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Abstract

This paper describes a measurement of the inclusive tox gaérproduction cross-section
(o) with a data sample of 3.2 b of proton—proton collisions at a centre-of-mass energy
of v/s=13TeV, collected in 2015 by the ATLAS detector at the LHC.sThieasurement
uses events with an opposite-charge electron—muon pdieirfinal state. Jets containing
b-quarks are tagged using an algorithm based on track impaatypeters and reconstructed
secondary vertices. The numbers of events with exactly ades&actly twob-tagged jets
are counted and used to determine simultaneatgghnd the @iciency to reconstruct arts

tag a jet from a top quark decay, thereby minimising the dasedt systematic uncertainties.
The cross-section is measured to be:

o= 818+ 8 (stat)x 27 (syst)+ 19 (lumi)+ 12 (beam) pb

where the four uncertainties arise from data statisticgegmental and theoretical system-
atic dfects, the integrated luminosity and the LHC beam energyngia total relative un-
certainty of 4.4%. The result is consistent with theoréi@@D calculations at next-to-next-
to-leading order. A fiducial measurement correspondingpe¢oeixperimental acceptance of
the leptons is also presented.

© 2016 CERN for the benefit of the ATLAS Collaboration.
Reproduction of this article or parts of it is allowed as sfied in the CC-BY-4.0 license.
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1 Introduction

The top quark is the heaviest known fundamental particlth amassn, which is much larger than any of
the other quarks, and close to the scale of electroweak symynbreaking. The study of its production and
decay properties forms a core part of the LHC physics progranAt the LHC, top quarks are primarily
produced in quark—antiquark pairs)( and the precise prediction of the corresponding incRisross-
section is sensitive to the gluon parton distribution fiorc{PDF) and the top quark mass, and presents
a substantial challenge for QCD calculational technigis;sics beyond the Standard Model may also
lead to an enhancement of ttigoroduction rate.

Calculations of thet production cross-section at hadron colliders are availablfull next-to-next-to-
leading-order (NNLO) accuracy in the strong coupling canstrs, including the resummation of next-
to-next-to-leading logarithmic (NNLL) soft gluon ternmisf]. In this paper a reference value of 8_§gpb

at a centre-of-mass energy qfs = 13 TeV assumingn, = 1725 GeV is used, corresponding to a relat-
ive precision ofjgig%. This value was calculated using thep++ 2.0 program p]. The combined PDF
andas uncertainties o35 pb were calculated using the PDF4LHC prescriptidm{ith the MSTW2008
68% CL NNLO [8, 9], CT10 NNLO[10, 11] and NNPDF2.3 5f FFNJ2] PDF sets, and added in quadrat-
ure to the factorisation and renormalisation scale uniceytaf igg pb. The cross-section afs = 13 TeV

is predicted to be 3.3 times larger than the cross-sectioyfisat 8 TeV.

Measurements of have been made a{/s = 7 and 8 TeV by both ATLAS13-15] and CMS [L6-

18]. The most precise ATLAS measurementsogf at these collision energies were made using events
with an opposite-charge isolated electron and muon pairaaatitional b-tagged jets 13]. This paper
documents a measurement ®f at v/s = 13 TeV using the same final state and analysis technique.
Wherever possible, the analysis builds on the studies arakgures used in the earlier publicatid3][

A fiducial measurement determining the cross-section irré¢g@on corresponding to the experimental
lepton acceptance is also presented.

The data and Monte Carlo simulation samples are describ®ddtion2, followed by the object and event
selection in SectioB and the method for determining thiecross-section in Sectioh The evaluation of
backgrounds is discussed in Sectiband the systematic uncertainties in Sectforfinally, the results
and conclusions are given in Sectién

2 Data and simulation samples

The analysis is performed using the full 2015 proton—prdimp) collision data sample at/s = 13 TeV
with 25 ns bunch spacing recorded by the ATLAS detect®r 20]. The data correspond to an integrated
luminosity of 3.2 fo! after requiring stable LHC beams and that all detector sstbays were operational.
Events are required to pass either a single-electron olesingon trigger, with thresholds set to be almost
fully efficient for leptons with transverse momentymn > 25 GeV passing filine selections. Each event
includes the signals from on average about 14 additionkdstie pp collisions in the same bunch crossing
(known as pile-up).

Monte Carlo simulated event samples are used to optimisanhdysis, to compare to the data, and
to evaluate signal and backgrounfii@encies and uncertainties. The samples used in the analyesi
summarised in Tablé. The maintt signal and background samples were processed through th&SA\T
detector simulationZ1] based on GEANT422]. Some of the systematic uncertainties were studied using



alternativett samples processed through a faster simulation making ysarafmeterised showers in the
calorimeters 23]. Additional simulatedpp collisions generated with¥?u1a8.186 R4] were overlaid

to model the &ects from additional collisions in the same and nearby bumoksings. All simulated
events were processed using the same reconstructiontaigerand analysis chain as the data, and small
corrections were applied to lepton trigger and reconstrnatfficiencies and resolutions to improve the
agreement with the response observed in data.

The baselinét simulation sample was produced at next-to-leading orde)Nn QCD using the matrix-
element generatord®uec-Box v2 [25-27] with CT10 PDFs L0], interfaced to Rtuia6 [28] with the
Perugia 2012 set of tuned parameters (tu@é) for parton shower, fragmentation and underlying event
modelling. Thehgamp parameter, which gives a cifscale for the first gluon emission, was setig a
value which was chosen to give good modelling oftireystempr at /s = 7 TeV [30]. The EvrGen [31]
package was used to better simulate the decay of heavy-flaagolions.

Alternativett simulation samples were generated usiog/i:c interfaced to Hrwic++ [32], and Map-
erapa5_AMC@NLO [33] interfaced to Hrwic++. The dfects of initial- and final-state radiation were
explored using two alternativeoRueG + PytHia6 samples: one withgamp Set to 2ny, the factorisation
and renormalisation scale varied by a factor of 0.5 and uiad®erugia 2012 radHi tune, giving more
parton shower radiation; and a second one with the Perudia @@lLo tunehgamp = m; and the factor-
isation and renormalisation scale varied by a factor ofngiless parton shower radiation. The samples
were simulated following the recommendations documemteRief. [34]. The top quark mass was set to
172.5GeV in all these simulation samples andtthe Wbbranching fraction to 100%.

Backgrounds in this measurement are classified into twastyimse with two real prompt leptons from
W or Z decays (including those produced via leptonic decays-leptons), and those where at least
one of the reconstructed lepton candidates is ‘fake!,a non-prompt lepton produced from the decay
of a bottom or charm hadron, an electron arising from a phatmversion, a jet misidentified as an
electron, or a muon produced from an in-flight decay of a piokaeon. Backgrounds containing two real
prompt leptons include single-top production in assowoiatiith aW boson Wt), Z+jets production with

Z — 11 — €eu, and diboson productioWf{W, WZ andZZ) where both bosons decay leptonically.

The dominanWt single-top background was modelled usingvBec-Box v1 + Pytaia6 with the CT10
PDFs and the Perugia 2012 tune, using the ‘diagram remogagtion scheme¥|. The Z+jets back-
ground was modelled usingifkea 2.1.1 B6]: matrix elements (ME) were calculated for up to two partons
at NLO and four partons at leading order using the@ [37] and CrenLoors [38] matrix-element gen-
erators and merged with thensea parton shower (PS) using the MEPS@NLO B9 prescription; the
CT10 PDF set was used in conjunction with dedicated partowshtuning in &Eerra. Diboson produc-
tion with additional jets was also simulated usingega 2.1.1 and CT10 PDFs as described above; the
four-lepton final state, the three-lepton final state witb thfferent-flavour leptons, and the two-lepton
final state were simulated to covéz, ZW and WW production, and includefBshell Z/y* contribu-
tions. Same-charg&/W production from QCD and electroweak processes was includégrnative
Wtand diboson simulation samples were generated usigm + Herwic++ and RWHEG + PyTHia8,
respectively, to estimate the background modelling uagdiés.

The majority of the background with at least one fake leptothe selected sample arises frotpro-
duction where only one of thé&/ bosons from the top quarks decays leptonically, which wasilsited as
discussed earlier. Other processes with one real leptochvdain contribute to this background include
the t-channel single-top production, modelled usingvBec-Box v1 + Pytaia6, andW+jets with theW



Process Generator Parton Shower Calculation

PowneGg-Box v2 + PyTHIAG

tt PowneG-Box v2 + HERWIG++ NLO

MapGraPHS_AMC@NLO + HErWIG++
PowneGg-Box v1 + PyTHIAG

Wisingle top PowneG-Box v1 + HERWIGH++ NLO

Z+jets Suerpa 2.1.1 NLO (up to two partons)
. Suerea 2.1.1 NLO (up to two partons)

Diboson PowHEG + PyTHIA8 NLO

t-channel single tog PowHeG-Box v1 + PyTHIAG NLO

W-+jets PowHEG-Box v2 + PyTHIA8 NLO

tt + W/Z MADGRAPH + PyTHIA8 LO

Table 1: Summary of Monte Carlo samples used to model thekag background processes. The 'Calculation’
column corresponds to the order of the matrix element caficr in the Monte Carlo generator.

decaying taev, uv or rv where ther-lepton subsequently decays leptonically. This backgiouas mod-
elled using BwrEG-Box v2 + PyTuia8 with the CT10 PDFs. The small expected contribution fiom
association with &V or Z boson to the same-charge sample used for background estimation was mod-
elled using MioGrarh + PytHia8 [40]. Other backgrounds, including processes with two midified
leptons, are negligible.

3 Object and event selection

This measurement makes use of reconstructed electrongsnamob-tagged jets. The object and event
selections largely follow those used in the earlier puliiicg in particular the same kinematic cuts are
used for electrons and jets, and very similar ones are useduons.

Electron candidatesare reconstructed from an isolated electromagnetic caédar energy deposit match-
ed to a track in the inner detector and passing a mediumHibet-based requiremert, 42], within
the fiducial region of transverse enerfy > 25 GeV and pseudorapidtty;| < 2.47. Candidates within
the transition region between the barrel and endcap eteatoetic calorimeters,37 < || < 1.52, are
removed. The electron candidates must satisfy requiremmthe transverse impact parameter signific-
ance calculated with respect to the beamlingdglf oq, < 5 and on the longitudinal impact parameter
calculated with respect to the primary vertex|df sin 8| < 0.5 mm. The primary vertex is defined as
the one with the highest sum pf; of tracks associated to it. Electrons are required to batsdlusing
requirements on the calorimeter energy in a cone of ARe< 0.2 around the electron (excluding the
deposit from the electron itself) divided by the electywn and on the sum of trackr in a variable-size
cone around the electron direction (again excluding thetme track itself). The track isolation cone size
is given by the smaller AR = 10 GeV/pr(e) andAR = 0.2, i.e. a cone which increases in size at low
pr up to a maximum of 0.2. Selection criteria, dependenpprndr, are applied to produce a nominal

L ATLAS uses a right-handed coordinate system with its oragithe nominal interaction point (IP) in the centre of theedér
and thez-axis along the beam pipe. Theaxis points from the IP to the centre of the LHC ring, and jhaxis points
upwards. Cylindrical coordinates, ¢) are used in the transverse plagebeing the azimuthal angle around thexis.
The pseudorapidity is defined in terms of the polar amgésy = —Intan@/2). Angular distance is measured in units of

(An)> + (Ag)>.



efficiency of 95% for electrons frord — eedecays withpy of 25 GeV which rises to 99% at 60 GeV.
The dficiencies intt events are smaller, due to the increased jet activity. Tegmtedouble-counting of
electron energy deposits as jets, the closest jet wWikh< 0.2 of a reconstructed electron is removed.
Finally, if the nearest jet surviving the above selectiowithin AR = 0.4 of the electron, the electron is
discarded, to ensure it isiciently separated from nearby jet activity.

Muon candidatesare reconstructed by combining matching tracks recorsiuinr both the inner de-
tector and muon spectrometer, and are required to satisfy 25 GeV andp| < 2.4 [43]. Muons are
also required to be isolated, using requirements similéinase for electrons, with the selection criteria
tuned to give similar fiiciencies forZ — uu events. The muon candidates must satisfy the requirements
on the transverse impact parameter significance and onréudinal impact parameter (|/oq, < 3
and|Azy sing| < 0.5 mm, respectively. To reduce the background from muons freavy-flavour decays
inside jets, muons are removed if they are separated fromahgest jet bWAR < 0.4. However, if this

jet has fewer than three associated tracks, the muon is kdpha jet is removed instead; this avoids an
inefficiency for high-energy muons undergoing significant enéogy in the calorimeter.

Jetsare reconstructed using the aktialgorithm |4, 45] with radius parameteR = 0.4, starting from
topological clusters of deposited energy in the calorimsetdets are calibrated using an energy- and
dependent simulation-based calibration scheme with ctiores derived from data. No corrections for
semileptonicb-hadron decays are applied. Jets are accepted within theididegionpr > 25 GeV
and|n| < 2.5. To reduce the contribution from jets associated with-ppe jets withpr < 50 GeV and
In| < 2.4 are required to pass a pile-up rejection veitdl.[

Jets ardo-tagged as likely to contaib-hadrons using the MV2c20 algorithm{], a multivariate discrim-
inant making use of track impact parameters and reconstiisgicondary vertices and tuned with the new
detector configuration,e. including the Insertable B-Layer detector (IBLJ(. Jets are defined as be-
ing b-tagged if the MV2¢c20 weight is larger than a threshold valoeesponding to approximately 70%
b-tagging dficiency forb-jets intt events, although the exadfieiency varies withpy. In simulation,
the tagging algorithm gives a rejection factor of about 4ddimst light-quark and gluon jets, and about
8 against jets originating from charm quarks. The improveimef a factor of three in the light-quark
rejection and of 60% in the charm-quark rejection compapdtie¢b-tagging algorithm used in RefL§]
originate from the gain in track impact parameter resoitufiom the IBL, and improvements in the track
reconstruction anti-tagging algorithms47].

Events are rejected if the selected electron and muon asgaed byA¢ < 0.15rad andAd < 0.15rad,
whereA¢ andAd are the diferences in polar and azimuthal angles between the two leptdris require-
ment rejects events where a muon undergoes significantyeloeg)in the electromagnetic calorimeter,
thus leading to a reconstructed electron candidate. Eyassing the above requirements, and having
exactly one selected electron and one selected muon of ipbectric charge sign (OS), define the
preselected sample. The corresponding same-sign (SS)es@amysed in the estimation of background
from events with misidentified leptons. Events are therhntclassified into those with exactly one or
exactly twob-tagged jets.



