theAg,, requirement (see Sectibn b.4), which
results in increased sensitivity compared to the analysis
described in Refl [111].

For a SM Higgs boson witmy = 125GeV, the
cross section times branching ratio to thes final
state is 88fb fory/s = 7TeV, increasing to 112 fb at
/s = 8 TeV. The combined acceptance timéisogency
of the 8 TeV 0-jet and 1-jet selection relative to the ggF
production cross section times branching ratio is about
7.4%. The acceptance timeffieiency of the 8 TeV 2-jet
selection relative to the VBF production cross section

80 GeV. . o times branching ratio is about 14%. Both of these fig-
In the O-jet channel, the magnitugé’ of th?ltrags— ures are based on the number of events selected before
verse momentum of the dilepton systgsff, = pi*+p%, the final mr criterion is applied (as described in Sec-

is required to be greater than 30 GeV. This improves the {jon[6.2).
rejection of the Drell-Yan background.

In the 1-jet channel, backgrounds from top quark pro- 6.2. Background normalisation and control samples
duction are suppressed by rejecting events containinga o leading backgrounds from SM processes produc-
b-tagged jet, as determined using-éagging algorithm ing two isolated highpr leptons areWW and top (in
that uses a neural network and exploits the topology of this section, “top” background always includes bath
weak decays of- a??c-hgdrons [108]. The total rans- 54 single top, unless otherwise noted). These are es-
verse momenturpy”, defined as the magthde of the timated using partially data-driven techniques based on
vector sump®? = pf + pf? + p; + ET™, is required normalising the MC predictions to the data in control
to be smaller than 30 GeV to suppress top backgroundegions dominated by the relevant background source.
events that have jets wifhy below the threshold defined  Thew+jets backgroundis estimated from data for all jet
for jet counting. In order to reject the background from myttiplicities. Only the small backgrounds from Drell-
Z— 77, thetr invariant massy., is computed under  van and diboson processes other th#iV, as well as
the assumptions that the reconstructed leptons k- the WW background for the 2-jet analysis, are estimated
ton decay products. In addition the neutrinos produced using MC simulation.
in these decays are assumed to be the only source of The control and validation regions are defined by se-
ET"**and to be collinear with the leptoris [109]. Events |ections similar to those used for the signal region but
with [m.r —mz| < 25 GeV are rejected if the collinear  jth some criteria reversed or modified to obtain signal-

approximation yields a physical solution. depleted samples enriched in a particular background.
The 2-jet selection follows the 1-jet selection de- The term “validation region” distinguishes these regions
scribed above, with the’®* definition modified to in- from the control regions that are used to directly nor-

clude all selected jets. Motivated by the VBF topol- malise the backgrounds. Some control regions have sig-
ogy, several additional criteria are applied to the tag nificant contributions from backgrounds other than the
jets, defined as the two highest- jets in the event.  targeted one, which introduces dependencies among the
These are required to be separated in rapidity by a dis- background estimates. These correlations are fully in-
tance|Ay;;| > 3.8 and to have an invariant mass;;, corporated in the fit to the:r distribution. In the fol-
larger than 500 GeV. Events with an additional jet with lowing sections, each background estimate is described
pt > 20 GeV between the tag jets{ < y < yj2) are after any others on which it depends. Hence, the largest
rejected. background W W) is described last.
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6.2.1. WHjets background estimation

° Frrrrrrrrrrrrrrrr T T T T T T T T

The W+jets background contribution is estimated us- f_;: %L ATLAS Rl
ing a control sample of events where one of the two lep- S 305 s=8TeV L=t  Zu FEerke
tons satisfies the identification and isolation criteria de- £ g "W v+ Ojets Dnuzmen
scribed in Sectiof 811, and the other lepton fails these 3 E /Z
criteria but satisfies a loosened selection (denoted “anti- 20?
identified”). Otherwise, events in this sample are re- 151
quired to pass all the signal selections. The dominant 10E
contribution to this sample comes frowi+jets events F
in which a jet produces an object that is reconstructed °
as a lepton. This object may be either a true electron or %
muon from the decay of a heavy quark, or else a product 4, [radl]
of the fragmentation identified as a lepton candidate.

The contamination in the signal region is obtained by @
scaling the number of events in the data control sam-  _ {40
ple by a transfer factor. The transfer factor is defined & F ATLAS o ey
here as the ratio of the number of identified lepton can- 2 120F Vs=8Tev, fLdt=58 " L bk
didates passing all selections to the number of anti- £ gof H-WW" - evvivev +0jets 3 rizscen
identified leptons. It is calculated as a function of the : ”

anti-identified leptorpt using a data sample dominated

by QCD jet production (dijet sample) after subtracting 60

the residual contributions from leptons produced by lep-

tonic W and Z decays, as estimated from data. The

small remaining lepton contamination, which includes 20

Wy Wz events, is subtracted using MC simulation.
The processes producing the majority of same-charge

dilepton eventsW+jets, Wy /Wz() andz®)z®), are

all backgrounds in the opposite-charge signal region. (b)

W+jets andwy®) backgrounds are particularly impor-

tant in a search Optimised for a low H|ggs boson mass Figure 5: Validation‘ and contrql .diSt.I’ibUt-iOI"IS for the

hypothesis. Therefore, the normalisation and kinematic “/— WW"— ey analysis. ~ 2)A¢y distribution in the same-

. charge validation region after tﬂé}‘rel and zero-jet requirements. b)
features of same-charge dilepton events are used to vals,.; distribution in theWWw control region for the 0-jet channel. The
idate the predictions of these backgrounds. The pre- eu andue final states are combined. The hashed area indicates the
dicted number of same-charge events aftelﬂﬁ- Sland total uncertainty on the pa_ckground prediction. T_h_e exgresignal
zero-jet requirements is 2167 (stat)+ 42 (syst), while for mpy = 125 GeV is negligible and therefore not visible.

182 events are observed in the data. Satisfactory agree-

ment between data and simulation is observed in vari-
ous kinematic distributions, including those/af,, (see
Fig.[H(a)) and the transverse mass.

40

50 100 150 200 250 300 350 400 450
mr [GeV]

1. Predictions of this fraction from MC simulation are
sensitive to theoretical uncertainties such as the mod-
6.2.2. Top control sample elling of initial- and final-state radiation, as well as ex-

In the O-jet channel, the top quark background predic- perimental uncertainties, gspecially that on the je_t en-
tion is first normalised using events satisfying the pre- €'dy scale. To reduce the impact of these uncertainties,
selection criteria described in Sectionl6.1. This sample the top quark background determination uses data from
is selected without jet multiplicity ob-tagging require- ~ &/-tagged control region in which the one-to-two jet ra-
ments, and the majority of events contain top quarks. _tlo is comp_ared to the MC simulation_[112]. The result-
Non-top contributions are subtracted using predictions INd correction factor to a purely MC-based background
from simulation, except foW+jets, which is estimated estimate after all selections amounts tb11-0.06 (stat).
using data. After this normalisation is performed, the In the 1-jet and 2-jet analyses, the top quark back-
fraction of events with zero jets that pass all selections ground predictions are normalised to the data using con-
is evaluated. This fraction is small (about 3%), since the trol samples defined by reversing thget veto and re-
top quark decay— Wb has a branching ratio of nearly moving the requirements ofig,, andmg,. The |Ayj]
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andmy; requirements are included in the definition of amounts to 7% (4%) in the O-jet (1-jet) bin. The un-
the 2-jet control region. The resulting samples are domi- certainty on the JER is estimated framsiru measure-
nated by top quark events. The small contributions from ments and it impacts mostly the 1-jet channel, where
other sources are taken into account using MC simula- its effect on the total signal and background yields is
tion and the data-driveW+jets estimate. Good agree- 4% and 2%, respectively. An additional contribution to
ment between data and MC simulation is observed for the JES uncertainty arises from pile-up, and is estimated

the total numbers of events and the shapes ofithe
distributions. The resulting normalisation factors are
1.11+ 0.05 for the 1-jet control region anddl + 0.26

for the 2-jet control region. Only the statistical uncer-
tainties are quoted.

6.2.3. WW control sample

The MC predictions of théeVW background in the
O-jet and 1-jet analyses, summed over lepton flavours,
are normalised using control regions defined with the

same selections as for the signal region except that the

A¢¢e requirement is removed and the upper bound on
my IS replaced with a lower boundi,, > 80 GeV. The
numbers of events and the shape of thedistribution

in the control regions are in good agreement between
data and MC, as shown in Figl 5(b}WW production
contributes about 70% of the events in the 0-jet control
region and about 45% in the 1-jet region. Contamina-
tions from sources other thaWW are derived as for the
signal region, including the data-drivé¥+jets and top
estimates. The resulting normalisation factors with their
associated statistical uncertainties af6% 0.06 for the
0-jet control region and.99+ 0.15 for the 1-jet control
region.

6.3. Systematic uncertainties

The systematic uncertainties that have the largest im-
pact on the sensitivity of the search are the theoretical

to vary betweent1% and+5% for multiple pp colli-
sions in the same bunch crossing and up-19% for
neighbouring bunch crossings. This uncertairffeets
mainly the 1-jet channel, where its impact on the sig-
nal and background yields is 4% and 2%, respectively.
JES and lepton momentum scale uncertainties are prop-
agated to theET”“'SS measurement. Additional contri-
butions to theET"® uncertainties arise from jets with
pt < 20 GeV and from low-energy calorimeter deposits
not associated with reconstructed physics objects [113].
The impact of theZ"ss uncertainty on the total signal
and background yields is3%. The dficiency of theb-
tagging algorithm is calibrated using samples contain-
ing muons reconstructed in the vicinity of jets [114].
The uncertainty on the-jet tagging diciency varies be-
tween+5% and+18% as a function of the jeir, and

its impact on the total background yield is 10% for the
1-jet channel. The uncertainty in tHE+jets transfer
factor is dominated by €lierences in jet properties be-
tween dijet andV-+jets events as observed in MC sim-
ulations. The total uncertainty on this background is
approximately-40%, resulting in an uncertainty on the
total background yield of 5%. The uncertainty on the
integrated luminosity i$3.6%.

A fit to the distribution ofmr is performed in or-
der to obtain the signal yield for each mass hypoth-
esis (see Section 6.4). Most theoretical and experi-
mental uncertainties do not produce statistically signif-
icant changes to therr distribution. The uncertainties

uncertainties associated with the signal. These are de-that do produce significant changes of the distribution

scribed in Sectiofh]9. The main experimental uncertain-

ties are associated with the JES, the jet energy resolu-

tion (JER), piIe—up,E?“SS, the b-tagging €ficiency, the
W+jets transfer factor, and the integrated luminosity.
The largest uncertainties on the backgrounds include
WW normalisation and modelling, top normalisation,
and Wy®™ normalisation. The 2-jet systematic uncer-
tainties are dominated by the statistical uncertainties in
the data and the MC simulation, and are therefore not
discussed further.

Variations of the jet energy scale within the system-

of mr have no appreciableffect on the final results,
with the exception of those associated with a8V
background. In this case, an uncertainty is included to
take into account dierences in the distribution ofit

and normalisation observed between the MCEM [115],
MC@NLO+HERWIG and POWHEGPYTHIA gen-
erators. The potential impact of interference between
resonant (Higgs-mediated) and non-resoggrt WW
diagramsi[116] formt > my was investigated and found
to be negligible. The féect of theWW normalisation,
modelling, and shape systematics on the total back-

atic uncertainties can cause events to migrate betweenground yield is 9% for the 0-jet channel and 19% for

the jet bins. The uncertainty on the JES varies from
+2% to +9% as a function of jepr andxn for jets with

pt > 25 GeV andy| < 4.5 [101]. The largest impact of
this uncertainty on the total signal (background) yield
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the 1-jet channel. The uncertainty on the shape of the
total background is dominated by the uncertainties on
the normalisations of the individual backgrounds. The
main uncertainties on the top background in the 0-jet



analysis include those associated with interference ef-
fects betweem and single top, initial state an final state
radiation,b-tagging, and JER. The impact on the total
background yield in the O-jet bin is 3%. For the 1-jet
analysis, the impact of the top background on the to-
tal yield is 14%. Theoretical uncertainties on the
background normalisation are evaluated for each jet bin
using the procedure described in Ref. [117]. They are
+11% for the 0-jet bin and-50% for the 1-jet bin. For
Wvy* with me, < 7 GeV, a k-factor of 3+0.3 is applied

to the MadGraph LO prediction based on the compari-
son with the MCFM NLO calculation. The k-factor for
Wy*/WZ® with m,, > 7 GeV is 1.5+ 0.5. These un-
certainties &ect mostly the 1-jet channel, where their
impact on the total background yield is approximately
4%.

Table 5: The expected numbers of signa};,(= 125 GeV) and back-
ground events after all selections, including a cut on thaesverse
mass of O75my < mt < my for my = 125 GeV. The observed
numbers of events in data are also displayed. dihandpe chan-
nels are combined. The uncertainties shown are the continat
the statistical and all systematic uncertainties, takirig account the
constraints from control samples. For the 2-jet analysiskrounds
with fewer than 0.01 expected events are marked with *-'.

0-jet 1-jet 2-jet

Signal 20+4 5+2 0.34+0.07
ww 101+13 12+5 0.10+0.14
WZ® 27/ W™ 12+3 1.9+1.1 0.10:0.10
1t 8+2 6+2 0.15+0.10
tW/tb/tqb 3.4+15 3.7+1.6 -
Z/y* +jets 1.9+1.3 0.10+0.10

W +jets 15+7 2+1 -
Total Background| 142+ 16 26+ 6 0.35+0.18
Observed 185 38 0

6.4. Results

Table[® shows the numbers of events expected from
a SM Higgs boson witlmy = 125 GeV and from the

> — T T
@ - Data 4% SM(sysOstat) |
(OD ATLAS B ww [ Wzzzwy

= (s=8TeV,[Ldt=58f" [  [OSngeTop

~ o) B Z+jets [] W+ets

2 HoWW  _evpv/pvev + 0/1 jets [ H{125 GeV)

2

w

NI A N WA A W

300
my [GeV]

Figure 6: Distribution of the transverse mass;, in the O-jet and
1-jet analyses with botbu andue channels combined, for events sat-
isfying all selection criteria. The expected signaligy = 125 GeV is
shown stacked on top of the background prediction. Whgets back-
ground is estimated from data, ai#dW and top background MC pre-
dictions are normalised to the data using control regioitee fashed
area indicates the total uncertainty on the backgroundgiied.

channel. The mass-dependent cutsmen described
above are not used. Instead, the O-jet (1-jet) signal re-
gions are subdivided into five (thres)r bins. For the
2-jet signal region, only the results integrated ongr

are used, due to the small number of events in the final
sample. The statistical interpretation of the observed
excess of events is presented in Sedtion 9.

7. Statistical procedure

The statistical procedure used to interpret the data is
described in Refs| [17, 118-121]. The parameter of in-
terest is the global signal strength factgrwhich acts
as a scale factor on the total number of events pre-
dicted by the Standard Model for the Higgs boson sig-
nal. This factor is defined such that= O corresponds

backgrounds, as well as the numbers of candidates ob-to the background-only hypothesis apd= 1 corre-

served in data, after application of all selection criteria
plus an additional cut omr of 0.75my < mr < my.
The uncertainties shown in Taljle 5 include the system-

sponds to the SM Higgs boson signal in addition to the
background. Hypothesised valuesodire tested with a
statisticA(u) based on the profile likelihood ratio [122].

atic uncertainties discussed in Section 6.3, constrainedThis test statistic extracts the information on the signal

by the use of the control regions discussed in Sec-
tion[6.2. An excess of events relative to the background
expectation is observed in the data.

Figure® shows the distribution of the transverse mass

after all selection criteria in the O-jet and 1-jet channels
combined, and for both lepton channels together.

The statistical analysis of the data employs a binned
likelihood function constructed as the product of Pois-
son probability terms for theu channel and theee
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strength from a full likelihood fit to the data. The likeli-
hood function includes all the parameters that describe
the systematic uncertainties and their correlations.
Exclusion limits are based on th€L, prescrip-

tion [123]; a value ofu is regarded as excluded at
95% CL whenCL; is less than 5%. A SM Higgs bo-
son with massiy is considered excluded at 95% confi-
dence level (CL) whep = 1 is excluded at that mass.
The significance of an excess in the data is first quan-



tified with the localpg, the probability that the back- 3. Electron and photon energy scales: The elec-
ground can produce a fluctuation greater than or equaltron and photon energy scales in the— ZZ"— 4¢
to the excess observed in data. The equivalent formu-and H— yy channels are described by five parameters,
lation in terms of number of standard deviatiofg,is which provide a detailed account of the sources of sys-
referred to as the local significance. The global prob- tematic uncertainty. They are related to the calibration
ability for the most significant excess to be observed method, the presampler energy scale in the barrel and
anywhere in a given search region is estimated with the end-cap calorimeters, and the material description up-
method described in Ref. [124]. The ratio of the global stream of the calorimeters.
to the local probabilities, the trials factor used to cotrec 4. Muon reconstruction: The uncertaintiesféecting
for the "look elsewhere” fect, increases with the range muons are separated into those related to the ID and MS,
of Higgs boson mass hypotheses considered, the massn order to obtain a better description of the correlated
resolutions of the channels involved in the combination, effects among channels usindgfdrent muon identifica-
and the significance of the excess. tion criteria and diterent ranges of muaopy.
The statistical tests are performed in steps of values 5. Jet energy scale and missing transverse energy:
of the hypothesised Higgs boson mags. The asymp- The jet energy scale and jet energy resolution are af-
totic approximation|[122] upon which the results are fected by uncertainties which depend on ghen, and
based has been validated with the method described inflavour of the jet. A simplified scheme is used in which
Ref. [17]. independent JES and JER nuisance parameters are asso-
The combination of individual search sub-channels ciated with final states with significantlyftierent kine-
for a specific Higgs boson decay, and the full combi- matic selections and sensitivity to scattering processes
nation of all search channels, are based on the globalwith different kinematic distributions or flavour com-
signal strength factor and on the identification of  position. This scheme includes a specific treatment
the nuisance parameters that correspond to the cor-for b-jets. The sensitivity of the results to various as-
related sources of systematic uncertainty described in sumptions about the correlation between these sources
Sectior 8. of uncertainty has been found to be negligible. An un-
correlated component of the uncertainty BHS is in-
cluded, in addition to the JES uncertainty, which is due
8. Correlated systematic uncertainties to low energy jet activity not associated with recon-
structed physics objects.
The individual search channels that enter the combi- 6. Theory uncertainties: Correlated theoretical un-
nation are summarised in Talle 6. certainties &ect mostly the signal predictions. The
The main uncorrelated systematic uncertainties QCD scale uncertainties fony=125 GeV amount to
are described in Section$[4-6 for the- ZZ(")— 4¢, +1% for the ggF process; 1% for the VBF andVH/ZH
H—yy and H—WW®—¢vey channels and in  processes, and® for the H process[[52| 53]; the
Ref. [17] for the other channels. They include the small dependence of these uncertaintiesmgris taken
background normalisations or background model into account. The uncertainties on the predicted branch-
parameters from control regions or sidebands, the ing ratios amount ta-5%. The uncertainties related to
Monte Carlo simulation statistical uncertainties and the parton distribution functions amount+8% for the
the theoretical uncertaintiesfacting the background  predominantly gluon-initiated ggF andH processes,

processes. and +4% for the predominantly quark-initiated VBF
The main sources of correlated systematic uncertain- and WH/ZH processes [78, 184—136]. The theoretical
ties are the following. uncertainty associated with the exclusive Higgs boson

1. Integrated luminosity: The uncertainty on the  production process with additional jets in the- yy,
integrated luminosity is considered as fully correlated H— WW® — ¢vfy andH — t+7~ channels is estimated
among channels and amounts8.9% for the 7 TeV using the prescription of Refs, [53, 117, 118], with
data [132,/ 133], except for thé&— ZZ")— 4¢ and the noticeable dierence that an explicit calculation of
H—vyy channels which were re-analysed; the uncer- the gluon-fusion process at NLO using MCFM [137]
tainty is+1.8% [92] for these channels. The uncertainty in the 2-jet category reduces the uncertainty on this
is +3.6% for the 8 TeV data. non-negligible contribution to 25%. An additional

2. Electron and photon trigger identification: The theoretical uncertainty on the signal normalisation of
uncertainties in the trigger and identificatiafi@encies +150%x(my/TeV)® (e.g.+4% formy = 300 GeV) ac-
are treated as fully correlated for electrons and photons. counts for &ects related to f-shell Higgs boson pro-
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Table 6: Summary of the individual channels entering theldioation. The transition points between separately ogtah regions are indicated
where applicable. In channels sensitive to associateduptioeh of the Higgs bosory/ indicates a¥ or Z boson. The symbol® and® represent
direct products and sums over sets of selection requiremegpectively.

