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O\ Abstract
—i

(. This letter presents a search for singly produced vedterduarksQ, coupling to light quarksy. The search is sensitive to both
(\J -charged current (CC) and neutral current (NC) processes,> Qq — Wqq andpp — Qq — Zqq' with a leptonic decay of
the vector gauge boson. In0# fb™! of data taken in 2011 by the ATLAS experiment at a center-agsrenergyy/s = 7 TeV,
no evidence of such heavy vector-like quarks is observeseati® expected Standard Model background. Limits on theyhea
2 vector-like quark production cross section times branghatio as a function of massg are obtained. For a couplingg = v/mg,
wherev is the Higgs vacuum expectation value, 95% C.L. lower liroitshe mass of a vector-like quark are set at 900 GeV and
() 760 GeV from CC and NC processes, respectively.

(Q\|

'_'>< 1. Introduction reach could be achieved at the LHC with early data [11, 13].
(¢D) Single production of a VLQ occurs via the procqqsL q'Q

é_ Vector-like quarks (VLQ), defined as quarks for which both (Fig. ). A quark produced by this process of gauge boson
) chiralities have the same transformation properties utfteer exchange can have a charge ¢B83/3,-1/3 or —-4/3. As a

c electroweak grousU(2) x U(1), are predicted by many ex- benchmark, we consider theories with only VLQf charge
—tensions of the SM, relating to Grand Unification, dynamical+2/3 or only withD of charge-1/3, without regard to the mul-
electroweak symmetry breaking scenarios or theories with e tiplet structure of the model. The experimental limits dfea
tra dimensions|[1,12,13,/ 4/ 5| 6, [7, 8,19,/ 10]. Since the couon cross section times branching ratio can then be intexgret
plings of the light quarks are well constrained, if VLQs éxis as limits on the couplings for flerent VLQ models [13]. The
they are generally expected to only couple sizably to thelthi contribution from thes-channel diagram is negligible compared
generation. However, in certain scenarios, correctiompitok  to that of thet-channel process. Therefore one characteristic of
L) mixings can cancel, relaxing these constraints. The miadiva  the signal is the presence of a forward jet: after one of the in
= and phenomenology of heavy VLQs coupling to light generadial state quarks emits the electroweak gauge boson, iteit
— tions is discussed for the Tevatronl[11], where a baselinggio tinue in the forward direction with little transverse mortm
is introduced which considers two degenerate VLQ doubletépr), while the other quark couples to th& or Z to produce
having hyperchargeg@ and 76 and mixing only with the up the heavy quark. Because the LHC is a proton-proton collider
- = 'quark. This scenario can occur naturally in certain mode?s [ the charged current (CC) production oDaguark is expected
) 2 Because the doublets are degenerate, cancellations obimir w to have a higher cross section than that of quark. Similarly,
>< allow VLQ coupling to the first two generations, leading to afor the neutral current (NC) proceds,quarks are expected to
= potentially strong signal at the Large Hadron Collider (QHC  be produced more abundantly. Anti-quark production is sup-
Following the notation of more recent work [13] which de- pressed since it involves antiquarks in the initial state.
scribes a model-independentapproach to VLQ sensitivityeat Bounds on the mass of new heavy quarks were obtained pre-
LHC, a couplingkgo = (v/mg)kqo is defined here, wherg  viously from a search in the pair production process at thva-Te
stands for any light quarlQ is the VLQ,mg is the VLQ mass, tron [15,/16] and LHCI[17, 18]. Limits have also been ob-
v is the Higgs vacuum expectation value aqg &ncodes all tained at the Tevatron [19, 20] on single production proegss
the model dependence of thgQ vertex Y = Wor Z). Elec- o(pp — gQ) x BR(Q — gW), which in the modell[11] of
troweak precision measurements constrain the contrinetio degenerate doublets wityg = 1 and decaying 100% via CC
heavy quarks to loop diagrams, but under certain condit@ms gives a 95% confidence level (C.L.) upper limit exclusion for
for the degenerate VLQ doublet model above, mild bounds apb quarks with masses up to 690 GeV. Limits at 95% C.L. on
ply on the dimensionless couplirgallowing it to be as large as  o(pp — qQ) x BR(Q — gZ) in the same model yield an exclu-
~ 1[13]. The masses of VLQs are not constrained by vacuunsion of aU quark with<,y = V2 and 100% branching ratio via
stability in the SM|[14]. NC up to a mass of 550 GeV.
It has been shown that single production provides a favor- This Letter reports on a search for singly produced VLQs
able process to probe for the existence of these heavy gifiarksin the ATLAS detector at the LHC. The search is conducted
the coupling to light quarks is large, and that a significaassn  in events with at least two jets and a vector boson, indicated
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ered througtPYTHIA [24]. The CTEQG6L1 parton distribution
function (PDF)|[25] is used, with factorization and renolize
tion scales ofny (my) for the CC (NC) channel. Nine reference
masses are generated for both CC and NC decays: 225 GeV,
300 GeV, then continuing in steps of 100 GeV up to 1 TeV. The
production cross section times branching ratio to a veaisoh
and jets ranges from 194 pb to 0.47 pb for CC and from 88 pb
to0 0.28 pb for NC, assuming,g = 1.

The dominant SM backgrounds aw¥ — ¢v + jets and
Z — (¢ + jets for the CC and NC channels, respectively.
Other sources of background are from multijet evetitssin-
gle top, and diboson processes, which can have electrons or
muons and jets in the final states. With the exception of multi
jets, the contributions of these backgrounds are estimesiad
MC samples.W + jets andZ + jets samples are generated by
ALPGEN [26] using CTEQG6L1 PDFs with parton showering per-
formed byHERWIG [27] and usingJIMMY [28] for simulation
of the underlying event model. The cross section times lep-
tonic branching ratios are 10.3 pb and 1.06 pb per leptonrflavo
for W andZ’s, respectively, withpr of the leptons> 20 GeV.
This includesK-factors of 1.22 and 1.25, respectively, to re-
produce the inclusive cross sections at next-to-leadidgran
Figure 1: Vector-like quark production and decay diagramisfchannel (top) ~ QCD [29]. MC@NLO [30] is used to simulaté production, giv-
andt-channel (bottom). The thick line indicates the vectoelguark. |ng a cross section of 165 pb S|ng|e top quark events decay-
ing leptonically - = 37.5 pb) are generated witkcerMC [31]

by either two highpr leptons (electrons or muons) in the case cOmbined with parton showering and hadronizatio®ByHIA.
of a Z, or a single lepton and missing transverse momentun®iboson backgrounds are simulated WAtPGEN andHERWIG
(ET™Y) in the case of &V. The data used in this analysis were Parton shower for the NC channet & BR = 5.97 pb), which
collected from March to June 2011, at a center of mass enerdduires two leptons in the final state, and standakERVIG

VS= 7 TeV and correspond to an integrated luminosityof with a K-factor of 1.52 to reproduce the inclusive cross sec-
(1.04+ 0.04) fot [21]. tion at next-to-leading order in QCID_[32]) for the CC channel

(o x BR = 69.1 pb) where a single lepton is required. Mul-
tijet backgrounds from QCD processes are derived both from
PYTHIA and data samples, described below.

The ATLAS detector is a multi-purpose particle physics de- The detector response simulation |[33] is based on
tector system optimized to record information coming from  GEANT4 [34,135]. The MC samples are generated with super-
collisions [22]. Closest to the interaction point is theénule- ~ imposed minimum bias events to simulate the conditions that
tector (ID) for charged particle tracking, which is perfadn occur in data. In order to improve the modeling of both signal
by silicon pixel and microstrip detectors in addition to @et-  and backgrounds, lepton reconstruction and identificaein
tube tracker with radiators to produce transition radiatibhe ~ ciencies, energy scales and resolutions in the MC are ¢edec
tracking system is embedded in a 2 T axial magnetic field. Surto correspond to the values measured in the data.
rounding the solenoid are the lead and liquid argon elecpm
netic (EM) calorimeter and hadronic tile calorimeter suhsy 4 Analysis
tems. Forward calorimetry is accomplished with liquid argo
detectors and copper and tungsten absorbers. These systems The analysis is subdivided into four channels: charged and
low the reconstruction of electrons and jets, both esdefioiia  neutral current, each with either electrons or muons in the fi
this analysis. Surrounding the calorimeter systems is anmuonal state. Particle definitions and selections are idelriticall
spectrometer (MS) that uses drift chambers to record maen tr channels, but signal and control regions for the CC and NC
jectories in a toroidal magnetic field. A three-level trigge  channels are defined independently.
used to select events for subsequefiiree analysis. Events  Eventsare selected in which there is at least one verterfeco
recorded when a subsystem was not properly functioning argtructed with at least three tracks. The vertex with thetgsta
not used in this analysis. total transverse momentur, |pr|, of the associated tracks is
designated as the primary vertex. The trigger requiresaat le
one cluster in the EM calorimeter withy > 20 GeV or at least
one muon candidate in the MS with a track originating from the

Signal Monte Carlo (MC) samples are generated using Madprimary vertex withpy > 18 GeV. In both cases, the trigger
Graph [23] based on Ref. [11,/13], then hadronized and showequires a matching ID track.
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2. The ATLAS Detector

3. Signal and background modeling



Electron candidates are required to pass tight qualiticsele m (¢, EMs9) = \/2E$ EMSY(1 — cOSA¢, gmiss) iS the transverse
=T

tion criteria based on the_ calorlmeter_shower shape, raak g - 5qq of thaw candidate, and (vi) an azimuthal angle separation
ity and track matching with the calorimeter cluster|[36].eyh between the lepton arE[{“SSvectorAqﬁg ciss < 2.4 rad since the
must havepr > 25 GeV and lie in the psey_doraplcﬂtye- W in the signal is expected to be boosted. To reconstruct the
gion|n| < 2.47, excluding the regions of transition between themass of the VLQ candidate, the longitudinal momentonof
cenFraI and forward Qetector sub-element87l< |_'7| < 152. " he neutrinoiis calculated such that the invariant massaoiighr
During most run periods of the data set, a region of the EMon andE?‘iSS equals the mass of th4. Of the two solutions

calorimeter corresponding to about 1% of channels was Iesa;]e one which leads to the larger valuelsi| between the re-

efficient than the rest of the det(_ector. An exclusion W',ndowconstructed neutrino four-vector and the leading jet issefo
around the fiected area was defined a8.1 < n < +1.5in

L i y . since the simulation shows it to be the correct solution abou
pseudorapidity and-0.9 < ¢ < —0.5 in azimuth. Electrons in

hi . gt q I 4 during thesi 60% of the time. If no real solution is found, the real part of
this region are removed from data collected auring these pery,q complex solutions is taken. The system composed of the

ods. Th_e same proceo_lure is applied to simulated events CQE'adingjet and the reconstructédiis taken to be the VLQ can-
responding to the fraction of data covered by these run Perizidate

ods. Finally, no more than 4 GeV of transverse energy is al-

lowed outside the core of the electron defined by a cone of sizgi t-el.\—lh ecrl:lz; Z?jng;?ﬁgﬁaiﬁ Iieeqtléx?/vti?h Z?]Vi?] vez;(r?;:tyn:ggsgr?po_
AR = (An)Z 1 (Ag)2 = 0.2. y enarg P

. - range 66< M(¢, ¢ 116 GeV and a transverse momentum
Muon candidates are reconstructed by combining tracks fro g < M0 <

. . Pr(¢,€) > 50 GeV. At least two jets opr > 25 GeV are re-
both the ID and the MS. They are required to pass ID quality . ith th . :
. 1 f
requirements [37] and haver > 25 GeV andy| < 2.4. To quired, with the sam@\n| > 1.0 requirement as described for

; . .. the CC selection. The invariant mass of the system composed
suppress cosmic rays, muon candidates must have a d'Stan&ethe two leptons and the leading jet is taken to be the VLQ
of closest approach to the primary vertex in the longitudina

. ! candidate mass.
direction|z| < 5 mm and in the transverse pladg < 0.1 mm. T | he level of multiiet back din the CC |
Isolated muons are selected by requiring that the sum of ID 0 evaluate the level of multjet background in the anal-

track transverse momentum around the muon track, in a cond®S: & procedur%gsused based on a fit toEfie* distribution
of AR = 0.2 divided by thepr of the muon itself be less than " th€ range 0< Ef"®* < 100 GeV. For this purpose, only selec-

0.1 tion criteria (i) and (v) above are required. For both thettn

Jet four-vectors are reconstructed from calorimeter etgst 2Nd muon modes, template shapes for the non-multljet_ back-
using the anti-k algorithm [38] with a radius parameter of grounds are takgn from the MC_sampIes desc;rlbed earlier and
0.4. After correcting for calorimeter non-compensation an summed according to their relative cross sections. Theativer

inhomogeneities by usingr andy dependent calibration fac- normalization of this non-multijet template is left floaginin
tors [39], jets are required to haye > 25 GeV and| < 4.5 the electron mode, a sample enriched in objects misideshtifie
Events containing jets that fail quality criterla [40] amgected 5 electrons (fakes)_ |s_selected from data l.”m’g!um qual-

to ensure an accural:é}“ss measurement. Furthermore. events'Y electrons, excludingight electrons, as defined in_[36]. The

mISS . . . . e
containing jets passing through thefiiieient region of the EM Ey Id'Str't;]u“on 'c:>f th;]s sample sedrves als“thebelelftron mdgltuet
calorimeter are vetoed. To remove jets originating froneoth template shape. For the muon mode, multijet backgroundris pr

pp interactions within an event, the selected jets are reduare marily expected to come from heavy flavor decays. Therefore,

have more than 75% gfr-weighted ID tracks associated to the the multijet template shape is taken fron?'6THIA sample of

' isS Hictri
primary vertex. Finally, to avoid counting electrons asjeiny PP e}’e”ts-f For goth Iep:]on flal\/9rs, aJ't to tﬁﬁl ._d|str|bul-5
jet candidate withiiAR < 0.2 of a selected electron is removed. tlor(; IS per ormhe using : e mu tu;athan nlop-mu tijet tear:f .