4 Extraction of the tt cross-section

Thett cross-section is measured in the dileptamicchannel, where one top quark decays as Wb —
evb and the other as » Wb — uvb.?2 The final states from leptonic decays are also included. As in
Ref. [13], o is determined by counting the numbers of opposite-gigrevents with exactly oneN;)
and exactly two I{lo) b-tagged jets, ignoring any jets that are bethgged which may be present, due to
e.g.light-quark or gluon jets from QCD radiation btjets from top quark decays which are fetagged.
The two event counts can be expressed as:

N, Lot e, 26p(1 — Cpep) + NI

N2 = LO’tt Eeﬂcbeb +kag (1)

whereL is the integrated luminosity of the sample agdthe dficiency for att event to pass the opposite-
sign eu preselection. The combined probability for a jet from theutpg in thet — Wqdecay to fall
within the acceptance of the detector, be reconstructed jesveith transverse momentum above the
selection threshold, and be tagged dsjat, is denoted byy,. If the decays of the two top quarks and
the subsequent reconstruction of the th#agged jets are completely independent, the probabiity t
tag bothb-jets ey, is given byey, = e,°. In practice, small correlations are present for kinematid
instrumental reasons, and these are taken into accourttestagging correlation céiécientCy, defined
asCp, = eyp/&?2 O equivalentlyCy = 4NY N“/(Ntt + 2N)?, WhereNtt is the number of preselectegt

tt events and\® andN{ are the numbers of events with one and twtagged jets. Background from
sources other thatt - eyvvbb also contributes to the event courds and Ny, and is given by the
background term&ltlJkg and Ngkg. The preselectionficiency ey, and tagging correlatio;, are taken
from tt event simulation and are abouBB8% and 1002, respectively, and the background contributions
kag and Ngkg are estimated using a combination of simulation and dasaddaethods as described in
Section5, allowing the two equationsl) to be solved yieldingri and e, by minimising a likelihood
function.

In the method to measure thiecross-section outlined above, some of the largest sysiematertain-
ties come from the use of simulation to estimate the preseteefficiencyeg,. This dficiency can be
factorised into the product of two terme, = Ae,Ge,. The acceptanche, represents the fraction ¢f
events that have a truigg pair within the detector acceptanger (> 25 GeV andn| < 2.5) and it is about
2.7% (2.3% excluding decays). The terrG,, represents the ratio of reconstructeé@vents tat events
with a trueeu pair within the fiducial region, where the numerator incleidiee approximately 2% of
reconstructedt events where one or both leptons have tpge< 25 GeV. The fiducial cross-sectior

is defined asar{‘tij = Ag,01i; avoiding the systematic uncertainties associated wetettirapolation from
the measured lepton phase space to the full phase spaceeasdned following the same technique as in
Ref. [13]. The contribution ott events produced in the fiducial region with at least one leptiginating
viaW — 7 — | decay is estimated from simulation to be 12.9.1%.

A total of 30879 data events passed ¢hepposite-sign preselection. Taldshows the number of events
with one and twadb-tagged jets, together with the estimates of tobackground and their systematic
uncertainties discussed below. The ratiobethgged events to preselected events (belfet@gging) is
higher for 13 TeV than at 7 and 8 TeV due to the larger incre&sieedt cross-section withy's compared
with the Z+jets and diboson background cross-sections. In simulatiesample with onb-tagged jet is
expected to be about 89% puretirevents, with the dominant background originating frdfbsingle-top

2 This notation indicates the leptonic decay of bbémdt. Charge-conjugate modes are implied unless otherwisedstat



Event counts N, N,

Data 11958 7069
Single top 1140+ 100 221+ 68
Diboson 34+11 1+0
Z(— 1t — eu)+jets 37+18 2+1

Misidentified leptons| 164+ 65 116+ 55
Total background 1370+ 120 340+ 88

Table 2: Observed numbers of opposite-gigrevents with one and twb-tagged jets; andN,), together with
the estimates of noti-backgrounds and associated systematic uncertaintiegrtaingies quoted as 0 a¢e0.5.

production, and smaller contributions from events withidgstified leptonsZ+jets and dibosons. The
sample with twadb-tagged jets is expected to be about 96% puri @vents, withWt production again
being the dominant background.

The distribution of the number di-tagged jets in opposite-sigau events is shown in Figuré, and
compared to the baseline and alternativeand background simulation samples. Tiheontribution

is normalised to the theoretic#ll cross-section prediction afs = 13 TeV of 832 pb. The agreement
between data and simulation in the one and batagged bins used for the cross-section measurement
is good. However, the data has about 40% more events witk threnoreb-tags than the baseline
simulation, indicating a mismodelling of events withproduced in association with additional heavy-
flavour jets, as discussed further in SectnThere is also an approximately 11% excess of data over
simulation for events with zerb-tagged jets which does noffact the measurement, and is compatible
with the expected uncertainties in modellMiN[48] andZ+jets production. Distributions of the number
of jets, the jetpr, and the electron and mudw and pt are shown for opposite-sigeu events with at
least oneb-tagged jet in Figur@, where the simulation is normalised to the same number ofteas the
data. In general, the data and simulation agree well.

5 Background estimation

Most background contributions are estimated from simatatirheWt single-top background is normal-
ised to the approximate NNLO cross-section of774 3.8 pb, determined as in Ref49]. The diboson
background normalisation is estimated usinggsa as discussed in Secti@ The normalisation of the
Z+jets background, originating from events wittza— rr — eu decay accompanied by one or two
b-tagged jets, is determined by scaling the:s&a simulation with scale factors obtainedZn— eeand

Z — uu events as described in Sectién

The background from events with one real and one misideditiépton is estimated from a combina-
tion of data and simulation, using the method employed in RES]. Simulation studies show that the
samples with a same-sigi pair and one or tw-tagged jets are dominated by events with a misidenti-
fied lepton, with rates comparable to those in the oppodite-sample. The contributions of events with
misidentified leptons are therefore estimated using theesgign event counts in data after subtraction of
the estimated prompt same-sign contributions, multighiethe opposite- to same-sign fake-lepton ratios
R; for j = 1 and 2b-tagged jets predicted from simulation. The results arevshio Table2 and the pro-
cedure is illustrated in Tabl& which shows the expected breakdown of same-sign eventsouterms

of prompt-lepton and misidentified-lepton events, and theesponding predictions for misidentified
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Figure 1: Distribution of the number df-tagged jets in preselected opposite-segnevents. The data are
shown compared to the prediction from simulation, brokewrlinto contributions frontt (using the baseline
Pownec+PytHIA6 sample)Wtsingle top Z+jets, dibosons, and events with fake electrons or muonmal®ed to
the same integrated luminosity as the data. The lower panedigure shows the ratio of simulation to data, using
varioustt signal samples, and the shaded band indicates the stltisticertainty. Thét contribution is normalised
to the theoreticait cross-section prediction afs = 13 TeV of 832 pb.

leptons in the opposite-sign sample with all contributiestimated from simulation. The misidentified-
lepton contributions are classified into those where thetree is from a photon conversion, from the
decay of a heavy-flavour hadron or from other soureeg. & misidentified hadron within a jet), or the
muon is from a heavy-flavour decay or other soureeg.(a pion or kaon decay). The valuesRf are
taken to beR; = 1.55+ 0.50 andR, = 1.99 + 0.82, where the central values are taken from ratios of
the total numbers of misidentified-lepton events in opgesind same-sign samples. The uncertainties
encompass the flierent values oR; predicted for the various sub-components of the misideqtikepton
background separately, allowing the background comjpostth be significantly dierent from that pre-
dicted by simulation, where it is dominated by electronsrfighoton conversions, followed by electrons
and muons from the decays of heavy-flavour hadrons. A 50%rtaiicty is assigned to the prompt same-
sign contribution, which includes events where the chafgheelectron was misidentified (denoted by
wrong-sign prompt in Tabl8) or right-sign with two genuine same-sign leptoesy( from ttW/Z pro-
duction). The largest uncertainties in the misidentifieptdn background come from the uncertainties in
R;.

The modelling in simulation of the flerent components of the misidentified-lepton backgrountésked
by studying kinematic distributions of same-sign evenssillastrated for thepr and|r| distributions of
the leptons in events with at least doagged jet in Figur®. The simulation models the shapes of the
distributions well, but underestimates the number of detss with twob-tagged jets by about 40%, as
shown in Table3. This deficit in simulation is attributed to a larger rate dsitlentified-lepton events in
data, which increases the estimate of misidentified leptotise opposite-sign twb-tag sample accord-
ingly. The modelling is also checked in same-sign controias with relaxed isolation cuts, enhancing
the contributions of heavy-flavour decays, and similar Il agreement were found, giving confid-
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Figure 2: Distributions of (a) the number of jets, (b) thene@erse momentumpr of the b-tagged jets, (c) they

of the electron, (d) ther of the electron, (e) th&| of the muon and (f) thepr of the muon, in events with an
opposite-sigreu pair and at least onetagged jet. The data are compared to the prediction froralaiion, broken
down into contributions frontt (using the baselinedwuec+PyTHIA6 Sample), single topZ+jets, dibosons, and
events with fake electrons or muons, normalised to the samwar of entries as the data. The lower parts of the
figures show the ratios of simulation to data, using varibssgnal samples, and with the shaded band indicating
the statistical uncertainty. The last histogram bin inelsithe overflow.
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Component | OSb SSb OSDd SSd

Conversiore 113+ 5 83+5 60+ 3 333+ 17
Heavy-flavoure 110+18 98+0.9 11+03 09+0.3
Othere 15+ 13 04+0.2 33+19 02+01
Heavy-flavouru 95+09 56+ 0.7 19+ 04 05+0.2
Otheru 34+£05 03+0.2 27+05 00+00
Total misidentified 151+ 14 99+ 5 69+ 4 35+ 2
Wrong-sign prompt - 300+1.6 - 160+1.1
Right-sign prompt - 118+ 05 - 44 +0.2
Total - 141+ 6 - 55+ 2
Data - 149 - 79

Table 3: The expected numbers of events with at least oneéenisfied lepton in the one- and twitag opposite-

and same-sigeu samples, broken down intoftirent categories as described in the text. For the samesaigples,

the contributions from wrong-sign (where the electron geaign is misreconstructed) and right-sign prompt lepton
events are also shown, and the total expected numbers dbexrercompared to the data. The uncertainties are due
to simulation statistics, and numbers quoted as ‘0.0’ ar@lsmthan 0.05.

ence that the simulation adequately models tlkeidint sources of misidentified leptons in the selected
sample.

6 Systematic uncertainties

The systematic uncertainties in the extracted crosseses;tiri and O'EQ are shown in Tabld, together
with their efects (where relevant) on thiepreselection ficiencyeg,, tagging correlatiorCy, and recon-
struction éficiency Ge,. Each source of uncertainty is evaluated by repeating thesesection extrac-
tion with all relevant input parameters simultaneouslyngea by+1 standard deviation. Correlations
between input parameters (in particular significant aotrelations betweeg,, andCy, which contribute
with opposite signs to;) are thus taken into account. The total uncertainties doalleded by adding
the dfects of all the individual systematic components in quageatassuming them to be independent.

The sources of systematic uncertainty are discussed iil detaw.

tt modelling: The modelling uncertainties iey, andCy, due to the choice oft generator are assessed
by comparing the predictions of the baselineviRec + Pytaia6 sample with the various alternative
samples discussed in SectidnT hree separate uncertainties are considered: the NLOaenen-
certainty (evaluated by considering the relativ@atence between MyGrapu5 AMC@NLO + HErwiG++
and Pwae: + HErwiG++), the parton shower and hadronisation uncertainty (eteduay consider-
ing the relative dference betweendwhec + PytHia6 and Rwhec + Herwic++), and the radiation
uncertainty (evaluated by considering half the relatiéedénce between theoRuec + PyTHIAG
samples with more or less radiation). The predictionefpris found to be particularly sensitive to
the amount of hadronic activity near the leptons, whichrgghp affects the iciency of the lepton
isolation requirements described in Sect®nThese isolation féciencies are therefore measured
directly from data, as discussed below, and thus no modellincertainty is considered for the
lepton isolation. Motivated by the level of agreement foer#g with at least threl-tags seen in
Figure 1, an additional uncertainty i, is determined by calculating in data and simulation the
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Figure 3: Distributions of electron and mufghand pr in same-sigreu events with at least onetagged jet. The
simulation prediction is normalised to the same integratednosity as the data, and broken down into contribu-
tions where both leptons are prompt, or one is a misidentiéiptbn from a photon conversion or heavy-flavour
decay. In thepr distributions, the last bin includes the overflow.
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Uncertainty (inclusiver)

Aeg, [ € [%0]

ACy/Cp [%]

Ao/ o [%0]

Data statistics \ 0.9
tt NLO modelling 0.7 -0.1 0.8
tt hadronisation -24 0.4 2.8
Initial- and final-state radiation -0.3 0.1 0.4
tt heavy-flavour production - 0.4 0.4
Parton distribution functions 0.5 - 0.5
Single-top modelling - - 0.3
Single-togitt interference - - 0.6
Single-topWtcross-section - - 0.5
Diboson modelling - - 0.1
Diboson cross-sections - - 0.0
Z+jets extrapolation - - 0.2
Electron energy scateesolution 0.2 0.0 0.2
Electron identification 0.3 0.0 0.3
Electron isolation 0.4 - 0.4
Muon momentum scalesolution -0.0 0.0 0.0
Muon identification 0.4 0.0 0.4
Muon isolation 0.2 - 0.3
Lepton trigger 0.1 0.0 0.2
Jet energy scale 0.3 0.1 0.3
Jet energy resolution -01 0.0 0.2
b-tagging - 0.1 0.3
Misidentified leptons - - 0.6
Analysis systematics \ 2.7 0.6 3.3
Integrated luminosity - - 2.3
LHC beam energy - - 15
Total uncertainty \ 2.7 0.6 4.4

Uncertainty (fiduciab-fi¢)

| AGe,/Ge, [%]

ACp/Cyp [%0]

A(J‘IitgI /o9 [95]

tt

tt NLO modelling 0.5 -0.1 0.6
tt hadronisation -16 0.4 1.9
Parton distribution functions 0.1 - 0.1
Other uncertainties (as above) 0.8 0.4 15
Analysis systematicsr(l) | 1.8 0.6 2.5
Total uncertainty ¢'19) | 1.8 0.6 3.9

Table 4: Summary of the systematic uncertaintiegeil G, andCp (with their relative signs where relevant),
and the statistical, systematic, luminosity and beam gnengertainties in the measurédcross-sectionr at

v/s = 13 TeV. All uncertainties from the inclusive cross-sectinaasurement apply to the fiducial measurement;
in the lower part of the table only the systematic uncertadthat are dierent for the measurement of the fiducial
cross—sectiomrft£j are given, together with the total analysis systematic tatgies and total uncertainties arfti’
Uncertainties quoted as ‘0.0’ are smaller than 0.05%, whilghdicates that the corresponding uncertainty is not
applicable.
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ratio R3, of the number of events with at least thite¢éagged jets to the number with at least two.
The baseline simulation sample is reweighted to changer#ttéidn of events with at least three
b-jets at generator level, whictfectively changes thi plus heavy-flavour fraction and the values
of bothCy, andRsp. A linear relation between changes@p andR;3; is found, and used to translate
the diference between tHgs, values found in data (8 + 0.2%) and simulation (21 + 0.05%) to

a shift inCy of 0.39%. This shift is treated as an additional uncertaint¢, due to the model-
ling of heavy-flavour production itt events, uncorrelated to the NLO, hadronisation and ratiati
uncertainties discussed above.