Higgs Boson| Subsequent : mpy Range f L dr
Decay Decay Sub-Channels [Gev] [for1] Ref.
2011 +/s =7 TeV
4 {de, 2e2u, 2u2e, 4u} 110-600 4.8 [87]
H— 7Z® 144%3 {ee, uu} ® {low, high pile-ug 200-280-600 4.7 [125]
tlqq {b-tagged, untagged 200-300-600 4.7 [126]
H - yy - 10 categorie$prt ® 7, ® conversion & {2-jet 110-150 4.8 [127]
H — ww vty {ee, eu/ue, uu} ® {0-jet, 1-jet, 2-jet ® {low, high pile-ug  110-200-300-600 4.7 [106]
tvqq’ {e.u} ® {0-jet, 1-jet, 2-je} 300-600 4.7 [128]
TiepTlep {eu} ® {0-jet @ (¢4} ® {1-jet, 2-jet,VH) 110-150 47
{e. 1t} ® {O-jet) ® (ETSS < 20 GeV, ET'SS > 20 GeV) g [129]
H— 11 TlepThad & le.u) @ (1-jet @ (£} ® [2-jet 110-150 47
ThadThad {1-jet) 110-150 4.7
Z—> vy E?'SS € {120- 160, 160—- 200, > 200 GeV} 110-130 4.6
VH — Vbb W — tv p.‘g € {< 50,50 - 100 100- 200Q > 200 GeV 110-130 4.7 [130]
Z -t p7 € {<50,50-100 100- 20Q > 200 GeV} 110-130 4.7
2012 +/s =8 TeV
H— zz0 4 {4e, 2e2y1, 2u2e, A1) 110-600 5.8 [87]
H— vy - 10 categorie$prt ® 7, ® conversion & {2-jet 110-150 5.9 [127]
H— WwW) evuy {eu, pe} ® {O-jet, 1-jet, 2-jef 110-200 5.8 [131]

Table 7: Characterisation of the excess in thes> ZZ®) — 4¢, H— yy and H— WW® > ¢v¢y channels and the combination of all channels
listed in Tabléb. The mass valugnax for which the local significance is maximum, the maximum obsé local significanc; and the expected
local significanceE(Z;) in the presence of a SM Higgs boson signabat,, are given. The best fit value of the signal strength paranjetgr
mpy = 126 GeV is shown with the total uncertainty. The expectedabsbrved mass ranges excluded at 95% CL (99% CL, indicated*pwgre
also given, for the combined/s = 7 TeV and+/s = 8 TeV data.

Search channel Dataset mmax[GeV] Z[o] E@Z)[o] | a(my = 126 GeV) | Expected exclusion [GeV] Observed exclusion [GeV]
7TeV 125.0 2.5 1.6 14+11
H — 77 — 4¢ 8TeV 125.5 2.6 2.1 11+08
7 &8TeV 125.0 3.6 2.7 1.2+0.6 124-164, 176-500 131-162, 170-460
7TeV 126.0 34 1.6 22+07
H—yy 8TeV 127.0 3.2 1.9 1.5+ 06
7&8TeV 126.5 4.5 2.5 18+05 110-140 112-123,132-143
7TeV 135.0 1.1 3.4 05+ 06
H—WW®— vty 8TeV 120.0 33 1.0 19+07
7&8TeV 125.0 2.8 2.3 1.3+05 124-233 137-261
7TeV 126.5 3.6 3.2 12+04
Combined 8TeV 126.5 4.9 3.8 15+04 110-582 111122 131550
7&8Tev) 1265 6.0 49 1403 113-532 (%) 113-114, 117-121, 132-527 (*)

duction and interference with other SM processes [53]. first two of these channels, bring a significant gain in
Sources of systematic uncertainty thieat both the sensitivity in the low-mass region with respect to the

7 TeV and the 8 TeV data are taken as fully correlated. previous combined search [17].

The uncertainties on background estimates based on

control samples in the data are considered uncorrelated9. ;. Excluded mass regions

between the 7 TeV and 8 TeV data. The combined 95% CL exclusion limits on the pro-

duction of the SM Higgs boson, expressed in terms of

9. Results the signal strength parameijerare shown in Fid.17(a)
as a function ofmy. The expected 95% CL exclu-
The addition of the 8 TeV data for thé— ZZ*) - 4¢, sion region covers theny range from 110GeV to

H—syy andH— WW®— evuyv channels, as well asthe 582 GeV. The observed 95% CL exclusion regions are
improvements to the analyses of the 7 TeV data in the 111-122GeV and 131-559 GeV. Three mass regions
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Figure 7: Combined search results: (a) The observed (s@fi¢gh CL
limits on the signal strength as a function @f; and the expec-
tation (dashed) under the background-only hypothesis.
and light shaded bands show thés and +20- uncertainties on the
background-only expectation. (b) The observed (solidallgg as a
function of my and the expectation (dashed) for a SM Higgs boson
signal hypothesisy{ = 1) at the given mass. (c) The best-fit signal
strengthu”as a function ofny. The band indicates the approximate

68% CL interval around the fitted value.
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Figure 8: The observed locgl as a function of the hypothesised

Higgs boson mass for the (&J— ZZ")— 4¢, (b) H—yy and (c)

H— WW® = ¢vy channels. The dashed curves show the expected

local pg under the hypothesis of a SM Higgs boson signal at that mass.

Results are shown separately for tfe = 7 TeV data (dark, blue), the

Vs = 8 TeV data (light, red), and their combination (black).

The largest local significance for the combination of
the 7 and 8 TeV data is found for a SM Higgs boson

are excluded at 99% CL, 113-114, 117-121 and 132—Mass hypothesis of;=126.5GeV, where it reaches
527 GeV, while the expected exclusion range at 99% CL 6.0, with an expected value in the presence of a SM

is 113-532GeV.

9.2. Observation of an excess of events

An excess of events is observed negi=126 GeV in
the H— ZZ") — 4¢ andH— yy channels, both of which

Higgs boson signal at that mass 094 (see also Ta-
ble [4). For the 2012 data alone, the maximum lo-
cal significance for theH— ZZ*)— 4¢, H—vyy and
H— WW® = evuy channels combined is 469 and oc-
curs atmy = 1265 GeV (3.8 expected).

The significance of the excess is mildly sensitive to

provide fully reconstructed candidates with high reso- uncertainties in the energy resolutions and energy scale
lution in invariant mass, as shown in Figufés 8(a) and systematic uncertainties for photons and electrons; the
[B(b). These excesses are confirmed by the highly sen-effect of the muon energy scale systematic uncertain-

sitive but low-resolutiodd— WW® — ¢yv¢y channel, as

shown in Fig[B(c).

The observed locaghg values from the combination
of channels, using the asymptotic approximation, are
shown as a function ofi; in Fig.[4(b) for the full mass

range and in Fid.]9 for the low mass range.

ties is negligible. The presence of these uncertainties,
evaluated as described in Ref. [138], reduces the local
significance to 5.9-.

The global significance of a local%o excess any-
where in the mass range 110-600GeV is estimated to
be approximately 5.&, increasing to 5.3 in the range
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Figure 9: The observed (solid) locgh as a function ofny in the
low mass range. The dashed curve shows the expectedpgoalder
the hypothesis of a SM Higgs boson signal at that mass withlits
band. The horizontal dashed lines indicate ghelues corresponding
to significances of 1 to 6.

Figure 10: Measurements of the signal strength parametfar
my=126 GeV for the individual channels and their combination.

in the absence of a signal the contours will be upper
limits onu for all values ofimy.
110-150GeV, which is approximately the mass range  Asymptotically, the test statistie2 In A(u, my) is dis-
not excluded at the 99% CL by the LHC combined SM tributed as g? distribution with two degrees of free-
Higgs boson search [139] and the indirect constraints dom. The resulting 68% and 95% CL contours for the
from the global fit to precision electroweak measure- H— yy and H— WW®— ¢v¢y channels are shown in

ments[12]. Fig.[T1, where the asymptotic approximations have been
validated with ensembles of pseudo-experiments. Sim-

9.3. Characterising the excess ilar contours for theH— ZZ*)— 4¢ channel are also
The mass of the observed new particle is esti- shown in Fig[Ill, although they are only approximate
mated using the profile likelihood ratid(my) for confidence intervals due to the smaller number of can-

H— 77" — 4¢ and H— yy, the two channels with the  didates in this channel. These contours in then)
highest mass resolution. The signal strength is al- plane take into account uncertainties in the energy scale
lowed to vary independently in the two channels, al- and resolution.
though the result is essentially unchanged when re- The probability for a single Higgs boson-like particle
stricted to the SM hypothesjg = 1. The leading  to produce resonant mass peaks in the ZZ)— 4¢
sources of systematic uncertainty come from the elec- and H— yy channels separated by more than the ob-
tron and photon energy scales and resolutions. The re-served mass fference, allowing the signal strengths to
sulting estimate for the mass of the observed particle is vary independently, is about 8%.
1260 + 0.4 (stat) + 0.4 (sys) GeV. The contributions from the fferent production
The best-fit signal strengghis shown in Fig[l7(c) as  modes in théd— yy channel have been studied in order
a function ofmy. The observed excess corresponds to to assess any tension between the data and the ratios of
= 14+0.3formy = 126 GeV, which is consistent the production cross sections predicted in the Standard
with the SM Higgs boson hypothegis= 1. A sum- Model. A new signal strength parametgis introduced
mary of the individual and combined best-fit values of for each production mode, defined py= o;/cism. In
the strength parameter for a SM Higgs boson mass hy- order to determine the values @f;(u;) that are simul-
pothesis of 126 GeV is shown in Fig.]10, while more taneously consistent with the data, the profile likelihood
information about the three main channels is provided ratio A(u;, ;) is used with the measured mass treated as
in Table[T. a nuisance parameter.
In order to test which values of the strength and  Since there are four Higgs boson production modes at
mass of a signal hypothesis are simultaneously consis-the LHC, two-dimensional contours require either some

tent with the data, the profile likelihood ratidu, my) is u; to be fixed, or multiplgy; to be related in some way.
used. In the presence of a strong signal, it will produce Here,uggr andy,z have been grouped together as they
closed contours around the best-fit pojmt&y), while scale with thetH coupling in the SM, and are denoted
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Figure 11: Confidence intervals in theu, (uy) plane for the Figure 12: Likelihood contours for thé/—yy channel in the
H— 77" - 4¢, H—yy, and H— WW® = ¢y channels, including (uggreim» pver+ve) plane including the branching ratio factor
all systematic uncertainties. The markers indicate theimam like- B/Bsm. The quantityuggr iz (4ver+ve) is @ common scale factor
lihood estimatesy(7) in the corresponding channels (the maximum  for the ggF andtH (VBF and VH) production cross sections. The
likelihood estimates foH— ZZ® — 4¢ and H— WW® - ¢v¢v coin- best fit to the data) and 68% (full) and 95% (dashed) CL contours
cide). are also indicated, as well as the SM expectation (
by the common parametgggr,iz. Similarly, uver and by the two channels with the highest mass resolution,

uvi have been grouped together as they scale with the H— 7z — 4¢ and H— yy, and the equally sensitive
WWH/ZZH coupling in the SM, and are denoted by the but low-resolutionH— WW® — ¢vfv channel. Taking
common parameterygsr.vy. Since the distribution of  into account the entire mass range of the search, 110-
signal events among the 10 categories of e yy 600 GeV, the global significance of the excess.lkg
search is sensitive to these factors, constraints in thewhich correspondstpy = 1.7 x 1077,

pla}ne Of,UggFm_HX_B/BSM anduver+vu X B/ Bsw, wh_ere These results provide conclusive evidence
B is the branching ratio foif—yy, can be obtained for the discovery of a new particle with mass
(Fig.[12). Theoretical uncertainties are included so that 1260 + 0.4 (stat) + 0.4 (sys) GeV. The signal

the consistency with the SM expectation can be quanti- strength parametex has the value & + 0.3 at the

fied. The data are compatible with the SM expectation fitted mass, which is consistent with the SM Higgs

atthe 1.5 level. boson hypothesis = 1. The decays to pairs of vector

bosons whose net electric charge is zero identify the

new particle as a neutral boson. The observation in

the diphoton channel disfavours the spin-1 hypothe-
Searches for the Standard Model Higgs boson have Sis [140, 141]. Although these results are compatible

been performed in thei— ZZ®—4¢, H—vyy and with the hypothesis that the new particle is the Standard

H— WW®— evuy channels with the ATLAS experi- Model Higgs boson, more data are needed to assess its

ment at the LHC using 5.8-5.9thof pp collision data ~ hature in detail.

recorded during April to June 2012 at a centre-of-mass

energy of 8 TeV. These results are combined with ear-

lier results [17], which are based on an integrated Iu- Acknowledgements

minosity of 4.6—4.8 fb* recorded in 2011 at a centre-

10. Conclusion
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cess of events with significance9r, corresponding  of this superb accelerator. We thank also the support
to po = 1.7 x 107°, is observed. The excess is driven staf at our institutions without whose excellent contri-

20



butions ATLAS could not have been successfully con-
structed or operated sdfieiently.

We acknowledge the support of ANPCyT, Ar-
gentina; YerPhl, Armenia; ARC, Australia;, BMWF,
Austria; ANAS, Azerbaijan; SSTC, Belarus; CNPq
and FAPESP, Brazil;, NSERC, NRC and CFI, Canada,;
CERN; CONICYT, Chile; CAS, MOST and NSFC,
China; COLCIENCIAS, Colombia; MSMT CR, MPO
CR and VSC CR, Czech Republic; DNRF, DNSRC and
Lundbeck Foundation, Denmark; EPLANET and ERC,
European Union; IN2P3-CNRS, CEA-DSNMRFU,
France; GNAS, Georgia; BMBF, DFG, HGF, MPG
and AvH Foundation, Germany; GSRT, Greece; ISF,
MINERVA, GIF, DIP and Benoziyo Center, Israel;
INFN, Italy; MEXT and JSPS, Japan; CNRST, Mo-
rocco; FOM and NWO, Netherlands; RCN, Norway;
MNiSW, Poland; GRICES and FCT, Portugal; MERYS
(MECTS), Romania; MES of Russia and ROSATOM,
Russian Federation; JINR; MSTD, Serbia; MSSR, Slo-
vakia; ARRS and MVZT, Slovenia; DSNRF, South
Africa; MICINN, Spain; SRC and Wallenberg Foun-
dation, Sweden; SER, SNSF and Cantons of Bern and
Geneva, Switzerland; NSC, Taiwan; TAEK, Turkey;
STFC, the Royal Society and Leverhulme Trust, United
Kingdom; DOE and NSF, United States of America.

The crucial computing support from all WLCG part-
ners is acknowledged gratefully, in particular from
CERN and the ATLAS Tier-1 facilities at TRIUMF
(Canada), NDGF (Denmark, Norway, Sweden), CC-
IN2P3 (France), KITGridKA (Germany), INFN-CNAF
(Italy), NL-T1 (Netherlands), PIC (Spain), ASGC (Tai-
wan), RAL (UK) and BNL (USA) and in the Tier-2 fa-
cilities worldwide.

References

[1] S. L. GlashowpPartial-symmetries of weak interactions,
Nucl. Phys22 no. 4, (1961) 579.

[2] S. WeinbergA Model of Leptons,

Phys. Rev. Lett19 (1967) 1264.

[3] A. Salam,“Weak and electromagnetic interactions”, in
Elementary particle theory: relativistic groups and
analyticity, N. Svartholm, ed., p. 367. Aimqvist & Wiksell,
1968. Proceedings of the eighth Nobel symposium.

[4] G.’tHooft and M. Veltman Regularization and

Renormalization of Gauge Fields,

Nucl. PhysB44 (1972) 189.

F. Englert and R. BroutBroken symmetry and the mass of

gauge vector mesons, Phys. Rev. Lett13 (1964) 321.

[6] P.W. Higgs,Broken symmetries, massless particles and gauge
fields,|Phys. Lett12 (1964) 132.

[7] P. W. Higgs,Broken symmetries and the masses of gauge
bosons, Phys. Rev. Lettl3 (1964) 508.

[8] G.S. Guralnik, C. R. Hagen, and T. W. B. Kibbl&/obal
conservation laws and massless particles,

Phys. Rev. Lett13 (1964) 585.

(5]

21

9]

(10]

P. W. Higgs,Spontaneous symmetry breakdown without
massless bosons, Phys. Rev145 (1966) 1156.

T. W. B. Kibble, Symmetry breaking in non-Abelian gauge
theories, Phys. Revl55 (1967) 1554.

L. Evans and P. Bryant (Eds)HC Machine,

JINST3 (2008) S08001.

ALEPH, CDF, D@, DELPHI, L3, OPAL, SLD Collaborations,
the LEP Electroweak Working Group, the Tevatron
Electroweak Working Group, and the SLD electroweak and
heavy flavour groupSrecision Electroweak Measurements
and Constraints on the Standard Model,
CERN-PH-EP-2010-095 (2010),

arXiv:1012.2367! [hep-ex].

ALEPH, DELPHI, L3 and OPAL Collaborations, The LEP
Working Group for Higgs boson searche$arch for the
standard model Higgs boson at LEP,

Phys. LettB 565 (2003) 6.

CDF Collaboration, T. Aaltonen et alCpmbined search for
the standard model Higgs boson decaying to a bb pair using
the full CDF data set, accepted by Phys. Rev. Lett. (2012),
arXiv:1207.1707  [hep-ex].

D@ Collaboration, V. M. Abazov et alGombined search for
the standard model Higgs boson decaying to bb using the D@
Run II data set, submitted to Phys. Rev. Lett. (2012),
arXiv:1207.6631! [hep-ex].

CDF Collaboration, D@ Collaboratiotsvidence for a
particle produced in association with weak bosons and
decaying to a bottom-antibottom quark pair in Higgs boson
searches at the Tevatron, submitted to Phys. Rev. Lett. (2012),
arXiv:1207.6436 [hep-ex].

ATLAS Collaboration,Combined search for the Standard
Model Higgs boson in pp collisions at \[s=7 TeV with the
ATLAS detector, Phys. RevD86 (2012) 032008.

CMS CollaborationCombined results of searches for the
standard model Higgs boson in pp collisions at \[s = 7 TeV,
Phys. LettB 710 (2012) 26.

ATLAS Collaboration ATLAS: letter of intent for a
general-purpose pp experiment at the large hadron collider at
CERN, CERN-LHCC-92-004 (1992).

ATLAS Collaboration ATLAS Technical Proposal for a
General-Purpose pp Experiment at the Large Hadron Collider
at CERN,/CERN-LHCC-94-43 (1994).

ATLAS Collaboration,The ATLAS Experiment at the CERN
Large Hadron Collider, JINST3 (2008) S08003.

H. M. Georgi, S. L. Glashow, M. E. Machacek, and

D. V. NanopoulosHiggs bosons from two gluon-annihilation
in proton-proton collisions,|Phys. Rev. Letd( (1978) 692.
A. Djouadi, M. Spira, and P. M. ZerwaBroduction of Higgs
bosons in proton colliders: QCD corrections,

Phys. LettB 264 (1991) 440.

S. DawsonRadiative corrections to Higgs boson production,
Nucl. PhysB359 (1991) 283.

M. Spira, A. Djouadi, D. Graudenz, and P. M. ZerwHBsggs
boson production at the LHC, Nucl. PhysB453 (1995) 17.
R. V. Harlander and W. B. KilgoreYext-to-next-to-leading
order Higgs production at hadron colliders,

Phys. Rev. Lett88 (2002) 201801.

C. Anastasiou and K. MelnikoWiggs boson production at
hadron colliders in NNLO QCD,

Nucl. PhysB646 (2002) 220.

V. Ravindran, J. Smith, and W. L. van Neerv&\iyLO
corrections to the total cross section for Higgs boson
production in hadron-hadron collisions,

Nucl. PhysB665 (2003) 325.