The ET'ss is calculated as the negative vector of the trans 0 etﬁrmlnfert] e n()lrma |zatI|(on of the multijet compone el
verse components of energy deposits in the calorimetenswit m_OdZ"}_g 0 dtbe rEu tijet bacf %ogrggswa;oteét%d 'Il'nha con;sei r
Il < 4.5. For events containing muons, any calorimeter energ'o" defined by the range o T < ev. The model-

deposit from a muon is ignored and the muon energy measur Eg of the kine.matic variable distributions, and in_ parkmof o
in the MS is used instead [41]. the VLQ candidate mass, was found to agree with data within
The CC candidates are required to have (i) exactly ondtatistics. _ . )
electron or muon, (ii) missing transverse momentagFs > In the case of the NC selection, the multijet background is
50 GeV, (iii) one jet withpr > 50 GeV and at least one more €stimated from data-driven studies to be negligible. Inefiee-
jet with pr > 25 GeV, (iv) a minimum pseudorapidity separa- {ron channel the selection for electron candidates is ok
tion |A] > 1.0 between the highestr (leading) jet and sec- equire the medium criteria, excluding tight electronsyliein

ond or third-leading jet, since the presence of a forwardsjet @ fake di-electron template shapenm., which is then scaled to
expected in signal events, (W (£, EM™9 > 40 GeV, where make the total background expectation match the data wéth th

same selection. In the muon channel the isolation requinéme

is inverted, and then,,, template scaled to the data in the same
IATLAS uses a right-handed coordinate system with #exis along the way.

beam pipe. Thec-axis points to the center of the LHC ring, and thexis . . .

points upward. The pseudorapidity is defined in terms of thiarpangled as With the above selections, the observed event yields and cor

n = - Intan@/2). responding predictions are given in Talilés 1[and 2. Fronethes




yields, no significant excess is observed in the data thabean
accounted for by a VLQ signal. Figuré 2 shows the invariant
mass distributions of the reconstructed VLQ candidate @& th
signal regions for both channels. These distributions aeslu
in a binned likelihood fit to extract signal yields and protioic
cross section upper limits. A slight shape discrepancy éetw

data and MC is apparent in Figure 2. Before extracting an up- 14000: ATLAg | +D'c‘1ta | ]
per Iimit,_a co_rrectior_l is applied to the MC background shape  ;,4,0[ CC Channel -:/tyﬂets B
as described in Sectinh 6. C 4 I Single Top ]
- J'Ldt =1.041"Vs=7TeV o muitiet ]
> 10000~ Z+jets ]
5. Systematic uncertainties 3 8000: it . !g;gg;)?eoo Gev) x 100 ]
Systematic uncertainties on the simulation of the sigriakar % r i \\Stat+ Sys Uncertainty
from uncertainties in PDFs and the factorization and rembrm S s000[- - ]
ization scales. In order to estimate the uncertainty dubééot 3 L ]
parton distributions, the CTEQ66_[42] PDF set is used, for  4000F - .
which the eigenvectors of the Hessian matrix are known. The I | 1
difference in signal cross section due to the PDF uncertainty ic 2000 o .
found to range from 3.0% at a signal mass of 225 GeV to 4.4% r S ]
at 1000 GeV. The uncertainty due to the factorization andren LaET R ——
malization scales is estimated by taking theafence DEIWEeN 8 121 1 S
signal cross sections at the nominal value of the scalesaand g NN meww%%* i;llii;{;;: NN
values of one-half and twice the nominal. The uncertainty is § — 0-8F S R e N NS
found to_ vary between 4% and _12% f(_)r_t_he same mass range 0'66 500400 600 800 1000 1200
Uncertainties due to the simulation of initial and final sted- m(lepton,E™S leading jet) [GeV]
diation are found to be about 1%. These uncertainties on the
theoretical cross section are added in quadrature. 4000 : —— |
For signal and background events, the jet-energy-scale un - ATLAS —-Data =
certainty is calculated by shifting thg of all jets up and down 3500} NC Channel -ﬁﬂm =
by factors that vary as a function pf andn. The factors range Ldt=1.04 5= 7Tev [ 2|bos:)n600 eV x 100 ]
from 4.6% for jets withpr = 20 GeV to 2.5% for jets wittpr 3000; e S e
above 60 GeVL[39]. This procedure results in an uncertainty > 2500:— 3
of about 20% on the background normalization, and about 5% © c 3
on the signal fliciency. The jet-energy-resolution uncertainty i 2000 [Tgm -
is calculated by smearing th® of each jet depending on the ‘% C ]
jet pr andn, typically by around 10%. This source of uncer- 3 1500~ —
tainty is found to impact both the background normalization - - .
and signal iiciency by about 1%. The lepton-energy-scale un- 1000£- | E
certainty is evaluated and found to be much less than 1% fo 500i_ i =
both signal and background. Th&ext of the previously men- . ]
tioned EM calorimeter in@ciency is also found to be much " : i =
less than 1%. Uncertainties also arise from the triggentitie Q 1'3; - NN T
cation, and reconstructiorffigiency corrections applied to the 5 15 {isiiiie HHIIY lnnug
MC simulation. They ffect the signal ficiency uncertainty by 8 8-2; i o e
1-2% depending on the mass. The rate uncertainty from MC 5 560 700 500 800 1000 1200

statistics after event selection is 3-5%. Finally, the utaiety m(lepton,lepton,leading jet) [GeV]
on the luminosity is 3.7% [21]. None of the systematics stddi

have been found to S|gn|f|cantlyfact the shape of the VLQ Figure 2: Invariant mass distribution of VLQ candidates attbthe CC (top)

candidate mass distribution. and NC (bottom) channels, summed over both the electron amshrfinal
states. The dashed line shows the signal shape, normalz&@times the
leading order theoretical cross section. The bottom pagtioh plot shows the
6. Results ratio of the data to the background model. The last bin costavents with
. . . . . L . invariant mass candidates equal to or higher than 1200 GeV.
To determine signal yields, a binned maximum likelihood fit

is performed using template histograms of the VLQ candidate
mass distribution. The fit is performed separately for edqgh s
nal mass. The electron and muon final states are fitted simul-
taneously. The overall signal and background normalinatio
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Process Electron channel Muon channel
W-jets 14500+ 100+ 4400 | 16600+ 100+ 5000
tt 2360+ 50+ 270 2530+ 50+ 290
Single Top 700+ 30+ 120 740+ 27+ 120
Multijet 670+ 30+ 270 340+ 20+ 410
Z+jets 128+ 11+ 90 432+21+170
Diboson 174+ 13+ 53 198+ 14+ 62
Expected Total Background | 18500+ 100+ 4400 | 20900+ 100+ 5100
Data 17302 20668
Expected Signa(225 GeV) 2360+ 50+ 350 2380+ 50+ 400
Expected SignaD(600 GeV) 133+12+ 10 133+12+11
Expected SignalD(1000 GeV) 14+4+1 14+4+1

Table 1: Expected and observed event counts in the kinesffgtadlowed VLQ mass range after the final selection in thedB@nnel with an integrated luminosity
of 1.04 fb-1. Uncertainties are statistical and systematic, respagtiThe signal predictions assume a couplipg = 1.

Process | Electron Channe| Muon Channel |
Z+jets 3250+ 60+ 430 | 5350+ 70+ 700
tt 58+ 8+ 3 90+9+5
Diboson 38+6+4 58+8+4
Expected Total Background| 3350+ 60+ 430 | 5500+ 70+ 700
Data 3105 5070

Expected Signal, U(225 GeV) 192+ 14+9 339+ 18+ 19
Expected Signal, U(600 GeV) 15+ 3.9+0.6 23+4.8+0.7
Expected Signal, U(1000 GeV) 1.9+ 1.4+0.1 27+1.6+0.1

Table 2: Expected and observed event counts in the kineatlgtallowed VLQ mass range after the final selection in thedd@nnel with an integrated luminosity
of 1.04 fb-1. Uncertainties are statistical and systematic, respagtilhe signal predictions assume a couplipg = 1.

are left floating in the fit. Systematic uncertainties on @t Since no significant excess of data over the background pre-
plate normalizations are incorporated as Gaussiandolisgdl  diction is observed in either channel, limits as functiorthef
nuisance parameters, as are the sigfiatiency systematics VLQ mass are obtained based on the likelihood fits. Pseudo-
used in determining the cross section limits. Signal teiepla experiments are generated by sampling the likelihood fanct
shapes are taken from MC, while background templates are @8 compute the expected limits, using a Gaussian prior for al
shown in Fig[2, with an additional correction describedinex nuisance parameters and including the shape uncertaorty fr

A heavy VLQ signal would appear as a peak on top of a the linear correction.
smooth background in the VLQ candidate invariant massidistr  The 95% C.L. exclusion limits oor(pp — Qq) x BR(Q —
bution. It is therefore important to have a good estimatdeft Vd) as a function of the VLQ mass, based on thesCL
background shape in the region around a signal mass hypotAiethod [43], are shown in Figl 3. Taking the intersection of
esis. The fit procedure described above makes use of the fufte observed (expected) cross section limits with the aéentr
range of mass, but the normalization is dominated by therowevalue of the theoretical cross section, masses below 900 GeV
mass region where the number of events is higher. A smal{840 GeV) are excluded for the CC channel and 760 GeV
shape dierence between Monte Carlo and data can therefor820 GeV) for the NC channel, assuming a coupligg = 1
yield a systematic bias in the fit at high mass. For that reaso@nd a 100% branching ratio for VLQs to decay to a vector boson
a correction is app“ed to the background model for eacmign and ajet. Within the:1o theoretical Uncertainties, the observed
mass. It is obtained from linear fits to the reconstructediipv  CC mass limit ranges from 8720920 GeV. The corresponding
ant mass of the ratio of datdC after the full event selection, range for the NC limit is 736 770 GeV. Limits for each mass
excluding bins in the range [-200100] GeV around each sig- tested are given in Tablé 3. The fourth and fifth columns show
nal mass tested. The asymmetric choice in the excluded ma3# interpretation of the cross section limits in terms oftgnon
is motivated by the fact that the expected signal has a lovemaghe couplings, and«3, in each case assuming orilypro-
tail. The 1 uncertainty in the slope is taken as a systematicduction or onIyU production, respectively, and 100% branch-
shape uncertainty. It was verified that no significafitedence  ing fraction to a vector boson and jet.
to the fit results arose from choosing a narrower excludedgmas A stronger limit in the CC channel may be obtained by re-
window, or even no exclusion at all. peating the CC analysis, requiring a negatively chargetbitep
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Figure 3: Upper limits at 95% confidence level on the crosdimedimes

8. Acknowledgments

We thank A. Atre, M. Carena, T. Han, and J. Santiago for the
MadGraph code used to produce the signal MC samples.

We thank CERN for the very successful operation of the
LHC, as well as the support skdrom our institutions without
whom ATLAS could not be operatedieiently.

We acknowledge the support of ANPCyT, Argentina; Yer-
Phl, Armenia; ARC, Australia; BMWF, Austria; ANAS, Azer-
baijan; SSTC, Belarus; CNPq and FAPESP, Brazil; NSERC,
NRC and CFIl, 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; ARTEMIS, European
Union; IN2P3-CNRS, CEA-DSMRFU, France; GNAS, Geor-
gia; BMBF, DFG, HGF, MPG and AvH Foundation, Germany;
GSRT, Greece; ISF, MINERVA, GIF, DIP and Benoziyo Cen-
ter, Israel; INFN, Italy; MEXT and JSPS, Japan; CNRST, Mo-
rocco; FOM and NWO, Netherlands; RCN, Norway; MNiSW,
Poland; GRICES and FCT, Portugal; MERYS (MECTS), Ro-
mania; MES of Russia and ROSATOM, Russian Federation;
JINR; MSTD, Serbia; MSSR, Slovakia; ARRS and MVZT,
Slovenia; DSTNRF, South Africa; MICINN, Spain; SRC and
Wallenberg Foundation, Sweden; SER, SNSF and Cantons of
Bern and Geneva, Switzerland; NSC, Taiwan; TAEK, Turkey;
STFC, the Royal Society and Leverhulme Trust, United King-
dom; DOE and NSF, United States of America.

The crucial computing support from all WLCG partners is
acknowledged gratefully, in particular from CERN and the
ATLAS Tier-1 facilities at TRIUMF (Canada), NDGF (Den-
mark, Norway, Sweden), CC-IN2P3 (France), KEFidKA
(Germany), INFN-CNAF (Italy), NL-T1 (Netherlands), PIC
(Spain), ASGC (Taiwan), RAL (UK) and BNL (USA) and in

branching ratiar(pp — Qqg) x BR(Q — Vq) for the CC (top) and NC (bot-
tom) channels as a function of mass. The leading-order (h&)retical cross
section assumegp = 1 and«yy = 1 on the top and bottom respectively. The

the Tier-2 facilities worldwide.

width of the dark band around it corresponds to the theaietincertainty de-  References
scribed in the text. The expected cross section upper lgetermined by the
median result of background-only pseudoexperiments,saslidwn with its [1] J.L.Hewett and T. G. Rizzo, Phys. Reft83, 193 (1989).
and 2r uncertainties, respectively. [2] T.C.Andre and J. L. Rosner, Phys. RB69, 035009 (2004).
[3] M. Schmaltz and D. Tucker-Smith, Ann. Rev. Nucl. Parti. &5, 229

because the SM background from™ +jets is lower than for 4
W*+jets. The upper limits oa-(pp — D~3g) x BR(D™3 — [5]

W~u) are given in the sixth column of Talilé 3. Eg%
[8]
7. Conclusion [l

A search for single production of vector-like quarks congli 10!
to light generations has been presented. No evidence isdfourﬁll]
for such quarks above the expected background in eitherGhe C
or NC channel. Upper limits on the production cross sectioril2]
times branching ratio to a vector boson and a jet were deteﬁ3]
mined at 95% confidence level. Assuming couplirgs = 1 [14
and«<Z, = 1, the upper bounds obtained for the mass of vectoriis]
like quarks are 900 GeV for the CC channel and 760 GeV for
the NC channel. These limits, which can be used to constrai
different models of vector-like quarks [13], are the most strin{;g
gent to date on this benchmark model.

(2005).

C. Anastasiou, E. Furlan, and J. Santiago, Phys. B9, 075003 (2009).
B. A. Dobrescu and C. T. Hill, Phys. Rev. Le81, 2634 (1998).

C. T. Hilland E. H. Simmons, Phys. Re@@81, 235 (2003).

H.-J. He, T. M. P. Tait and C. P. Yuan, Phys. RB&2, 011702 (2000).
H.-J. He, C. T. Hilland T. M. P. Tait, Phys. ReD65, 055006 (2002).
D. Choudhury, T. M. P. Tait, and C. E. M. Wagner, Phys. Reg5,
053002 (2002).

T. Appelquist, H.-C. Cheng, and B. A. Dobrescu, Phys.R&4, 035002
(2001).

A. Atre, M. Carena, T. Han, and J. Santiago, Phys. R0, 054018
(2009).

K. Agashe, R. Contino, L. Da Rold, and A. Pomarol, PhysttlB641,
62 (2006).

A. Atre et al., J. High Energy Phy<l108, 080 (2011).

] P. H. Frampton, P. Q. Hung, and M. Sher, Phys. R&gQ, 263 (2000).

T. Aaltonenet al. (CDF Collaboration), Phys. Rev. Lett04, 091801
(2011).

6] V.Abazovetal. (DO Collaboration), Phys. Rev. Left07, 082001 (2011).
7] ATLAS Collaboration, ATLAS-CONF-2011-022 (2011).

CMS Collaboration, arXiv:1109.4985, submitted to BhyRev. Lett.
(2011).



Mass [GeV]| CCox BR[pb] | NCoxBR[pb] | %%, | %, | CC ox BR [pb]

225 15 18 0.075| 0.21 12

300 17 11 0.24 | 0.31 5.6
400 5.3 2.4 0.21 | 0.19 3.8
500 2.1 1.4 0.19 | 0.26 1.1
600 1.9 1.5 0.37 | 0.56 1.9

700 2.2 1.0 0.86 | 0.75 2.2

800 0.93 1.0 0.66 | 1.33 0.97
900 0.80 0.9 1.0 2.1 0.70
1000 0.91 1.1 1.9 4.0 0.50

Table 3: Observed upper limits at 95% confidence level on thescsection times branching rati{pp — Qg) x BR(Q — Vq) as a function of mass and the
corresponding upper limit on a model-independent heasighd quark coupling. The final column shows the limit on € process after selecting negatively
charged leptons.

[19] T. Aaltonenet al. (CDF Collaboration), CDF-note-10261 (2010).

[20] V. Abazovet al. (DO Collaboration), Phys. Rev. Left06, 081801 (2011).

[21] ATLAS Collaboration, Eur. Phys. £71, 1630 (2011); ATLAS-CONF-
2011-116 (2011).

[22] ATLAS Collaboration, JINST3, S08003 (2008).