Parton distribution functions: The uncertainties i, andCy due to limited knowledge of the pro-
ton PDFs are evaluated by reweighting simulated eventaupsatiwith MibGrarpu5 AMC@NLO
using the error sets of the NNPDF 3.0 PDF s&@.[The eigenvectors consist of a central PDF
and 100 Monte Carlo replicas, for which the root mean square taken to calculate the uncer-
tainty. The MioGrapu5_aMC@NLO sample was produced with CT10; therefore the cressiem
was corrected for the relativeftirence between the central prediction of CT10 and NNPDF 3.0,
which is about 1%. The uncertainty using the PDF4LHC Rune@mamendations with 100 eigen-
vectors p1] is very similar to that obtained with NNPDF 3.0.

Single-top modelling: The uncertainties related Wt single-top modelling are assessed by comparing
the predictions of Bwhec + Pytaia6 and RBwaec + HErwic++ and considering the relativeftir-
ence, comparing the diagram removal and diagram subtrastioemes for dealing with the inter-
ference between thitandWtfinal states, and also considering half the relatifBedénce between
the PwHEeG + PytHia6 samples with more or less radiation. Production of singgequarks via the
t- ands-channels gives rise to final states with only one prompblepand is accounted for as part
of the misidentified-lepton background.

Diboson modelling: The uncertainties in the background contributions fromogdns with one or two
additionalb-tagged jets were assessed by comparing the baseline tiediom Sierea with that
of Pownec+PytHiA8. These uncertainties have a limiteffieet on the cross-section measurement
due to the small number of diboson background events.

Background cross-sections:The uncertainties in thé/t single-top and diboson cross-sections are taken
to be 5.3% 49 and 6% p2], based on the corresponding theoretical predictions.

Z+jets extrapolation: The cross-sections fat+jets and especiallZ+heavy-flavour jets are subject to
large theoretical uncertainties, making purely simuladimsed estimates unreliable. This back-
ground was therefore determined by measuring the ratés of eeandZ — uu events with
one and twab-tagged jets in both data and simulation, and using the tregulatio to scale the
simulation estimate of background frotdh —» rr+jets. TheZ+jets background prediction from
simulation was scaled by 1.1 for the background with bftagged jet and by 1.2 for the back-
ground with twob-tagged jets. A 50% uncertainty was applied to Zhgets contributions which
cover the dferences observed on the event yields comparia@t& Sierra VS PowHEG+PyTHIAS.

Lepton-related uncertainties: The modelling of the electron and muon triggdii@encies, identifica-
tion efficiencies, energy scales and resolutions are studied dsingeeandZ — uu decays in data
and simulation. Small corrections are applied to the sitrarido improve the agreement with the
response observed in data. These corrections have assougiatertainties that are propagated to
the cross-section measurement. The uncertainty in thgetrigficiency is small compared to those
for electron or muon identification since most events aggaied redundantly by both leptons. The
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efficiency of the lepton isolation requirements was measunetity in datatt events, thus includ-
ing the dfects of pile-up, by relaxing the cuts alternately on elerand muons as in RefLJ].
The results, after the correction for the contaminatiomfimisidentified leptons estimated using
the same-sigreu samples as described in Sectidnshowed that the baselinewuec+PyTHIAG
simulation overestimates théfieiencies of the isolation requirements by about 0.2% foh tog
electrons and muons. These corrections were applieg, tand the corresponding uncertainties
are dominated by the subtraction of misidentified leptons.

Jet-related uncertainties: Although the @iciency to reconstruct aritag jets frontt events is extracted
from the data, uncertainties in the jet energy scale, enmgplution and reconstructiorfieiency
affect the backgrounds estimated from simulation and the atgif the tagging correlatioGy,.
They also have a smallfect oneg, via the lepton—jefAR separation cuts. The jet energy scale is
varied in simulation according to the uncertainties detif®m the /s = 8 TeV simulation and
data calibration, extrapolated tgs = 13 TeV [53]. The uncertainties are evaluated using a model
with 19 separate orthogonal components and the resultirigtiems were added in quadrature.
The jet energy resolution uncertainty is also assessed ugi= 8 TeV data, and extrapolated to
VS=13TeV.

b-tagging uncertainties: The correlation facto€y, depends weakly on thetagging and mistagging ef-
ficiencies predicted by the simulation, as it is evaluatednfthe numbers of events with one and
two b-tagged jets. The uncertainties are determined frgm= 8 TeV data, with additional un-
certainties to account for the presence of the newly-ilestahsertable B-layer detector (IBL2(]
and the extrapolation ta/s = 13 TeV. Since the definition af, does not involvé>-tagged jets, it
has ndb-tagging or mistagging-related uncertainties.

Misidentified leptons: The uncertainties in the number of events with misidentifegiions in the one
and twob-tagged samples are derived from the statistical uncéigaiin the numbers of same-
sign lepton events, the systematic uncertainties in the@sims to same-sign ratidR;, and the
uncertainties in the numbers of prompt same-sign eventlisagssed in detail in Sectidn

Integrated luminosity: The uncertainty in the integrated luminosity is 2.1%. It é&ided, following a
methodology similar to that detailed in Re54], from a calibration of the luminosity scale using
y beam-separation scans performed in August 2015. Tieeten the cross-section measurement
is slightly larger than 2.1% because ¥\ single-top and diboson backgrounds are evaluated from
simulation, so they are also sensitive to the assumed attjfuminosity.

LHC beam energy: The LHC beam energy during the 20p? run was calibrated to be 30 + 0.66%
smaller than the nominal value of 4 TeV per beam, using theluéen frequency dterence of pro-
tons and lead ions during+Pb runs in early 2013p]. This relative uncertainty is also applicable
to the 2015pp run. Since this calibration is compatible with the nominahize-of-mass energy
of 13 TeV, no correction is applied to the measuegdvalue. However, an uncertainty of 1.5%,
corresponding to the expected changerrfor a 0.66% change in centre-of-mass energy, is quoted
separately for the final result.

Top quark mass: Alternativett samples generated withftirentm, from 170 to 177.5 GeV are used to
quantify the dependence of the acceptancetfevents on the assumed value. The level oiVt
single-top background based on the change of\tieross-section for the same mass range is also
considered. Thét acceptance and backgrounfleets partially cancel, and the final dependence
of the result on the assumen value is determined to besgt/dm, = —0.3%/GeV. The result
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of the analysis is reported for a top quark mass of 172.5 GeW¥,the small dependence of the
cross-section on the assumed mass is not included in tHeystamatic uncertainty.
The total systematic uncertaintiesey), C,, Gg, and the fitted values <'mftt—<':1ndo-{‘tij are shown in Tabléd,
and the total systematic uncertainties in the individualkigpound components are shown in TaBle
The dominant uncertainties in the cross-section resultectnam the luminosity determination aritl
modelling, in particular from thé& shower and hadronisation uncertainty.

7 Results and conclusions

The inclusivett production cross-section is measured in the dileptos eyvaB decay channel using
3.2fb! of /s = 13 TeV pp collisions recorded by the ATLAS detector at the LHC. The bens of
opposite-sigreu events with one and twi-tagged jets are counted, allowing a simultaneous determin
tion of thett cross-sectiowmriand the probability to reconstruct abdag a jet from at decay. Assuming
a top quark mass ofy = 1725 GeV, the result is:

o= 818+ 8 (stat)+ 27 (syst)+ 19 (lumi) = 12 (beam) pb

where the four uncertainties are due to data statisticsgrerpntal and theoretical systematiteets,

the integrated luminosity and the LHC beam energy, givingtal trelative uncertainty of 4.4%. The
combined probability for a jet from a top quark decay to béhimithe detector acceptance and tagged as
ab-jet is measured to be, = 0.559 + 0.004 + 0.003, where the first error is statistical and the second
systematic, in fair agreement with the nominal predictiamT simulation of 0.549.

This cross-section measurement is consistent with thedhieal prediction based on NNLENNLL cal-
culations of 83222 pb atm; = 1725 GeV. Figured shows the result of this;measurement together with
the most precise ATLAS results afs = 7 and 8 TeV L.3]. The data are compared to the NNESINLL
predictions as a function of the centre-of-mass energy. rébglt is also consistent with a recent meas-
urement by CMS aty/s = 13 TeV using a smaller data samp&s].

The measured fiducial cross-sectiaﬁﬁj for a tt event producing amu pair, each lepton originating
directly fromt - W — £ or via a leptonicr decayt - W — t — ¢ and satisfyingpy > 25 GeV and
Inl < 25is:

ofd = 1132+ 0.10 (stat)+ 0.29 (syst)+ 0.26 (lumi)+ 0.17 (beam) pb

with uncertainties due to data statistics, systemadteres, the knowledge of the integrated luminosity and
the LHC beam energy, corresponding to a total relative uaicgy of 3.9% and an internal systematic
uncertainty excluding the luminosity and the LHC beam epef@.5%. The breakdown of the systematic
uncertainties is presented in TaldleOverall, the analysis systematic uncertainties in thecfalicross-
section are smaller than those in the inclusive crossesgatiue to the substantial reductions in the PDF
and hadronisation uncertainties that contribute sigmflgao both the acceptanad®, and reconstruction
efficiencyGe,.

Acknowledgements

We thank CERN for the very successful operation of the LHCwel as the support sfiafrom our
institutions without whom ATLAS could not be operatefti@ently.

15



T
® ATLASep Vs=13TeV, 3.2fb" ATLAS

B ATLASep Vs=8TeV, 20.3fb"

| A ATLASep Vs=7TeV, 46fb*

Inclusive tt cross-section [pb]
T

——— NNLO+NNLL (pp)
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004

My, =172.5 GeV, PDF O oy uncertainties according to PDFALHC

10° = | | | ]

6 8 10 12 14
Vs [TeV]

Figure 4: Cross-section fétrpair production irppcollisions as a function of centre-of-mass energy. ATLASIits
in the dileptoreu channel aty's = 13, 8 and 7 TeV are compared to the NNERNLL theoretical predictions.

We acknowledge the support of ANPCyT, Argentina; YerPhim&nia; ARC, Australia, BMWFW and
FWF, Austria; ANAS, Azerbaijan; SSTC, Belarus; CNPq and ESP, Brazil;, NSERC, NRC and CFl,
Canada; CERN; CONICYT, Chile; CAS, MOST and NSFC, China; @IHNCIAS, Colombia; MSMT
CR, MPO CR and VSC CR, Czech Republic; DNRF and DNSRC, Denm#&RP3-CNRS, CEA-
DSM/IRFU, France; GNSF, Georgia; BMBF, HGF, and MPG, GermanyRGSGreece; RGC, Hong
Kong SAR, China; ISF, I-CORE and Benoziyo Center, IsraelFNy Italy; MEXT and JSPS, Japan;
CNRST, Morocco; FOM and NWO, Netherlands; RCN, Norway; MNi@nd NCN, Poland; FCT, Por-
tugal; MNE/IFA, Romania; MES of Russia and NRC KI, Russian FederatitRJ MESTD, Serbia;
MSSR, Slovakia; ARRS and MIZS, Slovenia; DSIRF, South Africa; MINECO, Spain; SRC and
Wallenberg Foundation, Sweden; SERI, SNSF and Cantons rof @&l Geneva, Switzerland; MOST,
Taiwan; TAEK, Turkey; STFC, United Kingdom; DOE and NSF, tédi States of America. In addition,
individual groups and members have received support frorKIBE; the Canada Council, CANARIE,
CRC, Compute Canada, FQRNT, and the Ontario Innovationt,T@@ada; EPLANET, ERC, FP7, Ho-
rizon 2020 and Marie Sklodowska-Curie Actions, Europearobininvestissements d'Avenir Labex and
Idex, ANR, Région Auvergne and Fondation Partager le Savaance; DFG and AvH Foundation, Ger-
many; Herakleitos, Thales and Aristeia programmes co-fiediy EU-ESF and the Greek NSRF; BSF,
GIF and Minerva, Israel; BRF, Norway; Generalitat de Catgfy Generalitat Valenciana, Spain; the
Royal Society and Leverhulme Trust, United Kingdom.

The crucial computing support from all WLCG partners is amkledged gratefully, in particular from
CERN, the ATLAS Tier-1 facilities at TRIUMF (Canada), NDGBdnmark, Norway, Sweden), CC-
IN2P3 (France), KITGridKA (Germany), INFN-CNAF (Italy), NL-T1 (NetherlanddpIC (Spain), ASGC
(Taiwan), RAL (UK) and BNL (USA), the Tier-2 facilities watlvide and large non-WLCG resource pro-
viders. Major contributors of computing resources aretlsh Ref. p7].

16



References

[1]

[2]

[3]

[4]

[5]

[6]

[7]
[8]
[9]
[10]
[11]
[12]

[13]

[14]

[15]

[16]

[17]

M. Cacciari et al.,Top-pair production at hadron colliders with next-to-néstleading
logarithmic soft-gluon resummatipRhys. Lett. B710(2012) 612 arXiv:1111.5869 [hep-ph].