[29] U. Aglietti, R. Bonciani, G. Degrassi, and A. Vicirilivo-loop

(11]

(12]

(13]

(14]

[15]

(16]

(17]

(18]

(19]

(20]

[21]

[22]

(23]

(24]
(25]

[26]

(27]

(28]


http://dx.doi.org/10.1016/0029-5582(61)90469-2
http://dx.doi.org/10.1103/PhysRevLett.19.1264
http://dx.doi.org/10.1016/0550-3213(72)90279-9
http://dx.doi.org/10.1103/PhysRevLett.13.321
http://dx.doi.org/10.1016/0031-9163(64)91136-9
http://dx.doi.org/10.1103/PhysRevLett.13.508
http://dx.doi.org/10.1103/PhysRevLett.13.585
http://dx.doi.org/10.1103/PhysRev.145.1156
http://dx.doi.org/10.1103/PhysRev.155.1554
http://dx.doi.org/10.1088/1748-0221/3/08/S08001
http://arxiv.org/abs/1012.2367
http://arxiv.org/abs/1012.2367
http://dx.doi.org/10.1016/S0370-2693(03)00614-2
http://arxiv.org/abs/1207.1707
http://arxiv.org/abs/1207.1707
http://arxiv.org/abs/1207.6631
http://arxiv.org/abs/1207.6631
http://arxiv.org/abs/1207.6436
http://arxiv.org/abs/1207.6436
http://dx.doi.org/10.1103/PhysRevD.86.032003
http://dx.doi.org/10.1016/j.physletb.2012.02.064
http://cdsweb.cern.ch/record/291061
http://atlas.web.cern.ch/Atlas/TP/tp.html
http://dx.doi.org/10.1088/1748-0221/3/08/S08003
http://dx.doi.org/10.1103/PhysRevLett.40.692
http://dx.doi.org/10.1016/0370-2693(91)90375-Z
http://dx.doi.org/10.1016/0550-3213(91)90061-2
http://dx.doi.org/10.1016/0550-3213(95)00379-7
http://dx.doi.org/10.1103/PhysRevLett.88.201801
http://dx.doi.org/10.1016/S0550-3213(02)00837-4
http://dx.doi.org/10.1016/S0550-3213(03)00457-7

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

[41]

[42]

(43]

[44]

[45]

[46]

[47]
(48]
[49]

(50]

(51]

light fermion contribution to Higgs production and decays,
Phys. LettB 595 (2004) 432.

S. Actis, G. Passarino, C. Sturm, and S. Uccirstip
electroweak corrections to Higgs boson production at hadron
colliders, Phys. LettB 670 (2008) 12.

S. Catani, D. de Florian, M. Grazzini, and P. Nason,
Soft-gluon resummation for Higgs boson production at hadron
colliders, JHEP0307 (2003) 028.

C. Anastasiou, R. Boughezal, and F. PetrieMtiyed
QCD-electroweak corrections to Higgs boson production in
gluon fusion, JHEP0904 (2009) 003.

D. de Florian and M. GrazzinHiggs production at the LHC:
updated cross sections at \/s = 8 TeV,

arXiv:1206.4133! [hep-phl.

C. Anastasiou, S. Buehler, F. Herzog, and A. Lazopqulos
Inclusive Higgs boson cross-section for the LHC at 8 TeV,
JHEP1204 (2012) 004.

J. Baglio and A. DjouadiHiggs production at the IHC,
JHEP1103 (2011) 055.

D. de Florian, G. Ferrera, M. Grazzini, and D. Tommasini
Transverse-momentum resummation: Higgs boson production
at the Tevatron and the LHC, JHEP1111 (2011) 064.

E. Bagnaschi, G. Degrassi and A. Vicitliggs production via
gluon fusion in the POWHEG approach in the SM and in the
MSSM,|JHEP1202 (2012) 88.

R. N. Cahn and S. DawsoRyoduction of very massive Higgs
bosons,

Phys. LettB 136 (1984) 196, Erratum—ibidB 138 (1984) 464.
M. Ciccolini, A. Denner, and S. Dittmaie§frong and
electroweak corrections to the production of Higgs + 2 jets via
weak interactions at the Large Hadron Collider,

Phys. Rev. Lett99 (2007) 161803.

M. Ciccolini, A. Denner, and S. DittmaieElectroweak and
QCD corrections to Higgs production via vector-boson fusion
at the Large Hadron Collider,|Phys. RevD77 (2008) 013002.
K. Arnold et al.,VBFNLO: A parton level Monte Carlo for
processes with electroweak bosons,

Comput. Phys. Communi80 (2009) 1661.

P. Bolzoni, F. Maltoni, S.-O. Moch, and M. ZarBHjggs boson
production via vector-boson fusion at next-to-next-to-leading
order in QCD,|Phys. Rev. Lett105 (2010) 011801.

S. L. Glashow, D. V. Nanopoulos, and A. Yildizssociated
production of Higgs bosons and Z particles,

Phys. RevD18 (1978) 1724.

T. Han and S. WillenbrockQ CD correction to the pp - WH
and ZH total cross sections, Phys. LettB 273 (1991) 167.
O. Brein, A. Djouadi, and R. HarlandeWNLO QCD
corrections to the Higgs-strahlung processes at hadron
colliders, Phys. LettB 579 (2004) 149.

M. L. Ciccolini, S. Dittmaier, and M. Krameglectroweak
radiative corrections to associated WH and ZH production at
hadron colliders, Phys. RevD68 (2003) 0730083.

Z. Kunszt,Associated production of heavy Higgs boson with
top quarks, Nucl. PhysB247 (1984) 339.

W. Beenakker et alHiggs Radiation Off Top Quarks at the
Tevatron and the LHC, Phys. Rev. Lett87 (2001) 201805.
W. Beenakker et alNLO QCD corrections to ttH production
in hadron collisions,|Nucl. PhysB653 (2003) 151.

S. Dawson, L. H. Orr, L. Reina, and D. Wackeroth,
Next-to-leading order QCD corrections to pp — tth at the
CERN Large Hadron Collider,

Phys. RevD67 (2003) 071508.

S. Dawson, C. Jackson, L. H. Orr, L. Reina, and

D. Wackeroth Associated Higgs boson production with top
quarks at the CERN Large Hadron Collider: NLO QCD

22

(52]

(53]

[54]

[55]

[56]

[57]

(58]

(59]

(60]

(61]

(62]

(63]

(64]

(65]

(66]

(67]

corrections, Phys. RevD68 (2003) 034022.

LHC Higgs Cross Section Working Group, S. Dittmaier,
C. Mariotti, G. Passarino, and R. Tanaka (Eddgudbook of
LHC Higgs Cross Sections: 1. Inclusive Observables,
CERN-2011-002 (2011arXiv:1101.0593| [hep-phll
LHC Higgs Cross Section Working Group, S. Dittmaier,
C. Mariotti, G. Passarino, and R. Tanaka (Eddgudbook of
LHC Higgs Cross Sections: 2. Differential Distributions,
CERN-2012-002 (2012arXiv:1201.3084 [hep-phll

A. Djouadi, J. Kalinowski, and M. Spird/ DECAY: A
program for Higgs boson decays in the standard model and its
supersymmetric extension,

Comput. Phys. Communi08 (1998) 56.

A. Bredenstein, A. Denner, S. Dittmaier, and M. M. Weber
Precise predictions for the Higgs-boson decay H — WW/ZZ
— 4 leptons, Phys. RevD74 (2006) 013004.

A. Bredenstein, A. Denner, S. Dittmaier, and M. M. Weber
Radiative corrections to the semileptonic and hadronic
Higgs-boson decays H —» WW/ZZ — 4 fermions,
JHEP0702 (2007) 080.

S. Alioli, P. Nason, C. Oleari, and E. RELO Higgs boson
production via gluon fusion matched with shower in
POWHEG, JHEP0904 (2009) 002.

P. Nason and C. OleatNLO Higgs boson production via
vector-boson fusion matched with shower in POWHEG,
JHEP1002 (2010) 037.

M. L. Mangano et al.ALPGEN, a generator for hard
multiparton processes in hadronic collisions,

JHEP0307 (2003) 001.

S. Frixione and B. R. WebbeVfatching NLO QCD
computations and parton shower simulations,

JHEP0206 (2002) 029;

S. Frixione, P. Nason, and B. R. Webh®sching NLO QCD
and parton showers in heavy flavour production,

JHEP0308 (2003) 007;

S. Frixione, E. Laenen, P. Motylinski, and B. R. Webber,
Single-top production in MC@NLO,|JHEP0603 (2006) 092;
S. Frixione, E. Laenen, P. Motylinski, C. White, and

B. R. WebberSingle-top hadroproduction in association with
a W boson, JHEP0807 (2008) 029;

S. Frixione, F. Stoeckli, P. Torrielli, and B. R. Webb&L,0
QCD corrections in Herwig++ with MC@NLO,

JHEP1101 (2011) 053.

B. P. Kersevan and E. Richter-Wd3ie Monte Carlo event
generator AcerMC version 2.0 with interfaces to PYTHIA 6.2
and HERWIG 6.5, arXiv:hep-ph/0405247.

T. Binoth, M. Ciccolini, N. Kauer and M. Kramer,
Gluon-induced W-boson pair production at the LHC,
JHEP0612 (2006) 046.

T. Melia, P. Nason, R. Rontsch, and G. Zanderight,w—,
WZ and ZZ production in the POWHEG BOX,

JHEP1111 (2011) 078.

T. Binoth, N. Kauer and P. Mertsctiiiuon-induced QCD
Corrections to pp — ZZ — L',

arXiv:0807.0024! [hep-phl.

R. C. Gray, C. Kilic, M. Park, S. Somalwar, and S. Thomas,
Backgrounds to Higgs Boson Searches from Wy* — Ivi(l)
Asymmetric Internal Conversion,

arXiv:1110.1368! [hep-phl.

ATLAS Collaboration,New ATLAS event generator tunes to
2010 data, ATL-PHYS-PUB-2011-008 (2011).
http://cdsweb.cern.ch/record/1345343.

ATLAS Collaboration ATLAS tunes of PYTHIA 6 and Pythia
8 for MC11, ATL-PHYS-PUB-2011-009 (2011).
http://cdsweb.cern.ch/record/1363300.


http://dx.doi.org/10.1016/j.physletb.2004.06.063
http://dx.doi.org/10.1016/j.physletb.2008.10.018
http://dx.doi.org/10.1088/1126-6708/2003/07/028
http://dx.doi.org/10.1088/1126-6708/2009/04/003
http://arxiv.org/abs/1206.4133
http://arxiv.org/abs/1206.4133
http://dx.doi.org/10.1007/JHEP04(2012)004
http://dx.doi.org/10.1007/JHEP03(2011)055
http://dx.doi.org/10.1007/JHEP11(2011)064
http://dx.doi.org/10.1007/JHEP02(2012)088
http://dx.doi.org/10.1016/0370-2693(84)91180-8
http://dx.doi.org/10.1103/PhysRevLett.99.161803
http://dx.doi.org/10.1103/PhysRevD.77.013002
http://dx.doi.org/10.1016/j.cpc.2009.03.006
http://dx.doi.org/10.1103/PhysRevLett.105.011801
http://dx.doi.org/10.1103/PhysRevD.18.1724
http://dx.doi.org/10.1016/0370-2693(91)90572-8
http://dx.doi.org/10.1016/j.physletb.2003.10.112
http://dx.doi.org/10.1103/PhysRevD.68.073003
http://dx.doi.org/10.1016/0550-3213(84)90553-4
http://dx.doi.org/10.1103/PhysRevLett.87.201805
http://dx.doi.org/10.1016/S0550-3213(03)00044-0
http://dx.doi.org/10.1103/PhysRevD.67.071503
http://dx.doi.org/10.1103/PhysRevD.68.034022
http://arxiv.org/abs/1101.0593
http://arxiv.org/abs/1101.0593
http://arxiv.org/abs/1201.3084
http://arxiv.org/abs/1201.3084
http://dx.doi.org/10.1016/S0010-4655(97)00123-9
http://dx.doi.org/10.1103/PhysRevD.74.013004
http://dx.doi.org/10.1088/1126-6708/2007/02/080
http://dx.doi.org/10.1088/1126-6708/2009/04/002
http://dx.doi.org/10.1007/JHEP02(2010)037
http://dx.doi.org/10.1088/1126-6708/2003/07/001
http://dx.doi.org/10.1088/1126-6708/2002/06/029
http://dx.doi.org/10.1088/1126-6708/2003/08/007
http://dx.doi.org/10.1088/1126-6708/2006/03/092
http://dx.doi.org/10.1088/1126-6708/2008/07/029
http://dx.doi.org/10.1007/JHEP01(2011)053
http://arxiv.org/abs/hep-ph/0405247
http://arxiv.org/abs/hep-ph/0405247
http://dx.doi.org/10.1088/1126-6708/2006/12/046
http://dx.doi.org/10.1007/JHEP11(2011)078
http://arxiv.org/abs/0807.0024
http://arxiv.org/abs/0807.0024
http://arxiv.org/abs/1110.1368
http://arxiv.org/abs/1110.1368
http://cdsweb.cern.ch/record/1345343
http://cdsweb.cern.ch/record/1363300

(68]

(69]
[70]
[71]
[72]

(73]

[74]

[75]

[76]

(77

(78]
[79]
(80]
(81]
(82]

(83]

(84]

(85]

(86]

(87]

(88]

(89]

[90]

ATLAS Collaboration,Further ATLAS tunes of PYTHIA6 and
Pythia 8, ATL-PHYS-PUB-2011-014 (2011).
http://cdsweb.cern.ch/record/1400677.

T. Sjostrand, S. Mrenna, and P. Skan®BETHIA 6.4 physics
and manual,|JHEP0605 (2006) 026.

J. Alwall et al.,MadGraph/MadEvent v4: The New Web
Generation, JHEP0709 (2007) 028.

J. Alwall, M. Herquet, F. Maltoni, O. Mattelaer, and Te&er,
MadGraph 5 : Going Beyond, JHEP1106 (2011) 128.

T. Sjostrand, S. Mrenna, and P. Skanti®rief Introduction
to PYTHIA 8.1,/Comput. Phys. Commui78 (2008) 852.
G. Corcella, I. Knowles, G. Marchesini, S. Moretti,

K. Odagiri, et al. HERWIG 6: An Event generator for hadron
emission reactions with interfering gluons (including
supersymmetric processes), JHEP0101 (2001) 010.

T. Gleisberg et al.Event generation with SHERPA 1.1,
JHEP0902 (2009) 007.

J. M. Butterworth, J. R. Forshaw, and M. H. Seymour,
Multiparton interactions in photoproduction at HERA,

Z. Phys.C72 (1996) 637.

S. Jadach, Z. Was, R. Decker, and J. H. Kufi, tau decay
library TAUOLA: Version 2.4,

Comput. Phys. Commufi6 (1993) 361.

P. Golonka and Z. Wa$HOTOS Monte Carlo: A Precision
tool for QED corrections in Z and W decays,
Eur.Phys.JC45 (2006) 97.

H.-L. Lai et al.,New parton distributions for collider physics,
Phys. RevD82 (2010) 074024.

P. M. Nadolsky et al.Jmplications of CTEQ global analysis
for collider observables, Phys. RevD78 (2008) 013004.

A. Sherstnev and R. S. Thorn@yrton distributions for LO
Generators, | [Eur. Phys. IL55 (2008) 553.

ATLAS Collaboration,The ATLAS Simulation Infrastructure,
Eur. Phys. JC70 (2010) 823.

S. Agostinelli et al., ®ant4, a simulation toolkit,

Nucl. Instrum. MethA506 (2003) 250.

ATLAS Collaboration,Search for the Standard Model Higgs
boson in the decay channel H — ZZ®) — 4€ with 4.8b™1 of
pp collision data at /s = 7 TeV with ATLAS,

Phys. LettB 710 (2012) 383.

ATLAS Collaboration,Muon reconstruction efficiency in
reprocessed 2010 LHC proton-proton collision data recorded
with the ATLAS detector, ATLAS-CONF-2011-063 (2011).
http://cdsweb.cern.ch/record/1345743.

ATLAS Collaboration,Electron performance measurements
with the ATLAS detector using the 2010 LHC proton-proton
collision data,|Eur. Phys. JC72 (2012) 1909.

ATLAS Collaboration,Improved electron reconstruction in
ATLAS using the Gaussian Sum Filter-based model for
bremsstrahlung.
http://cdsweb.cern.ch/record/1449796.

ATLAS Collaboration,Observation of an excess of events in
the search for the Standard Model Higgs boson in the

H — 7ZZ™ — 4A¢ channel with the ATLAS detector,
ATLAS-CONF-2012-092 (2012).
http://cdsweb.cern.ch/record/1460411.

W. Lampl, S. Laplace, D. Lelas, P. Loch, H. Ma, S. Menke,
S. Rajagopalan, D. Rousseau, S. Snyder, and G. Unal,
Calorimeter Clustering Algorithms: Description and
Performance, ATL-LARG-PUB-2008-002 (2008).
http://cdsweb.cern.ch/record/1099735|

M. Cacciari and G. P. Salar®jleup subtraction using jet
areas, Phys. LettB 659 (2008) 119.

M. Cacciari, G. P. Salam, and G. Soyé&azstJer user manual,
Eur. Phys. JC72 (2012) 1896.

23

[91]

[92]

(93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

ATLAS Collaboration,Measurements of the electron and
muon inclusive cross-sections in proton-proton collisions at
\s = 7 TeV with the ATLAS detector,

Phys. LettB 707 (2012) 438.

ATLAS Collaboration,/mproved Luminosity Determination in
pp Collisions at \[s = 7 TeV using the ATLAS Detector at the
LHC, ATLAS-CONF-2012-080 (2012).
http://cdsweb.cern.ch/record/1460392.

ATLAS Collaboration,Measurement of the total ZZ
production cross section in the four-lepton channel using 5.8
=Y of ATLAS data at s = 8 TeV, ATLAS-CONF-2012-090
(2012).http://cdsweb.cern.ch/record/1460409.

N. Kauer and G. Passarintmadequacy of zero-width
approximation for a light Higgs boson signal,
arXiv:1206.4803 [hep-phl.

ATLAS Collaboration,Search for the Standard Model Higgs
boson in the diphoton decay channel with 4.9 fb~1 of pp
collision data at \s = 7 TeV with ATLAS,

Phys. Rev. Lett108 (2012) 111803.

ATLAS Collaboration,Performance of the ATLAS Trigger
System in 2010, |Eur. Phys. JC72 (2012) 1849.

ATLAS Collaboration,Measurement of the inclusive isolated
prompt photon cross section in pp collisions at \s = 7 TeV
with the ATLAS detector, Phys. RevD83 (2011) 052005.
ATLAS Collaboration,Search for the Standard Model Higgs
boson in the two photon decay channel with the ATLAS
detector at the LHC, Phys. LettB 705 (2011) 452.

OPAL Collaboration Collaboration, K. Ackerstaet al.,
Search for anomalous production of dilepton events with
missing transverse momentum in e*e” collisions at /s =

161 GeV and 172 GeV, Eur. Phys. JC4 (1998) 47,
arXiv:hep-ex/9710010 [hep-ex].

M. Vesterinen and T. R. Wyatd, Novel Technique for
Studying the Z Boson Transverse Momentum Distribution at
Hadron Colliders, Nucl. Instrum. MethA602 (2009) 432.
ATLAS Collaboration Jet energy measurement with the
ATLAS detector in proton-proton collisions at \Js = 7 TeV,
submitted to Eur. Phys. € (2011),

arXiv:1112.6426! [hep-ex].

M. Cacciari, G. P. Salam, and G. Soy@&#¢ anti-k; jet
clustering algorithm, JHEP0804 (2008) 063.

L. J. Dixon and M. S. SiuResonance continuum interference
in the diphoton Higgs signal at the LHC,

Phys. Rev. Lett90 (2003) 252001.

J. GaiserCharmonium spectroscopy from radiative decays of
the J/'¥ and W', Ph.D. Thesis No. SLAC-R-255, (1982).
S. N. BernsteinDemonstration du theoreme de Weierstrass
fondee sur le calcul des probabilites, Comm. Soc. Math.
Kharkov13 (1912) 1.

ATLAS Collaboration,Search for the Standard Model Higgs
boson in the H —» WW®) — vev decay mode with 4.7 fb=1 of
ATLAS data at /s = 7 TeV,|Phys. LettB 716 (2012) 62.

M. Dittmar and H. DreinerHow to find a Higgs boson with a
mass between 155 and 180 GeV at the CERN LHC,

Phys. RevD55 (1997) 167.

ATLAS Collaboration,Commissioning of the ATLAS
high-performance b-tagging algorithms in the 7 TeV collision
data, ATLAS-CONF-2011-102 (2011).
http://cdsweb.cern.ch/record/1369219.

R.K. Ellis et al.,Higgs decay to T" 1" : A possible signature of
intermediate mass Higgs bosons at the SSC,

Nucl. PhysB297 (1988) 221.