[23] F. Maltoni and T. Stelzer, J. High Energy Ph@802, 027 (2003).

[24] T. Sjostrand, S. Mrenna, and P. Z. Skands, J. High BnBigys.0605,
026 (2006).

[25] J. Pumpliret al., J. High Energy Phy€207, 012 (2002).

[26] M. L. Mangano, M. Moretti, F. Piccinini, R. Pittau, and B. Polosa, J.
High Energy Phys0307, 001 (2003).

[27] G. Corcellaet al., J. High Energy Phy€101, 010 (2001).

[28] J. M. Butterworth, J. R. Forshaw, and M. H. Seymour, Zy®K72, 637
(1996).

[29] K. Melnikov and F. Petriello, Phys. Rel274, 114017 (2006).

[30] S. Frixione and B. R. Webber, J. High Energy PH3206, 029 (2002).

[31] B.P. Kersevan and E. Richter-Was, arXiv:hepggat95247.

[32] J. M. Campbell, R. K. Ellis, and C. Williams, J. High EggrPhys.07,
018 (2011).

[33] ATLAS Collaboration, Eur. Phys. £70, 823 (2010).

[34] S. Agostinelli et al., (GEANT4 Collaboration), Nucl. Instrum. Meth.
A506, 250 (2003).

[35] J.Allisonet al., IEEE Trans. Nucl. Scik3, 270 (2006).

[36] ATLAS Collaboration, arXiv:1110.3174, submitted taE Phys. J.C
(2011).

[37] ATLAS Collaboration, ATLAS-CONF-2011-063 (2011).

[38] M. Cacciari, G. P. Salam, and G. Soyez, J. High EnergysPb4; 063
(2008).

[39] ATLAS Collaboration, ATLAS-CONF-2011-032 (2011).

[40] ATLAS Collaboration, ATLAS-CONF-2010-038 (2010).

[41] ATLAS Collaboration, arXiv:1108.5602, accepted byrEBhys. J.C
(2011).

[42] P. M. Nadolskyet al., Phys. RevD78, 013004 (2008).

[43] A.L.Read, J. PhysG 28, 2693 (2002).



The ATLAS Collaboration

G. Aad®, B. Abbott10 J. Abdallail, A.A. Abdelalin’®, A. Abdesselarft’, O. Abdino?, B. Abi'll, M. Abolins®’,

H. Abramowic2%2 H. Abrelt'® E. Acerb®38b B S. Acharyd®33163b | AdamczyK?, D.L. Adamg*, T.N. Addy?®,

J. Adelman’™, M. Aderhol28, S. Adomeit’, P. Adragn&’, T. Adye'?8 S. Aefsky?, J.A. Aguilar-Saavedfg®*?, M. Aharrouché&®,
S.P. Ahlei, F. Ahle$®, A. Ahmad“’, M. Ahsarf®, G. Aielli1323132b T Akdogart®® T.P.A. Akessoff, G. Akimota>,

A.V. Akimov %3, A. Akiyamef®, M.S. Alamt, M.A. Alam’®, J. Albert%8 S. Albrand®, M. Aleks&?®, I.N. Aleksandro®,

F. Alessandrigf? C. Alex&®2 G. Alexandet®?, G. Alexandré®, T. Alexopoulo$, M. Alhrook?®, M. Aliev'®, G. Alimonti®2

J. Alisont®, M. Aliyev1®, P.P. Allport?, S.E. Allwood-Spier¥, J. Aimond?, A. Aloisio'°%31018 R Alont?®, A. Alonso’®,

B. Alvarez Gonzalé?, M.G. Alviggit®18101b K Amakd®, P. Amarat®, C. Amelund?, V.V. Ammosov?’, A. Amorim23ab,

G. Amor6s%6, N. Amram?®?, C. Anastopould®, L.S. Ancu®, N. Andarit'®, T. Andeeri, C.F. Anderg’, G. Anders®?

K.J. Andersof?, A. Andreazz&a%8, V. AndreP®2 M-L. Andrieux®®, X.S. Anduagé’, A. Angeram?#*, F. Anghinolf®,

A. Anisenkov?®, N. Anjos'?32 A. Annovi*’, A. Antonakf, M. Antonelli*’, A. Antonov?®, J. Antod3, F. Anullit®'2 S. Aourf?,
L. Aperio Belld, R. Apolle''”c, G. Arabidz€&’, 1. Aracend®, Y. Arai®®, A.T.H. Arce*, J.P. Archambaud®, S. Arfaouf?,

J-F. Arguirt®, E. Arik'83* M. Arik 82 A.J. Armbrustef®, O. Arnae°, C. Arnault'4, A. Artamonov*, G. Artoni*313131b

D. Arutinov?, S. Asat®®, R. Asfandiyarov’’, S. Ask’, B. Asmart*3314%b | Asquitt?, K. Assamagatf, A. Astbury*68,

A. Astvatsatouro®, B. Aubert, E. Augé!4 K. Augster?6, M. Aurousseatf“a G. Avolio®®?, R. Avramidod, D. Axen'®7,

C. Ay**, G. Azuelo$?9, Y. Azumd®, M.A. Baak®, G. Baccagliorf®® C. Bacct33313%> A M. Bach'*, H. Bachacotf®,

K. Bacha$®, G. Bachy®, M. Backe$®, M. Backhau&’, E. Badesct? P. Bagnai&#'?'3! S. Bahinipaf, Y. Bai*??

D.C. Bailey*®’, T. Bain'®’, J.T. Baine¥®, O.K. Baket’4, M.D. Baker*, S. Bakef®, E. Bana¥, P. Banerje®, Sw. Banerje¥'’,
D. Banff®, A. Bangert*®, V. Bansat®®, H.S. Bansit’, L. Barak’®, S.P. Barand¥?, A. Barashkof, A. Barbaro Galtief*,

T. Barbef, E.L. Barberid®, D. Barberi§®3°% M. Barberd®, D.Y. Bardirf4, T. Barillari®8, M. Barisonz#’3, T. Barklow*42,

N. Barlow?’, B.M. Barnett?®, R.M. Barnett?, A. Baroncellt®32 G. Baroné®, A.J. Bart'’, F. Barreird®, J. Barreiro Guimaraes da
Cost&’, P. Barrillon''4, R. Bartoldu$*?, A.E. Bartorf®, V. BartschH*®, R.L. Bate$3, L. Batkovd*32 J.R. Batley’, A. Battaglid®,
M. Battistir?®, F. Bauet3S, H.S. Bawa?*?¢, S. Beald’, B. Bearé®’, T. Bead’, P.H. Beauchemifi®, R. Beccherlg?® P. Bechtlé°,
H.P. Beck®, S. Becket’, M. Beckingham?®’, K.H. Becks "3, A.J. Beddalt®¢, A. Beddall®¢, S. Bedikiat’#, V.A. Bednyako{*,
C.P. Be&, M. Begef*, S. Behar Harpdz®, P.K. Beher&, M. Beimforde€®, C. Belanger-ChampagffeP.J. Belt®, W.H. Bell*®,
G. Bellad®?, L. Bellagamb&® F. Bellin&®, M. Bellomd®, A. Bellon®’, O. Beloborodovi#®', K. Belotskiy?®, O. Beltramelld®,
S. Ben Ami®L, O. Benary®?, D. Benchekrouk**2 C. BenchouR?, M. Bende®’, N. Beneko&, Y. Benhammotf?,

J.A. Benitez Garcig®®, D.P. Benjamift, M. Benoit'4, J.R. Bensingé?, K. Benslam&®, S. Bentvelsel*, D. Bergé®,

E. Bergeaas Kuutmafih N. Bergef, F. Berghau®8, E. Berglund®, J. Beringet*, P. Bernaft®, R. Bernhart®, C. Berniug?,

T. Berry’>, C. Bertell&2, A. Bertin'?31% F. Bertinell?®, F. Bertolucct?131210 M.1. Besan82%8® N. Bessof®®, S. Bethké®,

W. Bhimji*®, R.M. Bianchf®, M. Biancd*371t, O. Biebef’, S.P. Bieniek®, K. Bierwagei*, J. Biesiad#', M. Biglietti332

H. Bilokon®”, M. Bindi*®31%, S Binet!4 A. Bingul'®, C. Bini'313131b C_ Biscaral’®, U. Biten¢*®, K.M. Black?, R.E. BlaiP,
J.-B. Blanchar#!®, G. Blanchot®, T. Blazek*32 C. Blockef?, J. Block?®, A. Blondel®, W. BlumE?, U. Blumenscheitf,

G.J. Bobbink%, V.B. Bobrovniko%, S.S. Bocchett®, A. Bocci*4, C.R. Boddy'’, M. Boehlef!, J. BoeR"3, N. Boelaer?®,

S. BosefS, J.A. Bogaert®, A. Bogdanchikov’?, A. Bogoucli®*, C. Bohnmt*52 V. Boisverf®, T. Bold®’, V. Bolde&®?

N.M. Bolnet®5, M. Bond*, V.G. Bondarenke®, M. Bondioli*®?, M. Boonekamp®>, G. Boormar®, C.N. BootH38, S. Bordonf’,
C. Boref®, A. Boriso*?’, G. BorissoV?, |. Borjanovid?2 S. Borronf®, K. Bos'%4, D. Boscherini®3 M. Bosmar?,

H. Boterenbroot?® D. Botterill*28, J. Bouchant?, J. Boudreat?? E.V. Bouhova-Thacké?, D. Boumedien®, C. Bourdario§',
N. Boussof?, A. Boveia?, J. Boyd®, |.R. Boykd*, N.I. Bozhkd?’, I. Bozovic-Jelisavci®, J. Bracinik’, A. Braent®,

P. Branchint*38 G.W. Brandenbury, A. Brandt, G. Brandt'’, O. Brandt*, U. Bratzlet®5, B. Brai3, J.E. Brad'?,

H.M. Braurt’3 B. Brelie®’, J. Breme?®, R. Brennel®® S. Bresslér, D. Bretort!4, D. Britton?3, F.M. Brochi#’, I. Brock?®,
R. Brock’, T.J. BrodbecK’, E. Brodet®2 F. Broggf®2 C. Bromber§’, J. Bronnet®, G. Brooijmang*, W.K. Brooks'?,

G. Browrf1, H. BrowrY, P.A. Bruckman de Renstrdf D. Brunckd*®, R. Brunelieré®, S. Brune®’, A. Bruni'®@ G. Bruni92
M. Bruschit®@ T. Buane&, Q. Buat®, F. Bucct?, J. Buchanatt’, N.J. Buchanah P. Buchhol#*®, R.M. Buckingham?’,

A.G. Buckley®, S.I. Bud&® |.A. Budago¥*, B. Budick?’, V. Biischef?, L. Buggée'®, O. Buleko¥®, M. Bunsé?, T. Burari®,
H. Burckhart®, S. Burdirf?, T. Burges&, S. Burké?®, E. Busaté®, P. Bussey?, C.P. Buszellé?S, F. Butir?®, B. Butlert*?,

J.M. Butlef?, C.M. ButtaP®, J.M. ButterwortR8, W. Buttinge?’, S. Cabrera Urb&f® D. Caforid31%, O. Cakif?, P. Calafiurd’,
G. Calderini’, P. Calfayaff’, R. Calking%, L.P. Calobd® R. Calot313131> D Calvet?, S. Calvet’, R. Camacho Tor5,

P. Camarri®23132 M. Cambiaghi'831180 D. Cameroh'6, L.M. Caminad&®, S. Campard, M. Campanelii, V. Canalé®1310b,
F. Canellf®9, A. Canep&®? J. Canter®, L. Capasstf*2101® M.D.M. Capeans Garrid8, |. Caprin?®3 M. Caprin?>2,

D. Capriott?®, M. Capud®@36®, R. Caput8’, C. Caramarc¥f, R. Cardarelfi®?® T. Carl?®, G. Carlind®!2 L. Carminat?38eb,

B. Caro4, S. Caroft®, G.D. Carrillo Montoya’?, A.A. Carter?, J.R. Carte¥, J. Carvalhé?®3", D. Casadéf?, M.P. Casadd,
M. Cascelld?!8121b C Casd%%0b+ A M. Castaneda Hernandé?, E. Castaneda-Mirand4, V. Castillo Gimene%s,

N.F. Castrd?® G. Cataldi'2 F. Catane®, A. Catinacci@®, J.R. Catmor®, A. Catta?®, G. Cattani®?313%® S_Caughrof,

D. CauZ633163¢ p_Cavalleri’, D. Cavallf®® M. Cavalli-Sforza?!, V. Cavasinmi?13121b F Ceradini®331330 A'S. Cerqueir&®,

8



A. Cerr?®, L. Cerrito’®, F. Ceruttt’, S.A. Cetirt®®, F. Cevenini®3101b A Chafad®*2 D. Chakrabort}?®, K. Char?,

B. Chapleatt, J.D. Chapmaff, J.W. Chapmai?, E. Chareyr&, D.G. Charltod’, V. Chavd&®, C.A. Chavez Baraj&$,

S. Cheathaft, S. Chekanoy S.V. Chekulaet?®® G.A. Chelko¥*, M.A. Chelstowsk#?, C. Che3, H. Chert%, S. Cherd?®,

T. Cher’¢, X. Chert’%, S. Chend?® A. Cheplako$4, V.F. Chepurnof, R. Cherkaoui El Mourslf®é, V. Chernyatig?, E. Ched,
S.L. Cheund®’, L. Chevaliet35, G. Chiefart®13191b |  Chikovanf!2 J.T. Childer&® A. Chilingarov®, G. Chiodinfa,

M.V. ChizhoV?*, G. Choudalak®, S. Chouridod®®, I.A. Christidi’®, A. Christov*®, D. Chromek-Burckhaff, M.L. Chu*,

J. Chudob®* G. Ciapettt®13131P K. Ciba®’, A.K. Ciftci®?, R. Ciftci®3, D. Cinca?, V. Cindrd’, M.D. Ciobotard®?, C. Ciocca®®
A. Ciocio*, M. Cirilli 8, M. Citterio®® M. Ciubanca®®® A. Clark®®, P.J. Clark®, W. Cleland??, J.C. Clemeri&, B. Clement®,
C. Clement*®314% R W. Clifft'?8, Y. Coado®?, M. Cobal33163¢ A Coccarg®>, J. Cochraf?, P. Coé'’, J.G. Cogatf?,

J. Coggeshalf4 E. Cogneras®, J. Cola$, A.P. Colijnt®* N.J. Colling”, C. Collins-Toot3, J. Collof®, G. Colorf3, P. Conde
Muifio!?32 E. Coniavitig'?, M.C. Conidit, M. Consonni®, V. Consortf8, S. Constantinesét?, C. Conta*8a118b,

F. Conventt®?a J. CooK® M. Cooké*, B.D. Coopef®, A.M. Cooper-Sarkat’, K. Copict4, T. Cornelisset’®, M. Corradi®,

F. Corrivead*], A. Cortes-Gonzalé#* G. Cortian&, G. Cost&®3 M.J. Costé®8, D. Costanz&®®, T. Costirt®, D. Coté&®,

R. Coura Torre¥? L. Courneye#® G. Cowari®, C. CowdeR’, B.E. Co®?, K. Cranmet®’, F. Crescioft?'3121b M. Cristinzian?®,
G. Crosetfi®33 R Crupi371b, S. Crépé-Renaudify C.-M. Cuciué®® C. Cuenca Almenaf*, T. Cuhadar Donszelmaht,