P. Barnreuther et alRercent Level Precision Physics at the Tevatron: First GeaiNNLO QCD
Corrections to g — tt + X, Phys. Rev. Lett109(2012) 132001arXiv:1204.5201 [hep-ph].

M. Czakon and A. MitovNNLO corrections to top-pair production at hadron collidethe
all-fermionic scattering channeldHEP1212(2012) 054 arXiv:1207.0236 [hep-ph].

M. Czakon and A. Mitov,
NNLO corrections to top pair production at hadron collidetse quark-gluon reaction
JHEP1301(2013) 08Q arXiv:1210.6832 [hep-ph].

M. Czakon, P. Fiedler and A. Mitov,
The total top quark pair production cross-section at hadoafiiders through()(aé),
Phys. Rev. Lett110(2013) 252004arXiv:1303.6254 [hep-ph].

M. Czakon and A. Mitov,
Top++: A Program for the Calculation of the Top-Pair Cross-Sewtat Hadron Colliders
Comput. Phys. Commui85(2014) 2930arXiv:1112.5675 [hep-ph].

M. Botje et al.,The PDF4LHC Working Group Interim Recommendatjq@f11),
arXiv:1101.0538 [hep-ph].

A.D. Matrtin et al.,Parton distributions for the LHCEur. Phys. J. G3(2009) 189
arXiv:0901.0002 [hep-ph].

A.D Martin et al.,Uncertainties orxg in global PDF analyses and implications for predicted
hadronic cross section&ur. Phys. J. G4 (2009) 653 arXiv:0905.3531 [hep-ph].

H.L. Lai et al.,New parton distributions for collider physicBhys. Rev. [82 (2010) 074024
arXiv:1007.2241 [hep-ph].

J. Gao et al.The CT10 NNLO Global Analysis of QCBPhys. Rev. 89 (2014) 033009
arXiv:1302.6246 [hep-ph].

R. D. Ball et al.,Parton distributions with LHC dataNucl. Phys. B367 (2013) 244289
arXiv:1207.1303 [hep-ph].

ATLAS Collaboration,Measurement of the production cross-section using events with
b-tagged jets in pp collisions at/s = 7 and 8 TeV with the ATLAS detector
Eur. Phys. J. @4 (2014) 3109arXiv:1406.5375 [hep-ex].

ATLAS Collaboration,Measurement of the top pair production cross sectio8 eV
proton—proton collisions using kinematic information iretleptorr-jets final state with ATLAS
Phys. Rev. 1 (2015) 112013arXiv:1504.04251 [hep-ex].

ATLAS Collaboration,Measurement of the top quark pair production cross-sectidh ATLAS
in the single lepton channdPhys. Lett. B711(2012) 244 arXiv:1201.1889 [hep-ex].

CMS CollaborationMeasurement of the production cross section in the e-mu channel in
proton-proton collisions aty/s =7 and 8 TeY(2016), arXivi603.02303 [hep-ex].

CMS CollaborationMeasurements of thé production cross section in leptefets final states in
pp collisions at 8 TeV and ratio of 8 to 7 TeV cross secti¢p816),
arXiv:1602.09024 [hep-ex].

17


http://dx.doi.org/10.1016/j.physletb.2012.03.013
http://arxiv.org/abs/1111.5869
http://dx.doi.org/10.1103/PhysRevLett.109.132001
http://arxiv.org/abs/1204.5201
http://dx.doi.org/10.1007/JHEP12(2012)054
http://arxiv.org/abs/1207.0236
http://dx.doi.org/10.1007/JHEP01(2013)080
http://arxiv.org/abs/1210.6832
http://dx.doi.org/10.1103/PhysRevLett.110.252004
http://arxiv.org/abs/1303.6254
http://dx.doi.org/10.1016/j.cpc.2014.06.021
http://arxiv.org/abs/1112.5675
http://arxiv.org/abs/1101.0538
http://dx.doi.org/10.1140/epjc/s10052-009-1072-5
http://arxiv.org/abs/0901.0002
http://dx.doi.org/10.1140/epjc/s10052-009-1164-2
http://arxiv.org/abs/0905.3531
http://dx.doi.org/10.1103/PhysRevD.82.074024
http://arxiv.org/abs/1007.2241
http://dx.doi.org/10.1103/PhysRevD.89.033009
http://arxiv.org/abs/1302.6246
http://dx.doi.org/10.1016/j.nuclphysb.2012.10.003
http://arxiv.org/abs/1207.1303
http://dx.doi.org/10.1140/epjc/s10052-014-3109-7
http://arxiv.org/abs/1406.5375
http://dx.doi.org/10.1103/PhysRevD.91.112013
http://arxiv.org/abs/1504.04251
http://dx.doi.org/10.1016/j.physletb.2012.03.083
http://arxiv.org/abs/1201.1889
http://arxiv.org/abs/1603.02303
http://arxiv.org/abs/1602.09024

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

CMS CollaborationMeasurement of the production cross section in pp collisions gfs = 7
TeV with lepton+ jets final statesPhys. Lett. B720(2013) 83—-104
arXiv:1212.6682 [hep-ex].

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

ATLAS Collaboration, ATLAS Insertable B-Layer Technical Design Report
ATLAS-TDR-19 (2010),urL: http://cdsweb.cern.ch/record/1291633.

ATLAS Collaboration,The ATLAS Simulation Infrastructyreur. Phys. J. G0(2010) 823
arXiv:1005.4568 [hep-ex].

S. Agostinelli et al. GEANT4: A simulation toolkjtNucl. Instr. Meth. A506 (2003) 250

ATLAS Collaboration,
The simulation principle and performance of the ATLAS fakirameter simulation FastCaloSim
ATLAS-PHYS-PUB-2010-013 (2010)rL: http://cdsweb.cern.ch/record/1300517.

T. Sjostrand, S. Mrenna and P. Skardl®rief Introduction to Pythia 8.1
Comput. Phys. Communi.78(2008) 852 arXiv:0710.3820 [hep-ph].

P. NasonA new method for combining NLO QCD with shower Monte Carl@atgms
JHEP0411(2004) 040 arXiv:hep-ph/0409146.

S. Frixione, P. Nason and C. Olearri,
Matching NLO QCD computations with Parton Shower simufeidhe POWHEG method
JHEPO0711(2007) 070 arXiv:0709.2092 [hep-ph].

S. Alioli et al., A general framework for implementing NLO calculations iowkr Monte Carlo
programs: the POWHEG BQXHEP1006(2010) 043 arXiv:1002.2581 [hep-ph].

T. Sjostrand, S. Mrenna and P. Skar@gthia 6.4 Physics and ManyalHEP0605(2006) 026
arXiv:hep-ph/0603175.

P. Z. SkandsTuning Monte Carlo Generators: The Perugia Tunes
Phys. Rev. 82 (2010) 074018arXiv:1005.3457 [hep-ph].

ATLAS Collaboration,Comparison of Monte Carlo generator predictions to ATLAS
measurements of top pair production gfs = 7 TeV, ATLAS-PHYS-PUB-2015-002 (2015),
URL: http://cdsweb.cern.ch/record/1981319.

D. J. Lange The EvtGen particle decay simulation package
Nucl. Instrum. Meth. A462(2001) 152-155

M. Bahr et al. Herwig++ Physics and ManuaEur. Phys. J. G8 (2008) 639—-70/
arXiv:0803.0883 [hep-ph].

J. Alwall et al.,The automated computation of tree-level and next-to-teadrder dfferential
cross sections, and their matching to parton shower sirmargt JHEP1407(2014) 079
arXiv:1405.0301 [hep-ph].

ATLAS Collaboration,
Simulation of top-quark production for the ATLAS experit@m/s = 13TeV,
ATL-PHYS-PUB-2016-004 (2016);rL: http://cdsweb.cern.ch/record/2120417.

S. Frixione et al.Single-top hadroproduction in association with a W bgson
JHEPO0807(2008) 029 arXiv:0805.3067 [hep-ph].

18


http://dx.doi.org/10.1016/j.physletb.2013.02.021
http://arxiv.org/abs/1212.6682
http://dx.doi.org/10.1088/1748-0221/3/08/S08003
http://cdsweb.cern.ch/record/1291633
http://dx.doi.org/10.1140/epjc/s10052-010-1429-9
http://arxiv.org/abs/1005.4568
http://dx.doi.org/10.1016/S0168-9002(03)01368-8
http://cdsweb.cern.ch/record/1300517
http://dx.doi.org/10.1016/j.cpc.2008.01.036
http://arxiv.org/abs/0710.3820
http://dx.doi.org/10.1088/1126-6708/2004/11/040
http://arxiv.org/abs/hep-ph/0409146
http://dx.doi.org/10.1088/1126-6708/2007/11/070
http://arxiv.org/abs/0709.2092
http://dx.doi.org/10.1007/JHEP06(2010)043
http://arxiv.org/abs/1002.2581
http://dx.doi.org/10.1088/1126-6708/2006/05/026
http://arxiv.org/abs/hep-ph/0603175
http://dx.doi.org/10.1103/PhysRevD.82.074018
http://arxiv.org/abs/1005.3457
http://cdsweb.cern.ch/record/1981319
http://dx.doi.org/10.1016/S0168-9002(01)00089-4
http://dx.doi.org/10.1140/epjc/s10052-008-0798-9
http://arxiv.org/abs/0803.0883
http://dx.doi.org/10.1007/JHEP07(2014)079
http://arxiv.org/abs/1405.0301
http://cdsweb.cern.ch/record/2120417
http://dx.doi.org/10.1088/1126-6708/2008/07/029
http://arxiv.org/abs/0805.3067

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]
[44]
[45]
[46]
[47]

[48]

[49]

[50]

[51]

[52]

[53]

T. Gleisberg et al.Event generation with SHERPA 1JHEP0902(2009) 007
arXiv:0811.4622 [hep-ph].

T. Gleisberg and S. Hoch€omix, a new matrix element generatdHEP0812(2008) 039
arXiv:0808.3674 [hep-ph].

F. Cascioli, P. Maierhofer and S. PozzoriBiattering Amplitudes with Open Logps
Phys. Rev. Lett108(2012) 111601larXiv:1111.5206 [hep-ph].

S. Hoche et al.QCD matrix elements parton showers: The NLO cas#HEP1304(2013) 027
arXiv:1207.5030 [hep-ph].

J. Alwall et al.,MadGraph 5 : Going BeyondHEP1106(2011) 128
arXiv:1106.0522 [hep-ph].

ATLAS Collaboration,Electron reconstruction and identificatiogfieiency measurements with
the ATLAS detector using the 2011 LHC proton—proton colislatg
Eur. Phys. J. G4 (2014) 2941 arXiv:1404.2240 [hep-ex].

ATLAS Collaboration,Electron gficiency measurements with the ATLAS detector using the 2012
LHC proton—proton collision dataATLAS-CONF-2014-032 (2014),
URL: http://cdsweb.cern.ch/record/1706245.

ATLAS Collaboration,Muon reconstruction performance of the ATLAS detector atgo—proton
collision data at+/s = 13 TeV, (2016), arXivi603.05598 [hep-ex].

M. Cacciari and G. P. Salarjispelling the N myth for the kjet-finder,
Phys. Lett. B641(2006) 57 arXiv:0512210 [hep-ph].

M. Cacciari, G. P. Salam and G. Soy&he anti-k jet clustering algorithm
JHEP0804(2008) 063 arXiv:0802.1189 [hep-ph].

ATLAS Collaboration,Performance of pile-up mitigation techniques for jets inqoflisions at
v/s = 8 TeV using the ATLAS detect¢2015), arXiv1510.03823 [hep-ex].

ATLAS Collaboration,Expected performance of the ATLAS b-tagging algorithmsuim&
ATL-PHYS-PUB-2015-022 (2015);rL: http://cdsweb.cern.ch/record/2037697.

ATLAS Collaboration,

Measurement of total andgkrential W"W~ production cross sections in proton-proton collisions
at /s = 8 TeV with the ATLAS detector and limits on anomalous triaege-boson couplings
(2016), arXivi603.01702 [hep-ex].

N. Kidonakis,
Two-loop soft anomalous dimensions for single top quark@ated production with a Wor H™,
Phys. Rev. 82 (2010) 054018arXiv:1005.4451 [hep-ph].

R. D. Ball et al.,Parton distributions for the LHC Run,IDHEPO4 (2015) 040
arXiv:1410. 8849 [hep-ph].

J. Butterworth et alPDF4LHC recommendations for LHC Run lI
J. Phys. G: Nucl. Part. Phy43 (2016) 02300LarXiv:1510.03865 [hep-ph].

J. M. Campbell and R. K. Ellishn update on vector boson pair production at hadron collgler
Phys. Rev. D60 (1999) 113006arXiv:9905386 [hep-ph].

ATLAS Collaboration,Jet Calibration and Systematic Uncertainties for Jets Retricted in the
ATLAS Detector at/s=13 TeV\ ATL-PHYS-PUB-2015-015 (2015),
URL: http://cdsweb.cern.ch/record/2037613.

19


http://dx.doi.org/10.1088/1126-6708/2009/02/007
http://arxiv.org/abs/0811.4622
http://dx.doi.org/10.1088/1126-6708/2008/12/039
http://arxiv.org/abs/0808.3674
http://dx.doi.org/10.1103/PhysRevLett.108.111601
http://arxiv.org/abs/1111.5206
http://dx.doi.org/10.1007/JHEP04(2013)027
http://arxiv.org/abs/1207.5030
http://dx.doi.org/10.1007/JHEP06(2011)128
http://arxiv.org/abs/1106.0522
http://dx.doi.org/10.1140/epjc/s10052-014-2941-0
http://arxiv.org/abs/1404.2240
http://cdsweb.cern.ch/record/1706245
http://arxiv.org/abs/1603.05598
http://dx.doi.org/10.1016/j.physletb.2006.08.037
http://arxiv.org/abs/0512210
http://dx.doi.org/10.1088/1126-6708/2008/04/063
http://arxiv.org/abs/0802.1189
http://arxiv.org/abs/1510.03823
http://cdsweb.cern.ch/record/2037697
http://arxiv.org/abs/1603.01702
http://dx.doi.org/10.1103/PhysRevD.82.054018
http://arxiv.org/abs/1005.4451
http://dx.doi.org/10.1007/JHEP04(2015)040
http://arxiv.org/abs/1410.8849
http://dx.doi.org/10.1088/0954-3899/43/2/023001
http://arxiv.org/abs/1510.03865
http://dx.doi.org/10.1103
http://arxiv.org/abs/9905386
http://cdsweb.cern.ch/record/2037613

[54]

[55]

[56]

[57]

ATLAS Collaboration,Improved luminosity determination in pp collisions 6 = 7 TeV using
the ATLAS detector at the LHEur. Phys. J. @3(2013) 2518arXiv:1302.4393 [hep-ex].