A.J. Barr, B. Gripaios, and C. G. Lest&feasuring the Higgs
boson mass in dileptonic W-boson decays at hadron colliders,
JHEP0907 (2009) 072.


http://cdsweb.cern.ch/record/1400677
http://dx.doi.org/10.1088/1126-6708/2006/05/026
http://dx.doi.org/10.1088/1126-6708/2007/09/028
http://dx.doi.org/10.1007/JHEP06(2011)128
http://dx.doi.org/10.1016/j.cpc.2008.01.036
http://dx.doi.org/10.1088/1126-6708/2001/01/010
http://dx.doi.org/10.1088/1126-6708/2009/02/007
http://dx.doi.org/10.1007/s002880050286
http://dx.doi.org/10.1016/0010-4655(93)90061-G
http://dx.doi.org/10.1140/epjc/s2005-02396-4
http://dx.doi.org/10.1103/PhysRevD.82.074024
http://dx.doi.org/10.1103/PhysRevD.78.013004
http://dx.doi.org/10.1140/epjc/s10052-008-0610-x
http://dx.doi.org/10.1140/epjc/s10052-010-1429-9
http://dx.doi.org/10.1016/S0168-9002(03)01368-8
http://dx.doi.org/10.1016/j.physletb.2012.03.005
http://cdsweb.cern.ch/record/1345743
http://dx.doi.org/10.1140/epjc/s10052-012-1909-1
http://cdsweb.cern.ch/record/1449796
http://cdsweb.cern.ch/record/1460411
http://cdsweb.cern.ch/record/1099735
http://dx.doi.org/10.1016/j.physletb.2007.09.077
http://dx.doi.org/10.1140/epjc/s10052-012-1896-2
http://dx.doi.org/10.1016/j.physletb.2011.12.054
http://cdsweb.cern.ch/record/1460392
http://cdsweb.cern.ch/record/1460409
http://arxiv.org/abs/1206.4803
http://arxiv.org/abs/1206.4803
http://dx.doi.org/10.1103/PhysRevLett.108.111803
http://dx.doi.org/10.1140/epjc/s10052-011-1849-1
http://dx.doi.org/10.1103/PhysRevD.83.052005
http://dx.doi.org/10.1016/j.physletb.2011.10.051
http://arxiv.org/abs/hep-ex/9710010
http://arxiv.org/abs/hep-ex/9710010
http://dx.doi.org/10.1016/j.nima.2009.01.203
http://arxiv.org/abs/1112.6426
http://arxiv.org/abs/1112.6426
http://dx.doi.org/10.1088/1126-6708/2008/04/063
http://dx.doi.org/10.1103/PhysRevLett.90.252001
http://dx.doi.org/10.1016/j.physletb.2012.08.010
http://dx.doi.org/10.1103/PhysRevD.55.167
http://cdsweb.cern.ch/record/1369219
http://dx.doi.org/10.1016/0550-3213(88)90019-3
http://dx.doi.org/10.1088/1126-6708/2009/07/072

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

ATLAS Collaboration,Search for the Higgs boson in the
H— WW® - vty decay channel in pp collisions at

\s = 7 TeV with the ATLAS detector,

Phys. Rev. Lett108 (2012) 111802.

ATLAS Collaboration Limits on the production of the
Standard Model Higgs Boson in pp collisions at \/s = 7 TeV
with the ATLAS detector, Eur. Phys. JC 71 (2011) 1728.
ATLAS Collaboration,Performance of missing transverse
momentum reconstruction in proton-proton collisions at 7 TeV
with ATLAS, Eur. Phys. JC72 (2012) 1844.

ATLAS Collaboration Measurement of the b-tag Efficiency in
a Sample of Jets Containing Muons with 5 fb~* of Data from
the ATLAS Detector, ATLAS-CONF-2012-043 (2012).
http://cdsweb.cern.ch/record/1435197.

J. M. Campbell, R. K. Ellis, and C. William&gctor boson
pair production at the LHC, JHEP1107 (2011) 018.

J. Campbell, R. Ellis, and C. William&luon-gluon
contributions to WYW~ production and Higgs interference
effects, JHEP1110 (2011) 005S.

|. Stewart and F. Tackmaniheory uncertainties for Higgs
mass and other searches using jet bins,

Phys. RevD85 (2012) 034011.

ATLAS and CMS Collaborations?rocedure for the LHC
Higgs boson search combination in Summer 2011,
ATL-PHYS-PUB-2011-011, CERN-CMS-NOTE-2011-005
(2011).http://cdsweb.cern.ch/record/1375842,

L. Moneta, K. Belasco, K. S. Cranmer, S. Kreiss, A. laanz
et al.,The RooStats Project, POSACAT2010 (2010) 057,
arXiv:1009.1003! [physics.data-an].

K. Cranmer, G. Lewis, L. Moneta, A. Shibata, and

W. Verkerke HistFactory: A tool for creating statistical
models for use with RooFit and RooStats,
CERN-OPEN-2012-016 (2012).
http://cdsweb.cern.ch/record/1456844.

W. Verkerke and D. KirkbyThe RooFit toolkit for data
modeling, Tech. Rep. physi¢g8306116, SLAC, Stanford, CA,
Jun, 2003.

arXiv:physics/0306116| [physics.data-an].

G. Cowan, K. Cranmer, E. Gross, and O. Vitellsymprotic
Sformulae for likelihood-based tests of new physics,

Eur. Phys. JC71 (2011) 1554.

A. L. Read,Presentation of search results: The CLj
technique, J. Phys(G28 (2002) 2693.

E. Gross and O. VitellSrial factors for the look elsewhere
effect in high energy physics, Eur. Phys. JC 70 (2010) 525.
ATLAS Collaboration,Search for a Standard Model Higgs
boson in the H — ZZ — llvv decay channel using 4.7 fb=1 of
Vs = 7 TeV data with the ATLAS detector, submitted to
Phys. LettB (2012),arXiv:1205.6744! [hep-ex].
ATLAS Collaboration,Search for a Standard Model Higgs
boson in the mass range 200-600 GeV in the H — ZZ — llqq
decay channel, submitted to Phys. LetB (2012),
arXiv:1206.2443 [hep-ex].

ATLAS Collaboration,Observation of an excess of events in
the search for the Standard Model Higgs boson in the
gamma-gamma channel with the ATLAS detector,
ATLAS-CONF-2012-091 (2012).
http://cdsweb.cern.ch/record/1460410.

ATLAS Collaboration,Search for the Higgs boson in the

H — WW - lvjj decay channel at \[s = 7 TeV with the
ATLAS detector, submitted to Phys. LetB (2012),
arXiv:1206.6074! [hep-ex].

ATLAS Collaboration,Search for the Standard Model Higgs
boson in the H — 1751~ decay mode in \/s = 7 TeV pp
collisions with ATLAS, accepted by JHEP (2012),

24

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

arXiv:1206.5971 [hep-ex].

ATLAS Collaboration,Search for the Standard Model Higgs
boson produced in association with a vector boson and
decaying to a b-quark pair with the ATLAS detector,
submitted to Phys. LetB (2012),

arXiv:1207.0210! [hep-ex].

ATLAS Collaboration,Observation of an Excess of Events in
the Search for the Standard Model Higgs Boson in the

H — WW® = ¢yfy Channel with the ATLAS Detector,
ATLAS-CONF-2012-098 (2012).
http://cdsweb.cern.ch/record/1462530.

ATLAS Collaboration Luminosity Determination in pp
Collisions at /s = 7 TeV Using the ATLAS Detector at the
LHC,Eur. Phys. JC 71 (2011) 1630.

ATLAS Collaboration,Luminosity Determination in pp
Collisions at s = 7 TeV using the ATLAS Detector in 2011,
ATLAS-CONF-2011-116 (2011).
http://cdsweb.cern.ch/record/1376384.

M. Botje, J. Butterworth, A. Cooper-Sarkar, A. de Rioec
J. Feltesse, et allhe PDF4LHC Working Group Interim
Recommendations,larXiv:1101.0538 [hep-phl.

A. Martin, W. Stirling, R. Thorne, and G. Wafarzon
distributions for the LHC, Eur. Phys. JC63 (2009) 189.

R. D. Ball et al. Jmpact of heavy quark masses on parton
distributions and LHC phenomenology,

Nucl. PhysB 849 (2011) 29€.

J. M. Campbell, R. K. Ellis, and G. Zanderighi,
Next-to-Leading order Higgs + 2 jet production via gluon
Sfusion, JHEP0610 (2006) 028.

ATLAS Collaboration,Observation of an Excess of Events in
the Search for the Standard Model Higgs boson with the
ATLAS detector at the LHC, ATLAS-CONF-2012-093 (2012).
http://cdsweb.cern.ch/record/1460439.

ATLAS and CMS Collaborations;ombined Standard Model
Higgs boson searches with up to 2.3 fb~1 of pp collisions at
\s=7 TeV at the LHC, ATLAS-CONF-2011-157,
CMS-PAS-HIG-11-023 (2011).
http://cdsweb.cern.ch/record/1399599|

L. D. Landau,The moment of a 2-photon system, Dokl. Akad.
Nawk. USSR 60 (1948) 207.

C. N. Yang,Selection Rules for the Dematerialization of a
Farticle Into Two Photons, Phys. Rev77 (1950) 242.


http://dx.doi.org/10.1103/PhysRevLett.108.111802
http://dx.doi.org/10.1140/epjc/s10052-011-1728-9
http://dx.doi.org/10.1140/epjc/s10052-011-1844-6
http://cdsweb.cern.ch/record/1435197
http://dx.doi.org/10.1007/JHEP07(2011)018
http://dx.doi.org/10.1007/JHEP10(2011)005
http://dx.doi.org/10.1103/PhysRevD.85.034011
http://cdsweb.cern.ch/record/1375842
http://arxiv.org/abs/1009.1003
http://arxiv.org/abs/1009.1003
http://cdsweb.cern.ch/record/1456844
http://arxiv.org/abs/physics/0306116
http://arxiv.org/abs/physics/0306116
http://arxiv.org/abs/physics/0306116
http://dx.doi.org/10.1140/epjc/s10052-011-1554-0
http://dx.doi.org/10.1088/0954-3899/28/10/313
http://dx.doi.org/10.1140/epjc/s10052-010-1470-8
http://arxiv.org/abs/1205.6744
http://arxiv.org/abs/1205.6744
http://arxiv.org/abs/1206.2443
http://arxiv.org/abs/1206.2443
http://cdsweb.cern.ch/record/1460410
http://arxiv.org/abs/1206.6074
http://arxiv.org/abs/1206.6074
http://arxiv.org/abs/1206.5971
http://arxiv.org/abs/1206.5971
http://arxiv.org/abs/1207.0210
http://arxiv.org/abs/1207.0210
http://cdsweb.cern.ch/record/1462530
http://dx.doi.org/10.1140/epjc/s10052-011-1630-5
http://cdsweb.cern.ch/record/1376384
http://arxiv.org/abs/1101.0538
http://arxiv.org/abs/1101.0538
http://dx.doi.org/10.1140/epjc/s10052-009-1072-5
http://dx.doi.org/10.1016/j.nuclphysb.2011.03.021
http://dx.doi.org/10.1088/1126-6708/2006/10/028
http://cdsweb.cern.ch/record/1460439
http://cdsweb.cern.ch/record/1399599
http://dx.doi.org/10.1103/PhysRev.77.242

The ATLAS Collaboration

G. Aad® T. Abajyarf!, B. Abbott*!, J. Abdallai?, S. Abdel Khalek®S, A.A. Abdelalinf®, O. Abdino!,

R. Abert%, B. Abil2, M. Abolins®®, O.S. AbouZeid®®, H. Abramowic2%3, H. Abreu6, B.S. Achary&643164b

L. Adamczyk® D.L. Adamg®, T.N. Addy?®, J. Adelmad’8, S. Adomeit®, P. Adragn&’, T. Adye'?°, S. Aefsky?,
J.A. Aguilar-Saavedrfg*®¢, M. Agustont’, M. Aharrouché&?, S.P. AhleR?, F. Ahleg€®, A. Anmad“8 M. Ahsarf?,
G. Aielli*333133 T Akdogart®® T.P.A. Akessof?, G. Akimotat®®, A.V. Akimov®4, M.S. Alan?, M.A. Alam’S,

J. Albert®, S. Albrand®, M. Aleksa®, I.N. Aleksandro®*, F. Alessandri#?? C. Alex&%? G. Alexandet®?,

G. Alexandré®, T. Alexopoulod®, M. Alhroob643164c M. Aliev®, G. Alimonti®%2 J. Alison'?,

B.M.M. Allbrooke!®, P.P. Allport3, S.E. Allwood-Spier®, J. Aimond?, A. Aloisio9231026 R Alont7?,

A. Alonso’®, F. Alonsd®, A. Altheimer®, B. Alvarez Gonzalé?, M.G. Alviggil®?319%b K. Amakd®, C. Amelund?,
V.V. Ammosowv?8*, S.P. Amor Dos Santé¥? A. Amorim'?43® N. Amram'®3, C. Anastopoulo¥, L.S. Ancd’,

N. Andari?®, T. Andeeri®, C.F. Ander&®, G. Anders®? K.J. Andersof, A. Andreazz&38%, V. AndreP®?

M-L. Andrieux®®, X.S. Anduag®’, S. Angelidaki§, P. Angef“, A. Angeramt®, F. Anghinolff®, A. Anisenkov?’,
N. Anjost?*a2 A, Annovi*’, A. Antonak?, M. Antonelli*’, A. Antonov?8, J. Antod4®, F. Anulli'®22 M. Aokil%,

S. Aourf®, L. Aperio Bell, R. Apolle!*®c, G. Arabidzé&8, I. Aracena®, Y. Arai®®, A.T.H. Arce®®, S. Arfaout*®
J-F. Arguir?3, E. Arik'%* M. Arik1% A J. Armbrustet’, O. Arnae#?, V. Arnalf®, C. Arnault®>, A. Artamonov”,
G. Artonit323132b b Arutinov??, S. Asat®®, S. Ask®, B. Asmart?63l46b | Asquittf, K. Assamagaf?,

A. Astbury*®®, M. Atkinson'®®, B. AuberP, E. Augé®, K. Augstert?”, M. Aurousseatf®2 G. Avolio*®3,

R. Avramidod®, D. Axen'®8 G. Azuelo$3¢, Y. Azuma®%, M.A. Baalké®, G. Baccagliorii®a C. Bacci343134b,

A.M. Bach'®, H. Bachacot®®, K. Bachag®, M. Backe$®, M. Backhau$!, J. Backus Mayé4€®, E. Badesctf?

P. Bagnai&®?2132® S, Bahinipatl, Y. Bai*32 D.C. Bailey*®8, T. Bain>8, J.T. Baine¥®, O.K. Baket’8, M.D. Baker®,
S. Bakef’, P. BalekR?®, E. Bana¥®’, P. Banerje?®, Sw. Banerjet’, D. Banff?, A. Bangert®’, V. Bansal®®,

H.S. Bansit®, L. Barak’?, S.P. Baranot, A. Barbaro Galtief®, T. Barbef®, E.L. Barberi§®, D. Barberi§®35®,

M. Barberd?, D.Y. Bardirf4, T. Barillari®®, M. Barisonzi’>, T. Barklow*3, N. Barlow?8, B.M. Barnett2°,

R.M. Barnett®, A. Baroncellt®*2 G. Baroné®, A.J. Bart'8, F. Barreird®, J. Barreiro Guimaraes da Co%ta

P. Barrillon'!®, R. Bartoldu$*3, A.E. Bartor{!, V. Bartsch*, A. Basyé®, R.L. Bates®, L. Batkova*43

J.R. Batley®, A. Battaglid’, M. Battistir’®, F. Bauet5, H.S. Bawa*3¢, S. Beal&®, T. Beau®, P.H. Beauchemif?,
R. Beccherle® P. Bechtlé!, H.P. BecR’, A.K. Becket’®, S. Becket®, M. Beckingham®®, K.H. Becks >,

A.J. Beddalt®, A. Beddall®, S. Bedikian’®, V.A. Bednyako¥*, C.P. Be&, L.J. Beemstef®, M. Begef®,

S. Behar Harpd??, P.K. Beher&, M. Beimfordé€”®, C. Belanger-Champag#feP.J. Belt®, W.H. Bell*®, G. Belld>3,
L. Bellagambd®@ M. Bellomc®, A. Belloni®’, O. Beloborodov#?/, K. Belotskiy??, O. Beltramelld°,

O. Benary®3, D. Benchekrout?®2 K. BendtZ463146b N, Beneko&®, Y. BenhammotP? E. Benhar Nocciof?,

J.A. Benitez Garcig®, D.P. Benjamif®, M. Benoit®, J.R. Bensingé?, K. Benslam&®, S. Bentvelsel®,

D. Berg€®, E. Bergeaas Kuutmaft) N. Berge?, F. Berghau¥°, E. Berglund®, J. Beringet®, P. Bernat’,

R. Bernhar@®, C. Berniug®, F.U. Bernlochné#®, T. Berry’®, C. Bertell&3, A. Bertin?®32%, F, Bertoluccl?23122b,
M.l. Besan%8%, G.J. Besje¥*, N. Bessot®®, S. Bethk&, W. Bhimji*¢, R.M. Bianch#®, M. Biancd?372®,

O. Biebef®, S.P. Bieniek’, K. Bierwage®*, J. Biesiad®, M. Biglietti'342 H. Bilokon*’, M. Bindi??32%° S_ Binet?®,
A. Bingul'®, C. Binit323132b C_ Biscarat’®, B. Bittne®®, K.M. Black??, R.E. Blaif, J.-B. Blanchartf®,

G. Blanchot®, T. Blazek**? |. Bloch*?, C. Blocker3, J. Block?®, A. Blondef®, W. Blum?!, U. Blumenscheitf,
G.J. Bobbink®, V.B. Bobrovniko%’, S.S. Bocchettd, A. Bocci*®, C.R. Boddy'8, M. Boehlef®, J. BoeR">,

N. Boelaert®, J.A. Bogaert®, A. Bogdanchiko¥®’, A. Bogouct®*, C. Bohnt62 J. Bohn1?5, V. Boisvert®,

T. Bold®, V. Bolde&% N.M. Bolnet3¢, M. Bomberi®, M. Bond®, M. Boonekamp®, S. Bordoni®, C. Boret’,

A. Borisow?8, G. Borissov?, . Borjanovid®2 M. Borri®?, S. Borronf’, V. Bortolottot3431340 K. Bos'%%,

D. Boscherin®@ M. Bosman?, H. Boterenbrootf®, J. Bouchan®, J. Boudreat?®, E.V. Bouhova-Thackét,

D. Boumedien#, C. Bourdario$'>, N. Boussof®, A. Boveig?, J. Boyd?, I.R. Boykd®, |. Bozovic-Jelisavcit®®,
J. Bracinik®, P. Branchini®**2 G.W. Brandenburdj, A. Brand®, G. Brandt!8, O. Brandt*, U. Bratzlet5, B. Braif*,
J.E. Brad'®, H.M. Braunt’>*, S.F. Brazzal¥43164c B, Brelier*>8, J. Bremet’, K. Brendlinget?®, R. Brennet®,

S. BressleY’?, D. Britton®®, F.M. Brochi8, I. Brock?!, R. Brock®, F. Broggf® C. Bromber§?, J. Bronnet®,

G. Brooijmans$®, T. Brooks®, W.K. Brooks?®, G. Browr??, H. Browrf, P.A. Bruckman de Renstrot

D. Brunckd*#* R. Brunelieré®, S. Brune®’, A. Bruni?®@ G. Brunf®2 M. Brusch?®® T. Buane¥’, Q. Buaf®,

F. Bucct®, J. Buchanat?® P. Buchholz*%, R.M. Buckingham'® A.G. Buckley*, S.I. Bud&%2 I.A. Budago¥*,

25



B. Budick!%8, V. Buische??, L. Buggé?l’, O. Bulekov®, A.C. BundocK?, M. Bunsé?®, T. Burart'’, H. Burckhart,
S. Burdin’®, T. Burges¥*, S. Burké?®, E. Busaté®*, P. Busse$?, C.P. Buszellé®®, B. Butler*43, J.M. Butler?,

C.M. ButtaP®, J.M. Butterwortff’, W. Buttingef®, S. Cabrera Urb&f’, D. Caforid®3?%, O. Cakif? P. Calafiur&,
G. Calderini®, P. Calfayaf®, R. Calking®, L.P. Calob&* R. Calo#3?3132> D Calvet?, S. Calvet?,

R. Camacho Tord, P. Camarfi®331330 D, Cameroht’, L.M. Caminad&®, R. Caminal Armadartd, S. Campan®,
M. Campanelif’, V. Canalé®?3102> F_Canellf>¢, A. Canep&®2 J. Canter®, R. Cantrilf8, L. Capasstf?3102b,
M.D.M. Capeans Garrid8, I. Caprinf®3 M. Caprinf3 D. Capriott?®, M. Capud’23", R. Caputé?,

R. Cardarelf®32 T. Carlf®, G. Carlind%?3 L. Carminatf°28%, B. Caroif®, S. CaroA®, E. Carquif?®,

G.D. Carrillo-Montoya’3, A.A. Carter®, J.R. Carte®, J. Carvalh&?*3", D. Casadéf®, M.P. Casad¥?,

M. Cascelld??3122b C. Casd?%0* A M. Castaneda Hernandé#/, E. Castaneda-Mirand#,

V. Castillo GimeneZ’, N.F. Castré?*® G. Catald{?? P. Catastiri’, A. Catinaccid®, J.R. Catmor&, A. Cattat®,
G. Cattant3331330 s Caughro®f, V. Cavalieré®®, P. Cavalleri®, D. Cavallf®® M. Cavalli-Sforza?,