M. Curatold’, C.J. Curtid’, C. Cuthbert*®, P. CwetanskP, H. Czirr*4%, Z. Czyczuld’*, S. D’Auria®3, M. D’Onofrio’?,

A. D’'Orazio'3131316 p\/ M. Da Silv&®2 C. Da Vid, W. Dabrowsk?’, T. Daf®, C. Dallapiccol&3, M. Dan?®, M. Damerp®350b,
D.S. Damiani®é, H.O. Danielssoff, D. Dannheirf, V. Dad*®, G. Darb8% G.L. Darle&®®, C. Daunt®, W. Davey®,

T. DavideK?5, N. Davidsof®, R. Davidsori?, E. Davies'’¢, M. Davie$?, A.R. Davisorf®, Y. Davygor&®? E. Dawé*!,

I. Dawsort®8 J.W. Dawsof*, R.K. Daya-Ishmukhameto¥i K. De’, R. de Asmundi¥!2 S. De Castrya1%,

P.E. De Castro Faria SalgadpS. De Cecct, J. de Gradt, N. De Groot®, P. de Jonf* C. De La Taillé!, H. De la Torré®,
B. De Lott0'633163¢ | de Mord®, L. De Nooift%, D. De Pedi$*!2 A. De Salvd®!2 U. De Sancti¥33163¢ A De Santd*,

J.B. De Vivie De Regi¥, S. Deart®, W.J. Dearnalef, R. Debbé?, C. Debenedetl?, D.V. Dedovick*, J. Degenhardt®,

M. Dehchat'?, C. Del Pap#33163¢ J. Del Pes®, T. Del Preté?13121b T, Delemonte®®, M. DeliyergiyeVv?, A. Dell’Acqua?®,

L. Dell’Asta?!, M. Della Pietra®'3', D. della Volpé®319t? M. Delmastrd, N. Delruell€®, P.A. Delsar®®, C. Delucd®’,

S. Demer¥“, M. Demiche$*, B. DemirkoZ%¥, J. Deng®? S.P. Denisot?’, D. Derendar®, J.E. Derkaodf*?, F. Derué’,

P. Dervarf?, K. Desch?, E. Devetak*’, P.O. Deviveiro¥* A. Dewhurst?®, B. DeWildé*’, S. Dhaliwal®’, R. Dhullipud?*',

A. Di Ciaccio'328132b | Dj Ciaccid', A. Di Girolamd®, B. Di Girolamc®, S. Di Luisé333133b A Dj Mattial”%, B. Di Micco?®,
R. Di Nardd’, A. Di Simoné?323132 R Dj Sipiot®31% M.A. Diaz®'2 F. Diblen'®¢, E.B. Diehf®, J. DietricH!, T.A. Dietzscli®?
S. Diglio®, K. Dindar Yagc#®, J. Dingfeldef?, C. Dionisi3131318 p, Dite?®2 S. Dite>2 F. Dittug®, F. Djam&?, T. Djobava'®,
M.A.B. do Vale?®, A. Do Valle Weman¥32 T.K.O. Doart, M. Dobb$* R. Dobinsorf®*, D. Dobo$®, E. DobsoR®™, J. Dodd?,
C. Doglioni¥’, T. Doherty?, Y. Doi®>*, J. Dolejst?>, I. Dolenc’®, Z. Dolezal?®, B.A. Dolgosheif>*, T. Dohmaé®?,

M. Donadell?34, M. Donega?®, J. Donin#3, J. Dopké®, A. Dorial®'2 A. Dos Anjos’%, M. Dosil't, A. Dottit?81216 M. T. Dove®,
J.D. Dowell’, A.D. Doxiadig®, A.T. Doyle>3, Z. Drasat®®, J. Dree&’®, N. Dressnandt®, H. Drevermant®, C. Driouich®,

M. Dris®, J. Dubbef®, S. Dubé*, E. Duchovnt’®, G. DuckecR’, A. Dudare¥®, F. Dudziak®, M. Diihrsser?®, |.P. Duerdotf?,
L. Duflot**4, M-A. Dufour®*, M. Dunforc?®, H. Duran YildiZ3, R. Duxfield8, M. Dwuznik®’, F. Dydak?®, M. Durery?,

W.L. Ebensteif?, J. Ebk&’, S. Eckweilef?, K. Edmond&, C.A. Edward®®, N.C. Edward®’, W. Ehrenfeld?, T. Ehrict?g,

T. Eifert?®, G. Eigert?, K. Einsweilet, E. Eisenhandléf, T. Ekelof®, M. El Kacimi'®*, M. Ellert!%®, S. Elle$, F. Ellinghau&’,
K. Ellis™, N. Ellis?®, J. ElImsheuséf, M. Elsing?®, D. Emeliyanov?® R. Engelmantf’, A. EngF’, B. Epi?, A. Eppidf®,

J. Erdmanpf, A. Ereditatd®, D. Erikssod*°2 J. Ernst, M. Ernst?4, J. Ernwein®®, D. Erredé®, S. Erredé®, E. Ertef®,

M. Escaliet!4, C. Escobar?, X. Espinal Curult!, B. Espositd’, F. Etienn&?, A.l. Etienvré3, E. Etziort®’, D. Evangelakotf,
H. Evan$?, L. Fabbri®31% C. Fabré®, R.M. Fakhrutdino¥?’, S. Falcian&®!2 Y. Fand’?, M. Fantf8388> A Farbirf,

A. Farillal®32 J. Farley*’, T. Farooqu&’, S.M. Farringtoh!’, P. Farthoua&®, P. Fassnacht D. Fassoulioti%,

B. Fatholahzadéf’, A. Favaret88a88® |, Fayard'4, S. Fazig®@3%, R. Febbrar®’, P. Federi¢*32 O.L. Fedit?’, W. Fedorké§’,
M. Fehling-Kaschefé, L. Feligionf?, D. Fellman, C. Fend?d, E.J. Fené’, A.B. FenyuR?’, J. Ferencéf®®, J. Ferlané,

W. Fernand&®, S. Ferra@?, J. Ferrand®’, V. Ferrard?, A. Ferrart®s, P. Ferrafi®, R. Ferrart'®3 A. Ferret%¢, M.L. Ferref",

D. Ferreré®, C. Ferretff6, A. Ferretto ParodP2>%®, M. Fiascarig’, F. Fiedlef°, A. Filipcic’3, A. Filippag, F. Filthaut®?,

M. Fincke-Keelet®® M.C.N. Fiolhai¢232" L. Fiorinil®8 A. Firar®®, G. Fischef!, P. Fischer®, M.J. Fishet’® M. Flechfs,

I. Fleck!*0, J. Flecknef®, P. Fleischmanti? S. Fleischmanii3, T. Flick!”3, L.R. Flores Castill&’%, M.J. FlowerdeW?,

M. Fokitis®, T. Fonseca Martit?, J. Fopm&'’, D.A. Forbush®’, A. Formica3>, A. Forti®!, D. Fortin'>8 J.M. Fosteft?,

D. Fourniet!® A. Foussa®, A.J. Fowlef, K. Fowler36, H. Fox'°, P. Francavill&'3?1b S, Franchindt®3!18 D Francig®,

T. Frank’® M. Franklir?’, S. Franz®, M. Fraternaft1831180 s _Fratind'®, S.T. Frenck, F. Friedrich*3, R. Froesch?,

D. Froidevaux®, J.A. Frost’, C. Fukunag&®, E. Fullana Torregrog8, J. Fustet®s, C. Gabaldof?, O. Gabizod™®, T. Gadfort?,
S. GadomsK?P, G. Gagliardi®@>°, P, Gagnoff, C. Gale&’, E.J. Galla¥'’, V. Gallo'®, B.J. Gallop?®, P. Gallud?*, K.K. Gan'%,
Y.S. Gad*?®, V.A. Gapienkd?’, A. Gaponenkd, F. Garbersot(%, M. Garcia-Sciveré$, C. Garcia®, J.E. Garcia Navarté®,
R.W. Gardnei®, N. Garell?®, H. Garitaonandid, V. Garonné?®, J. Garvey’, C. Gattf’, G. Gaudid'® O. Gaumef®, B. Gaut“°,
L. Gauthiet®, |.L. Gavrilenkd®, C. Gay®’, G. Gaycker’, J-C. Gayd®, E.N. Gazi8, P. Gé%9, C.N.P. Ge#8, D.A.A. Geertd®,

9



Ch. Geich-GimbeP, K. Gellerstedt*®*a14% C. Gemme®@ A. Gemmelt3, M.H. Genest’, S. Gentilé313131b M. Georgé?,

S. Georg®, P. Gerlach’3, A. Gershof®?, C. Geweniget®? H. Ghazlan&*®, N. Ghodban®, B. Giacobb&® S. Giagd31a13P,
V. Giakoumopoulog, V. Giangiobbé?!, F. Gianottf®, B. Gibbard* A. Gibsort®’, S.M. Gibsor®, L.M. Gilbert''’, V. Gilewsky?,
D. Gillberg?®, A.R. Gillmant?8, D.M. Gingrich®9, J. Ginzburd®, N. Giokari$, M.P. Giordant®3¢, R. Giordané®13101b,

F.M. Giorgi*®, P. Giovannini®, P.F. Giraud®®, D. Giugnf® M. Giunt&?, P. Giustt®® B.K. Gjelstert'6, L.K. Gladilin®,

C. Glasmar?, J. Glatzet®, A. Glazov!, K.W. Glitza!’3, G.L. GlontP4, J.R. Goddartf, J. Godfrey*, J. Godlewsk?,

M. Goebet!, T. Gopferf3, C. Goeringet’, C. Gossling?, T. Gottferf®, S. Goldfar§®, T. Golling*’4, S.N. Golovnia?’,

A. Gomed?3P | S. Gomez Fajardd, R. Gongald®, J. Goncalves Pinto Firmino Da Co$tal. Gonell&®, A. Gonide&®,

S. Gonzale¥'?, S. Gonzalez de la H6%, G. Gonzalez Parti M.L. Gonzalez Silv#, S. Gonzalez-Sevilfd, J.J. Goodsort’,

L. Goossen®, P.A. Gorbouno®, H.A. Gordorf?, I. Gorelov2 G. Gorfiné’3, B. Gorin?®, E. Gorinf137t A Gorisek3,

E. Gornick?®, S.A. Gorokhov?’, V.N. Goryache¥?’, B. Gosdzik?, M. Gosselink®, M.I. Gostkirf4, 1. Gough EschricH?,

M. Gouighri3*2 D. Goujdamt®*¢, M.P. Gouletté®, A.G. Goussiol?’, C. Goy*, S. Gozpina®, |. Grabowska-Bol¢,

P. Grafstrom®, K-J. Grahrt!, F. Grancagnol@? S. Grancagnofg, V. Grasst*’, V. Gratche¥?°, N. Grai4, H.M. Gray®,

J.A. Gray?, E. Graziani®32 0.G. Grebenyuk®, T. Greensha, Z.D. Greenwoo#*, K. Gregerset?, |.M. Gregof?,

P. Greniel*?, J. Griffiths'®’, N. Grigalashvilt*, A.A. Grillo%¢, S. Grinsteif?, Y.V. Grishkevici®, J.-F. Grivaz'4, M. Grot?g,

E. Gros$’C, J. Grosse-Knettét, J. Groth-Jenséfl, K. Grybel?, V.J. Guaring, D. Guest’, C. Guichene$?, A. Guida*371b,
S. Guindo/?, H. Gulef*", J. Gunther®®, B. Gud®’, J. Gud*, A. Gupta®, Y. Gusako¥*, V.N. Gushchid?’, A. Gutierre??,

P. Gutierrez!, N. Guttman®2, O. Gutzwillet’?, C. Guyot®, C. GwenlafA'’, C.B. Gwilliam’?, A. Haas*’, S. Haa%’, C. Habet?,
H.K. Hadavané®, D.R. Hadley’, P. Haefne®¥, F. Hahr#®, S. Haidef®, Z. Hajduk®®, H. Hakobyar’®, D. Hall''?, J. HalleP?,

K. Hamachet’3, P. Hamat'?2, M. HamepP*, A. Hamilton'*42°, S, Hamiltort®®, H. Har??2 L. Har???, K. Hanagaki'®,

K. Hanawd®®, M. Hancé4, C. Hand€el, P. Hank&%2 J.R. Hansef, J.B. Hanset?, J.D. Hanset?, P.H. Hanse?, P. Hanssoh?,
K. Hara®®, G.A. Haré?$, T. Harenberd®, S. Harkush#, D. Harpe?®, R.D. Harringtort>, O.M. Harris®’, K. Harrisort’,

J. Hartert®, F. Hartjes%, T. Haruyam&, A. Harvey®, S. Hasegawd’, Y. Hasegaw&®, S. Hassanf®, M. Hatct?®, D. Hauf®8,
S. Haugd®, M. Hauschild®, R. Hauset’, M. Havranek?, B.M. Hawed!’, C.M. Hawke$’, R.J. Hawking®, A.D. Hawking®,

D. Hawking®?, T. Hayakawé’, T. Hayashi®®, D. Hayder®, H.S. Hayward?, S.J. Haywootf® E. HazeR!, M. He*%¢, S.J. Healf,
V. Hedberd®, L. Heelar, S. Hein¥”, B. Heinemantt, S. Heisterkamp, L. Helary*, C. HelleP”, M. Heller*®, S. Hellmar*53145®,
D. Hellmicl??, C. Helsen¥', R.C.W. Hendersdi, M. Henk&®2 A. Henrich$*, A.M. Henriques Corref®, S. Henrot-Versill&',
F. Henry-Couanniéf, C. Hensel*, T. Henf373, C.M. HernandeZ Y. Hernandez Jiméné?, R. Herrberd®, A.D. Hershenhork?,
G. Herter®®, R. Hertenbergéf, L. Hervag®, N.P. Hesself4, E. Higon-Rodrigue?8, D. Hill>*, J.C. HilP’, N. Hill®, K.H. Hiller*!,
S. Hillert?®, S.J. Hillie?, I. Hinchliffe'4, E. Hines'®, M. Hirose'*®, F. HirscH?, D. Hirschbuehi’3, J. Hobb&*’, N. Hod'*?,

M.C. Hodgkinsof®, P. Hodgsoh®®, A. Hoeckef®, M.R. Hoeferkam{?, J. Hafmar®®, D. Hoffmanr$2, M. Hohlfeld,

M. Holder**%, S.0. Holmgre#*>2 T. Holy'?, J.L. Holzbau€ét, Y. Homma&5, T.M. Hong'*®, L. Hooft van Huysduynel{’,

T. Horazdovsky?®, C. Horn*2, S. Hornet®, J-Y. Hostach$P, S. Hout®%, M.A. Houlden'?, A. Hoummad&*2 J. Howarti§?,

D.F. Howelf'*’, I. Hristova®®, J. Hrivnaé4 |. Hruskd?*, T. Hryn'ove, P.J. Hsf®, S.-C. Hsd*, G.S. Huan§'®, Z. Hubacek?,
F. Hubaut?, F. Huegging®, T.B. Huffman'’, E.W. Hughe¥, G. Hughe&, R.E. Hughes-Jon&s M. Huhtinert®, P. Hurst’,