J. WenningerEnergy Calibration of the LHC Beams at 4 T&MERN-ATS-2013-040 (2013),
URL: http://cdsweb.cern.ch/record/1546734.

CMS CollaborationMeasurement of the top quark pair production cross sectigoréton-proton
collisions at+/s = 13 TeV, Phys. Rev. Lett116 (2016) 052002arXiv:1510.05302 [hep-ex].

ATLAS Collaboration, ATLAS Computing Acknowledgements 2016-2017
ATL-GEN-PUB-2016-002 (2016)rL: http://cds.cern.ch/record/2202407.

20


http://dx.doi.org/10.1140/epjc/s10052-013-2518-3
http://arxiv.org/abs/1302.4393
http://cdsweb.cern.ch/record/1546734
http://dx.doi.org/10.1103
http://arxiv.org/abs/1510.05302
http://cds.cern.ch/record/2202407

The ATLAS Collaboration

M. Aaboud®®d G. Aad’, B. Abbott!4, J. Abdallai®, O. Abdinov?, B. Abeloo$!8, R. Abert®,

0.S. AbouZeid?®8, N.L. Abrahant®®, H. Abramowic2°4, H. Abredt>3, R. Abred?’, Y. Abulaitj147a147b
B.S. Acharya®#a164® | AdamczyK2 D.L. Adamg’, J. Adelmai®, S. Adomeit®?, T. Adye'3?,
A.A. Affolder'®, T. Agatonovic-Jovit?, J. Agricol&8, J.A. Aguilar-Saavedfd’®127t S.p. AhleR?,

F. Ahmado¥’b, G. Aielli134a.134b 4 Akerstedt*’21470 T.p.A. Akessof?, A.V. Akimov??,

G.L. Albergh??2:22b 3 Albert®?, S. Albrand’, M.J. Alconada Verzirle, M. Aleksa?,

I.N. Aleksandro§’, C. Alex&8®, G. Alexandet®®, T. Alexopoulod®, M. Alhroob™4, B. Ali129,

M. Aliev 52750 G, Alimonti®32 J. Alisor?3, S.P. Alkiré”, B.M.M. Allbrooke!®°, B.W. Allent!?,

P.P. Allport®, A. Aloisiol952.105b A Alonsc®®, F. Alonsd?, C. Alpigianit39, M. Alstaty?”,

B. Alvarez Gonzale®, D. Alvarez Piquerd$€’, M.G. Alviggil®>21050 B T, Amadid®, K. Amakd®,

Y. Amaral Coutinhd® C. Amelundg®, D. AmideP!, S.P. Amor Dos Santd&'2127¢ A, Amorim!27a.1270
S. Amorosé?, G. Amundsef?, C. Anastopoulo$?, L.S. Anct??, N. Andarit®, T. Andeen?,

C.F. Ander8%, G. Anders?, J.K. Ander$®, K.J. Andersof®, A. Andreazz&32.930 \/. Andreff®2

S. Angelidaki§, 1. Angelozzt%8, P. Angef®, A. Angeramt’, F. Anghinolff?, A.V. Anisenko#0¢,

N. Anjos'3, A. Annovil2521250 ¢ Antef®2 M. Antonelli*®, A. Antonov?®*, F. Anullil332 M. Aoki®®,

L. Aperio Bella®, G. Arabidz€&?, Y. Arai®, J.P. Araqu&’ A.T.H. Arce*’, F.A. Arduh'3, J-F. Arguir?®,
S. Argyropoulo®, M. Arik2%2 A J. Armbrustel*, L.J. Armitagé®, O. Arnae?2, H. ArnoldP?,

M. Arratia®®, O. Arslarf3, A. Artamonov®, G. Artoni?1, S. Art2°, S. Asa?®®, N. Asbalt?,

A. Ashkenazt®®, B. Asmar*721470 | Asquith'®%, K. Assamagaff, R. Astalo$4°2 M. Atkinsont®,
N.B. Atlay'2, K. Augsterd?®, G. Avolio®2, B. Axent8, M.K. Ayoub!' G. Azuelo$%9, M.A. Baalé?,
A.E. Baa$%@ M.J. Baca®, H. Bachacot?f’, K. Bacha$® 752 M. Backes?, M. Backhau#?,

P. BagiaccHi?321330 p. Bagnai&®32-1330 v, Bai®®@ J.T. Baine$®2, O.K. Baket’8, E.M. Baldint10¢,

P. Balek3°, T. Balestrt*9, F. Balli*®’, W.K. Balunas$?3, E. Bana$!, Sw. Banerje¥3¢,

A.A.E. Bannourd’®, L. Barak?, E.L. Barberid®, D. Barberi§?2522 M. Barberd’, T. Barillaril?

T. Barklon!*4, N. Barlow?%, S.L. Barne®, B.M. Barnett32, R.M. Barnett®, Z. Barnovska,

A. Baroncellt3°2 G. Baroné®, A.J. Barf?1, L. Barranco Navart§’, F. Barreird?,

J. Barreiro Guimardes da Co¥t3 R. Bartoldu$**, A.E. Bartorf4, P. Barto$*°2 A. Basalael??,

A. Bassalat!® R.L. Bates®, S.J. Batist®®, J.R. Batley®, M. Battaglid8, M. Baucé332.133b

F. Bauet®’, H.S. Bawa**f, J.B. Beachaft?, M.D. Beatti€?, T. Beali?, P.H. Beauchemi{?,

P. Bechtlé®, H.P. Beck89, K. Becket?!, M. Beckef®, M. Beckingham’®, C. Becot'!, A.J. Beddaf®e,
A. Beddalf®, V.A. Bednyako§’, M. Bedognetfi°8, C.P. Be&*®, L.J. Beemstéf8, T.A. Beermanf?,
M. Begef’, J.K. Behf*%, C. Belanger-Champag?ie A.S. Belf?, G. Bellad®>4, L. Bellagamb&??,

A. Bellerive®l, M. Bellomd®®, K. Belotskiy?®, O. Beltramelld?, N.L. Belyaev?, O. Benary®?,

D. Benchekrout?®@ M. Bendet??, K. Bendt2472147b N, Beneko&?, Y. Benhammotr?,

E. Benhar Nocciofi’, J. Benite2°, D.P. Benjamiff’, J.R. Bensingé&P, S. Bentvelself?,

L. Beresford?!, M. Berettd®, D. Berge®8, E. Bergeaas Kuutmatf?, N. Berge?, J. Beringet®,

S. Berlendi’, N.R. Bernar8®, C. Berniud!?, F.U. Bernlochné?, T. Berry’®, P. Berta®C, C. Bertell&®,
G. Bertoli472147b E Bertoluccl?521250 | A, BertranT4, C. Bertsch&*, D. Bertsché'¥, G.J. Besje¥,
O. Bessidskaia Bylurid’21470 M. Bessnet, N. Bessof®’, C. Betancour?, S. Bethk&%2, A.J. Bevari®,
W. Bhimjit®, R.M. Bianch#?5, L. Bianchin?®, M. Bianco®?, O. Biebel®, D. Biederman#’,

R. BielskP®, N.V. Biesuz2521250 \j Biglietti1®52 J. Bilbao De Mendizaba}, H. Bilokorn*®, M. Bindi%®,
S. Binet!8 A. BingulP°, C. Binit332133b 5 _Bjond?2222% D.M. Bjergaard’, C.W. Black>2,

J.E. Black*4, K.M. Black?4, D. Blackburd??, R.E. Blaif, J.-B. Blanchartf’, J.E. Blancé®,

T. Blazek?2 |. Bloch**, C. Blocker®, W. Blum®>*, U. Blumenschei?f, S. BlunieP*2 G.J. BobbinkO8,

21



V.S. Bobrovniko#1%¢, S.S. Bocchetf®, A. Bocci*’, C. Bock?!, M. Boehlef®, D. Boernet’,

J.A. Bogaert¥, D. Bogavaé®, A.G. Bogdanchiko¥?, C. Bohnt42 V. Boisvert®, P. Bokar*,

T. Bold*®@ A.S. Boldyre¢642164¢ \. Bombei§?, M. Bond®8, M. Boonekamp®’, A. Boriso3!,

G. Borissov?, J. Bortfeldg?, D. Bortolettd?1, V. Bortolottd?22-:62b.62¢ K Bos!98 D. Boscherim??,

M. Bosmart3, J.D. Bossio Sof®, J. Boudreatr®, J. Boufard?, E.V. Bouhova-Thackét,

D. Boumedien&, C. Bourdario'8, S.K. Boutl€®, A. Boveia?, J. Boyd?, I.R. Boykd”’, J. Bracinik®,
A. Brand®, G. Brand?®®, O. Brandf% U. Bratzlet®’, B. Bralf8, J.E. Brad!’, H.M. Braurt’>*,

W.D. Breaden Maddéf, K. Brendlinget?3, A.J. Brennaf®, L. Brennet®8, R. Brennel®,

S. Bressler’?, T.M. Bristow*, D. Brittor®®, D. Britzgef*, F.M. Brochi#, I. Brock?3, R. Brock?,

G. Brooijmang’, T. Brooks®, W.K. Brooks#?, J. Brosamé#, E. Brost!?, J.H Broughtof®,

P.A. Bruckman de Renstrdth D. Brunckd?®, R. Brunelieré®, A. Bruni??2 G. Brunf?2 L.S. Bruni8,
BH Brunt®®, M. Brusch???, N. Bruscing®, P. Bryant3, L. BryngemarR2, T. Buane®®, Q. Bual®?,

P. Buchhol2*?, A.G. Buckley”®, |.A. Budago¥’, F. Buehret®, M.K. Bugge?®, O. Bulekov®,

D. Bullock®, H. Burckhart?, S. Burdin'®, C.D. Burgar@®, B. Burghgravé®, K. Burk&'!, S. Burké3?,

|. Burmeistef®, J.T.P. Burt?y, E. Busaté®, D. Biischet®, V. Biische?®, P. Bussey?, J.M. Butlef?,
C.M. ButtaP®, J.M. ButterwortB°, P. Butti8, W. Buttinge?’, A. Buzat#®, A.R. Buzykaev%¢,

S. Cabrera Urbdf’, D. Caforio2?, V.M. Cairc®?@3% Q. Cakif2 N. Calacé!, P. Calafiur’,

A. Calandrf’, G. Calderint?, P. Calfayat®?, L.P. Calob&®® D. Calvet®, S. Calvet®, T.P. Calvet’,

R. Camacho Tor%, S. Camard®, P. Camarri**2¢1340 D CameroM°, R. Caminal Armadarié®,

C. CamincheY, S. Campan®, M. Campanelfi®, A. Camplani®2932 A, Campoverd¥?,

V. Canalé®2105% A Canep&f®@ M. Cano Bret®¢, J. Canterd!®, R. Cantrilf278 T. Cad?,

M.D.M. Capeans GarridB, |. Caprin?®, M. Caprin?8®, M. Capud®®3% R. Caput8® R.M. Carbon#&’,
R. Cardarelft342 F. Cardillo®, I. Carli*3, T. Carl?, G. Carlind®52 L. Carminat?3293? S, CaroA?,

E. Carquif®®, G.D. Carrillo-Montoy&?, J.R. Cartel?, J. Carvalh&?72127¢ D, Casadé?P,

M.P. Casad®", M. Casolind3, D.W. Caspe¥®3, E. Castaneda-Mirand®2 R. Casteliji,

A. Castellt%8 V. Castillo Gimene¥’, N.F. Castrd?’3| A. Catinaccid?, J.R. CatmorE?, A. Cattaf?,
J. Caudrofr, V. Cavalieré®, E. Cavallard3, D. CavallP32 M. Cavalli-Sforza3, V. Cavasinni2>a.1250
F. Ceradint3>213%0 | Cerda Alberich®’, B.C. Cerid’, A.S. Cerqueiré®, A. Cerrit>, L. Cerrito’8,

F. Ceruttt®, M. Cen??, A. Cervellit®, S.A. Cetirf%, A. Chafad®®2 D. Chakraborty®®, S.K. Chaf®,
Y.L. Charf?2 P. Chanéf®, J.D. Chapmat?, D.G. CharltoA®, A. Chatterjeé!, C.C. Chad°,

C.A. Chavez Barajas®, S. Ché'?, S. Cheatharft, A. Chegwidde®?, S. Chekano®;

S.V. Chekulae¥@ G.A. Chelko$’i, M.A. Chelstowsk&, C. Chefi®, H. Chert’, K. Cher*°,

S. Cher®’, S. Chef®8, X. Cher?®, Y. Cherf®, H.C. Cheng, H.J Chengd® Y. Cheng?,

A. Cheplako§’, E. Cheremushkifd!, R. Cherkaoui El Mourslf® V. Chernyatid”*, E. Ched,

L. Chevaliet3’, V. Chiarelld®, G. Chiarellt?>21250 G Chiodinf>2 A.S. Chisholm?®, A. Chitarf®®,
M.V. ChizhoW’, K. Cho#3, A.R. Chomont®, S. Chourido#, B.K.B. Chow°%, V. Christodoulod®,

D. Chromek-Burckhafg, J. Chudob¥?, A.J. Chuinar8®, J.J. Chwastowskt, L. Chytka16,

G. Ciapett}3321330 A K. Ciftci*? D. Cincd®, V. Cindrd’?, I.A. Cioar&3, A. Ciocio'®, F. Cirottd05a.1050
Z.H. Citron”2, M. Citteric®®2 M. Ciubancaf®, A. Clark®?, B.L. Clark®®, M.R. Clarké’, P.J. Clark8,
R.N. Clarké8, C. Clement*’21470 ¥, Coadod’, M. Cobal®42164c A Coccar8?, J. Cochraff,