V. Cavasinni??3122b F_Ceradini343134> A S. Cerqueir&®, A. Cerri®, L. Cerrito’®, F. Ceruttf’, S.A. Cetirt®®,

A. Chafad®? D. Chakrabort}®®, I. Chalupkova?®, K. Char?, P. Chand®®, B. Chapleat?, J.D. Chapmat?,

J.W. Chapmafl, E. Chareyr&, D.G. Charltod®, V. Chavd&?, C.A. Chavez Barajd$, S. Cheathaf,

S. Chekano¥ S.V. Chekulaet?®@ G.A. Chelko¥, M.A. Chelstowsk&?, C. Chefi3, H. Chert®, S. CheR®¢,

X. Chent’3 Y. Chert®, Y. Cheng?, A. Cheplako$4, R. Cherkaoui El Mourslf®¢, V. Chernyati®, E. Ched,

S.L. Cheung® L. Chevaliet®5, G. Chiefart®?3192b |  Chikovan?!®*, J.T. Childer&’, A. Chilingarov?,

G. Chiodinf?8 A.S. Chisholm®, R.T. Chislett’, A. Chitarf® M.V. Chizhow*, G. Choudalaki¥, S. Chouridot?”,
ILA. Christidi’”, A. Christov*®, D. Chromek-Burckhat, M.L. Chu'®%, J. Chudob¥®, G. Ciapett}32a132b,

A.K. Ciftci4? R. Ciftci*® D. Cinc&?, V. Cindrd’4, C. Cioccd®200 A Ciocio®, M. Cirilli 8, P. Cirkovid3®,

Z.H. Citront’2, M. Citteric®® M. Ciubancaf®? A. Clark®®, P.J. Clark®, R.N. Clarké®, W. Cleland?3,

J.C. Clemerf§, B. Clement®, C. Clement*63146b v Coado®, M. Cobalt4a164c A Coccard®, J. Cochraf?,

L. Coffey?3, J.G. Cogatf®, J. Coggeshaif®, E. Cognera<® J. Colas, S. Colé®, A.P. Colijnt°, N.J. Colling?,

C. Collins-TootRA3, J. Collof®, T. Colombd!®311% G Color?*, G. Compostell®, P. Conde Muifit?2

E. Coniaviti$%¢, M.C. Conidi?, S.M. Consonri38%, /. Consortf8, S. Constantineség?, C. Conta!®311%,

G. ContP’, F. Conventi®?3/ M. Cooke?®, B.D. Coopef’, A.M. Cooper-Sarkat® N.J. Cooper-Smitf?, K. Copic'®,
T. Cornelissel®, M. Corradf®® F. Corrivead®*, A. Cortes-Gonzale®®, G. Cortiand®, G. Cost§% M.J. Costa®’,
D. Costanz&®, D. Cot&°, L. Courneye#®, G. Cowart®, C. Cowder?, B.E. Co¥?, K. Cranmet®8,

F. Cresciolt?23122b M. Cristinzian?!, G. Crosetfi’3%’®, S. Crépé-Renaudify C.-M. Cuciu@®?

C. Cuenca Almenaf®, T. Cuhadar Donszelmahif, M. Curatold’, C.J. Curtig?, C. Cuthbert®’, P. CwetanskP,
H. Cziri4%, P. CzodrowsKt', Z. Czyczuld’®, S. D’Auria®3, M. D’Onofrio’3, A. D’Oraziot323132b

M.J. Da Cunha Sargedas De Sot#éa C. Da Vid?, W. Dabrowsk, A. Dafincd*®, T. Daf’, C. Dallapiccol&*,

M. Dan®, M. Damerf®35% D S. Damiani®’, H.O. Danielssot?, V. Dad*®, G. Darb§%? G.L. Darle&®®,

J.A. Dassould8, W. Davey?, T. DavideK?®, N. Davidsofi®, R. Davidsor!, E. Davied*®¢, M. Davie$?,

O. Davignor®, A.R. Davisori’, Y. Davygor&® E. Dawé*?, |. Dawsor®?, R.K. Daya-Ishmukhameto¥d K. De?,
R. de Asmundi¥?2 S. De Castrf2?® S, De Cecc®, J. de Gra&f, N. De Groot®, P. de JonYf”,

C. De La Taillé'®, H. De la Torré®, F. De LorenZ, L. de Mord?, L. De Nooift%, D. De Pedi§*?2 A. De Salvd®?2
U. De Sancti¥43164c A De Santé*?, J.B. De Vivie De Regi€®, G. De Zorzt3231320 \\ J. Dearnale¥, R. Debbé?®,
C. Debenedettf, B. Dechenau®, D.V. Dedovic¥?, J. Degenhardt®, C. Del Pap#43164c J. Del Pes®,

T. Del Preté??3122b T Delemonte®®, M. DeliyergiyeV*, A. Del’Acqua®®, L. Dell’Asta??, M. Della Pietra%23/,

D. della Volpé®23102b M. Delmastrd, P. Delpierr&®, P.A. Delsar®®, C. Delucd®®, S. Demer¥’6, M. Demiche¥?,
B. Demirko2?, J. Deng®, S.P. Denisot?® D. Derendar®, J.E. Derkaodt®® F. Derué®, P. Dervar®, K. Descit?,
E. Devetak® P.O. Deviveiro&, A. Dewhurst?®, B. DeWildé"*8, S. Dhaliwat®®, R. Dhullipud?>”,

A. Di Ciaccio'33313%0 | Dj Ciaccic®®, C. Di Donatd?®?3192> A Di Girolama®, B. Di Girolamc®,

S. Di Luisg®43134b A _Di Mattial’®, B. Di Micco®, R. Di Nardd”, A. Di Simoné3331330 R_ Di Sipic??320b,

M.A. Diaz®?2 E.B. Diehf’, J. DietricH?, T.A. Dietzscii®3 S. Diglio®®, K. Dindar Yagct?, J. Dingfeldef?,

F. Dinuf® C. Dionisit323132b p, Dijt£% S. Ditef®? F. Dittus’®, F. Djam&2, T. Djobav&'®, M.A.B. do Valé*,

A. Do Valle Weman&43", T.K.O. Doart, M. Dobb$®, R. Dobinsod®*, D. Dobos?, E. Dobsor®?, J. Dodd®,

C. Doglioni*®, T. Doherty?, Y. Doi®>*, J. Dolejst?5, I. Dolenc’, Z. Dolezat?®, B.A. Dolgosheif®*, T. Dohmaé®®,
M. Donadell?*d, J. Donin?4, J. Dopké®, A. Doria'®?2 A. Dos Anjos”3 A. Dotti'?23122> M. T. Dova®,

J.D. Dowell®, A.D. Doxiadig®, A.T. Doyle>3, N. Dressnandt®, M. Dris', J. Dubber®, S. Dubé®,

26



E. Duchovnt’?, G. DuckecR8, D. Duda’®, A. Dudarev®, F. Dudziak® M. Diihrssef’, I.P. Duerdotf?,

L. Duflot*5, M-A. Dufour®, L. Duguid’®, M. DunforcP®® H. Duran YildiZ*?, R. Duxfield*°, M. Dwuznik3,

F. Dydak®, M. Diirerr?, W.L. Ebensteif?, J. Ebké®, S. Eckweilef, K. Edmond§!, W. EdsoR, C.A. Edwardé’,
N.C. Edward®®, W. Ehrenfeld?, T. Eifert!*3, G. Eigert*, K. Einsweilet®, E. Eisenhand|é?, T. Ekelof-®,

M. El Kacimi®>¢, M. Ellert!®6, S. Elle$, F. Ellinghau8!, K. Ellis”®, N. Ellis®®, J. ElImsheusé®, M. Elsing®,

D. Emeliyanov?®, R. Engelmantf®, A. EngP®, B. Ep@?, J. Erdmantt, A. Ereditatd’, D. Erikssod*62 J. Ernst,
M. Ernst®, J. Ernwein®, D. Erredé®, S. Erredé®, E. Ertef!, M. Escaliet'®, H. Esci®, C. Escobar®,

X. Espinal Curult?, B. Espositd’, F. Etienné3, A.l. Etienvré®, E. Etziort°3, D. Evangelakotf, H. Evan§®,

L. Fabbrf3200 C. Fabré® R.M. Fakhrutdino¥?8, S. Falcian&®? Y. Fand’3, M. Fantf%38% A Farbirf,

A. Farillal®?2 J. Farley*® T. Farooqu&®, S. Farrelt®3, S.M. Farringtof’®, P. Farthoua?, F. Fassi¢’,

P. Fassnachft, D. Fassoulioti§ B. Fatholahzadéf®, A. Favaret8°38%, L. Fayard'®, S. Fazid’®®’®, R. Febbrardf,
P. Federi¢** O.L. Fedift?, W. Fedork&®, M. Fehling-Kaschef, L. Feligionf®, D. Fellmanf, C. Feng®,

E.J. Fen§, A.B. Fenyuk?8 J. Ferencéf*’, W. Fernand® S. Ferra®, J. Ferrand®, V. Ferrard?, A. Ferrart5,

P. Ferrart®, R. Ferrart92 D.E. Ferreira de Lim=®, A. Ferret%’, D. Ferreré®, C. Ferretff’, A. Ferretto Parogf25%,
M. Fiascarig?, F. Fiedle!, A. Filiptit’4, F. Filthaut®, M. Fincke-Keelet®®, M.C.N. Fiolhaid?*3", L. Fiorinil®’,

A. Firarf®, G. Fischef?, M.J. Fishet%®, M. Flechf8, I. Fleck4L, J. Flecknéet!, P. Fleischmant4, S. Fleischmanti®,
T. Flick!">, A. Floderug®, L.R. Flores Castilld’3, M.J. Flowerdew®, T. Fonseca Martit{, A. Formica®®, A. Forti®?,
D. Fortint>® D. Fourniet'5, A.J. Fowlef®, H. Fox'%, P. Francavill&, M. Franchinf®®2%, S_Franchind!9a11%,

D. Francis?, T. Frank’% M. Franklir?’, S. Fran2®, M. Fraternaft*®311% s_Fratin&?, S.T. French¥,

C. Friedricl?, F. Friedrict*, R. FroeschP, D. Froidevaux®, J.A. Frost®, C. Fukunag&®, E. Fullana Torregros8
B.G. Fulson*3, J. Fustel®’, C. Gabaldo#f, O. GabizoA’?, S. Gadatsci®, T. Gadfort®, S. GadomsKk?,

G. Gagliard?®35% p. Gagnoff, C. Gale&, B. Galhardé?**2 E.J. Galla&'®, V. Gallo’, B.J. Gallog?®, P. Gallud?,
K.K. Gant®, Y.S. Gad*3¢, A. Gaponenk®, F. GarbersoH® M. Garcia-Sciveres, C. Garcid®’, J.E. Garcia
Navarrd®’, R.W. Gardnet!, N. Garellf°, H. Garitaonandi¥®, V. Garonné®, C. Gattf’, G. Gaudid'®d B. Gaut4,
L. Gauthiet36, P. GauzZi*?3132 | L. Gavrilenkd?, C. Gay®8, G. Gayckef!, E.N. Gazis?, P. Gé%9 7. Gecsé®,
C.N.P. Ge#?% D.A.A. Geertd®, Ch. Geich-Gimbét, K. Gellerstedt*®a146b C. Gemmeé®@ A. Gemmelf3,

M.H. Genest, S. Gentilé3?3132 M. Georg&”, S. Georgé®, P. Gerlach’®, A. Gershoi®3, C. Gewenige¥?

H. Ghazlan&® N. Ghodban®, B. Giacobbé&®® S. Giagd®?2132 V. Giakoumopoulo® V. Giangiobbé?,

F. Gianott?°, B. Gibbard®, A. Gibsort®8, S.M. Gibsor®, M. Gilchriesé®, O. Gildemeiste¥’, D. Gillberg®,

A.R. Gillman'®, D.M. Gingrict?4, J. Ginzburd®®, N. Giokarig, M.P. Giordant®*¢ R. Giordand®23102t

F.M. Giorgi*®, P. Giovannini®, P.F. Giraud®®, D. Giugnf®2 M. Giunta®, P. Giust?®? B.K. Gjelstert'’,

L.K. Gladilin®’, C. Glasma#’, J. Glatzet, A. Glazov?, K.W. Glitza'’>, G.L. Glontf*, J.R. Goddart?,

J. Godfrey*?, J. Godlewsk®, M. Goebet?, T. Gopfert4, C. Goeringét!, C. Gossling®, S. Goldfarl§?,

T. Golling'’6, A. Gomed?43, L.S. Gomez Fajard8, R. Gongald®, J. Goncalves Pinto Firmino Da Co%ta

L. Gonell&!, S. Gonzalez de la H6%, G. Gonzalez Part3 M.L. Gonzalez Silv&, S. Gonzalez-Sevilfd,

J.J. Goodsott® L. Goossen®, P.A. Gorbounof?, H.A. Gordort®, I. Gorelov®, G. Gorfiné’5, B. Gorini¥,

E. Gorini’?8’2 A GoriseK4, E. Gornick?®, B. Gosdzik?, A.T. GoshaW, M. Gosselink%, M.|. Gostkirf?,

I. Gough Eschrict3, M. Gouighrit®>2 D. Goujdamt®*¢, M.P. Gouletté®, A.G. Goussiot®, C. Goy, S. Gozpinat®,
|. Grabowska-Boléf, P. Grafstrori®32%, K-J. Grahr?, E. Gramstatt’, F. Grancagnol&? S. Grancagnoft,

V. Grasst®®, V. Gratchev¥?!, N. Graw®, H.M. Gray®°, J.A. Gray“8, E. Graziani®**2 O.G. Grebenyuk?,

T. Greensha#, Z.D. GreenwootP™, K. Gregersetf, I.M. Gregof?, P. Greniet*3, J. Grifith$, N. Grigalashvil?4,
A.A. Grillo%, S. Grinsteif?, Ph. Grig?, Y.V. Grishkevicl{’, J.-F. Grivaz'®, E. Gros$’?, J. Grosse-Knettét,

J. Groth-Jensé®?, K. Grybef4!, D. Guest’®, C. Guichene$f, T. Guillemint’®, S. Guindof?*, U. GuF?,

J. Gunthel®®, B. Gud®8 J. Gud®, P. Gutierrez'!, N. Guttman®3, O. Gutzwillet"3, C. Guyot®, C. Gwenlaf®,
C.B. Gwilliam’3, A. Haad*?, S. Haa¥’, C. Habet®, H.K. Hadavan#, D.R. Hadley?®, P. Haefnet!, F. Hahri°,

S. Haide??, Z. Hajduk®, H. Hakobyaf’’, D. Hall*8, J. HalleP*, K. HamacheY’®, P. Hamal®?, K. Hamand®,

M. HameP?*, A. Hamiltont*%87 S. Hamiltort%?, L. Har?®®, K. Hanagaki'®, K. Hanawa®®, M. Hancé®, C. Hande€l?,
P. Hanké&® J.R. Hanset, J.B. Hansetf, J.D. Hanset?, P.H. Hanse?f, P. Hanssol3, K. Hard®® A.S. Hard "3,
G.A. Hare?®', T. Harenberdy®, S. Harkush¥®, D. Harpe?’, R.D. Harringtori, O.M. Harrig®8, J. Hartert®,

F. Hartjed®, T. Haruyam&, A. Harvey®, S. Hasegawd?, Y. Hasegaw¥®, S. Hassan?®, S. Haug’,

M. Hauschild®, R. Hause®, M. Havranek?, C.M. Hawke$?, R.J. Hawking®, A.D. Hawking®, T. Hayakaw&®,
T. Hayashi®%, D. Hayderi®, C.P. Hay$!8, H.S. Hayward®, S.J. Haywoot®, S.J. Heatf, V. Hedberd?®, L. Heelar,

27



S. Hein?®, B. Heinemant?, S. Heisterkamy$, L. Helary??, C. HelleP8, M. Heller®, S. Hellmar}#6a146b,

D. Hellmicl??, C. Helsen¥, R.C.W. Hendersdi, M. Henké&® A. Henrich$4, A.M. Henriques Correi®,

S. Henrot-Versillé!S, C. Henset*, T. Hend"5, C.M. Hernandé? Y. Hernandez Jiméné?, R. Herrberdp,

G. Hertert®, R. Hertenbergé?, L. Hervas®, G.G. Hesketl, N.P. Hessel®, E. Higon-Rodrigue?’, J.C. HilP8,
K.H. Hiller#2, S. Hillert, S.J. Hillief8, 1. Hinchliffe'®, E. Hine$2%, M. Hirose!8, F. HirscH?3, D. Hirschbuehi’,
J. Hobb$%8, N. Hod'®3, M.C. HodgkinsoA®®, P. Hodgsoh*®, A. Hoecke?f?, M.R. Hoeferkam{®® J. Hatmarf©,

D. Hoffmanr¥3, M. Hohlfeld®!, M. Holder'*%, S.O. Holmgreff*%2 T. Holy'?’, J.L. Holzbau€t®, T.M. Hong*%°,

L. Hooft van Huysduynet?®, S. Hornet®, J-Y. Hostachy?, S. Hot®, A. Hoummad&®®?2 J. Howard?®,

J. Howart§?, 1. Hristova®, J. Hrivnad'®, T. Hryn'ova?, P.J. HsB, S.-C. Hsd®, D. Hu®*®, Z. Hubacek?,

F. Hubaut®, F. Huegging®, A. HuettmanA?, T.B. Huffman''8, E.W. Hughe®, G. Hughe$&', M. Huhtiner?°,

M. Hurwitz'>, N. Huseyno%*¢, J. Hustof®, J. Huti?’, G. lacobucd®, G. lakovidis®, M. Ibbotsoi?,

. Ibragimov#%, L. Iconomidou-Fayartt®, J. Idarrag&!®, P. lengd®?2 O. Igonkind®, Y. Ikegamf®, M. Ikend®,

D. lliadis®®* N. llic*%8, T. Ince€®, J. Inigo-Golfirt®, P. loannod, M. lodice'3*2 K. lordanidod, V. Ippolito!32a1328
A. Irles Quileg®’, C. Isakssotf®, M. Ishind®’, M. Ishitsukd®’, R. Ishmukhametd¥®, C. Issevel'® S. Istin'®2
A.V. lvashin'?®, W. lwansk?®, H. lwasakf®, J.M. Izert?, V. 1zz0'9%2 B. Jacksof®, J.N. Jacksof?, P. Jacksch
M.R. Jaekel, V. Jairf®, K. Jakob4?, S. Jakobsel, T. Jakoubek®, J. Jakube¥’, D.O. Jamid®!, D.K. Jana,

E. Janseff, H. Janset?, A. Jantsc®, M. Janué®, G. Jarlsko@’, L. Jeanty’, |. Jen-La Plant&, D. Jennerf¥,

P. Jenn®, A.E. Loevschall-Jenséf) P. Je25, S. Jezéquel M.K. Jh&®3 H. Jit73, W. JFL, J. Jid*8, V. Jiang®®,

M. Jimenez Belengué?, S. Jif®2 O. Jinnouchi®’, M.D. Joergensef, D. Jdte*®, M. Johansetf63146b

K.E. Johanssdfi®@ P. Johanssdf®, S. Johneff, K.A. Johng, K. Jon-And“63146 G_ Jone¥° R.W.L. Jone¥,
T.J. Jone®, C. Jorard®, P.M. Jorgé®*2 K.D. Josh#?, J. Jovicevié?’, T. Jovin3°, X. Jut’3, C.A. Jund®,

R.M. Jungst, V. Juranek?, P. Jussél, A. Juste Rozds, S. Kaban¥, M. Kaci'®’, A. Kaczmarsk@’, P. Kadlecik®,
M. Kado''5, H. Kagart®, M. Kagar?’, E. Kajomovit2%, S. Kalinin'’>, L.V. Kalinovskay&?, S. Kam&°,

N. Kanayd®®, M. Kanedd’, S. Kanett®, T. Kannd®’, V.A. KantseroVv®, J. Kanzald®, B. Kaplart®® A. Kapliy®?,
J. Kaplor®, D. Kar®®, M. Karagounid!, K. Karakosta¥’, M. Karnevskiy?, V. Kartvelishvili’t, A.N. Karyukhint?8,
L. Kashifl’3, G. Kasieczk#f?, R.D. Kass®, A. Kastana¥, M. Kataok®, Y. Kataoka®®, E. Katsoufi&, J. Katzy?,
V. Kaushik, K. Kawagoé&®, T. Kawamotd®®, G. Kawamur&!, M.S. Kayl%, S. Kazam#>®, V.A. Kazanin?’,

M.Y. Kazarino¥4, R. Keelet®, P.T. Keenel?®, R. Kehod®, M. Keil®*, G.D. Kekelidz&*, J.S. Kellet®,