M. Hurwitz'4, U. Husemanft, N. Huseyno®*P, J. Hustof’, J. Hutl?’, G. lacobucd®, G. lakovidi$, M. Ibbotsof?,

I. lbragimovt*?, R. Ichimiyé®, L. Iconomidou-Fayard, J. Idarrag&4, P. lengd®? O. Igonkina®, Y. Ikegamf®, M. Ikend®,

Y. lichenka®, D. lliadis'®3, N. llic'®?, D. Imbault?, M. Imori®, T. Ince&, J. Inigo-Golfirt®, P. loannof, M. lodice'33?

A. Irles Quiled%8, C. Isakssolf®, A. Ishikawd®, M. Ishind®?, R. Ishmukhameto¥, C. Issevell, S. Istin®a A.V. lvashin?’,

W. Iwansk?®, H. Iwasak?f®, J.M. Izert?, V. 1zz0'%'2 B. Jacksoh'®, J.N. Jacksoft, P. Jacksol?, M.R. Jaeke®, V. Jairf°,

K. Jakob4?, S. Jakobsef, J. Jakubek®, D.K. Jand', E. JankowsKP’, E. Janseff, H. Jansef?, A. Jantsch?, M. Janug’,

G. Jarlskod®, L. Jeanty’, K. Jeleri’, I. Jen-La Plant®, P. Jenrf®, A. Jeremié, P. Je%°, S. Jezéquél M.K. Jha®3 H. Jit"?,

W. Ji0, J. Jid*", Y. Jiang?®, M. Jimenez Belenguét, G. Jir??®, S. Jirf?3 O. Jinnouchi*®, M.D. JoergenseR, D. Jdfe®®,

L.G. Johanseli, M. Johansel®314% K_.E. Johanssdf®® P. Johanssdff, S. Johneft, K.A. John§, K. Jon-And*#53145b

G. Jone¥, R.W.L. Jone®, T.W. Jone¥, T.J. Jone¥, O. Jonssotf, C. Joram?®, P.M. Jorgé?32 J. JosepH, T. Jovin?®, X. Jut’?,
C.A. Jund?, V. Juranek®*, P. Jussél, A. Juste Rozds, V.V. Kabachenk&”’, S. Kaban®, M. Kaci*®®, A. Kaczmarsk,

P. Kadlecik®, M. Kado''4, H. Kagart®, M. Kagar?’, S. Kaisef®, E. Kajomovit2®%, S. Kalinint’3, L.V. Kalinovskay&*,

S. Kam&®, N. Kanaya®, M. Kaned3®, S. Kanett’, T. Kannd®®, V.A. Kantserov®, J. Kanzaki®, B. Kaplart’4, A. Kapliy*°,

J. Kaplort®, D. Kar*3, M. Karagounid®, M. KaragoZ'’, M. Karnevskiy!, K. Karr®, V. Kartvelishvili’®, A.N. Karyukhin‘?/,

L. Kashif'’}, G. Kasieczk#f®, R.D. Kass®, A. Kastana¥, M. Kataokd, Y. Kataoka®, E. Katsoufi8, J. Katzy', V. Kaushilé,
K. Kawagoé&®, T. Kawamotd®, G. Kawamur&, M.S. Kayf% V.A. Kazanirt%, M.Y. Kazarino?, J.R. Keate¥, R. Keelet8,
R. Kehoé®, M. Keil>*, G.D. Kekelidz&%, J. Kennedy’, C.J. Kenne¥*?, M. Kenyorr3, O. Kepk&?4, N. Kerscher?’,

B.P. KerSevaf?, S. Kersteh’3, K. Kessokd®, J. Keung®’, F. Khalil-zad&®, H. Khandanyatf4 A. Khano#!, D. Kharchenké’,
A. Khodinov®®, A.G. Kholodenkd?’, A. Khomict®2 T.J. Khod”, G. Khoriaul?®, A. Khoroshilov”3, N. Khovanskiy?,

V. Khovanskiy?, E. Khramo¥4, J. Khubud®, H. Kim1453145b \ S Kim?, P.C. Kimt*2, S.H. Kim'°, N. Kimurat®®, O. Kind'®,
B.T. King’?, M. King®®, R.S.B. Kind*’, J. Kirk'?8, L.E. Kirsch??, A.E. Kiryunin®, T. Kishimotd®, D. Kisielewska’,

T. Kittelmanrt??, A.M. Kiver'?”, E. Kladiva*®, J. Klaiber-Lodewig®, M. Klein’?, U. Klein’?, K. Kleinknecht?, M. Klemett#*,

10



A. Klier', P, Klimek!45314%b A Klimentov?4, R. Klingenberd?, E.B. Klinkby®®, T. Klioutchnikov&?®, P.F. KIok'%®, S. Kloug®,
E.-E. Kluge® T. Kluge’?, P. Kluit'%4, S. Kluth®®, N.S. Knecht>’, E. Kneringe??, J. KnoblocR®, E.B.F.G. Knoop¥, A. Knue**,
B.R. Ko*, T. Kobayashi® M. Kobel3, M. Kociant#?, P. Kody$?5, K. Koneke®, A.C. Konigl®, S. Koenid®, L. Kopke®,

F. Koetsveld®®, P. KoevesarkP, T. Koffag®, E. Koffemart®4, F. Kohr?4, Z. Kohout?8, T. Kohriki®>, T. Koi'#?, T. Kokott°,

G.M. Kolachew?, H. Kolanoskt®, V. Kolesnikov?, 1. Koletso$82 J. Koll¥?, D. Kollar?®, M. Kollefrath*®, S.D. Koly&?,

A.A. Komar®®, Y. Komori*®*, T. Kondd®, T. Kond*9, A.l. Kononov*®, R. Konoplich?”", N. Konstantinidig®, A. Kootz"3,

S. Koperny’, K. Korcyl®8, K. Kordas®3, V. Koreshev?’, A. Korn'?’, A. Korol'%¢, |. Korolkov!?, E.V. Korolkova=?e,

V.A. Korotkov'?’, O. Kortnef®, S. Kortnef8, V.V. Kostyukhirf®, M.J. Kotamaki®, S. Kotow?, V.M. Kotov®4, A. Kotwal*4,

C. Kourkoumeli§, V. Kouskoura®3 A. Koutsman®8 R. Kowalewski®®, T.Z. Kowalsk?’, W. Kozanecki®>, A.S. Kozhin?’,

V. Kral*?6, V.A. Kramarenkd®, G. Kramberge®, M.W. Krasny”’, A. Krasznahorka}f’, J. Krau§’, J.K. Kraug®, A. Kreisel>?,
F. Krejcit?®, J. Kretzschmd?, N. KriegeP*, P. Krieget®’, K. Kroeninge?*, H. Kroha&®, J. Krol*19, J. Krosebergf, J. Krstid?2,
U. Kruchonak?® H. Kriigef®, T. Krukert®, N. Krumnack?, Z.V. Krumshteyf?4, A. Kruth?, T. Kubot&®, S. Kuehri®, A. KugeP&¢,
T. Kuh*L, D. Kuhrf?, V. Kukhtin®, Y. Kulchitsky®®, S. Kulesho¥*?, C. Kummef?, M. Kuna’?, N. Kundu?, J. Kunklé®,

A. Kupco'?*, H. Kurashigé€®, M. Kurata®®, Y.A. Kurochkirf®, V. Kus?4, M. Kuze'®®, J. Kvita'#!, R. Kweé?®, A. La Ros&®,

L. La Rotondd®3% |, Labargd®, J. Labbé, S. LablaR®*2 C. Lacast¥®, F. Lacava®'3'3!® H. Lacket®, D. Lacour”,

V.R. Lacuest¥5, E. Ladygirf*, R. Lafayé, B. Laforg€’, T. Lagourf®, S. Laf'8, E. Laisn&°, M. Lamann&®, C.L. Lampef,

W. LampP, E. Lancon®®, U. Landgraf®, M.P.J. Landoff, H. Landsmat??, J.L. Lané!, C. Langé!, A.J. Lankford®2 F. Lann??,
K. Lantzsch’3 S. Laplacé’, C. Lapoiré®, J.F. Laport&®, T. Lari®® A.V. Larionov'?’, A. Larnef'’, C. Lassel®, M. Lassnig®,
P. Laurell#’, W. Lavrijsert*, P. Laycock?, A.B. Lazare®*, O. Le DortZ’, E. Le Guirrie€?, C. Le Manet®’, E. Le Menede?

C. Lebef?, T. LeCompté, F. Ledroit-Guillor?®, H. Le€'%, J.S.H. Leé'®, S.C. Leé™, L. Le€e'’4, M. Lefebvré®8 M. Legendré®,
A. Leger®, B.C. LeGeyt'®, F. Leggef’, C. Leggett*, M. Lehmache®®, G. Lehmann Miotté®, X. Lei®, M.A.L. Leite?3d,

R. Leitnef?5, D. Lellouch’®, M. Leltchouk®, B. Lemme?*, V. Lendermantf@ K.J.C. Leney**", T. Len2%, G. LenzeA’®,

B. Lenzf®, K. Leonhardt®, S. Leontsini&, C. Leroy?, J-R. Lessartf J. Lessef*® C.G. Lestet’, A. Leung Fook Cheond?,

J. Levéqué D. Levir®®, L.J. LevinsoR’®, M.S. Levitskit?’, A. Lewis''’, G.H. Lewig®’, A.M. Leykc®®, M. Leyton'®, B. Li®,

H. Lit7s S, Li¥25t) X, Li®, Z. Liangt™Y, H. Liao®, B. Liberti'®?2 P. Lichard®, M. Lichtneckef”, K. Lie'®* W. Liebig'?,

R. Lifshitz!%, C. LimbacR®, A. Limosanf®, M. Limper®?, S.C. Lint%%Y, F. Lind€"%, J.T. Linnemanf, E. Lipeles$*®,

L. Lipinsky'?4, A. Lipniacka®, T.M. Liss'®4, D. Lissauet*, A. Lister*®, A.M. Litke%6, C. Liu®8, D. Liu*®, H. Liu®, J.B. Lif¢,
M. Liu3?®, S. Lit?, Y. Liu3?®, M. Livan!183l18b 5 5 A | ivermoré!’, A. Lleres®, J. Llorente Meriné, S.L. Lloyd™,

E. Lobodzinsk&, P. Loclf, W.S. Lockmah®®, T. Loddenkoettef, F.K. Loebinge?!, A. Loginovt’4 C.W. Loht®’, T. Lohsé®,

K. Lohwasset®, M. Lokajicek'?4, J. Loken*'?, V.P. Lombard®, R.E. Lond®, L. Lope$?32°, D. Lopez Mateo¥, J. Loren?’,

M. Losada®?, P. Loscutd'*, F. Lo Sterzé®131310 M.J. Losty*®82 X. Lou®, A. Lounist'4, K.F. Loureird®?, J. Love?, P.A. Love®,
A.J. Lowe"2e F. Lut?2 H.J. Lubattt®’, C. Lucit313131b A | ucotte’®, A. Ludwig®?, D. Ludwig™, 1. Ludwig*®, J. Ludwid'®,

F. Luehring®, G. Luijckx®, D. Lumb*®, L. Luminari®'2 E. Lund*®, B. Lund-Jense¥{®, B. Lundberd® J. Lundberg*531450

J. Lundquist®, M. LungwitZ°, G. Lut?®, D. Lynr?4, J. Lys4, E. Lytker’® H. Ma?4, L.L. Ma'"%, J.A. Macana Goi#,

G. Maccarron®, A. Macchiol@®, B. MaceK?3, J. Machado Miguert$®2 R. Mackeprangp, R.J. Madara$, W.F. Madef?,

R. Maennet®’, T. Maeng?, P. Mattig "3, S. Mattig*, L. Magnonf®, E. Magradz#®, Y. Mahalalet®, K. Mahboubf?,

G. Mahout’, C. Maiant#313131> C_Maidantchik® A. Maio'?332, S. Majewski*, Y. Makid&f®, N. Makoved!4, P. Mal3®,

B. Malaescg®, Pa. Malecld®, P. Maleck?8, V.P. Malee¥2?, F. Malelé®, U. Mallik®2, D. MalorP, C. Maloné*2, S. Maltezog,

V. Malyshev%, S. Malyuko#®, R. Mamegharif, J. Mamuzié?®, A. Manabé&®, L. Mandellf® 1. Mandi€¢’?, R. Mandryschv,

J. Maneird?®3 P.S. Mangeafd, 1.D. Manjavidz&*, A. Manrr4, P.M. Manning®6, A. Manousakis-Katsikakfs B. Mansoulié>,
A. ManZ’8, A. Mapell?®, L. Mapelli®®, L. March™, J.F. Marchantf, F. Marches&?231325 G. Marchiorf’, M. Marcisovsky?4,

A. Marin?*, C.P. Marind®®, F. Marroquint®@ R. Marshaft!, Z. Marshalt®, F.K. Martens®’, S. Marti-Garcia®5, A.J. Martint’4,
B. Martin®®, B. Martin®’, F.F. Martirt1% J.P. Martif2, Ph. Martir?®, T.A. Martin'’, V.J. Martirf®, B. Martin dit Latouf®,

S. Martin-Haugh*® M. MartineZ?, V. Martinez Outschoorft, A.C. Martyniuk'® M. Marx®!, F. Marzané®'2 A. Marzin'1°,

L. Masettf°, T. Mashimd®*, R. Mashinisto®, J. Masik?, A.L. Maslennikov®, |. Massa®'%, G. Massar*, N. Massot,

P. Mastrandreg!a131®, A, Mastroberarding33¢®, T. Masubuch®, M. Matheg®, P. Matricort!4, H. Matsumoté®,

H. Matsunag®*, T. Matsushit&’, C. Mattravers'’c, J.M. Maugaif®, J. Maure#?, S.J. Maxfield?, D.A. Maximow%8

E.N. May’, A. Maynée®® R. Mazini®®, M. Mazur®, M. Mazzant?®2 E. Mazzont?!81216 S p. Mc Ke&%, A. McCarn'®,

R.L. McCarthy*’, T.G. McCarthy®, N.A. McCubbirt?8, K.W. McFarlané&, J.A. Mcfayded®®, H. McGloné?, G. Mchedlidz&",
R.A. McLarer?®, T. Mclaughla?, S.J. McMahot?8, R.A. McPhersotf®!, A. Meadé3, J. Mechnich®, M. Mechtel’3,

M. Medinnig", R. Meera-Lebbat®, T. Megurd®®, R. MehdiyeV?, S. Mehlhas®, A. Mehta?, K. Meier’® B. Meiros€?,

C. Melachrino®’, B.R. Mellado Garci&?, L. Mendoza Nava$?, Z. Meng®s, A. Mengarellt°31%, S. Menké&8, C. Menot?®,

E. Meont!, K.M. Mercuric®’, P. Mermod?, L. Merolal®1a101b c Meronf®2 F.S. Merritt?, A. Messin&®, J. Metcalfé®?,

A.S. Meté?, C. Meyef?, C. Meyef?, J-P. Meyel®, J. Meyet™? J. MeyeP*, T.C. Meyef®, W.T. Meyef?, J. Miac®d, S. Michaf®,
L. Micu?®2 R.P. Middletor?®, S. Migag?, L. Mijovic*!, G. Mikenberd’®, M. Mikestikova?4, M. Mikuz’3, D.W. Miller%,

R.J. Mille®”, W.J. Mills'®’, C. Mills®’, A. Milov7®, D.A. Milstead*5314%0 D. Milstein'’®, A.A. Minaenkd?’, M. Mifiano
Moya'®, I.A. Minashvili®4, A.l. Mincer!®’, B. Mindur®’, M. MineeV?4, Y. Ming'’%, L.M. Mir*, G. Mirabelli312