L. Coffey?®, L. Colasurdé®’, B. Cole®’, A.P. Colijn%8, J. ColloP’, T. Colombd?, G. Compostell&#?,

P. Conde Muifi®?’21270 E_ Coniaviti€?, S.H. Connefl*®®, |.A. Connelly’®, V. Consort?®,

S. Constantinesé®P, G. Cont?f?, F. Conventi®>2k M. Cooké®, B.D. Coopet?, A.M. Cooper-Sarkdr?,
K.J.R. Cormiet®®, T. Cornelissel®, M. Corradi332133b E Corrivea@®!, A. Corso-Radtf3,

A. Cortes-Gonzalé?, G. Cortiand®, G. Costd3 M.J. Costd®’, D. Costanz&*°, G. Cottire°,

G. Cowarf®, B.E. Cox¥®, K. Cranmet!?, S.J. Crawley’, G. Creél, S. Crépé-Renaudif, F. Crescioff?,
W.A. Cribbg47a1470 \j_ Crispin Ortuzal?!, M. Cristinzian?3, V. Croftl%’, G. Crosetf{%.3%

22



T. Cuhadar DonszelmaHtf, J. Cumming¥’®, M. Curatold®, J. Cutl§°, C. Cuthbert®}, H. Cziri4?,

P. Czodrowsld, G. D’'amerf?2220 5 D’Auria®®, M. D’Onofrio’®,

M.J. Da Cunha Sargedas De So#$a'27? C. Da Vi&®, W. Dabrowski®@ T. Dadd*>2 T. Da?,

O. Dalé®, F. Dallairé€®, C. Dallapiccol&®, M. Dan?®, J.R. Dando$?, N.P. Dang®, A.C. Daniells®,
N.S. Danfi®, M. Danninget8, M. Dano Hdfmanr?®’, V. Dac®®, G. Darb8?2 S. Darmor8,

J. Dassoulas A. Dattagupt&, W. Davey®, C. David®, T. Davidek3°, M. Davieg>*, P. Davisofi°,

E. Dawé?, |. Dawsort?0, R.K. Daya-Ishmukhameto®® K. D€, R. de Asmundi¥>?3

A. De Benedetfi!4, S. De Castref®228 S, De Cecct, N. De Groot®, P. de Jon¥f8, H. De la Torré*,
F. De LorenZ®, A. De Mari@®, D. De Pedi$®32 A. De Salvd332 U. De Sancti¥°, A. De Sant$>,
J.B. De Vivie De Regi€'® W.J. Dearnaleff, R. Debbé’, C. Debenedett8, D.V. Dedoviclf’,

N. Dehghaniaf, |. Deigaard®®, M. Del Gaudid®®3% J. Del Pes#, T. Del Preté?52.1250

D. Delgové!8, F. Deliof®?, C.M. DelitzscR?, M. DeliyergiyeV’, A. Dell’Acqua®?, L. Dell’Asta??,

M. Dell’Orso!?521250 M. Della Pietra®2k, D. della Volp&', M. Delmastré, P.A. Delsalt’,

D.A. DeMarcd®®, S. Demer¥’6, M. Demiche$’, A. Demilly®?, S.P. Denisot?!, D. DenysiuR®’,

D. Derendar?!, J.E. Derkaodf®d F. Derué?, P. Dervar®, K. Desch3, C. Deterré?, K. Dette®,

P.O. Deviveiro®?, A. Dewhurst32, S. Dhaliwaf®, A. Di Ciacciot3421340 | Dj Ciaccic®,

W.K. Di Clementé?3, C. Di Donatd3321330 A Dj Girolamo®?, B. Di Girolamo®?, B. Di Micco!352.135b
R. Di Nardo*?, A. Di Simoné?, R. Di Sipic'®, D. Di Valentinc®?, C. Diacond’, M. Diamond>?,

F.A. Diag’®, M.A. Diaz**2 E.B. DiehP!, J. DietricH’, S. Diglic®’, A. Dimitrievska*#, J. Dingfeldef3,
P. Dite?®, S. Dite?®, F. Dittus’?, F. Djam&’, T. Djobava&3®, J.1. Djuvslané® M.A.B. do Vale®c,

D. Dobos?, M. Dobre?®, C. Doglionf2, T. Dohmaé®8, J. Dolejst30, Z. Dolezal??,

B.A. Dolgosheif®*, M. Donadellf®, S. Donatt?5125 p, Donder&??21220 3. Doninf®, J. Dopké??,
A. Dorial%2 M.T. Dova3, A.T. Doyle®®, E. Drechslet®, M. Dris'®, Y. Du3%d, J. Duarte-Campderr&¥,
E. Duchovnt’?, G. Duckeck®l, O.A. Duc?®™ D. Dudd®8, A. Dudarev?, E.M. Duffield®,

L. Duflot™8 L. Duguid’®, M. Diihrssef?, M. Dumancié ‘2, M. Dunforcf® H. Duran YildiZ*3,

M. Diirer??, A. Durglishvili®3®, D. Duschinget®, B. Dutt#4, M. Dyndal, C. Eckardt*, K.M. Eckef%,
R.C. Edgat!, N.C. Edward®®, T. Eifert?, G. Eigent®, K. Einsweilet®, T. Ekelof®, M. El Kacimi36,
V. Ellajosyul&’, M. Ellert'®>, S. Elle$, F. Ellinghaus’®, A.A. Elliot*®°, N. Ellis®?, J. EImsheuséf,

M. Elsing®?, D. Emeliyanov®?, Y. Enarit>6, O.C. Endné®®, M. Endd*®, J.S. Enni&’C, J. Erdmant?,
A. Ereditatd®, G. Erni¢’®, J. Ernst, M. Ernst’, S. Erredé®8, E. Ertef®, M. Escaliet!8, H. EscH®,

C. Escobar®, B. Espositd®, A.l. Etienvré?’, E. Etziort>*, H. Evan$3, A. Ezhilov}?4, F. Fabbrf?2220
L. Fabbrf22:22b G, Facint3, R.M. Fakhrutdino¥®!, S. Falciand®32 R.J. Fall&°, J. Faltova?, Y. Fang®2
M. FantP32.930 A Farbirf, A. Farillal®>3 C. Farina?®, T. Farooqué®, S. Farreft®, S.M. Farringto#’®,
P. Farthouat, F. Fas<i3® P. Fassnacht, D. Fassoulioti$, M. Faucci Giannelli®, A. Favaret§?252b
W.J. Fawcet??, L. Fayard!®, O.L. Fedid?4", W. Fedorkd®8, S. Feigl?0, L. Feligionf’, C. Feng®,
E.J. Fend, H. Fend?, A.B. Fenyuk3!, L. Feremeng3 P. Fernandez Martiné?, S. Fernandez Perez
J. Ferrand®®, A. Ferrarit®, P. Ferrai®®, R. Ferrart??2 D.E. Ferreira de Linf¥, A. Ferret%7,

D. Ferreré!, C. Ferretti?, A. Ferretto Parodf®520 F. Fiedlef®, A. Filip&i¢’’, M. Filipuzzi**,

F. Filthaut%’, M. Fincke-Keele¥®®, K.D. Finelli*®1, M.C.N. Fiolhaig2’@127¢ |_ Fiorinil6’, A. Firar*?,
A. Fische?, C. Fischel®, J. FischeY’®, W.C. Fishe??, N. Flaschel?, I. Fleckd*2, P. Fleischmanti,
G.T. Fletchet*?, R.R.M. Fletche¥?3, T. Flick!’®, A. Floderu$§3, L.R. Flores Castillé*a

M.J. Flowerdew®, G.T. Forcolirf®, A. Formicd?®’, A. Forti®®, A.G. Fostet®, D. Fourniet'®, H. Fox'4,
S. Fracchi&, P. Francavill&, M. Franchint?2220 D, Francis$?, L. Francont?%, M. Franklir*®,

M. Frate'®3, M. Fraternaft?22122b D Freeborf?, S.M. Fressard-BatraneafuF. Friedrici®,

D. Froidevaux?, J.A. Frost?!, C. Fukunag®’, E. Fullana Torregro$8, T. Fusayast3, J. Fustel®’,
C. GabaldoP’, O. GabizoA’, A. Gabriell??2222b A Gabriell®, G.P. Gacf?2 S. GadatscH,

S. Gadomski, G. Gagliardt?®°25 |.G. Gagnof®, P. Gagnoff, C. Galed"’, B. Galhardd?72127¢

23



E.J. Galla¥!, B.J. Gallop®2 P. Gallud?®, G. Galstet®, K.K. Gan''2 J. Gag®, Y. Gad®,

Y.S. Gad**', F.M. Garay Wall€?, C. Garcid®’, J.E. Garcia Navartd’, M. Garcia-Sciveré$,

R.W. Gardne®, N. Garellt*4, V. Garonné?%, A. Gascon Bravif, C. Gattf®, A. Gaudiell322:520

G. Gaudid??® B. Gaut#?, L. Gauthief®, |.L. Gavrilenkd”’, C. Gay®®, G. Gayckef?, E.N. Gazis°,

Z. Gecsé%8 C.N.P. Ge#2 Ch. Geich-GimbeP, M. Geisefi®, M.P. Geisle?’2 C. Gemmé?2

M.H. Genest/, C. Geng®?°, S. Gentilé3321330 5 Georg®’, D. Gerbaud®®, A. GershoA®,

S. Ghasenif*?, H. Ghazlan&®®®, M. Ghneimat®, B. Giacobbé??, S. Giagt332-1330 p, Gjannetf?52.1250
B. Gibbard’, S.M. Gibsort®, M. Gignad®8, M. Gilchriesé®, T.P.S. Gillani®, D. Gillberg®?,

G. Gillest’s, D.M. Gingrict®9, N. Giokari®, M.P. Giordant642-164¢ F M. GiorgP?3, F.M. Giorgi’,
P.F. Giraud®”, P. Girominp?, D. Giugn?®2 F. Giuli'?}, C. Giuliani®2, M. Giulini®®, B.K. Gjelsted??,
S. Gkaitatzi$>, I. Gkialag®, E.L. Gkougkousi&'®, L.K. Gladilin®, C. Glasma#ff, J. Glatzet°,
P.C.F. Glayshé®, A. GlazoV**, M. Goblirsch-Kol3%2, J. GodlewskKi!, S. Goldfar§°, T. Golling®?,

D. GolubkoW3%, A. Gomed?721270.127dR 'Gongalé?’2 J. Goncalves Pinto Firmino Da Cokt4

G. Gonell&, L. Gonelld®, A. Gongadz®’, S. Gonzélez de la H%', G. Gonzalez Part3,

S. Gonzalez-Sevilfd, L. Goossen¥, P.A. Gorbouno®, H.A. Gordort’, I. Gorelo%, B. Gorini?,
E. Gorin%27% A GoriseK”, E. Gornickf!, A.T. Goshaw’, C. Géssling®, M.I. Gostkirf’,

C.R. Goudét'®, D. Goujdamt®®, A.G. Goussiotf®, N. GovendeY*®P, E. Gozant®3, L. Grabef®,

|. Grabowska-Boltf2 P.0.J. GraditY, P. Grafstror®2222 J. Gramling!, E. Gramstatf?,

S. Grancagnold, V. Gratchev¥?, P.M. Gravil&®¢, H.M. Gray??, E. Graziant®*2 Z.D. Greenwoo#9,
C. Grefé?®, K. Gregerse??, |.M. Gregof*, P. Greniet**, K. Grevtsov, J. Grifiths®, A.A. Grillo138,

K. Grimm’4, S. Grinsteif®', Ph. Gris®, J.-F. Griva218, S. Grol°, J.P. Groh®, E. Gros&’?,

J. Grosse-Knetté?, G.C. Grossit, Z.J. Grout®, L. Guar?!, W. Guart’3, J. Guenthéf, F. Guescin?,
D. Guest® 0. Guetd®, E. Guidd?2520 T, GuillemirP, S. GuindoR, U. GuP®, C. Gumper?,

J. Gud®® Y. Guc*®P°, S. Guptd?, G. Gustaving®321330 p_ Gutierre?!4, N.G. Gutierrez Orti¥,

C. GutschoW®, C. Guyot®’, C. Gwenla#?!, C.B. Gwilliam’®, A. Haag!!, C. Habetb, H.K. Hadavan#,
N. Haddad3®¢ A. Hadef’, P. Haefnet®, S. Hageboc®, Z. Hajdukt, H. Hakobyar’”*, M. Haleent?,
J. Haley'®, G. Halladjiari¥?, G.D. Hallewelf?, K. Hamache¥’®, P. Hamal'6, K. Hamana®®,

A. Hamilton'#%2 G.N. Hamity!*%, P.G. Hamneft', L. Har?®, K. Hanagaki®s, K. Hanawa>5,

M. Hancé?8, B. Haney??, P. Hank&% R. Hann&®’/, J.B. Hanset?, J.D. Hanset?, M.C. Hansef?,
P.H. Hanse??, K. Hard®%, A.S. Hard "3, T. Harenber§®, F. Hariri18, S. Harkush¥,

R.D. Harringtort®, P.F. Harrisoh’®, F. Hartjed%8, N.M. Hartmani®, M. Hasegaw??, Y. Hasegaw",
A. Hasib'!#, S. Hassad?f’, S. Haud®, R. Hause??, L. Hauswald®, M. Havranek?®, C.M. Hawkes®,
R.J. Hawking®?, D. Haydef?, C.P. Hay$?, J.M. Hay<8, H.S. Hayward®, S.J. Haywootf?,

S.J. Heat?, T. Heck®, V. Hedber§®, L. Heela®, S. Heimt?3, T. Heimt®, B. Heinemant?f,

J.J. Heinrich%?, L. Heinricht!, C. Hein?4, J. Hejbal?®, L. Helar?*, S. Hellmad*’2147% C. Helsen¥,
J. Hendersolt!, R.C.W. HendersdH, Y. Hend "3, S. Henkelmant®, A.M. Henriques Correi¥,

S. Henrot-Versillé'®, G.H. Herbert’, Y. Hernandez Jiméné¥, G. Herter, R. Hertenbergéf?,

L. Hervas?, G.G. Hesketf, N.P. Hesself8, J.W. Hetherl§?, R. Hickling’®, E. Higon-Rodrigue¥’,
E. Hill189, J.C. HilP%, K.H. Hiller**, S.J. Hilliet®, 1. Hinchliffe'®, E. Hines?3, R.R. Hinman®,