M. Kenyorr3, O. Kepka?®, N. Kerschef, B.P. KerSevaff, S. Kersteh’®, K. Kessokd®®, J. Keung®8,

F. Khalil-zadd!, H. KhandanyaH31465 A. KhanoW!? D. Kharchenk®, A. Khodinov??, A. Khomich®?

T.J. Khod®, G. Khoriaul?t, A. Khoroshilo’®, V. Khovanskiy®, E. Khramo#*, J. Khubud!?, H. Kim?146a146b
S.H. Kim'%%, N. Kimural”%, O. Kind!®, B.T. King’3, M. King®%, R.S.B. Kindg*8, J. Kirk'?%, A.E. Kiryunin®®,

T. Kishimotd®, D. Kisielewska®, T. Kitamur&®, T. Kittelmanrt?3, K. Kiuchi'®, E. Kladiva**", M. Klein’3,

U. Klein™, K. Kleinknechg!, M. Klemett?®, A. Klier'’?, P. Klimek!463146b A Klimentov?®, R. Klingenberd®,
J.A. Klinger®?, E.B. Klinkby?¢, T. Klioutchnikova?®, P.F. Klok'%, S. Kloug®, E.-E. Kluge®? T. Kluge’3, P. Kluit'%,
S. Kluth®®, E. Kneringe?!, E.B.F.G. Knoop¥, A. Knue®*, B.R. Ka*, T. Kobayashi®>, M. Kobef, M. Kocian'*3,
P. Kodys?6, K. Koneke®, A.C. Konigt®, S. Koenid?, L. Kopke?, F. Koetsveld®, P. Koevesarkt, T. Koffas®,
E. Koffemant®®, L.A. Kogant8 S. Kohlmanf’®, F. Kohr?4, Z. Kohout?’, T. Kohriki®®, T. Koi'43,

G.M. Kolachew?”*, H. Kolanoskt®, V. Kolesnikow?, I. Koletsol#°2 J. Koll®8, A.A. Komar®, Y. Komori'®®,

T. Kondd®, T. Kond*?", A.l. Kononov*8, R. KonoplichH%+, N. Konstantinidi$’, R. Kopeliansky®?, S. Koperny?,
K. Korcyl®?, K. Kordag®*, A. Korn*8 A. Korol'%, I. Korolkov*?, E.V. Korolkova®®, V.A. Korotkov!?8,

O. KortneP?, S. Kortnef?, V.V. Kostyukhir?!, S. Kotov?, V.M. Kotov®4, A. Kotwal*®, C. Kourkoumeli§,

V. Kouskourd®, A. Koutsmani®®® R. Kowalewski®®, T.Z. Kowalsk?8, W. Kozanecki®®, A.S. Kozhin?8 V. Kral'??,
V.A. Kramarenkd’, G. Krambergel’, M.W. Krasny®, A. Krasznahorka}f®, J.K. Kraug?, S. Kreiss®%, F. Krejci?’,
J. KretzschmdP, N. KriegeP?, P. Krieget®8, K. Kroeninge?*, H. Kroha&®, J. Kroll*?°, J. Kroseberg, J. Krstic32,
U. Kruchonak?® H. Kriigef?, T. Krukert’, N. Krumnack?, Z.V. Krumshteyf*, A. Krusé’3, T. Kubot&®,

S. Kuday? S. Kuehr®, A. KugeP8, T. Kuhi*2, D. Kuhrf?, V. Kukhtin®, Y. Kulchitsky®®, S. Kuleshov?,

C. KummeP8 M. Kuna'®, J. Kunklé?®, A. Kupca'?®, H. Kurashigé, M. Kuratal®®, Y.A. Kurochkin™, V. Kus'?>,
E.S. Kuwert24’, M. Kuze!?, J. Kvital*?, R. Kweé®, A. La Ros4®, L. La Rotondd’2%"®, L. Labarg4®, J. Labbé,
S. Lablak®? C. Lacast¥’, F. Lacava®?213?b J. Lacey®, H. Lacket®, D. Lacour®, V.R. Lacuest¥’, E. Ladygirf*,
R. Lafayé®, B. Laforge’® T. Lagourt’8, S. Laf8, E. Laisn&®, M. Lamannd’, L. Lambourné’, C.L. Lampen,

W. Lampl’, E. Lancoi®, U. Landgraf®, M.P.J. Landof?, V.S. Lang®? C. Langé?, A.J. Lankford®3 F. Lannf®,

28



K. Lantzsch’5, S. Laplacé®, C. Lapoiré?, J.F. Laport&®, T. Lari®% A. Larnet!8 M. Lassnig®, P. Laurellf’,

V. Lavorinid’337® W, Lavrijsert®, P. Laycocks, T. Lazovici’, O. Le DortZ8, E. Le Guirrieé3, E. Le Menedet?,
T. LeCompté, F. Ledroit-Guillor?®, H. Le€"®, J.S.H. Leé', S.C. Leé®?, L. Lee'’®, M. Lefebvre®®,

M. Legendré®® F. Leggef®, C. Leggett®, M. Lehmache?!, G. Lehmann Miotté®, X. Lei’, M.A.L. Leite?*d,

R. Leitnef?5, D. LellouchH7?, B. Lemme??, V. Lendermantf K.J.C. Leney**®, T. Len2%, G. LenzeA’,

B. Lenzf?, K. Leonhardt?, S. Leontsini&, F. Lepold®? C. Leroy’, J-R. Lessartf®, C.G. Lestet®, C.M. Lestet?0,
J. Levéque, D. Levir®’, L.J. LevinsoA’?, A. Lewis''®, G.H. Lewid®8 A.M. Leykc?!, M. Leytont®, B. Li®3, H. Li48,
H.L. Li%L, S. L%, X, Li®¥, Z. Liang*'8#, H. Liao*, B. Libertit332 P. Lichard®, M. Lichtneckef® K. Lie'6®,

W. Liebig'4, C. Limbach?*, A. Limosanf®, M. Limper®?, S.C. Lin®%", F. Lind€®®, J.T. Linneman?®f, E. Lipeles®°,
A. Lipniacka?, T.M. Liss®>, D. Lissauet®, A. Lister*?, A.M. Litke®, C. Liu?®, D. Liu*®%, H. Liu®’, J.B. Lis?,

K. Liu330* |, Liu®’, M. Liu33, Y. Liu330, M. Livant1911% g g A Livermoré!8 A. Lleres®, J. Llorente Merin8’,
S.L. Lloyd’®, E. Lobodzinsk#, P. LocH, W.S. Lockmat®’, T. Loddenkoettét, F.K. Loebinge?®, A. Loginov!’8,
C.W. Loh'®® T. Lohsé®, K. Lohwasset®, M. Lokajicek!?>, V.P. Lombardé, J.D. Lond’, R.E. Lond?, L. Lopes?*
D. Lopez Mateo¥, J. Loren?8, N. Lorenzo Martine#®, M. Losada®?, P. Loscutd’®, F. Lo Sterzé323132b

M.J. Losty*®%3* X. Lou*!, A. Lounis'®®, K.F. Loureird®?, J. Lové, P.A. Love?, A.J. Lowe*3¢, F. Lu3

H.J. Lubattt3® C. Luci3231326 A Lucotte®®, A. Ludwig**, D. Ludwig*, I. Ludwig?®, J. Ludwid'®, F. Luehring®,
G. Luijckx!5, W. Lukag?, L. Luminarit3? E. Lund’, B. Lund-Jensett’, B. Lundberd®, J. Lundberdf*63146b

O. Lundberd?*63146d 3 | undquist®, M. LungwitZ, D. Lynr?®, E. Lytkerf®, H. M&?®, L.L. Mal’3, G. Maccarron¥,
A. Macchiol@®, B. MateK?, J. Machado Miguer$*2 R. Mackeprangf, R.J. Madaras, H.J. Maddock§,

W.F. Madef4, R. Maennet®, T. Maend®, P. Mattigt’>, S. Mattig™, L. Magnont®3, E. Magradz#, K. Mahboubf?,
J. Mahlsted®, S. Mahmoud, G. Mahout®, C. Maiant®6, C. Maidantchik*3 A. Maio'?43’  S. Majewski®,

Y. Makida®®, N. Makoveé?s, P. Mal'*8, B. Malaesct’, Pa. Malecki®, P. Maleck?®, V.P. Maleev??, F. Malele®,

U. Mallik®?, D. Malorf, C. Maloné“3, S. Maltezo¥’, V. Malyshev®’, S. Malyukov, R. Mameghar$?,

J. Mamuzié®, A. Manabé®, L. Mandell?®2 |. Mandi&’®, R. Mandryschf, J. Maneird?*a2 A. Manfredinf®,

P.S. Mangeard, L. Manhaes de Andrade Fil®, J.A. Manjarres Ramé#, A. ManrP4, P.M. Manning?’,

A. Manousakis-Katsikakfs B. Mansoulié®®, A. Mapelli®, L. Mapelli*®, L. Marcht®’, J.F. Marchant?,

F. Marches&33133%0 G, Marchiorf® M. Marcisovsky?®, C.P. Marind®®, F. Marroquint*® Z. Marshalf,

F.K. Martens®8, L.F. Marti*’, S. Marti-Garcid®’, B. Martin®®, B. Martinf®, J.P. Martif®, T.A. Martin'8,

V.J. Martirf®, B. Martin dit Latouf®, S. Martin-Haugh'®, M. MartineZ?, V. Martinez Outschooft,

A.C. Martyniuk'®® M. Marx8, F. Marzané®?2 A. Marzin*'!, L. Masettf!, T. Mashimd®®, R. Mashinistov,

J. Masilé2, A.L. Maslenniko#%7, |. Mass&%@2% G. Massar®’5, N. Massot, P. Mastrandre'4?,

A. Mastroberarding/3%7°, T. Masubuchi®®, P. Matrico!®, H. Matsunag®®, T. Matsushit&, C. Mattraverséc,

J. Mauref®, S.J. Maxfield®, A. Mayne®®, R. Mazinit®!, M. Mazur!, L. Mazzaferrd333133b M. Mazzantf®2

J. Mc Donal@®, S.P. Mc Ke&’, A. McCarn'®®, R.L. McCarthy* T.G. McCarthy®°, N.A. McCubbirt?°,

K.W. McFarlan&®*, J.A. McfaydeA®, G. Mchedlidz&'®, T. Mclaughlai®, S.J. McMahot?®, R.A. McPhersotf®,
A. Meadé?, J. Mechnich%, M. Mechtel’5, M. Medinnig?, R. Meera-Lebbat?, T. Megurd'6, R. Mehdiyev®,

S. Mehlhas®, A. Mehtd3, K. Meier®® B. Meiros€?, C. Melachrinog, B.R. Mellado Garci¥3, F. Melonf9a8%,
L. Mendoza Navas$?, Z. Mendg®™*, A. Mengarellf°32% S Menké®, E. Meont®!, K.M. Mercuric®’, P. Mermod?®,
L. Merolal923102b . Meronf®? F.S. Merritt!, H. Merritt'?®, A. Messind®>, J. Metcalfé®, A.S. Mete*®S,

C. Meyef?, C. Meyer?, J-P. Meyet®, J. Meyet’4, J. Meyer?, T.C. Meyef?, S. Michaf?, L. Micu?%2,

R.P. Middleto?°, S. Migag?, L. Mijovic 26, G. Mikenberd’? M. Mikestikova?®, M. Mikuz’4, D.W. Miller3?,
R.J. Miller®8, W.J. Mills'®8, C. Mills®7, A. Milov172 D.A. Milstead#621462 D Milstein'’2, A.A. Minaenkd?8,

M. Mifiano Moya?®’, I.A. Minashvili®4, A.l. Mincer'%, B. Mindur®®, M. Minee?%, Y. Ming'’3, L.M. Mir 2,

G. Mirabelli'®22 J. Mitrevskt®’, V.A. Mitsou'®”, S. Mitsuf®, P.S. Miyagaw&®, J.U. Mjornmark®, T. Moal463146b
V. Moeller’®, K. Monig*2, N. Moser?, S. Mohapatr&® W. Mohr*8, R. Moles-Vall$®’, A. Molfetas’®, J. Monk”’,
E. MonniefS, J. Montejo Berlinget?, F. Monticelli’®, S. Monzar®32% R.W. Mooré, G.F. Moorheatf,

C. Mora Herrer&®, A. Morae$3, N. Morangé?, J. Moref*, G. Morello®’2%7°, D. Morend?, M. Moreno Llacet®’,
P. MorettinP®2 M. Morgensterft*, M. Morii®’, A.K. Morley®°, G. Mornacchi®, J.D. Morris®, L. Morvaj®?,

H.G. Mosef®, M. Mosidz&'®, J. Mos$%, R. Mount*3, E. Mountricha®?, S.V. Mouraviey**, E.J.W. Moys&",

F. MuelleP®? J. Muellet?3, K. Mueller?!, T.A. Muller®®, T. Muelle®?, D. Muenstermant?, Y. Munwes®3,

W.J. Murray?®, I. Mussché®, E. Mustd??3192b A G. MyagkoW?8, M. Myska'?5, O. Nackenhorst, J. Nadal?,

K. Nagat®®, R. Nagat®’, K. Nagan&®, A. Nagarkat®, Y. Nagasakz’, M. NageP°, A.M. Nairz®°, Y. Nakaham?’,

29



K. Nakamura®®, T. Nakamur#®®, |. Nakand'®, G. Nanav&!, A. Napief®!, R. Narayaff®, M. Nash "<,

T. Nattermanf!, T. Naumanf?, G. Navarrd®, H.A. Neaf’, P.Yu. Nechae4, T.J. Neef?, A. Negri-19311%,

G. Negri, M. Negrin?% S. Nektarijevié®, A. Nelsort®3, T.K. Nelsort*3, S. Nemecek®, P. Nemethy,

A.A. Nepomucend&®@ M. Nesst®*, M.S. Neubauéf®, M. Neuman#r’5, A. Neusiedt!, R.M. Neved® P. Nevski®,
F.M. Newcomet?°, P.R. Newmat?, V. Nguyen Thi Hong®¢, R.B. Nickerso#!8 R. Nicolaidod®¢, B. Nicqueveri’,
F. Niedercort!®, J. Nielseh®’, N. Nikiforou®®, A. Nikiforov1®, V. Nikolaenkd?3, 1. Nikolic-Audit’8, K. Nikolics*,
K. Nikolopoulog?, H. Nilserf®, P. Nilssof, Y. Ninomiya'®, A. Nisati**?2 R. Nisiu$®, T. Nobe®’, L. Nodulmar,
M. Nomacht?6, I. Nomidis'>4 S. Norberd'!, M. Nordberg®, P.R. Nortod?°, J. Novakov&®, M. NozakF>,

L. Nozka'3, 1.M. Nugent®® A.-E. Nuncio-QuiroZ!, G. Nunes Hanning&t, T. Nunnemanf¥, E. Nursé’,

B.J. O'Brierf®, D.C. O'Neil*2, V. O’She&3, L.B. Oake&8, F.G. Oakhart®?, H. OberlacR?®, J. OcariZ8, A. Ochf®,
S. 0d&®, S. Odak&, J. Odief, H. Ogref°, A. Oh?2, S.H. OH®, C.C. Ohni®, T. Ohshima®, W. Okamura®®,

H. Okawa®, Y. Okumur&?, T. Okuyama®>, A. Olari?® A.G. Olchevski*, S.A. Olivares Piné’3 M. Oliveirat?43",
D. Oliveira Damazié®, E. Oliver Garcid®’, D. Olivito!?%, A. Olszewski®, J. Olszowsk#, A. Onofre-24a,

P.U.E. Onyist!, C.J. Oran®@ M.J. Oreglid?, Y. Orert3, D. Orestan&*#31340 N, Orlandd?272®, |. Orlov?’,

C. Oropeza BarrePd, R.S. Ort®8 B. Osculafi®@>%, R. Ospano¥?®, C. Osun&, G. Otero y Garzofl,

J.P. Ottersbadf®, M. Ouchrif®>d E.A. Ouelletté®, F. Ould-Saadd’, A. Ouraod®é, Q. Ouyang®?

A. Ovcharova®, M. Owerf?, S. Owert®®, V.E. Ozcan®® N. Ozturk, A. Pacheco Pag&s C. Padilla Arand¥,

S. Pagan Gris§, E. Paganis’®, C. Pahi®, F. Paigé®, P. Pai&*, K. Pajchet'’, G. Palacin&®®®, C.P. Paleafi

S. Palestin®®, D. Pallir?®, A. Palm&?*2 J.D. Palmef, Y.B. Part’3, E. Panagiotopouldd, J.G. Panduro Vazqué&z
P. Pant%, N. Panikashvifi’, S. PanitkiR®, D. Pante®? A. Papadeli¥*® Th.D. Papadopouldf, A. Paramono¥
D. Paredes Hernand¥zW. Park>«, M.A. Parkef®, F. Parodi®®®%, J A. Parsor®, U. Parzefalt®, S. Pashapo#f,
E. Pasqualucét?® S. Passaggid? A. Passeff*? F. PastorE*31348« Fr. Pastor®, G. Pasztd®*, S. Pataraid®,
N. Patet®®, J.R. Patéf, S. Patricelt9231020 T, Pauly®, M. Pecsy**2 S. Pedraza Lopé¥, M.l. Pedraza Moralé€?,
S.V. PeleganchuR’, D. Pelikart®, H. Pend®®, B. Penning®, A. Pensof®, J. Penwefl®, M. Perantorf*d

K. Pere?>¢, T. Perez Cavalcarifi, E. Perez Codind®a M.T. Pérez Garcia-Est&fi, V. Perez Real®,

L. Perinf98%b H_Perneggéf, R. Perrind?? P. Perrodd V.D. Peshekhond¥, K. Peterd’, B.A. Peterset?,

J. Petersell, T.C. Petersefi, E. Petif, A. Petridis®*, C. Petridod®, E. Petrold®?2 F. Petrucci®43134,

D. Petschufi?, M. Pettent*?, R. Pezo#®, A. Pharf®, P.W. Phillipg?°, G. Piacquadi®, A. Picazid®, E. Piccaré®,
M. Piccinin%32% s M. Pieé?, R. Piegaid’, D.T. Pignottt®, J.E. Pilchet!, A.D. Pilkingtorf?, J. Pin&?43®,

M. Pinamontt643164c A pindef!8 J.L. Pinfold, B. Pintd?42 C. Pizid%8% M. Plamondo#?®, M.-A. Pleier?,

E. Plotnikov&*, A. Poblaguet, S. Podda? F. Podlyski, L. Poggiolt*5, D. PohP!, M. Pohf®, G. Polesell$'%
A. Policicchic’@37®, R, Polifkal®8 A. Polini?°2 J. Polf®, V. Polychronako®, D. Pomeroy®, K. Pomme&’,

L. Pontecorvé®?? B.G. Popé&®, G.A. Popenecit?? D.S. Popovit®® A. Poppletof?, X. Portell Buesé’,

G.E. Pospelo®, S. Pospisi?’, I.N. Potrag®, C.J. Pottef*®, C.T. Pottet*4, G. Poulard®, J. Poved?,

V. Pozdnyakof’, R. Prabht/, P. Pralavori®®, A. Prankd®, S. Prasatf, R. Pravahat?, S. Prelf3, K. Pretzl’,

D. Pricé®, J. Pricé3, L.E. Pricé, D. Prieut?®, M. Primaver&?2 K. ProkofieV°8 F. Prokoshif?®, S. Protopopeséd,
J. Proudfodt, X. Prudent*, M. Przybycierd®, H. Przysiezniak S. Psoroul&d, E. Ptacek!, E. Pueschéf,

J. Purdhar¥, M. Purohig®«, P. Puzd'®, Y. Pylypchenk®?, J. Qiarf’, A. Quad®*, D.R. Quarrié®, W.B. Quaylé’?,
F. Quinone#? M. Raad®, S. Raddurt’, V. Radeka®, V. Radescft?, P. Radldr'!, T. Radot®d F. Ragus&a8®,
G. Rahal’® A.M. Rahimi®, D. Rahn?®, S. Rajagopala’, M. Rammense€, M. Ramme$§*,

A.S. Randle-Cond®, K. Randrianarivons?, F. Rauschéf, T.C. Ravé®, M. Raymond®, A.L. Read?’,

D.M. Rebuzzt19311% A Redelbach4, G. Redlinget®, R. Reec&®, K. Reeve$!, E. Reinherz-Aroni$?®,

A. Reinsch4, I. Reisingef®, C. Rembse¥, Z.L. Rert®!, A. Renaud®, M. Rescigné®?2 S. Rescorif?

B. Resend¥®, P. Reznice¥, R. Rezvani®®, R. Richtef®, E. Richter-Wa%*/, M. Ridel’®, M. Rijpstra®,

M. Rijssenbeek® A. Rimoldit1931% |  Rinald?®® R.R. Rio4?, I. Riu'?, G. Rivoltell#°38% F. Rizatdinova!?,

E. Rizvi’®, S.H. Robertsof?*, A. Robichaud-Veronneat? D. RobinsoR?, J.E.M. Robinsof?, A. Robsoi?,

J.G. Rocha de Lint8®, C. Rodd??3?%b D, Roda Dos Santd$ A. Roe*, S. Ro€é®, O. Rghné'’, S. Rollit®?,

A. RomaniouR®, M. Romang®?%, G. Romed’, E. Romero Adartf’, N. Rompotid®, L. Roos®, E. Rod%7,

S. Rosafi®?2 K. Rosbach®, A. Rosé*’, M. Ros€®, G.A. Rosenbaufi®, E.I. Rosenbe®}, P.L. Rosendaht,

O. Rosenthaf!, L. Rosselef’, V. Rossetfi?, E. Rossi®?31320 | P. Rossi®® M. Rotari#2 I. Roth'’?, J. Rothberf®,
D. Rousseatt®, C.R. Royod®, A. Rozano§?, Y. Rozert®?, X. Ruarf®3%, F. Rubbd? |. Rubinskiy*?,

N. Ruckstuht®®, V.I. Rud®, C. Rudolpl*, G. Rudolpl!, F. RuhF, A. Ruiz-Martine#3, L. Rumyantse$,

30



Z. Rurikova®, N.A. Rusakovick*, J.P. Rutherfoord P. Ruzick&?®, Y.F. Ryabov?!, M. Rybar?6, G. Rybkint1®,
N.C. Rydet'8 A.F. Saavedr&?, I. Sadeh®3, H.F-W. Sadrozinskf’, R. Sadyko%*, F. Safai Tehrari#??