11



L. Miralles Vergé?!, A. Misiejuk’®, J. Mitrevskt3®, G.Y. Mitrofanov?’, V.A. Mitsout®8, S. Mitsuf®, P.S. Miyagaw&®,

K. Miyazaki®®, J.U. Mjornmark®, T. Moa'#%314%0 p. Mockett®’, S. Moed’, V. Moeller’’, K. Monig*t, N. Moser®,

S. Mohapatr#’, W. Mohr*®, S. Mohrdieck-MocR8, A.M. Moisseev?”*, R. Moles-Vall$%, J. Molina-Pere?, J. Monk®,

E. Monnief?, S. Montesan®288, F. Monticell®, S. Monzani®!®®, R.W. Mooré, G.F. MoorheatP, C. Mora Herrer#,

A. Moraes$®, N. Morangé?>, J. MoreP*, G. Morellg®®33¢2 D, Morend®, M. Moreno Llacet®®, P. Morettin?®2 M. Morii %7,

J. Morin™, A.K. Morley?®, G. Mornacchi®, S.V. Morozov®, J.D. Morris?, L. Morvaj'?°, H.G. Mosefé, M. Mosidze?®,

J. Mos$%, R. Mount#?, E. Mountrich&", S.V. Mouraviev?, E.J.W. Moys&®, M. Mudrinic*?®, F. MuelleP®2 J. Muellet??,

K. Mueller®, T.A. Milller®”, T. Muellef®, D. Muenstermani, A. Muir®’, Y. Munwes®?, W.J. Murray?8, I. Mussché®,

E. Mustd®13101b A G. Myagkov?’, M. Myskat?4, J. Nadal', K. Nagat®®, K. Nagan@8®, Y. Nagasak2?, M. NageP®,

A.M. Nairz?%, Y. Nakaham®, K. Nakamura>*, T. Nakamur&?, 1. Nakand®, G. Nanav&’, A. Napief®®, M. NasH6¢,

N.R. Natiorf?, T. Nattermanf, T. Naumanf, G. Navarrd®!, H.A. NeaF®, E. Neboft®, P.Yu. NechaeV¥, A. Negri+183118b

G. Negr?®, S. Nektarijevié®, A. Nelsort®?, S. NelsoA®?, T.K. Nelsort*?, S. Nemecek, P. Nemeth}?’, A.A. Nepomucen&*?
M. Nessf®*, M.S. Neubauéf?, A. Neusiedi®, R.M. Neves?’, P. Nevski*, P.R. Newmat, V. Nguyen Thi Hong®®,

R.B. Nickersof'’, R. Nicolaidod?®, L. Nicolas38 B. Nicquevert®, F. Niedercori'4, J. Nielsef®®, T. Niinikoski?®,

N. Nikiforou®*, A. Nikiforov5, V. Nikolaenkd?’, K. NikolaeV, I. Nikolic-Audit”’, K. Nikolics*®, K. Nikolopoulog?,

H. Nilserf®, P. Nilssor, Y. Ninomiya®* A. Nisati3!2 T. Nishiyam&®, R. Nisiu$®, L. Nodulmart, M. Nomacht®,

I. Nomidis®3, M. Nordberd?®, B. Nordkvist#>3145% p R NortoA?8, J. Novakov&?®, M. NozakF®, L. Nozka'?, .M. Nugent®8a
A.-E. Nuncio-QuiroZ°, G. Nunes Hanning&t, T. Nunneman?®, E. Nursé®, T. Nymart®, B.J. O'Brierf®, S.W. O’'Nealé"*,
D.C. O'Neil**, V. O’'She&?, L.B. Oaked’, F.G. Oakharff4, H. Oberlack®, J. OcariZ’, A. Ochff8, S. 0dd>*, S. Odak&’,

J. Odief?, H. Ogreff®, A. Ohl, S.H. OH*, C.C. Ohni*%314% T Ohshima®, H. Ohshita®, T. Ohsugt’’, S. Okadé®,

H. Okawd®2 Y. Okumurd®, T. Okuyama®*, A. Olarit?®@ M. Olcesé® A.G. OlchevsKi*, M. Oliveira23ah,

D. Oliveira Damazié*, E. Oliver Garcid®8, D. Olivito!'®, A. Olszewski®, J. Olszowsk#®, C. OmacHi®, A. Onofre233y,

P.U.E. Onyisi®, C.J. Oran®® M.J. Oreglid®, Y. Orernt®?, D. Orestan&®3313% | Orlov'%, C. Oropeza Barrefd R.S. Ort®’,
B. Osculat?®35%® R. Ospanot*®, C. Osun&l, G. Otero y Garzotf, J.P. Ottersbadf*, M. Ouchrif3*d F. Ould-Saadd?,

A. Ouraod®, Q. Ouyang?® A. Ovcharovd?®, M. Owerf!, S. Ower®8, V.E. Ozcan® N. OzturK, A. Pacheco Pagés

C. Padilla Arand¥, S. Pagan Grigd, E. Paganis’® F. Paigé*, P. Pai&®, K. Pajchel'®, G. Palacin&®, C.P. Paleafi

S. Palestirf®, D. Pallin’®, A. Palm&?32 J.D. PalmeY, Y.B. Part’%, E. PanagiotopouldB. Pane¥'? N. Panikashvifi®,

S. Panitkid®, D. Pante®? M. Panuskov&?, V. Paoloné?? A. Papadeli¥*>2 Th.D. PapadopoulduA. Paramono¥, W. Park*?,
M.A. Parkef’, F. Parodi®@3%, J A. Parson¥, U. Parzefall®, E. Pasqualucti'? S. Passaggi? A. Passeff? F. Pastor&3al3sh
Fr. Pastor®, G. Pasztof®®, S. Pataraid®, N. Patet*®, J.R. Patét, S. Patriceli9131010 T, Pauly®, M. Pecsy*32

M.l. Pedraza Moralé€’, S.V. PeleganchuR8 H. Pend®, R. Pengé®, A. Pensoft, J. Penwef®, M. Perantori®@ K. Perez4®,
T. Perez Cavalcarffi, E. Perez Codirid, M.T. Pérez Garcia-Est&ff, V. Perez Reaf¥, L. Perinf®388 H. Perneggé?,

R. Perrind’2 P. Perrodt, S. Persemidd, A. Perud!, V.D. Peshekhond¥, B.A. Peterset?, J. Petersef, T.C. PeterseR,

E. Petif, A. Petridig®3, C. Petridod® E. Petrold®'2 F. Petrucdi®38133 D. Petschuf!, M. Pettent*!, R. Pezo&®, A. Phari®,
P.W. Phillipg?8, G. Piacquadi®’, E. Piccard*, M. Piccininit?31%, S M. Pieé?, R. Piegai&®, D.T. Pignotti®, J.E. Pilchei°,
A.D. Pilkingtorf?, J. Pin&233®, M. Pinamontt®33163¢ A Ppindet!?, J.L. Pinfold, J. Ping?, B. Pintd>33°, O. Pirott&®,

C. Pizid*®a88 M. Plamondoi®® M.-A. Pleief?, A.V. Pleskach?’, A. Poblague®, S. Poddat®? F. Podlyski3, L. Poggioli-4,
T. Poghosyaf?, M. Pohi*®, F. Polc?®, G. Poleselld™®2 A. Policicchio®a3€, A, Polinit® J. Poll%, V. Polychronako¥,

D.M. Pomared®®, D. Pomeroy?, K. Pomme&’, L. Pontecorvé®a B.G. Popé’, G.A. Popenecitrd D.S. Popovit??

A. Poppletor®, X. Portell Buesé®, C. Posch!, G.E. Pospeldt?, S. Pospist’?S, I.N. Potrag®, C.J. Potte¥*8, C.T. Pottet'3,

G. Poulard®, J. Poved®?, R. Prabh(f, P. Pralavori®?, A. Prankd*, S. Prasatl, R. Pravahaf) S. Prelf3, K. Pretzl5, L. PribyP®,
D. Pricé®, J. Pricé?, L.E. Pric&, M.J. Pricé®, D. Prieut??, M. Primaver&'? K. ProkofieV%’, F. Prokoshif®, S. Protopopesé,
J. Proudfoat, X. Prudent®, M. Przybycied’, H. Przysiezniak S. Psoroula®, E. Ptacek!®, E. Pueschéf, J. Purdharff,

M. Purohif*?, P. Puzé®, Y. Pylypchenké? J. Qiarf®, Z. Qiarf?, Z. Qin*t, A. Quad®*, D.R. Quarrié*, W.B. Quaylé’?,

F. Quinone#'? M. Raad®%, V. Radesctf®, B. Radicg’, T. Radot®? F. Ragus#288 G. Rahal’®, A.M. Rahimi'%¢, D. Rahn??,
S. Rajagopalait, M. Rammense®, M. Ramme$*’, A.S. Randle-Cond¥, K. Randrianarivons?, P.N. Ratdf’®, F. Rauschér,
M. Raymond?®, A.L. Read'6, D.M. Rebuzz83118 A Redelbach’®, G. Redlinget*, R. Reec&'®, K. Reeve®’, A. Reichold®,
E. Reinherz-Aroni®? A. Reinsch?3, I. Reisingef?, D. Reljict?? C. Rembsé?, Z.L. Rent®’, A. Renaud'*, P. RenkeP,

M. Rescignd®? S. Rescorif? B. Resend®®, P. Reznice¥, R. Rezvant’, A. Richardg®, R. Richtef®, E. Richter-Wa$¥,

M. Ridel””, M. Rijpstral®, M. Rijssenbeek’, A. Rimoldi'18318® |  Rinaldi®® R.R. Rios?, I. Riu!, G. Rivoltell&388P,

F. Rizatdinova'!, E. Rizvi’*, S.H. Robertsdtt!, A. Robichaud-Veronneatf, D. RobinsoR’, J.E.M. Robinsoff,

M. Robinsort'3, A. RobsoR®, J.G. Rocha de Lin8®, C. Roda?!31?1® D. Roda Dos Santé% D. Rodriguez®?,

Y. Rodriguez Garci#!, A. Roe*, S. Ro&®, O. Rghné!®, V. Rojo!, S. Rolli*®°, A. RomaniouR®, M. Romand°a1%,

V.M. Romano¥*, G. Romeé?, L. Rood”, E. Rod%6 S. Rosafi*l2 K. Rosbach’, A. Rosé*®, M. Rosé€®, G.A. Rosenbaufi’,
E.l. Rosenber}, P.L. Rosendaht, O. Rosenthaf, L. Rossele?, V. Rossetfi!, E. Rossi®131310 | P. Rossi®® M. Rotari>?

I. Roth'®, J. Rothberdf’, D. Rousseatt*, C.R. RoyoA®, A. Rozano¥?, Y. Rozer®!, X. Ruart4 |. Rubinskiy*, B. Ruckerf’,
N. Ruckstuht®4 V.I. Rud®, C. Rudolpi®, G. Rudolpi?, F. Riihf, F. Ruggiert33313% A Ruiz-Martine#3, V. Rumiantse®,

12



L. Rumyantse®, K. Rungé?, Z. Rurikov® N.A. Rusakovick*, D.R. Rust’, J.P. Rutherfoofyj C. Ruwiedel*, P. Ruzicka?,
Y.F. Ryabov?°, V. Ryadoviko#?’, P. Ryaf’, M. Rybat?>, G. Rybkin''4, N.C. Rydet'’, S. Rzaev¥, A.F. Saavedrd?®,

I. SadeR®?, H.F-W. Sadrozinskf®, R. Sadyko®*, F. Safai Tehraid?'? H. Sakamot&?, G. Salamannd, A. Salamon3?2

M. Saleem®, D. Salihagié®, A. Salniko#?, J. Salt®, B.M. Salvachua FerrandoD. Salvatoré®23®® F. Salvator&'®,

A. Salvucci®, A. Salzburget®, D. Sampsonidis?, B.H. Samsét®, A. Sanche®!3101b H. Sandakéf, H.G. Sandée¥,

M.P. Sande®, M. Sandhd&’3, T. Sandoval’, C. Sandovat®!, R. Sandstroeffi, S. Sandvosg®, D.P.C. Sankeyf® A. Sansorf’,
C. Santamarina Ri8% C. Santont?, R. Santonic&*23132® H. Santo¥?%2 J.G. Saraivi£®@ T. Sarandi’%, E. Sarkisyan-Grinbaufm
F. Sarrt?13121b G Sartisoh#'3, O. SasakP, N. Sasa®, |. Satsounkevitch, G. Sauvagt E. Sauvafh, J.B. Sauvah?,

P. Savaréf’d, V. Savino#?? D.O. Savd®, L. Sawyef*!, D.H. Saxof®, L.P. Say&, C. Sbarr&®® A. Sbrizz%%, O. Scallof?,
D.A. Scannicchié®? M. Scarcelld*®, J. Schaarschmitl!, P. Schaclf, U. Schafef®, S. Schaep®, S. Schaetzéf®,

A.C. Schdfer*'#, D. Schaild’, R.D. Schambergét’, A.G. SchamotfS, V. Scharf®? V.A. Schegelski?®, D. Scheiricl§,

M. Schernatf? M.1. Scherzet*, C. Schiavi®®3%, J. Schieck’, M. Schioppd®336®, S. Schlenké?, J.L. Schlereth E. Schmidt?,
K. Schmiedef, C. Schmitt®, S. Schmitt®®, M. SchmitZ°, A. Schoning®®, M. Schott®, D. Schoutet®2 J. Schovancova®,

M. Schran®*, C. Schroedéf, N. Schroet®, S. Schuf®, G. Schulet®, J. Schulte¥’3, H.-C. Schultz-Coulot$2 H. Schul2®,

J.W. Schumaché?, M. Schumaché?, B.A. Schumm?3¢, Ph. Schun¥®, C. Schwanenberg¥ A. Schwartzmatf?,

Ph. Schwemlin§/, R. Schwienhor§f, R. Schwier2?, J. Schwindling®®, T. Schwind&’, M. Schwoeret, W.G. Scott?,

J. Searc¥!3, G. Sedof, E. Sedykh®’, E. Segur¥, S.C. Seidéf?, A. Seiden®®, F. Seifert®, J.M. Seixa$? G. Sekhniaidz€'?
D.M. Seliverstov?, B. Sellderd*®2 G. Sellerg?, M. SemaA*®®, N. Semprini-Cesal?31®", C. Serfod’, L. Serin'4, R. Seusté¥,
H. Severint!®, M.E. Seviof®, A. Sfyrla?®, E. Shabalinzf, M. Shamint!3, L.Y. Shar¥?2 J.T. Shank, Q.T. Sha8°, M. Shapird*,
P.B. Shatalo%, L. Shavef, K. Shaw533163¢ D, Shermal’4, P. Sherwooff, A. Shibatd®’, H. Shicht®, S. Shimizd®,

M. Shimojim&®, T. ShirP, M. Shiyakov&*, A. Shmelev&, M.J. Shoché®f, D. Short?’, S. ShrestHd, M.A. Shupé, P. Sichd?4,
A. Sidoti'312 F. Siegert®, Dj. Sijacki*?2 O. Silbert?®, J. Silvad?3aP, Y. Silvert>2 D. Silversteid*?, S.B. Silversteiff*>2

V. Simak'?6, 0. Simard®, Lj. Simic*?2 S. Simiort'4, B. Simmon£®, M. Simonyari®, P. Sinervé®’, N.B. Sine#'3, V. Sipica“°,
G. Siragus¥?, A. Sircaf?, A.N. Sisakyaft*, S.Yu. Sivoklokov®, J. Sjolint45314% T B. Sjursef?, L.A. Skinnari,