M. Hirose’®, D. HirschbueHhl”, J. Hobb$*°, N. Hod"¢%2 M.C. Hodgkinsoh*%, P. Hodgsot'©,

A. Hoeckef?, M.R. HoeferkampP®, F. Hoenig®!, D. Hohr?3, T.R. Holmes®, M. Homani®,

T.M. Hong!?¢, B.H. Hoobermatf®, W.H. Hopking!’, Y. Horiil%, A.J. Hortort*3, J-Y. Hostachy’,

S. Hod®2, A. Hoummad&362 J. Howarti*, M. Hrabovsky®, I. Hristova’, J. Hrivnaé18,

T. Hryn'ove?, A. Hrynevict?®, C. Hsud#6¢, P.J. HstP?!, S.-C. Hsd%?, D. HU3?, Q. HW%®, Y. Huand?,
Z. Hubacek?®, F. Hubaut’, F. Huegging®, T.B. Hufmart?, E.W. Hughe¥', G. Hughe$&’,

M. Huhtiner?2, P. Hud“°, N. Huseyno®”?, J. HustoR?, J. Hut¥®, G. lacobucdi!, G. lakovidig”,

. Ibragimovt*?, L. Iconomidou-Fayart®, E. Ideal’, Z. Idrissi3%¢, P. lengd?, O. Igonkina®8Y,

24



T. lizawd ", Y. IkegamP®, M. Ikend®®, Y. lichenkd1?, D. lliadis'®%, N. llic}44 T. Inc€%?,

G. Introzzi?22.122b p_Joannol*, M. lodice!3%2 K. lordanido$’, V. Ippolito®®, M. Ishind’®,

M. Ishitsukd®8, R. Ishmukhametd¥?, C. Issevel?l, S. Istirt®2 F. Itot%1, J.M. Iturbe Ponc®,

R. luppd3421340 W |wanskf4, H. lwasakf®, J.M. Izert3, V. 1zz0'%5%2 S, Jabbak, B. Jacksot3,

M. Jacksor®, P. Jacksoh V. Jair?, K.B. Jakob?®, K. Jakob8?, S. Jakobsel, T. Jakoubelé8,

D.O. JamiA!® D.K. Jan&?, E. Janset?, R. Jansk§’, J. Jansséd, M. Janus®, G. Jarlsko8®,

N. Javado®”?, T. JavlireR?, F. Jeannedd’, L. Jeanty®, G.-Y. Jeng®?, D. Jenner®, P. Jenri®®,

J. Jentzsci?, C. Jesk&0, S. Jézéque| H. Jit73, J. Jid*S, H. Jiang®, Y. Jiang®®, S. Jiggin&°,

J. Jimenez PeR¥, S. Jirt®@ A. Jinar#®®, O. Jinnouchi®®, P. Johanssdf?, K.A. Johng,

W.J. Johnsol?, K. Jon-And#72147b G, Jone¥°, R.W.L. Jone&, S. Jone§ T.J. Jone¥,

J. Jongmanri82 P.M. Jorgé?’21270 3 Jovicevié®02 X. Ju'’3, A. Juste Rozd$", M.K. Kohlert’?,

A. Kaczmarsk&t, M. Kado''8, H. Kagart'?, M. Kagart*4, S.J. Kahf’, E. Kajomovit#’,

C.W. Kalderod?!, A. Kaluz&®, S. Kam&?, A. Kamenshchikot?!, N. Kanaya®®, S. Kaneft°,

L. Kanjir’’, V.A. Kantserov®, J. Kanzaki®, B. Kaplart'!, L.S. Kaplari’3, A. Kapliy®3, D. Kart46¢,

K. Karakosta¥’, A. Karamaous, N. Karastathi¥’, M.J. Kareer®®, E. Karentzo¥, M. Karnevskiy®,
S.N. Karpo¥’, Z.M. Karpov&’, K. Karthik!1, V. Kartvelishvili"*, A.N. Karyukhint3, K. Kasahar#?,
L. Kashift’3, R.D. Kas$'?, A. Kastana¥®, Y. Kataokd®®, C. Katd"5, A. Katre®?, J. Katzy*,

K. Kawago€?, T. Kawamotd®®, G. Kawamuré®, S. Kazam&?®, V.F. Kazanif'®¢, R. Keelet®®,

R. Kehod?, J.S. Kellef4, J.J. KempstéP, K Kentard®*, H. Keoshkeriat?®, O. Kepka??,

B.P. Ker3evaft, S. Kersteh’>, R.A. Keye$§°, M. Khadet%6, F. Khalil-zadd?, A. Khanow>,

A.G. Kharlamo#?¢, T.J. Khod?, V. Khovanskiy®, E. Khramo$7, J. Khubu&3®X, S. Kidd®,

H.Y. Kim8, S.H. Kim!6, Y.K. Kim32, N. Kimura®®, O.M. Kind!/, B.T. King’®, M. King'®’,

S.B. Kingt®8, J. Kirk!32, A.E. Kiryunin'®2, T. Kishimotd®, D. Kisielewsk4% F. Kis°, K. Kiuchi'®l,
0. Kivernyk37, E. Kladiva®t, M.H. Klein3’, M. Klein’8, U. Klein’®, K. Kleinknech®®, P. Klimek'°?,
A. Klimentov?’, R. Klingenberd®, J.A. Klinge*°, T. Klioutchnikova&?, E.-E. Klugé€®2 P. Kluit'%8,

S. Klutht??, J. Knapik?, E. Kneringe?*, E.B.F.G. Knoop¥, A. Knue®®, A. Kobayashi®®,

D. Kobayashi®®, T. KobayasHi®®, M. Kobel*6, M. Kociant*4, P. Kody$20, T. Koffas’?, E. Koffemari®,
T. Koi'*4, H. Kolanosk#’, M. Kolb®%, |. Koletsol?, A.A. Koma®”*, Y. Komorit®¢, T. Kondd®,

N. Kondrashové, K. Kéneke?, A.C. Konigt?’, T. Kond®¥, R. Konoplicht!?, N. Konstantinidi§°,
R. Kopeliansk{?, S. Kopern§®2 L. Kopke®®, A.K. Kopp®®, K. Korcyl*!, K. Kordas®®, A. Korn®°,
A.A. Korol110< |, Korolkov!3, E.V. Korolkovad“?, O. Kortnet?%2, S. Kortnet%, T. Kosek30,

V.V. Kostyukhir?3, A. Kotwal*’, A. Kourkoumeli-Charalampid?®, C. Kourkoumeli8, V. Kouskoura’,
A.B. Kowalewsk4!, R. Kowalewskt®®, T.Z. Kowalski*%2 C. Kozakal®6, W. Kozaneck}®”,

A.S. Kozhint®l, V.A. Kramarenkd®, G. Krambergel’, D. Krasnopevtsé?, M.W. Krasny?,

A. Krasznahorka$?, J.K. Kraug®, A. Kravchenkd’, M. Kret¢, J. KretzschmdP, K. Kreutzfeldp?,
P. Krieget®®, K. Krizka®3, K. Kroeningef®, H. Krohd %2, J. Krol*23, J. Kroseber, J. Krstic4,

U. KruchonaR’, H. Kriige?3, N. Krumnack®, A. Kruse*’3, M.C. Krusé’, M. Kruskaf?, T. Kubot&°,
H. Kucul?, S. Kuday®, J.T. Kuechlel’®, S. Kuehf®, A. Kugef%, F. Kuget’, A. Kuhl38 T. Kuhi*4,
V. Kukhtin®”, R. Kukla®’, Y. Kulchitsky®*, S. Kulesho¥*?, M. Kunal3321330 T, Kunigo’©, A. Kupca-28,
H. Kurashig&®, Y.A. Kurochkir®®, V. Kus!'?8, E.S. Kuwertz®°, M. Kuze!®8, J. Kvita'16, T. Kwant®®,
D. Kyriazopoulo$*?, A. La Ros&%, J.L. La Rosa Navarf§?, L. La Rotondd%®3% C. Lacast#”’,

F. Lacava3321330 3 | acey?!, H. Lacket’, D. Lacouf?, V.R. Lacuest¥’, E. Ladygirf’, R. Lafayé,

B. Laforgé?, T. Lagourt’, S. LaP®, S. Lammer&®, W. Lampl’, E. Lancor®’, U. Landgraf®,

M.P.J. Landof®, V.S. Lang® J.C. Lang&?, A.J. Lankford®3, F. Lann?’, K. LantzscK®, A. Lanza???
S. Laplac&?, C. Lapoiré?, J.F. Laport&®’, T. Lari®3 F. Lasagni MangR?2222 M. Lassnig?,

P. Laurell®, W. Lavrijsert®, A.T. Law!38 P. Laycock®, T. Lazovici¥®, M. Lazzaroni®®9%0 B, Le%,
O. Le Dort#?, E. Le Guirrieé’, E.P. Le Quilleué®’, M. LeBland®®, T. LeCompté,

25



F. Ledroit-Guillor?”, C.A. Le&’, S.C. Leé® L. Lee!, G. Lefebvré?, M. Lefebvré®®, F. Legget®?,
C. Leggett®, A. Lehar(®, G. Lehmann Miotté?, X. Lei’, W.A. Leight®?, A. Leisog°>>22,

A.G. Leistet’8, M.A.L. Leite?®d R. Leitnef30, D. Lellouch’2, B. Lemme?®, K.J.C. Lene$P,

T. LenZ3, B. Lenzf?, R. Leoné, S. Leoné?52:1250 C | eonidopould®, S. Leontsini&?, G. Lernet®?,
C. Leroy’®, A.A.J. Lesag®’, C.G. Lestet’, M. Levchenkd??, J. Levéque, D. LevirP?!,

L.J. Levinsor”?, M. Levy'®, D. Lewis’8, A.M. Leyko??, M. Leytorf'3, B. Li%%®°, H. Li*° H.L. Li%3,
L. Li%’, L. Li%%® Q. Li%®® S. Li*’, X. Li®, Y. Li1%?, Z. Liang®? B. Liberti'342 A. Liblong*®®,

P. Lichard?, K. Lie'®8 J. Liebaf3, W. Liebig!®, A. Limosant®!, S.C. Lin®28> T H. Lin%5,

B.E. Lindquist*®, A.E. Lionti®®, E. Lipele$?3, A. Lipniacka?®, M. Lisovyi®%, T.M. Liss'®8,

A. Lister'®8 A.M. Litke38, B. Liu'®22¢ D. Liul®2 H. Liu®%, H. Liu?’, J. Lis?, J.B. Liu?®®, K. Liu®’,
L. Liul®8 M. Liu*”, M. Liu®, Y.L. Liu35®, Y. Liu35, M. Livanl?2a.122b A | |eres”’,

J. Llorente Merind®2 S.L. Lloyd’8, F. Lo Sterzé°?, E. Lobodzinsk#', P. LocH, W.S. Lockmath38,
F.K. Loebinge?®, A.E. Loevschall-Jensé®, K.M. Loew?®, A. Loginovt’®*, T. Lohsé’,

K. Lohwasset*, M. Lokajicekd28, B.A. Long?, J.D. Lond®® R.E. Lond?, L. Longo’>2750

K.A. Looper??, L. Lopes?’2 D. Lopez Mateo®, B. Lopez Parede&, |. Lopez PaZ’,

A. Lopez Soli§?, J. Loren2%%, N. Lorenzo Martine®®, M. Losad&?, P.J. Loséi’, X. Lou®%2

A. Lounist8, J. Lové, P.A. Love®, H. Lub28 N. Lu®l, H.J. Lubattt®®, C. Lucit332:1330 A | ucotte”,
C. Luedtké®, F. Luehring®, W. Luka$*, L. Luminari33@ O. Lundberd*’21470 B, Lund-JenseM{?,
P.M. Luzf2, D. Lynr?’, R. LysaKk?8, E. Lytker3, V. Lyubushkirf’, H. M&?’, L.L. Ma3%4 Y. Ma3%d,
G. Maccarron®, A. Macchiold??, C.M. Macdonald*, B. Matek’?, J. Machado Miguerg3-1279
D. Maddfari®’, R. Madaf®, H.J. Maddock¥®, W.F. Madef®, A. Madseft?, J. Maed®®, S. Maelané®,
T. Maend’, A. Maevskiy, E. Magradze?, J. Mahisted®®, C. Maiant'8, C. Maidantchik®?,

A.A. Maier'®2 T. Maiert%, A. Maio!272127b.127dg Majewsk}l’, Y. Makidef8, N. Makoveéd?,

B. Malaesc8?, Pa. MalecKi®, V.P. Malee¥?4, F. Malele’, U. Mallik®®, D. Malorf, C. Maloné*4,

S. Maltezo$?, S. Malyukow?, J. Mamuzié®’, G. Mancinf®, B. Mandellf2, L. Mandell®32 |. Mandic’’,
J. Maneird?’21272 | Manhaes de Andrade FilR®, J. Manjarres Ramé&®, A. Mannt®?,

A. Manouso2?, B. Mansoulié3?, J.D. Mansou2 R. MantifeP®, M. Mantoan?®, S. Manzon{32.930
L. Mapelli®?, G. Marcec®’, L. Marck!, G. Marchiorf?, M. Marcisovsky?8, M. Marjanovic?,

D.E. Marley’?, F. Marroquint®® S.P. Marsde?, Z. Marshalt®, S. Marti-Garcia®’, B. Martin®?,
T.A. Martin”%, \/.J. Martirf®, B. Martin dit Latout®, M. MartineZ3", V.. Martinez Outschoor¥?,
S. Martin-Haugh®?, V.S. Martoiif®, A.C. Martyniuké®, M. Marx!3°, A. Marzin®?, L. Masett?®,

T. Mashimd®®, R. Mashinisto¥’, J. Masil®, A.L. Maslenniko}10¢, |. Mass&2222b |, Mass&2222b
P. Mastrandrey A. Mastroberarding?®3° T. Masubuchi®®, P. Méttig-’®, J. Mattman®®, J. Mauref®®,
S.J. Maxfield®, D.A. Maximov19¢, R. Mazini®2, S.M. Mazz4%293% N.C. Mc Fadde#,

G. Mc Goldrick®%, S.P. Mc Keé&!, A. McCarr?!, R.L. McCarthy“°, T.G. McCarthy%,

L.I. McClymont, E.F. McDonald®, K.W. McFarlan&®*, J.A. Mcfaydefi®, G. Mchedlidz&®,