H. Sakamot&®, G. Salamanrfd, A. SalamoA®3 M. Saleem!?, D. Salek®, D. Salihagié€®, A. SalnikoV*3,

J. Salt®’, B.M. Salvachua FerranfioD. Salvatoré’237° F. Salvator&*, A. Salvucct®, A. Salzburge®,

D. Sampsonidi$?, B.H. Samsét’, A. Sanche®?3192® V. Sanchez Martiné?’, H. Sandakéf, H.G. Sandé¥,
M.P. Sander$, M. Sandh@*’5, T. Sandovaf, C. Sandovaf?, R. Sandstroeffi, D.P.C. Sankel?®, A. Sansorf’,
C. Santamarina Ri8% C. Santont*, R. Santonic&*3333® H. Santo¥**2 J.G. Saraivi*2 T. Sarangdi’®,

E. Sarkisyan-GrinbaufnF. Sarrt?23122b G, Sartisohi®, O. Sasak®, Y. Sasaki®®, N. Sasa®, I. Satsounkevitct?,
G. Sauvage’, E. Sauvan, J.B. Sauvah®, P. Savaréb®?, V. Savinov?3, D.O. Savd’, L. Sawyef>”, D.H. Saxof®,
J. Saxof®®, C. Sbarrd2 A. Sbrizzf%32% D.A. Scannicchié®®, M. Scarcelld®, J. Schaarschmitff, P. Schacl{?,
D. Schaefe®®, U. Schafef!, A. Schaelické®, S. Schaep@, S. Schaetz&®, A.C. Schafer'!®, D. Schailé®?,

R.D. Schambergé®, A.G. Schamot’’, V. Scharf® V.A. Schegelski??, D. Scheiricli’, M. Schernatf?,

M.1. Scherzet®, C. Schiavi®®>%, J. Schieck®, M. Schioppd’23™, S. Schlenkef, P. Schmid®, E. Schmidt?,

K. Schmiedef, C. Schmitf, S. Schmitt®®, M. SchmitZ!, B. Schneidéfr, U. Schnoot*, L. Schodfel*®,

A. Schoening®, A.L.S. Schorlemméf, M. Schott®, D. Schoute#?® J. Schovancov&®, M. Schrani®,

C. Schroedét, N. Schroet, M.J. Schulter®, J. Schulte¥®, H.-C. Schultz-Coulot$2 H. Schul2®,

M. Schumachéf, B.A. Schumm?’, Ph. Schun¥®, C. Schwanenberg® A. Schwartzmatf, Ph. Schweg|ép,
Ph. Schwemlin@, R. Schwienhoré®, R. Schwier2*, J. Schwindling, T. Schwindt, M. Schwoeret,

G. Scioll&3, W.G. Scott?®, J. Searcy**, G. Sedof?, E. Sedykh?!, S.C. Seidéf3, A. Seided®’, F. Seifert?,

J.M. Seixa%*? G. Sekhniaidz€?2 S.J. Sekul¥, K.E. Selbacff, D.M. Seliverstov?!, B. Selldef*®2 G. Sellerg?,
M. SemafA**® N. Semprini-Cesaf?3?%, C. Serfo®, L. Serin'15, L. Serkir?*, R. Seustéf% H. Severint',

A. Sfyrla®, E. Shabalinf, M. Shamint!4, L.Y. Shar¥32 J.T. Shank, Q.T. Sha&°, M. Shapird®, P.B. Shatalot?,
K. Shawt®43164¢ D, Shermal’®, P. Sherwood, S. Shimizd®!, M. Shimojima®, T. Shirr®, M. Shiyakova?,

A. Shmelev&, M.J. Shochét, D. Short*® S. ShrestHs, E. Shulgd®, M.A. Shupé, P. Sichd?>, A. Sidoti3?3

F. Siegert?, Dj. Sijackit® O. Silbert’?, J. Silva?* VY. Silver'®3, D. Silversteid*®, S.B. Silversteiff*®2 V. Simak?’,
O. Simard®®, Lj. Simic'®2 S. Simiot!3, E. Simionf!, B. Simmon$’, R. Simoniell§®38% M. Simonyar?,

P. Sinervd®8 N.B. SineW'4, V. Sipicd*!, G. Siragus&* A. Sircar®, A.N. Sisakyaf**, S.Yu. SivoklokoV’,

J. Sjolint46al4éb T B Sjursed?, L.A. Skinnart®, H.P. Skottow#’, K. Skovper®, P. Skubié!, M. Slatet?,

T. Slavicek?’, K. Sliwa'®?, V. Smakhtirt’?, B.H. Smart®, L. Smestatt’, S.Yu. Smirnov®, Y. Smirnov®,

L.N. Smirnov&?, O. Smirnov&®, B.C. Smitl¥’, D. Smith3, K.M. Smith?3, M. Smizansk&, K. Smolek?’,

A.A. Snesare¥, S.W. SnoW?, J. Snow!, S. Snydet®, R. Sobid®%, J. Sodomk&’, A. Safer'>3, C.A. Solan§®’,
M. Solaf?’, J. Sold?’, E.Yu. Soldato®, U. Soldevild®’, E. Solfaroli Camillocci3231326 A A. Solodkov28,

0.V. Solovyano¥?8, V. Solovyev?!, N. Sont, V. Sopkd?’, B. Sopkd?’, M. Sosebe® R. Soualalf4al64c

A. Soukhare¥?’, S. Spagnol&?7?, F. Spané®, W.R. Spearmati, R. Spighf®2 G. Spigd®, R. Spiwoks®,

M. Spoust&?®® T. Spreitzet®®, B. Spurlock, R.D. St. Deni&, J. Stahimatt®, R. Stameff2 E. Staneck®,

R.W. StaneR, C. Stanescti*® M. Stanescu-Belltf, M.M. Stanitzki*?, S. Stapnés’, E.A. Starchenk&?®, J. StarR>,
P. Starob®?, P. Starovoitof?, R. Staszewsk?, A. Staud&, P. Stavin&**3*, G. Steelé®, P. SteinbacHf,

P. Steinbergp, I. Stekf?’, B. Stelzet*?, H.J. Stelze®, O. Stelzer-ChiltofP®® H. Stenzel, S. Sterf®,

G.A. Stewari’, J.A. Stillingg!, M.C. Stocktof®, K. Stoerig®, G. Stoiced®? S. StonjeR®, P. Strachotk®,

A.R. Stradling, A. Straessnéf, J. Strandberd’, S. Strandberg®3146® A_ Strandlié'’, M. Strand®, E. Straus¥?,
M. Straus$'!, P. Strizenet*®, R. StrohmeY’4, D.M. Stront!, J.A. Strondg®*, R. StroynowsK{, B. Stugd*,

I. Stumer>*, J. Stupak®®, P. Sturm’®, N.A. Styled?, D.A. Soh®%*, D. SUt*3, HS. SubramanfaR. Subramaniaf,
A. Succurrd?, Y. Sugaya'®, C. Suht®, M. Suk?8, \.V. Sulin®, S. Sultansd¥f, T. Sumid4’, X. Sur?®,

J.E. Sundermartf, K. SuruliZ®®, G. Susinnd’@3’®, M.R. Suttort*, Y. Suzukf®, Y. Suzukf®, M. Svatod?5,

S. Swedisk8, 1. Sykord*42 T. Sykora?®, J. Sanche?’, D. Tal%, K. Tackmanf?, A. Taffard'®3, R. Tafirout>%3

N. Taiblum'®3, Y. TakahashP?, H. Takaf®, R. Takashim&, H. Taked&®, T. Takeshit&'?, Y. Takub&®, M. Talby??,
A. Talyshev%”/, M.C. Tamse®®, K.G. Tarf®, J. Tanak®>°, R. Tanak&'®, S. Tanak&?, S. Tanakép,

A.J. Tanasijczuk®?, K. Tan®5, N. Tannour§®, S. Tapprogg¥, D. Tardif'®8, S. Tarem®?, F. Tarradé®,

G.F. Tartarelf8 P. Tad?5, M. Tasevsky?®, E. Tassi’37?, M. Tatarkhano¥?, Y. Tayalatt3¢, C. Taylor?,

F.E. TayloP?, G.N. Taylof®, W. Taylor*>%", M. Teinturiet!5, F.A. Teischinge®®, M. Teixeira Dias Castanheity

P. Teixeira-Dia&, K.K. Temmind®, H. Ten Katé®, P.K. Tend®, S. Terad®, K. Terasht®®, J. Terrofi®, M. Testd?,
R.J. Teuschér®*, J. Therhaag}, T. Theveneaux-Pelz€ S. Thom&?, J.P. Thoma$, E.N. Thompso#?,

31



P.D. Thompsotf, P.D. Thompsot8 A.S. Thompso??, L.A. Thomsen®, E. Thomsof?®, M. Thomsor?,

W.M. Thongd®, R.P. Thufi’, F. Tiar?®, M.J. Tibbettd®, T. Tic'?5, V.O. Tikhomirov?4, Y.A. Tikhonov%*/,

S. Timoshenk®, E. Tiouchichiné®, P. Tiptort’8, S. Tisseraf¢, T. Todorov, S. Todorova-Nov&?, B. Toggersotf?,
J. Tojd®, S. Tokat**a K. Tokushuk@®, K. Tollefsor®, M. Tomotd %%, L. Tompkins?, K. Tomg%, A. Tonoyart?,
C. Topfel’, N.D. Topilin®*, I. Torchianf®, E. Torrencé!, H. Torre<8, E. Torrd Pastdf’, J. Tott#3*, F. Toucharé®,
D.R. Tovey?®, T. Trefzget’® L. Trembleg®, A. Tricoli®°, I.M. Trigger*>®8 G. Trilling®, S. Trincaz-Duvoidf,
M.F. Tripiand®, N. Tripletf®, W. Trischuk®8, B. Trocm&®, C. Troncof®® M. Trottier-McDonald*?,

M. Trzebinsk?®, A. Trzupek®, C. Tsaroucha$, J.C-L. Tseng'8 M. Tsiakiris'%, P.V. Tsiareshk®, D. Tsiono®%,
G. Tsipolitist?, S. Tsiskaridz¥, V. Tsiskaridzé®, E.G. Tskhadad2é? I.I. Tsukermaf®, V. Tsulaid®, J.-W. Tsung’,
S. Tsuné®, D. Tsybyche¥*8, A. Tua3®, A. Tudoraché®? V. Tudoraché®® J.M. Tuggl€?, M. Tural&®,

D. TureceR?7, I. Turk Cakir'é, E. Turlay*®®, R. Turrd&938% pM. Tuts®, A. Tykhonov4, M. Tylmad46a146b

M. Tyndef?%, G. Tzanakoy K. Uchid&?, I. Ueda®®, R. Uena®, M. Ugland4, M. Uhlenbrock!, M. Uhrmachet?,
F. Ukegawd®®, G. Unaf®, A. Undrug®, G. Unel®3, Y. Unnd®, D. Urbanieé®, P. Urquijc?, G. Usa¥,

M. Uslengh#19811% | vacavant?, V. Vacek?’, B. Vachoif®, S. Vahsef?, J. Valentd?, S. Valentinetfi®320b,

A. Valero'®’, S. Valkat?8, E. Valladolid Gallegé®’, S. Vallecors#?, J.A. Valls Ferret®’, R. Van Berg?,

P.C. Van Der Deift%, R. van der Geéf®, H. van der Gradf®, R. Van Der Leeu#?®, E. van der Poéf>,

D. van der Ste¥, N. van Eldik?, P. van Gemmerénl. van Vulper®, M. Vanadi&®, W. Vandellf?, R. Vangurt?°,
A. Vaniachiné, P. Vanko¥?, F. Vannucci®, R. Varit3?2 T. Varof4, D. Varoucha¥, A. Vartapetiafi, K.E. Varvelft>°,
V.I. Vassilakopoulo®, F. Vazeillé*, T. Vazquez Schroed¥r G. Vegnf®38%®, 3 3. Veillet'®, F. Velosd?*2

R. Venes®, S. VenezianB22 A, Venturd22720 D, Ventur&4, M. Venturi#*®, N. Venturits8, V. Vercest192

M. Verducci3® W. Verkerké®, J.C. Vermeulel®, A. Vest*, M.C. Vetterli#?¢, 1. Vichou'®, T. Vickey*#58¢/,
O.E. Vickey Boerid*®®, G.H.A. Viehhauséf®, S. Viel's8 M. Villa2032% M. Villaplana Pere¥’, E. Vilucchi*’,
M.G. Vincter®, E. Vinek®°, V.B. Vinogrado$*, M. Virchaux®6*, J. Virzi'®, O. Vitells'’?, M. Viti 42, I. Vivarelli®,
F. Vives Vaqué, S. Vlacho$?, D. Vladoiu®®, M. Vlasak?’, A. VogeF?, P. Vokad?’, G. Volpi*’, M. Volpi®,

G. Wolpini®® H. von der Schmitf, H. von RadziewsKkf, E. von Toerné&', V. Vorobel?6, V. Vorwerk!?, M. Vos'®7,
R. Voss?, T.T. Vos3’®, J.H. Vossebel®, N. Vranjed®6, M. Vranjes Milosavljevié®, V. Vrba'?5, M. Vreeswijk'°®,
T. Vu Anh*8, R. Vuillerme?, I. Vukotic3!, W. Wagnet’®, P. Wagnef?®, H. Wahlert’®, S. Wahrmuntf,

J. WakabayasHi?, S. Walcl’, J. Waldef!, R. WalkeP8, W. Walkowiak'*%, R. Wall*’8, P. Waller3, B. WalsH,
C. Wand®, F. Wang’3, H. Wand"3, H. Wang?®2<, J. Wang®!, J. Wang®, R. Wand®, S.M. Wang®’, T. Wand?,
A. Warburtor#®, C.P. Ward®, D.R. Wardropé&’, M. Warsinsky?®, A. Washbrook®, C. Wasick#?, |. Watanabg®,
P.M. Watkind®, A.T. Watsort®, |.J. WatsoA®®, M.F. Watsofé, G. Watt$®, S. Watt§?, A.T. Waugh*,

B.M. Waugh’, M.S. Webel’, P. Webet*, J.S. Webstét, A.R. Weidberd*® P. Weigelf®, J. Weingartetf,

C. Weisef®, P.S. Well€’, T. Wenau®, D. Wendland®, Z. Wend®%*, T. Wengle??, S. Wenig®, N. Wermes!,

M. Wernef®, P. Wernet?, M. Werth'63, M. Wesselg®? J. Wettet5, C. Weydert®, K. Whalert®,

S.J. Wheeler-Ellif¥3, A. White®, M.J. Whité®, S. Whitd??3122b S5 R, Whiteheald®, D. WhitesoA®,

D. Whittingtorf®, F. Wicek5, D. Wicke'’®, F.J. Wicken&?®, W. Wiedenmanh'3, M. Wielers?®, P. Wienemantt,
C. WigleswortH®, L.A.M. Wiik-Fuchs*®, P.A. Wijeratné’, A. Wildaue®®, M.A. Wildt*>", |. Wilhelm'26,

H.G. Wilkens®, J.Z. Will*8, E. Williams®®, H.H. Williams?°, W. Willis3®, S. Willoccf?, J.A. Wilsort®,

M.G. Wilson43, A. Wilsorf’, 1. Wingerter-Seez S. Winkelmanf®, F. Winklmeief?, M. Wittgen'43,

S.J. Wollstadt', M.W. Wolter*®, H. Wolterd?43" W.C. Wond*, G. Woodef’, B.K. Wosiek?, J. Wotschac¥,
M.J. Woudstré&, K.W. Wozniak®, K. Wraight3, M. Wright®3, B. Wrond?, S.L. W73, X. Wu*®, Y. Wu33ba!|

E. Wulf5, B.M. Wynne', S. Xell&?®, M. Xiao'®®, S. Xig', C. Xu*3P2, D. Xu'®®, B. Yabsley®C, S. Yacoob*5a«,
M. Yamad&®, H. Yamaguchi®®, Y. Yamaguchi®®, A. Yamamot&®, K. Yamamot&®, S. Yamamot&™®,

T. Yamamurd®, T. Yamanak#®, T. Yamazaki®®, Y. Yamazaki®, Z. Yarf?, H. Yand®’/, H. Yand "3, U.K. Yand®?,
Y. Yang!®®, Z. Yang*63146b S Yanusht, L. Yao®3 Y. Yao', Y. YasiF®, G.V. Ybeles Smit®, J. Y&, S. Yé&5,

M. Yilmaz*¢, R. Yoosoofmiya?3, K. Yorital’%, R. Yoshid&, K. Yoshihara®®, C. Yound“3, C.J. Young'é,

S. Yousse®, D. Yu?S, J. Yi, J. YUr'?, L. YuarfS, A. YurkewicZ%, M. Byszewski®, B. Zabinsk?®, R. Zaidaf?,
A.M. ZaitseV?8, Z. Zajacovd’, L. Zanelld3231320 D zanzf?, A. Zaytse?, C. ZeitnitZ2’®, M. Zemar?®,

A. Zemla®, C. Zendlef!, O. Zenirt?8 T. Zenig442 7. Zinonod222122b D 7erwad!® G. Zevi della Port¥,

D. Zhang®®*, H. Zhand®, J. Zhan§, X. Zhang®d, Z. Zhand'®, L. Zhad®8, Z. Zhad®®, A. Zhemchugof/,

J. Zhongd!® B. Zho’, N. Zhou®3 Y. Zhou!®!, C.G. Zhi#3, H. Zhu*?, J. Zhi§, Y. Zhu*®®, X. Zhuangd?,

V. Zhuravlow?, D. Zieminsk&, N.I. Zimin®4, R. Zimmerman#!, S. Zimmermanft, S. Zimmermant?,

32



M. Ziolkowskit4L, R. Zitour?, L. Zivkovie3®, V.V. Zmouchkd?2*, G. Zobernig”3 A. ZoccolR?a20,
M. zur Neddem®, V. Zutshi%, L. Zwalinsk°.