H.P. Skottowe’, K. Skovpen®, P. Skubié® N. Skvorodne®, M. Slatet’, T. Slavicek?’, K. Sliwa'®, J. Slopet®,

V. Smakhtit’®, S.Yu. Smirnov®, L.N. Smirnovd®, O. Smirnové®, B.C. Smitt?, D. Smith*?, K.M. SmithP3, M. Smizansk#’,
K. Smolek?5, A.A. Snesare¥?, S.W. Snow?, J. Snow'®, J. Snuverink®®, S. Snydet*, M. Soare$32 R. Sobié®i,

J. Sodomk&®, A. Saffert>?, C.A. Solan&®®, M. Solat?6, J. Solé?5, E. Soldato¥, U. Soldevild®, E. Solfaroli Camillocci31a31b,
A.A. Solodkov?’, O.V. Solovyano¥?’, J. Sonderickéf, N. Son?, V. Sopkd?®, B. Sopkd?®, M. Sosebeg R. Soualal33t63c
A. Soukharet®8, S. Spagnol6371, F. Spand®, R. Spight®® G. Spiga®, F. Spild3!3131b R. Spiwok$®, M. Spoust&?®,

T. Spreitzet®, B. SpurlocK, R.D. St. Deni&®, T. Staht?, J. Stahimatt®, R. Stamepf2 E. Staneck¥, R.W. Stanek

C. Stanesctf®2 S. Stapnés®, E.A. Starchenkt’, J. StarR®, P. Starob&*, P. Starovoito®’, A. Staud&’, P. Stavin&*33

G. Stavropould¥, G. Steelé?, P. Steinbach?, P. Steinbertf, I. Stekt?5, B. Stelzet*?, H.J. Stelze¥’, O. Stelzer-ChiltofP3

H. Stenzel?, S. Sterf, K. Stevensoff, G.A. Stewart®, J.A. Stillings®, M.C. Stocktors®, K. Stoerid?®, G. Stoice®d?,

S. StonjeR?8, P. Strachot®®, A.R. Stradling, A. Straessné?, J. Strandberj®, S. Strandberf®314%® A. Strandlié®,

M. Strand®8, E. Straus¥?, M. Straus$™¥, P. Strizenet*®, R. StrohmeY’?, D.M. Stront!3 J.A. Strond®>*, R. Stroynowsk®,

J. Strubé?®, B. Stugd®, I. Stumef**, J. Stupak®’, P. Sturmi’3, N.A. Styleg?, D.A. SoH°%!, D. SU*?, HS. Subramanfa

A. Succurrd?, Y. Sugaya®®, T. Sugimotd®, C. Suht®®, K. Suitef®, M. Suk!?5, \.V. Sulin®, S. Sultanscsf, T. Sumid4’,

X. Surr5, J.E. Sundermartf, K. SuruliZ38, S. Sushko¥, G. Susinnd®3tb M.R. Suttort*8, Y. Suzukf5, Y. Suzukf®,

M. Svatod?4, Yu.M. Sviridovt?’, S. SwedisH’, I. Sykord*32 T. Sykora?®, B. Szeles®, J. Sanché?5, D. Tal%, K. Tackmanf,
A. Taffard'®?, R. Tafirout®® N. Taiblunmt®?, Y. TakahasH, H. Takaf*, R. Takashim%, H. Taked&®, T. Takeshit&®,

M. Talby??, A. Talyshe#%f M.C. Tamse#*, J. Tanak®* R. Tanak&* S. Tanak&?, S. Tanak®, Y. Tanak&®, K. Tanf®,

N. Tannoury?, G.P. Tapper?, S. Tapprogg®, D. Tardif'®’, S. Tarem!, F. Tarradé®, G.F. Tartarelfi®2 P. Tad?>,

M. Tasevsky?*, E. Tassi®336b M. Tatarkhanot?, Y. Tayalatt34d C. Taylor®, F.E. TayloP?, G.N. Taylof®, W. Taylor*580,

M. Teinturiet'4, M. Teixeira Dias Castanheify P. Teixeira-Dia®, K.K. Temmind®, H. Ten Katé®, P.K. Teng®, S. Terad?p,
K. Terasht®®, J. Terrort®, M. Testd”, R.J. Teusché?”}, J. Thadom¥?3, J. Therhaa®y, T. Theveneaux-Pelz€r M. Thioye'’4,

S. Thom&®, J.P. Thomas, E.N. Thompso#f, P.D. ThompsoH, P.D. Thompsot’, A.S. Thompso??, E. Thomso#h'?,

M. Thomsort’, R.P. Thufi®, F. Tiar?4, M.J. Tibbettd*, T. Tict?4, V.O. Tikhomiro\?3, Y.A. Tikhonow%f S Timoshenk®,

P. Tiptort’4, F.J. Tique Aires Viegd$, S. Tisserarit, B. ToczeKR’, T. TodoroV, S. Todorova-Nové®, B. Toggersotf?, J. Tojd®,
S. Tokar*32 K. Tokunag&®, K. Tokushuk@®, K. Tollefsorf’, M. Tomotd®, L. Tompkins®, K. Toms'%?, G. Tong?3,

A. Tonoyart®, C. Topfel®, N.D. Topilin®4, I. Torchianf®, E. Torrencé'3, H. Torreg’, E. Torr6 Pastdfb, J. Tot¥?22,

F. Touchar&, D.R. Tovey®, T. Trefzget’?, L. Tremblet®, A. Tricoli®®, .M. Triggert®® S. Trincaz-Duvoid’, T.N. Trinh’’,
M.F. Tripian&®, W. Trischuk®’, A. Trivedi?*?, B. Trocm&5, C. Troncofi®a M. Trottier-McDonald*, M. Trzebinsk?®,

A. Trzupek®, C. Tsaroucha&$, J.C-L. Tsend’, M. Tsiakirist®, P.V. Tsiareshk&, D. Tsionod-?, G. Tsipoliti, V. Tsiskaridzé?,
E.G. Tskhadad?é? I.I. Tsukermaf®, V. Tsulaid*, J.-W. Tsuné®, S. Tsun&°, D. Tsybyche¥*’, A. Tua'®8, A. Tudoraché>?

V. Tudoraché®® J.M. Tuggl€®, M. Turala®, D. Turecek?S, I. Turk Cakire, E. Turlay%4, R. Turr&8388 p.M. Tuts*,

A. Tykhonov3, M. TyImadt#%314%> M. Tyndel?8, G. Tzanako$ K. Uchid&?, 1. Ued@®*, R. Uend®, M. Ugland-?,

13



M. UhlenbrocK®, M. Uhrmachet*, F. Ukegaw&™®, G. Unaf®, D.G. Underwoo#, A. Undrug?, G. Unel®? Y. Unnd®,

D. Urbanieé?, G. Usal, M. Uslenght83118b | Vacavant?, V. Vacek?5, B. Vachor¥4, S. Vahsetf, J. Valent&?*, P. Valenté3'2
S. Valentinetti%a1°, S, Valkat?5, E. Valladolid Gallegd®®, S. Vallecors®?, J.A. Valls Ferret®6, H. van der Gradf?,

E. van der Kraai?, R. Van Der Leeu#?, E. van der Poé?, D. van der Steé, N. van Eldi3, P. van Gemmerén

Z. van Kesteret?, 1. van Vulper®, M. Vanadi&®, W. Vandell?®, G. Vandon®, A. Vaniaching, P. Vanko#, F. Vannucci’,

F. Varela Rodrigué?, R. Vari*®12 E.W. Varne§, D. Varoucha¥, A. Vartapetian, K.E. Varvelf°, V.I. Vassilakopoulo¥,

F. Vazeill€®, G. Vegnf8a88 J 3. Veillet!, C. Vellidis®, F. Velosd?®2 R. Venes®, S. Venezianb'2 A. Venturd 1371,

D. Venturd®’, M. Venturi*®, N. Venturt®’, V. Vercest'®2 M. Verducct®’, W. Verkerké®, J.C. Vermeulet4 A. Vest?,

M.C. Vetterl#*9, |. Vichou'®4 T. Vickey*#4®af O.E. Vickey Boerit**®, G.H.A. Viehhauseét’, S. Viels?, M. Villa 19319,

M. Villaplana Pere%®, E. Vilucchi*’, M.G. Vincter8, E. Vinek®, V.B. Vinogrado¥4, M. Virchaux3%*, J. Virzi'4, O. Vitells'’®,
M. Viti 43, I. Vivarelli*®, F. Vives Vaqué, S. Vlacho$, D. Vladoil’’, M. Vlasak?5, N. Vlasov?, A. VogeP?, P. Vokaé?®,

G. Wolpi*’, M. Volpi®®, G. Volpini®® H. von der Schmiff, J. von Loebe??, H. von Radziewskf, E. von Toern&, V. Vorobef?®,
A.P. VorobieV?’, V. Vorwerk!t, M. Vos'%6, R. Vos€®, T.T. Vos$ "3, J.H. Vossebel®, N. Vranjed?? M. Vranjes Milosavljevié¢®4,
V. Vrbal?4, M. Vreeswijkl%, T. Vu Anh®%, R. Vuillerme®?, 1. Vukotic'*4, W. Wagnet’3, P. Wagnet'®, H. Wahlert’3,

J. WakabayasHi®, J. Walberslof?, S. Walci®, J. Waldef®, R. Walke?’, W. Walkowiak®, R. Walt"4, P. Wallef?, C. Wand*,
H. Wand’%, H. Wang??2, J. Wang®’, J. Wang®, J.C. Wané®’, R. Wand®, S.M. Wang®°, A. Warburtor¥*, C.P. Ward’,

M. Warsinsky®, R. Wastié'’, P.M. Watking’, A.T. Watsor’, 1.J. Watsof*®, M.F. Watsor’, G. Wattd%/, S. Watt§?,

A.T. Waugh*%, B.M. WaugH®, M. Webet?8, M.S. Webet®, P. Webet*, A.R. Weidberg®’, P. Weigelf, J. Weingartetf,

C. Weisef®, H. Wellensteii?, P.S. Well$®, M. Werf’, T. Wenau&*, S. Wendlet??, Z. Wend®°%!, T. Wenglef®, S. Wenid®,

N. Wermeg®, M. Wernef®, P. Wernet®, M. Werth'®?, M. Wesselg®8 C. Weydert®, K. Whalert®, S.J. Wheeler-EIli$?,

S.P. Whitakef!, A. White’, M.J. Whité®, S.R. Whiteheatd’, D. Whitesort®?, D. Whittingtorf°, F. Wicek*4, D. Wicke'"3,

F.J. Wicken&?®, W. Wiedenmanh'%, M. Wielers?®, P. Wienemant?, C. Wigleswortd*, L.A.M. Wiik-Fuchs'8, P.A. Wijeratné®,
A. Wildauef®6, M.A. Wildt*-9, I. Wilhelm!25, H.G. Wilkeng®, J.Z. Will¥’, E. Williams**, H.H. Williams*®, W. Willis34,

S. Willoccf?, J.A. Wilsort’, M.G. Wilsont*?, A. Wilsor®®, |. Wingerter-See? S. Winkelmanff, F. Winkimeier®, M. Wittgen4?,
M.W. Wolter*8, H. Wolterg?3ah wW.C. Wond?, G. Woodef®, B.K. Wosiek®, J. Wotschac®, M.J. Woudstré&®, K.W. Wozniak®,
K. Wraight3, C. Wrigh?3, M. Wright®3, B. Wrond?, S.L. WU, X. Wu*®, Y. wud?ba E. Wulf, R. Wunstorf?, B.M. Wynne'®,
S. Xella®®, M. Xiao'®, S. Xig8, Y. Xie3%2 C. Xu??2W, D. Xul®, G. Xu*?2 B. Yabsley*®, S. Yacoob*® M. Yamad&®,

H. Yamaguchi®, A. Yamamot@&®, K. Yamamot&3, S. Yamamot&? T. Yamamur&®, T. Yamanak#*, J. Yamaok#’,

T. Yamazaki®, Y. Yamazalki®, Z. Yar?!, H. Yand®, U.K. Yand?, V. Yand®®, Y. Yang®?2 Z. Yang*314%, S. Yanusf, Y. Yao'4,
Y. YastP®, G.V. Ybeles Smit?°, J. YE°, S. Y&4, M. Yilmaz®®, R. Yoosoofmiya?? K. Yorital®® R. Yoshid&, C. Yound#,

S. Yousset, D. Yu?*, J. YU/, J. YU, L. Yuar?2@ | A, YurkewicZ%®, B. Zabinsk?®, V.G. Zaets'?’, R. Zaidaf?, A.M. ZaitseV?’,
Z. Zajacova®, L. Zanelld313131b p. 7arzhitsky®, A. Zaytsed%, C. Zeitnit273, M. Zellet’*, M. Zemart?4, A. Zeml&®,

C. Zendlef®, O. Zenirt??, T. Zenid432 7. Zinonod21a12lb 5 7en34 D. Zerwas!4 G. Zevi della Port¥, Z. Zharsd,

D. Zhang?®®, H. zhand’, J. Zhang, X. Zhang?d, Z. Zhand'4 L. Zhad?’, T. Zzhad®’, Z. Zhad?®, A. Zhemchugo®,

S. Zhend? J. Zhong'’, B. Zhou®, N. Zhout®?, Y. Zhou!®, C.G. Zhi#?9, H. Zhutt, J. Zh#, Y. Zhu*?®, X. Zhuang?,

V. Zhuravlow?, D. Zieminsk&’, R. Zimmermantf, S. Zimmermantff, S. Zimmermantf, M. Ziolkowski*4°, R. Zitourf,

L. Zivkovie34, V.V. Zmouchkd?™*, G. Zobernig"™, A. Zoccol931% Y. Zolnierowskf, A. Zsene??, M. zur Neddef?,

V. Zutsht%, L. Zwalinski.

! University at Albany, Albany NY, United States of America

2 Department of Physics, University of Alberta, Edmonton ARBnada

3 @pepartment of Physics, Ankara University, AnkafiDepartment of Physics, Dumlupinar University, Kutah§4)epartment
of Physics, Gazi University, Ankar&? Division of Physics, TOBB University of Economics and Teology, Ankara{® Turkish
Atomic Energy Authority, Ankara, Turkey

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

5 High Energy Physics Division, Argonne National Laborat@sgonne IL, United States of America

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

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

8 Physics Department, University of Athens, Athens, Greece

9 Physics Department, National Technical University of AtheZografou, Greece

10 nstitute of Physics, Azerbaijan Academy of Sciences, Béerbaijan

11 Institut de Fisica d’Altes Energies and Departament die&ide la Universitat Autbnoma de Barcelona and ICREAc8ana,
Spain

12 @|nstitute of Physics, University of Belgrade, Belgraffyinca Institute of Nuclear Sciences, University of Belggad
Belgrade, Serbia

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

14 Physics Division, Lawrence Berkeley National Laboratand &niversity of California, Berkeley CA, United States afierica

14



15 Department of Physics, Humboldt University, Berlin, Genya

16 Albert Einstein Center for Fundamental Physics and Laleoydbr High Energy Physics, University of Bern, Bern, Switand
17 School of Physics and Astronomy, University of Birminghdirmingham, United Kingdom

18 @Department of Physics, Bogazici University, Istant®iDivision of Physics, Dogus University, IstanbDepartment of
Physics Engineering, Gaziantep University, Gaziaritépgpartment of Physics, Istanbul Technical Universitgmétul, Turkey
19 ®INFN Sezione di Bolognd® Dipartimento di Fisica, Universita di Bologna, Bologntaly

20 physikalisches Institut, University of Bonn, Bonn, German

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

22 Department of Physics, Brandeis University, Waltham MAjtelah States of America

23 @Universidade Federal do Rio De Janeiro COFFHAF, Rio de Janeiro®Federal University of Juiz de Fora (UFJF), Juiz de
Fora;©Federal University of Sao Joao del Rei (UFSJ), Sao Joao def'Restituto de Fisica, Universidade de Sao Paulo, Sao
Paulo, Brazil

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

25 @National Institute of Physics and Nuclear Engineering,iguest{® University Politehnica Bucharest, Bucharé8iVest
University in Timisoara, Timisoara, Romania

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

27 Cavendish Laboratory, University of Cambridge, Cambrjddygited Kingdom

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

29 CERN, Geneva, Switzerland

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

31 @pDepartamento de Fisica, Pontificia Universidad Catoliegtile, Santiagd? Departamento de Fisica, Universidad Técnica
Federico Santa Maria, Valparaiso, Chile

32 @|nstitute of High Energy Physics, Chinese Academy of SaspBeijing;® Department of Modern Physics, University of
Science and Technology of China, Anh@Department of Physics, Nanjing University, Jiang&l8chool of Physics, Shandong
University, Shandong, China

33 Laboratoire de Physique Corpusculaire, Clermont Unit@esid Université Blaise Pascal and CNR&EP3, Aubiere Cedex,
France

34 Nevis Laboratory, Columbia University, Irvington NY, Uait States of America

35 Niels Bohr Institute, University of Copenhagen, Kobenhdanmark

36 @INFN Gruppo Collegato di CosenZ&Dipartimento di Fisica, Universita della Calabria, Aragavdi Rende, Italy

37 AGH University of Science and Technology, Faculty of Phgsiad Applied Computer Science, Krakow, Poland

38 The Henryk Niewodniczanski Institute of Nuclear Physiasij$h Academy of Sciences, Krakow, Poland

39 physics Department, Southern Methodist University, BdllX, United States of America

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

41 DESY, Hamburg and Zeuthen, Germany

42 |nstitut fir Experimentelle Physik IV, Technische Unisigat Dortmund, Dortmund, Germany

43 |nstitut fir Kern- und Teilchenphysik, Technical UnivigyDresden, Dresden, Germany

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

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

46 Fachhochschule Wiener Neustadt, Johannes Gutenbesgs82300 Wiener Neustadt, Austria

47 INFN Laboratori Nazionali di Frascati, Frascati, Italy

48 Fakultat fur Mathematik und Physik, Albert-Ludwigs-Warsitat, Freiburg i.Br., Germany

49 Section de Physique, Université de Genéve, Geneva, &tetr

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

51 @E.Andronikashvili Institute of Physics, Thilisi State Warsity, Thilisi; ®High Energy Physics Institute, Thilisi State
University, Thilisi, Georgia

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

53 SUPA - School of Physics and Astronomy, University of GlasgBlasgow, United Kingdom

54 || 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/erisity, Cambridge MA, United States of America

58 @Kirchhoff-Institut fur Physik, Ruprecht-Karls-Universitat Heitberg, Heidelberd® Physikalisches Institut,
Ruprecht-Karls-Universitat Heidelberg, HeidelbeREZITI Institut fur technische Informatik, Ruprecht-Kasl$niversitat
Heidelberg, Mannheim, Germany

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

15



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

61 Institut fur Astro- und Teilchenphysik, Leopold-Franzedniversitat, 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, Tsakudapan

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

67 Faculty of Science, Kyoto University, Kyoto, Japan

68 Kyoto University of Education, Kyoto, Japan

89 Instituto de Fisica La Plata, Universidad Nacional de Lat@#and CONICET, La Plata, Argentina

0 physics Department, Lancaster University, Lancastettddrkingdom

L @INFN Sezione di Leccé? Dipartimento di Fisica, Universita del Salento, Leccalylt

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

3 Department of Physics, Jozef Stefan Institute and Unityeo$ Ljubljana, Ljubljana, Slovenia

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

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

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

T Laboratoire de Physique Nucléaire et de Hautes Energe®l@and Université Paris-Diderot and CNR&P3, Paris, France
8 Fysiska institutionen, Lunds universitet, Lund, Sweden

¥ Departamento de Fisica Teorica C-15, Universidad Autondenlladrid, Madrid, Spain

80 Institut fur Physik, Universitat Mainz, Mainz, Germany

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

82 CPPM, Aix-Marseille Université and CNRISI2P3, Marseille, France

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

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

85 School of Physics, University of Melbourne, Victoria, Ausia

86 Department of Physics, The University of Michigan, Ann Aridil, United States of America

87 Department of Physics and Astronomy, Michigan State UsitgrEast Lansing MI, United States of America
88 @INFN Sezione di Milanof® Dipartimento di Fisica, Universita di Milano, Milano, lja

89 B.I. Stepanov Institute of Physics, National Academy ok8ces of Belarus, Minsk, Republic of Belarus

9 National Scientific and Educational Centre for Particle Biigh Energy Physics, Minsk, Republic of Belarus
91 Department of Physics, Massachusetts Institute of TedgypCambridge MA, United States of America

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

93 P.N. Lebedev Institute of Physics, Academy of Sciences ddwesRussia

94 Institute for Theoretical and Experimental Physics (ITA®)scow, Russia

9 Moscow Engineering and Physics Institute (MEPhI), MosdRussia

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

97 Fakultat fur Physik, Ludwig-Maximilians-Universititiinchen, Milnchen, Germany

9% Max-Planck-Institut fiir Physik (Werner-Heisenbergtitg), Miinchen, Germany

9 Nagasaki Institute of Applied Science, Nagasaki, Japan

100 Graduate School of Science, Nagoya University, Nagoyarlap

101 ®INFN Sezione di Napoli®® Dipartimento di Scienze Fisiche, Universita di Napolidg4, Italy

102 pepartment of Physics and Astronomy, University of New MexiAlbugquerque NM, United States of America
103 |nstitute for Mathematics, Astrophysics and Particle itsysRadboud University Nijmeg@dikhef, Nijmegen, Netherlands
104 Nikhef National Institute for Subatomic Physics and Unsisrof Amsterdam, Amsterdam, Netherlands
105 Department of Physics, Northern lllinois University, Déi#_, United States of America

106 Budker Institute of Nuclear Physics, SB RAS, NovosibirsksBia

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

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

109 Faculty of Science, Okayama University, Okayama, Japan

110 Homer L. Dodge Department of Physics and Astronomy, Unitsec Oklahoma, Norman OK, United States of America
111 Department of Physics, Oklahoma State University, Stiw®K, United States of America

112 palacky University, RCPTM, Olomouc, Czech Republic

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

114 AL, Univ. Paris-Sud and CNRSN2P3, Orsay, France

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

116 Department of Physics, University of Oslo, Oslo, Norway

16



117 Department of Physics, Oxford University, Oxford, Uniteshgdom

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

119 Department of Physics, University of Pennsylvania, Plelpkia PA, United States of America

120 petersburg Nuclear Physics Institute, Gatchina, Russia

121 @INFN Sezione di Pisd? Dipartimento di Fisica E. Fermi, Universita di Pisa, Pisaly

122 Department of Physics and Astronomy, University of Pittgi Pittsburgh PA, United States of America

123 @ aboratorio de Instrumentacao e Fisica Experimental déddéas - LIP, Lisboa, Portugal) Departamento de Fisica Teorica
y del Cosmos and CAFPE, Universidad de Granada, Granadia, Spa

124 nstitute of Physics, Academy of Sciences of the Czech Rapuraha, Czech Republic

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

126 Czech Technical University in Prague, Praha, Czech Republi

127 state Research Center Institute for High Energy PhysicgyiPo, Russia

128 particle Physics Department, Rutherford Appleton LalmogaDidcot, United Kingdom

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

130 Ritsumeikan University, Kusatsu, Shiga, Japan

131 @INFN Sezione di Roma [P)Dipartimento di Fisica, Universita La Sapienza, Romdylta

132 @INFN Sezione di Roma Tor Vergat&Dipartimento di Fisica, Universita di Roma Tor Vergataniy Italy

133 @INFN Sezione di Roma Tré? Dipartimento di Fisica, Universita Roma Tre, Roma, Italy

134 @Faculté des Sciences Ain Chock, Réseau Universitairdngisiffue des Hautes Energies - Université Hassan |l, Carsed]
®)Centre National de I'Energie des Sciences Techniques bineks Rabat®Faculté des Sciences Semlalia, Université Cadi
Ayyad, LPHEA-Marrakech®Faculté des Sciences, Université Mohamed Premier and®MPDujda;®Faculté des Sciences,
Université Mohammed V- Agdal, Rabat, Morocco

135 DSM/IRFU (Institut de Recherches sur les Lois Fondamentaletiévers), CEA Saclay (Commissariat a 'Energie
Atomique), Gif-sur-Yvette, France

136 Santa Cruz Institute for Particle Physics, University ofiféenia Santa Cruz, Santa Cruz CA, United States of America
137 Department of Physics, University of Washington, Seatth, Whited States of America

138 Department of Physics and Astronomy, University of fletd, Shdfield, United Kingdom

139 Department of Physics, Shinshu University, Nagano, Japan

140 Fachbereich Physik, Universitat Siegen, Siegen, Germany

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

142 S| AC National Accelerator Laboratory, Stanford CA, Uni®thtes of America

143 @Faculty of Mathematics, Physics & Informatics, Comeniusvdrsity, Bratislava® Department of Subnuclear Physics,
Institute of Experimental Physics of the Slovak Academy@g&S8ces, Kosice, Slovak Republic

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

145 @pepartment of Physics, Stockholm UniversiyThe Oskar Klein Centre, Stockholm, Sweden

146 physics Department, Royal Institute of Technology, Stodkh Sweden

147 Departments of Physics & Astronomy and Chemistry, StonyoRtdniversity, Stony Brook NY, United States of America
148 Department of Physics and Astronomy, University of SusBexghton, United Kingdom

149 School of Physics, University of Sydney, Sydney, Australia

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

151 Department of Physics, Technion: Israel Inst. of Technpléifa, Israel

152 Raymond and Beverly Sackler School of Physics and AstrondelyAviv University, Tel Aviv, Israel

153 Department of Physics, Aristotle University of Thessakprithessaloniki, Greece

154 International Center for Elementary Particle Physics aadddtment of Physics, The University of Tokyo, Tokyo, Japan
155 Graduate School of Science and Technology, Tokyo Metrtaoliniversity, Tokyo, Japan

156 Department of Physics, Tokyo Institute of Technology, Tekjapan

157 Department of Physics, University of Toronto, Toronto ONp@da

158 @TRIUMF, Vancouver BC{®) Department of Physics and Astronomy, York University, TamON, Canada

159 Institute of Pure and Applied Sciences, University of Tdakd-1-1 Tennodai, Tsukuba, Ibaraki 305-8571, Japan

160 Science and Technology Center, Tufts University, Medforl, Mnited States of America

161 Centro de Investigaciones, Universidad Antonio Narinog@a, Colombia

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

163 @INFN Gruppo Collegato di Udiné? ICTP, Trieste{9Dipartimento di Chimica, Fisica e Ambiente, Universitd ttine,
Udine, Italy

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

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

17



166 |nstituto de Fisica Corpuscular (IFIC) and Departamemt&isica Atomica, Molecular y Nuclear and Departamento de
Ingenieria Electronica and Instituto de Microelectoade Barcelona (IMB-CNM), University of Valencia and C$Malencia,
Spain

167 Department of Physics, University of British Columbia, Zanver BC, Canada

168 Department of Physics and Astronomy, University of VicpNictoria BC, Canada

169 \Waseda University, Tokyo, Japan

170 Department of Particle Physics, The Weizmann Instituteciéi®&e, Rehovot, Israel

171 Department of Physics, University of Wisconsin, Madison Wiited States of America

172 Fakultat fur Physik und Astronomie, Julius-Maximiliabimiversitat, Wiirzburg, Germany

173 Fachbereich C Physik, Bergische Universitat Wuppertalpiértal, Germany

174 Department of Physics, Yale University, New Haven CT, Whi&ates of America

175 Yerevan Physics Institute, Yerevan, Armenia

176 Domaine scientifique de la Doua, Centre de Calcul CNIR&P3, Villeurbanne Cedex, France

177 Faculty of Science, Hiroshima University, Hiroshima, Japa

a Also at Laboratorio de Instrumentacao e Fisica Experimielg®articulas - LIP, Lisboa, Portugal

b Also at Faculdade de Ciencias and CFNUL, Universidade deoaisLisboa, Portugal

¢ Also at Particle Physics Department, Rutherford Appletabdratory, Didcot, United Kingdom

d Also at TRIUMF, Vancouver BC, Canada

€ Also at Department of Physics, California State Univergitgsno CA, United States of America

f Also at Novosibirsk State University, Novosibirsk, Russia

9 Also at Fermilab, Batavia IL, United States of America

h Also at Department of Physics, University of Coimbra, CoimPortugal

" Also at Universita di Napoli Parthenope, Napoli, Italy

I Also at Institute of Particle Physics (IPP), Canada

kK Also at Department of Physics, Middle East Technical Ursitgr Ankara, Turkey

I Also at Louisiana Tech University, Ruston LA, United Statéf&merica

™ Also at Department of Physics and Astronomy, Universityl€y# London, London, United Kingdom

" Also at Group of Particle Physics, University of MontrealpMreal QC, Canada

° Also at Department of Physics, University of Cape Town, Capen, South Africa

P Also at Institute of Physics, Azerbaijan Academy of Scien&aku, Azerbaijan

9 Also at Institut fiir Experimentalphysik, Universitat faurg, Hamburg, Germany

" Also at Manhattan College, New York NY, United States of Aioar

S Also at School of Physics, Shandong University, Shandohna

t Also at CPPM, Aix-Marseille Université and CNRE2P3, Marseille, France

Y 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

W Also at DSMIRFU (Institut de Recherches sur les Lois Fondamentale®aévkers), CEA Saclay (Commissariat a 'Energie
Atomique), Gif-sur-Yvette, France

X Also at Section de Physique, Université de Genéeve, Gelsaviizerland

¥ Also at Departamento de Fisica, Universidade de Minho, &rRgrtugal

Z Also at Department of Physics and Astronomy, University ofith Carolina, Columbia SC, United States of America
@ Also at Institute for Particle and Nuclear Physics, Wignes&arch Centre for Physics, Budapest, Hungary
a Also at California Institute of Technology, Pasadena CAitethStates of America

a Also at Institute of Physics, Jagiellonian University, Koav, Poland

ad Also at Institute of High Energy Physics, Chinese Academ$aénces, Beijing, China

@ Also at Department of Physics and Astronomy, University loéBeld, Shdfield, United Kingdom

af Also at Department of Physics, Oxford University, Oxforditéd Kingdom

ad Also at Institute of Physics, Academia Sinica, Taipei, Teaiw

a Also at Department of Physics, The University of MichigammArbor MI, United States of America

3 Also at Laboratoire de Physique Nucléaire et de Hautesgi@grUPMC and Université Paris-Diderot and CNIR&P3, Paris,
France

* Deceased

18



	1 Introduction
	2 The ATLAS Detector
	3 Signal and background modeling
	4 Analysis
	5 Systematic uncertainties
	6 Results
	7 Conclusion
	8 Acknowledgments