1 School of Chemistry and Physics, University of Adelaidegkside, Australia

2 Physics Department, SUNY Albany, Albany NY, United StateAmerica

3 Department of Physics, University of Alberta, Edmonton ARBnada

4 @Department of Physics, Ankara University, AnkdfiDepartment of Physics, Dumlupinar University, Kutahya;
©)Department of Physics, Gazi University, Ankaf@Division of Physics, TOBB University of Economics and
Technology, Ankara® Turkish Atomic Energy Authority, Ankara, Turkey

5 LAPP, CNRSIN2P3 and Université de Savoie, Annecy-le-Vieux, France

6 High Energy Physics Division, Argonne National Laborat@ggonne IL, United States of America

7 Department of Physics, University of Arizona, Tucson AZ jtéd States of America

8 Department of Physics, The University of Texas at Arlingtarlington TX, United States of America

9 Physics Department, University of Athens, Athens, Greece

10 physics Department, National Technical University of AtheZografou, Greece

1 Institute of Physics, Azerbaijan Academy of Sciences, Béerbaijan

12 Institut de Fisica d’Altes Energies and Departament dic&ide la Universitat Autbnoma de Barcelona and
ICREA, Barcelona, Spain

13 @nstitute of Physics, University of Belgrade, Belgra#t&/inca Institute of Nuclear Sciences, University of
Belgrade, Belgrade, Serbia

14 Department for Physics and Technology, University of Bardgergen, Norway

15 Physics Division, Lawrence Berkeley National Laboratang &niversity of California, Berkeley CA, United
States of America

16 Department of Physics, Humboldt University, Berlin, Genya

17 Albert Einstein Center for Fundamental Physics and Laboydor High Energy Physics, University of Bern,
Bern, Switzerland

18 School of Physics and Astronomy, University of Birminghairmingham, United Kingdom

19 @pepartment of Physics, Bogazici University, IstanfiDivision of Physics, Dogus University, Istanbul;
)Department of Physics Engineering, Gaziantep UniverSiagiantept) Department of Physics, Istanbul Technical
University, Istanbul, Turkey

20 @INFN Sezione di Bolognd® Dipartimento di Fisica, Universita di Bologna, Bologntaly

21 physikalisches Institut, University of Bonn, Bonn, German

22 Department of Physics, Boston University, Boston MA, Udigtates of America

23 Department of Physics, Brandeis University, Waltham MAjtelth States of America

24 @Universidade Federal do Rio De Janeiro COFFHAF, Rio de Janeird” Federal University of Juiz de Fora
(UFJF), Juiz de Ford?Federal University of Sao Joao del Rei (UFSJ), Sao Joao defRestituto de Fisica,
Universidade de Sao Paulo, Sao Paulo, Brazil

25 Physics Department, Brookhaven National Laboratory, opty, United States of America

26 @National Institute of Physics and Nuclear Engineering, lBuest) University Politehnica Bucharest,
Bucharest)West University in Timisoara, Timisoara, Romania

27 Departamento de Fisica, Universidad de Buenos Aires, @idires, Argentina

28 Cavendish Laboratory, University of Cambridge, Cambrjddygited Kingdom

29 Department of Physics, Carleton University, Ottawa ON, &2kn

30 CERN, Geneva, Switzerland

31 Enrico Fermi Institute, University of Chicago, Chicago Wnited States of America

82 Wpepartamento de Fisica, Pontificia Universidad Cataie€hile, Santiagd®) Departamento de Fisica,
Universidad Técnica Federico Santa Maria, Valpar&ilge

33 @|nstitute of High Energy Physics, Chinese Academy of SaenBeijing;?) Department of Modern Physics,
University of Science and Technology of China, AnHtiDepartment of Physics, Nanjing University, Jiangsu;
@School of Physics, Shandong University, Shandong, China

34 Laboratoire de Physique Corpusculaire, Clermont Unit@esid Université Blaise Pascal and CNRZP3,
Clermont-Ferrand, France

33



35 Nevis Laboratory, Columbia University, Irvington NY, Ueit States of America

36 Niels Bohr Institute, University of Copenhagen, Kobenhdenmark

87 @INFN Gruppo Collegato di CosenZ&Dipartimento di Fisica, Universita della Calabria, Aregavdi Rende,
Italy

38 AGH University of Science and Technology, Faculty of Phgsiad Applied Computer Science, Krakow, Poland
39 The Henryk Niewodniczanski Institute of Nuclear Physiasljgh Academy of Sciences, Krakow, Poland

40 physics Department, Southern Methodist University, RallX, United States of America

41 physics Department, University of Texas at Dallas, Rickandl X, United States of America

42 DESY, Hamburg and Zeuthen, Germany

43 Institut fur Experimentelle Physik IV, Technische Unisiat Dortmund, Dortmund, Germany

44 Institut fur Kern-und Teilchenphysik, Technical UnivitysDresden, Dresden, Germany

45 Department of Physics, Duke University, Durham NC, Unitéat& of America

46 SUPA - School of Physics and Astronomy, University of Edirghy Edinburgh, United Kingdom

47 INFN Laboratori Nazionali di Frascati, Frascati, Italy

48 Fakultat fur Mathematik und Physik, Albert-Ludwigs-Waisitat, Freiburg, Germany

49 Section de Physique, Université de Geneéve, Geneva, et

50 @INFN Sezione di Genov&’) Dipartimento di Fisica, Universita di Genova, Genovalylta

51 @E. Andronikashvili Institute of Physics, Thilisi State Wersity, Thilisi; Y High Energy Physics Institute, Tbilisi
State University, Thilisi, Georgia

52 || Physikalisches Institut, Justus-Liebig-Universi@iessen, Giessen, Germany

53 SUPA - School of Physics and Astronomy, University of Glagg@lasgow, United Kingdom

5411 Physikalisches Institut, Georg-August-Universit@atttingen, Germany

55 Laboratoire de Physique Subatomique et de Cosmologie gisiié Joseph Fourier and CNR$2P3 and Institut
National Polytechnique de Grenoble, Grenoble, France

56 Department of Physics, Hampton University, Hampton VA, tediStates of America

57 Laboratory for Particle Physics and Cosmology, Harvard/ersity, Cambridge MA, United States of America
58 WKirchhoff-Institut fur Physik, Ruprecht-Karls-Universitat Heitberg, Heidelberd?) Physikalisches Institut,
Ruprecht-Karls-Universitat Heidelberg, Heidelb€fZI Tl Institut fur technische Informatik,
Ruprecht-Karls-Universitat Heidelberg, Mannheim, Gany

59 Faculty of Applied Information Science, Hiroshima Instéwf Technology, Hiroshima, Japan

60 Department of Physics, Indiana University, Bloomington Usited States of America

61 Institut fur Astro-und Teilchenphysik, Leopold-Fransedniversitat, Innsbruck, Austria

62 University of lowa, lowa City IA, United States of America

63 Department of Physics and Astronomy, lowa State Univeraityes IA, United States of America

64 Joint Institute for Nuclear Research, JINR Dubna, DubnasiRu

85 KEK, High Energy Accelerator Research Organization, Téakudapan

66 Graduate School of Science, Kobe University, Kobe, Japan

67 Faculty of Science, Kyoto University, Kyoto, Japan

68 Kyoto University of Education, Kyoto, Japan

69 Department of Physics, Kyushu University, Fukuoka, Japan

0 |nstituto de Fisica La Plata, Universidad Nacional de Lat&and CONICET, La Plata, Argentina

! Physics Department, Lancaster University, Lancastettddrkingdom

72 @INFN Sezione di Leccé” Dipartimento di Matematica e Fisica, Universita del Stoehecce, Italy

73 Oliver Lodge Laboratory, University of Liverpool, Liverpt United Kingdom

74 Department of Physics, Jozef Stefan Institute and Uniityeo$ Ljubljana, Ljubljana, Slovenia

5 School of Physics and Astronomy, Queen Mary University afidon, London, United Kingdom

6 Department of Physics, Royal Holloway University of Long&urrey, United Kingdom

T Department of Physics and Astronomy, University Collegadan, London, United Kingdom

8 Laboratoire de Physique Nucléaire et de Hautes Energe®l@and Université Paris-Diderot and CNR&P3,
Paris, France

" Fysiska institutionen, Lunds universitet, Lund, Sweden

80 Departamento de Fisica Teorica C-15, Universidad Autondensladrid, Madrid, Spain

34



81 Institut fur Physik, Universitat Mainz, Mainz, Germany

82 School of Physics and Astronomy, University of Manchestamchester, United Kingdom

83 CPPM, Aix-Marseille Université and CNRIBI2P3, Marseille, France

84 Department of Physics, University of Massachusetts, AstidA, United States of America

85 Department of Physics, McGill University, Montreal QC, Gaa

86 School of Physics, University of Melbourne, Victoria, Awaia

87 Department of Physics, The University of Michigan, Ann Arldi, United States of America

88 Department of Physics and Astronomy, Michigan State UsitgrEast Lansing MI, United States of America
89 @INFN Sezione di Milano) Dipartimento di Fisica, Universita di Milano, Milano, Ifa

90 B.I. Stepanov Institute of Physics, National Academy offces of Belarus, Minsk, Republic of Belarus

%1 National Scientific and Educational Centre for Particle High Energy Physics, Minsk, Republic of Belarus
92 Department of Physics, Massachusetts Institute of TedgypCambridge MA, United States of America

93 Group of Particle Physics, University of Montreal, Montr€C, Canada

94 P.N. Lebedev Institute of Physics, Academy of Sciences ddesRussia

9 |nstitute for Theoretical and Experimental Physics (ITA®)scow, Russia

9 Moscow Engineering and Physics Institute (MEPhI), MosdRussia

97 Skobeltsyn Institute of Nuclear Physics, Lomonosov Mos&tate University, Moscow, Russia

98 Fakultat fur Physik, Ludwig-Maximilians-Universititiinchen, Miinchen, Germany

99 Max-Planck-Institut fiir Physik (Werner-Heisenbergting), Miinchen, Germany

100 Nagasaki Institute of Applied Science, Nagasaki, Japan

101 Graduate School of Science and Kobayashi-Maskawa Irestisggoya University, Nagoya, Japan

102 @) INFN Sezione di Napoli’) Dipartimento di Scienze Fisiche, Universita di Napoli, ¢4, Italy

103 pepartment of Physics and Astronomy, University of New MexiAlbuguerque NM, United States of America
104 nstitute for Mathematics, Astrophysics and Particle RtsyRadboud University Nijmeggiikhef, Nijmegen,
Netherlands

105 Nikhef National Institute for Subatomic Physics and Unsirof Amsterdam, Amsterdam, Netherlands
106 pepartment of Physics, Northern lllinois University, DéB#_, United States of America

107 Budker Institute of Nuclear Physics, SB RAS, NovosibirsksBia

108 Department of Physics, New York University, New York NY, lted States of America

109 Ohio State University, Columbus OH, United States of Ameeric

110 Faculty of Science, Okayama University, Okayama, Japan

111 Homer L. Dodge Department of Physics and Astronomy, Unitsecd Oklahoma, Norman OK, United States of
America

112 Department of Physics, Oklahoma State University, Stiw®K, United States of America

113 palacky University, RCPTM, Olomouc, Czech Republic

114 center for High Energy Physics, University of Oregon, Eug@iR, United States of America

15| AL, Université Paris-Sud and CNRISI2P3, Orsay, France

116 Graduate School of Science, Osaka University, Osaka, Japan

117 Department of Physics, University of Oslo, Oslo, Norway

118 Department of Physics, Oxford University, Oxford, Uniteghgdom

119 @INFN Sezione di Pavid® Dipartimento di Fisica, Universita di Pavia, Pavia, Italy

120 pepartment of Physics, University of Pennsylvania, Pleiladia PA, United States of America

121 petersburg Nuclear Physics Institute, Gatchina, Russia

122 @) NFN Sezione di Pisd®) Dipartimento di Fisica E. Fermi, Universita di Pisa, Pisaly

123 Department of Physics and Astronomy, University of Pittgihy Pittsburgh PA, United States of America
124 @)_aboratorio de Instrumentacao e Fisica Experimental décéas - LIP, Lisboa, Portugal) Departamento de
Fisica Teoricay del Cosmos and CAFPE, Universidad de Gar@achnada, Spain

125 Institute of Physics, Academy of Sciences of the Czech Ripiyaha, Czech Republic

126 Faculty of Mathematics and Physics, Charles UniversityragBe, Praha, Czech Republic

127 czech Technical University in Prague, Praha, Czech Republi

128 State Research Center Institute for High Energy PhysicgyiPo, Russia

129 particle Physics Department, Rutherford Appleton LalmogaDidcot, United Kingdom

35



130 physics Department, University of Regina, Regina SK, Canad

131 Ritsumeikan University, Kusatsu, Shiga, Japan

132 @|INFN Sezione di Roma ) Dipartimento di Fisica, Universita La Sapienza, Romdylta

133 @INFN Sezione di Roma Tor Vergaté)Dipartimento di Fisica, Universita di Roma Tor VergataRg Italy

134 @INFN Sezione di Roma Tré” Dipartimento di Fisica, Universita Roma Tre, Roma, Italy

135 @) Faculte des Sciences Ain Chock, Réseau Universitairégisifue des Hautes Energies - Université Hassan I,
Casablancd?”) Centre National de 'Energie des Sciences Techniques Hineks Rabat) Faculté des Sciences
Semlalia, Universitée Cadi Ayyad, LPHEA-MarrakeéhFaculté des Sciences, Universite Mohamed Premier and
LPTPM, Oujda®Faculté des sciences, Université Mohammed V-Agdal, Rabarocco

136 DSM/IRFU (Institut de Recherches sur les Lois Fondamentale®taévkrs), CEA Saclay (Commissariat a
I'Energie Atomique), Gif-sur-Yvette, France

137 santa Cruz Institute for Particle Physics, University ofifdenia Santa Cruz, Santa Cruz CA, United States of
America

138 Department of Physics, University of Washington, Seatthe Whited States of America

139 Department of Physics and Astronomy, University of letl, Shefield, United Kingdom

140 Department of Physics, Shinshu University, Nagano, Japan

141 Fachbereich Physik, Universitat Siegen, Siegen, Germany

142 Department of Physics, Simon Fraser University, Burnaby B&hada

143 SLLAC National Accelerator Laboratory, Stanford CA, Uni®thtes of America

144 @ Faculty of Mathematics, Physics & Informatics, Comeniusversity, Bratislava”’ Department of Subnuclear
Physics, Institute of Experimental Physics of the Slovakdemy of Sciences, Kosice, Slovak Republic

145 @ pepartment of Physics, University of Johannesburg, Jodsturg ) School of Physics, University of the
Witwatersrand, Johannesburg, South Africa

146 @) Department of Physics, Stockholm Universi§The Oskar Klein Centre, Stockholm, Sweden

147 physics Department, Royal Institute of Technology, Stodkh Sweden

148 Departments of Physics & Astronomy and Chemistry, StonyoRtdniversity, Stony Brook NY, United States of
America

149 Department of Physics and Astronomy, University of SusBexghton, United Kingdom

150 School of Physics, University of Sydney, Sydney, Australia

151 |nstitute of Physics, Academia Sinica, Taipei, Taiwan

152 pepartment of Physics, Technion: Israel Institute of Textbgy, Haifa, Israel

153 Raymond and Beverly Sackler School of Physics and Astron@elyAviv University, Tel Aviv, Israel

154 Department of Physics, Aristotle University of ThessakariThessaloniki, Greece

155 |nternational Center for Elementary Particle Physics asgddtment of Physics, The University of Tokyo, Tokyo,
Japan

156 Graduate School of Science and Technology, Tokyo Metrtoliniversity, Tokyo, Japan

157 Department of Physics, Tokyo Institute of Technology, Tekjapan

158 Department of Physics, University of Toronto, Toronto Op@da

159 @ TRIUMF, Vancouver BC¥)Department of Physics and Astronomy, York University, TamON, Canada

160 Faculty of Pure and Applied Sciences, University of Tsukdisaikuba, Japan

161 Department of Physics and Astronomy, Tufts University, iéed MA, United States of America

162 Centro de Investigaciones, Universidad Antonio Narinag@a, Colombia

163 Department of Physics and Astronomy, University of Califarlrvine, Irvine CA, United States of America

164 @) INFN Gruppo Collegato di Udiné?) ICTP, Trieste{’)Dipartimento di Chimica, Fisica e Ambiente, Universita
di Udine, Udine, Italy

165 Department of Physics, University of lllinois, Urbana ILnited States of America

166 Department of Physics and Astronomy, University of Uppsdigpsala, Sweden

167 |nstituto de Fisica Corpuscular (IFIC) and Departamegt&isica Atomica, Molecular y Nuclear and
Departamento de Ingenieria Electronica and InstitutMaeoelectronica de Barcelona (IMB-CNM), University of
Valencia and CSIC, Valencia, Spain

168 Department of Physics, University of British Columbia, Yanver BC, Canada

169 Department of Physics and Astronomy, University of Vicipiictoria BC, Canada

36



170 Department of Physics, University of Warwick, Coventry,itdd Kingdom

171 Waseda University, Tokyo, Japan

172 pepartment of Particle Physics, The Weizmann Instituteciéi&e, Rehovot, Israel

173 Department of Physics, University of Wisconsin, Madison Whited States of America

174 Fakultat fur Physik und Astronomie, Julius-Maximiliabiversitat, Wirzburg, Germany

175 Fachbereich C Physik, Bergische Universitat Wuppertalpiértal, Germany

176 Department of Physics, Yale University, New Haven CT, Whifates of America

177 yerevan Physics Institute, Yerevan, Armenia

178 Centre de Calcul de I'Institut National de Physique Nuitkat de Physique des Particules (IN2P3),
Villeurbanne, France

4 Also at Laboratorio de Instrumentacao e Fisica Experiniel@#®articulas - LIP, Lisboa, Portugal

b Also at Faculdade de Ciencias and CFNUL, Universidade dedaisLisboa, Portugal

¢ Also at Particle Physics Department, Rutherford Appletabdratory, Didcot, United Kingdom

4 Also at TRIUMF, Vancouver BC, Canada

¢ Also at Department of Physics, California State Univergitgsno CA, United States of America

1 Also at Novosibirsk State University, Novosibirsk, Russia

¢ Also at Fermilab, Batavia IL, United States of America

" Also at Department of Physics, University of Coimbra, CoieglPortugal

i Also at Department of Physics, UASLP, San Luis Potosi, Mexic

7 Also at Universita di Napoli Parthenope, Napoli, Italy

* Also at Institute of Particle Physics (IPP), Canada

! Also at Department of Physics, Middle East Technical Ursitgr Ankara, Turkey

™ Also at Louisiana Tech University, Ruston LA, United Statésmerica

" Also at Dep Fisica and CEFITEC of Faculdade de Ciencias edlegia, Universidade Nova de Lisboa, Caparica,
Portugal

© Also at Department of Physics and Astronomy, Universityl&@ London, London, United Kingdom

P Also at Department of Physics, University of Cape Town, Cipen, South Africa

7 Also at Institute of Physics, Azerbaijan Academy of Scien@&aku, Azerbaijan

" Also at Institut fir Experimentalphysik, Universitat Maurg, Hamburg, Germany

¥ Also at Manhattan College, New York NY, United States of Aioar

" Also at CPPM, Aix-Marseille Université and CNRN2P3, Marseille, France

“ Also at School of Physics and Engineering, Sun Yat-sen Usitye Guanzhou, China

v Also at Academia Sinica Grid Computing, Institute of Phgsikcademia Sinica, Taipei, Taiwan

¥ Also at Laboratoire de Physique Nucléaire et de Hautesgi@®rUPMC and Université Paris-Diderot and
CNRSIN2P3, Paris, France

* Also at School of Physics, Shandong University, Shandohg&

¥ Also at Dipartimento di Fisica, Universita La SapienzaniRo Italy

< Also at DSMIRFU (Institut de Recherches sur les Lois Fondamentale®aévers), CEA Saclay (Commissariat a
'Energie Atomique), Gif-sur-Yvette, France

“ Also at Section de Physique, Université de Genéve, Geisaviizerland

% Also at Departamento de Fisica, Universidade de Minho, 8rRgrtugal

“ Also at Department of Physics and Astronomy, Universityaiith Carolina, Columbia SC, United States of America
« Also at Institute for Particle and Nuclear Physics, Wignes&arch Centre for Physics, Budapest, Hungary
@ Also at California Institute of Technology, Pasadena CAitethStates of America

af Also at Institute of Physics, Jagiellonian University, Koav, Poland

48 Also at LAL, Université Paris-Sud and CNRN2P3, Orsay, France

@ Also at Nevis Laboratory, Columbia University, IrvingtoryNUnited States of America

4 Also at Department of Physics and Astronomy, University loéBeld, Shéfield, United Kingdom

4j Also at Department of Physics, Oxford University, Oxfordyitéd Kingdom

% Also at Institute of Physics, Academia Sinica, Taipei, Taiw

a Also at Department of Physics, The University of Michigamm®Arbor M1, United States of America

@n Also at Discipline of Physics, University of KwaZulu-Nat&lurban, South Africa

* Deceased

37



	1 Introduction
	2 The ATLAS detector
	3 Signal and background simulation samples 
	4 H->ZZ(*)->4l channel
	4.1 Event selection
	4.2 Background estimation
	4.3 Systematic uncertainties
	4.4 Results

	5 H->gg channel
	5.1 Event selection
	5.2 Invariant mass reconstruction
	5.3 Event categorisation
	5.4 Signal modelling
	5.5 Background modelling
	5.6 Systematic uncertainties
	5.7 Results

	6 H->WW(*)->evmuv channel
	6.1 Event selection
	6.2 Background normalisation and control samples
	6.2.1 W+jets background estimation
	6.2.2 Top control sample
	6.2.3 WW control sample

	6.3 Systematic uncertainties
	6.4 Results

	7 Statistical procedure
	8 Correlated systematic uncertainties
	9 Results
	9.1 Excluded mass regions
	9.2 Observation of an excess of events
	9.3 Characterising the excess

	10 Conclusion