S.J. McMaho®®2, R.A. McPhersoH?!, M. Medinnis*, S. Meehat?®, S. Mehlhas®?!, A. Mehtd®,
K. Meierf%a C. Meineck?!, B. Meirosd?3, D. Melini®?, B.R. Mellado Garcix*¢¢, M. Melo!45a

F. Melon*®, A. Mengarellf?2225 S, Menké%, E. Meont®?, S. Mergelmeyér, P. Mermod?,

L. Merolal952.105 ¢ MeronP32 F.S. Merrite3, A. Messind3321330 3 Metcalfé, A.S. Meté®3,

C. Meyef®, C. Meyet?3, J-P. Meyel®’, J. Meyet®, H. Meyer Zu Theenhaus8, F. Miand-*°,
R.P. Middleto®?, S. Miglioranz??®525 L. Mijovi €23, G. Mikenberd’?, M. Mikestikoval?8,

M. Mikuz”?, M. Milesi®®, A. Milic %4, D.W. Miller33, C. Mills*8, A. Milov172, D.A. Milstead 4721470
A.A. Minaenko31, Y. Minami®®6, I.A. Minashvili®’, A.l. Mincer!1l, B. Mindur*%2 M. Minee¥’,

Y. Ming1’3, L.M. Mir 13, K.P. Mistry*23, T. Mitanil’%, J. Mitrevski%, V.A. Mitsout®’, A. Miucci®?,
P.S. Miyagaw#', J.U. Mjérnmark®, T. Moa#72147? K. Mochizuki®, S. Mohapatr¥,

S. Molande}*721470 R Moles-Vall€3, R. Monder®, M.C. Mondragof?, K. Ménig**, J. Monléé,

26



E. Monnief’, A. Montalband*?, J. Montejo Berlingef?, F. Monticelli’3, S. Monzari3293b

R.W. Mooré, N. Morangé'®, D. Morend?!, M. Moreno Llace?®, P. MorettinP?3, D. Moril43,

T. Mori®6, M. Morii®%, M. Morinagd®®, V. Morisbak?®, S. Morit2°, A.K. Morley'®!, G. Mornacchi?,
J.D. Morris’8, S.S. Mortensei?, L. Morvajt*, M. Mosidz&3, J. Mos$#4, K. Motohasht®8,

R. Mount*4, E. Mountrich&’, S.V. MouravieV”*, E.J.W. Moys&8, S. Muanz&’, R.D. Mudd?®,

F. Muellef2, J. Muellet25, R.S.P. Muellef®?, T. Mueller?, D. Muenstermanft, P. Mullerr®,

G.A. Mullier'®, F.J. Munoz Sanché&%, J.A. Murillo Quijadd®, W.J. Murray’%132 H. Musheghyar?f,
M. Muskinja’’, A.G. Myagkov3%2d M. Myskal2®, B.P. Nachmal“, O. Nackenhorst, K. Nagat??,
R. Nagaf®¥, K. Nagan&®, Y. Nagasakl, K. Nagatd®!, M. Nagef®, E. Nagy’, A.M. Nairz>?,

Y. Nakaham&, K. Nakamur&8, T. Nakamur&®®, 1. Nakand'3, H. Namasivayar?,

R.F. Naranjo Garci#, R. Narayah!, D.I. Narrias Villa®% |. Naryshkirt?4, T. Naumanf{,

G. Navarrd!, R. Nayyaf, H.A. NeaP!, P.Yu. Nechaed, T.J. Neef®, P.D. Nef#4, A. Negril22a.122b
M. Negrin??® S. Nektarijevié®’, C. Nellist* A. Nelsort®3, S. Nemecek®, P. Nemethy*?,

A.A. Nepomucen#? M. Nesst?2€, M.S. Neubauéf®, M. NeumanA’®, R.M. Neves!!, P. Nevski’,
P.R. Newmat?, D.H. NguyeR, T. Nguyen Manf®, R.B. Nickersof?}, R. Nicolaidod?’, J. Nielsef3,
A. Nikiforov1?, V. Nikolaenkd3%2d |. Nikolic-Audit®2, K. Nikolopoulog?®, J.K. Nilset?, P. NilssoR’,
Y. Ninomiya'®®, A. Nisati*332 R. Nisiug®?, T. Nobé®®, L. Nodulmar®, M. Nomacht*®, I. Nomidis®?,
T. Nooney?, S. Norberg**, M. Nordberg?, N. Norjoharuddeett!, O. Novgorodové, S. Nowak®,
M. NozakP8, L. Nozka 16, K. Ntekas®, E. Nursé&®, F. Nut®®, F. O’grady/, D.C. O’'Neil**3,

A.A. O'Rourke™, V. O'She&®, F.G. Oakharf-d, H. Oberlack®2, T. Obermanf?, J. Ocari#?,

A. Ochi®®, I. Ocho&’, J.P. Ochoa-Rico##? S. Odd?, S. Odak&®, H. Ogref3, A. OH®8, S.H. OH’,
C.C. Ohnt®, H. Ohman®®, H. Oide*?, H. Okawa®?, Y. Okumur&?, T. Okuyam&8, A. Olariu?8®,

L.F. Oleiro Seabr%’2 S.A. Olivares Pin®, D. Oliveira Damazié’, A. Olszewski!, J. Olszowsk#&,
A. Onofret?7a127¢ K Onogit®, P.U.E. Onyisi!’, M.J. Oreglid®, Y. Orert>*, D. Orestang®>2135

N. Orland§?®, R.S. Ort®9, B. Osculaft?252% R, Ospanotf, G. Otero y Garzof?, H. Otond?,

M. Ouchrift36d F. Ould-Saad&®, A. Ouraod®’, K.P. Oussorel® Q. Ouyand®® M. Ower?®,

R.E. Ower®, V.E. OzcaR®® N. Ozturlé, K. Pachal*3, A. Pacheco Pagé$ L. Pacheco Rodrigué?’,
C. Padilla Arand®, M. Pag&ov&?, S. Pagan Gris8, F. Paigé’, P. Pai€®, K. Pajchet?°,

G. Palaciné®® S, Palazz#?23% S. Palestin?, M. Palkd%?, D. Pallin®®, A. Palma?27a127b

E.St. Panagiotopould®, C.E. Pandiri2, J.G. Panduro Vazqué% P. Pani*’2147? S panitkid’,

D. Pante&®, L. Paolozzt!, Th.D. Papadopouldf, K. Papageorgiot?®, A. Paramona¥,

D. Paredes Hernand€%, A.J. Parket*, M.A. Parkef®, K.A. Parket?0, F. Parodi?2520 J A. Parson¥,
U. Parzefaft®, V.R. Pascuz2?®, E. Pasqualucti®® S. Passaggté? Fr. Pastor®, G. Pasztof-2f,

S. Pataraif®, J.R. Paté®, T. Pauly’?, J. Pearc¥?®, B. Pearsoh, L.E. Pederseff, M. Pederselt?,

S. Pedraza Lopé%’, R. Pedrd?’21270 5 . Peleganchdf®¢, D. Pelikat®5, O. Pené?®, C. Peng®®

H. Peng®®, J. Penwef®, B.S. Peralv&®, M.M. Peregd?’, D.V. Perepelits¥, E. Perez Codirf&°2

L. PerinP3293 4. Pernegge?, S. Perrelld?®21050 R peschk¥, V.D. PeshekhondV, K. Peteré?,
R.F.Y. Peter®d, B.A. Peterset?, T.C. Peterseft, E. Petif’, A. Petridid, C. Petridod®®, P. Petr118,
E. Petrold33 M. Petrov?, F. Petrucci®51350 N E. Petterssdfi, A. Peyaud®’, R. Pezo&™,

P.W. Phillip®2, G. Piacquadit#*#, E. Pianort’°, A. Picazi$®, E. Piccard®, M. Piccininf22220

M.A. Pickering?}, R. Piegai&’, J.E. Pilchet®, A.D. Pilkingtorf®, A.W.J. Pir¥é, M. Pinamont}64a.164@h
J.L. Pinfold, A. Pingef8, S. Pire&?, H. Pirumo*, M. Pitt}’?, L. Plazak*>2 M.-A. Pleief’,

V. Plesko®®, E. Plotnikov&’, P. Plucinskd?, D. Pluttf®, R. Poettgel 721470 | Poggioli!8, D. Poht3,
G. Poleselld??2 A. Poley**, A. Policicchic®23% R, Polifkad®?, A. Polini??3 C.S. Pollaré®,

V. Polychronako%', K. Pommé#?, L. Pontecorvé®32 B.G. Popé?, G.A. PopenecitfS, D.S. Popovié?,
A. Poppletori?, S. Pospisfi??, K. Potamiano¥, I.N. Potra§’, C.J. Pottel’, C.T. Pottet'’,

G. Poulard?, J. Poved®, V. Pozdnyako®’, M.E. Pozo Astigarragd, P. Pralavori®’, A. Prankd®,

27



S. Prelf®, D. Pricé®, L.E. Pric&, M. Primaverd® S. Princé®, M. Proissf®, K. ProkofieW?°,

F. Prokoshif®, S. Protopopes&), J. Proudfodt, M. Przybycied® D. Puddd35213%0 M, Purohit’#,
P. Puzé!® J. Qiafl, G. QirP®, Y. Qin®8, A. Quad®®, W.B. Quaylé®4a164b M Queitsch-Maitlangf,

D. Quilty®®, S. Raddurt?®, V. Radekd’, V. Radescff®, S.K. Radhakrishndfl®, P. Radld'1?,

P. Rado¥®, F. Ragus¥293 G. Rahal’8, J.A. Rainé®, S. Rajagopaldf, M. Rammense®,

C. Rangel-SmitH°, M.G. RattP32930 F. Rauschéf?, S. Rav&®, T. Ravenscroff, |. Ravinovich’?,

M. Raymond?, A.L. Read?°, N.P. Readifi’®, M. Realé®27% D.M. Rebuzz??2122b A Redelbach’®,
G. Redlingef’, R. Reec&®® K. Reeve®?, L. Rehnisch’, J. Reichef??, H. Reisirt?, C. Rembse¥,

H. Rer®2 M. Rescignd®32 S. Rescorff? O.L. Rezanov&®C, P. Reznicek®, R. Rezvari®,

R. Richtet%2, S. Richtef, E. Richter-Wa¥®, O. Rickerf3, M. RideP2, P. Rieck’, C.J. Riegél’®,

J. Riege®®, O. Rifkil!4, M. Rijssenbeek®, A. Rimoldit??21220 M. Rimoldi'8, L. Rinald??? B. Ristic>!,
E. Ritsc?, I. Riu'3, F. Rizatdinova!®, E. Rizvi’®, C. Rizzi3, S.H. Robertsdif",

A. Robichaud-Veronne&8, D. RobinsoR?, J.E.M. Robinsoff, A. Robsofi®, C. Rodd?252.1250

Y. Rodind’, A. Rodriguez Peré?, D. Rodriguez Rodrigué?’, S. Roé?, C.S. Rogaf?, O. Rghné?°,
A. RomaniouR®, M. Romang?222% S M. Romano Saé%, E. Romero Adartf’, N. Rompotis=?,

M. Ronzant®, L. Roo$?, E. Ros%7, S. Rosafi*3@ K. RosbacP®, P. Ros&38, O. Rosenthaf?,

N.-A. RosieRt®, V. Rossetfi*’2147% E. Rossi?®2.1050 | p Rossi?? J.H.N. Rostef?, R. Rostef®®,

M. Rotarif®, 1. Rotht”2, J. Rothber&®®, D. Rousseat}®, C.R. Royof®’, A. Rozano{’, Y. Rozer®3,
X. Ruart*®¢, F. Rubbd**, M.S. Rudolph®®, F. RiihP°, A. Ruiz-Martine??, Z. Rurikova®,

N.A. Rusakovich’, A. Ruschké®, H.L. Russeft®, J.P. Rutherfoort N. Ruthmanf?, Y.F. Ryabov??,
M. Rybar®6, G. Rybkint'8 S. Ry, A. Ryzho#3!, G.F. Rzehor®, A.F. Saavedr&?!, G. Sabatt®,

S. Sacerdof?, H.F-W. Sadrozinsk?f®, R. Sadyko®’, F. Safai Tehraif®2 P. Sah#?, M. Sahinso§°?
M. Saimpert¥”, T. Saitd>®, H. Sakamot&®, Y. Sakural’, G. Salamann&d®®13%b A Salamoph34a1340
J.E. Salazar Loyof4", D. Salek®, P.H. Sales De Bruiti®, D. Salihagi¢®?, A. Salnikov*4, J. Safté?,
D. Salvatoré®®3% F. Salvator&?, A. Salvuccf?? A. Salzburget?, D. Sammel’, D. Sampsonidis®,
A. Sanche¥%2105b 3 5anchd?’, V. Sanchez Martiné?’, H. Sandakér®, R.L. Sandbact¥,

H.G. SandéP, M. Sandh&1"®, C. Sandova!, R. Sandstroef2, D.P.C. Sankey2, M. Sanning?2:520
A. Sansorfi®, C. Santori®, R. Santonic&®*21340 H, Santo&?’2 |. Santoyo Castill®°, K. Sapp?s,

A. Saprono¥’, J.G. Saraivi’®127d B, SarraziR®, O. Sasal®, Y. Sasali®®, K. Satd®!, G. Sauvage*,
E. Sauvah, G. Savag®, P. SavartP?d, C. Sawyel®2 L. Sawyef, J. Saxof®, C. Sbarrd?

A. Sbrizz??2220 T Scanlof®, D.A. Scannicchié®®, M. Scarcelld>!, V. Scarfoné&®-3%

J. Schaarschmitit?, P. Schachf?, B.M. Schachtnéf?, D. Schaefe¥?, R. Schaeféf, J. Schafer®®,

S. Schaep@, S. Schaetz€%°, U. Schafef®, A.C. Schafer'!® D. Schailé®!, R.D. Schamberg&t®,

V. Scharf® V.A. Schegelsk}?, D. Scheirich®°, M. Schernatf3, C. Schiat?2°20 S. Schiet,

C. Schillo®, M. Schioppd®3% S. Schlenke¥, K.R. Schmidt-Sommerfeld?, K. Schmiedef?,

C. Schmit®®, S. Schmitt*, S. Schmit#®, B. Schneidéeff2 U. Schnoot?, L. Schodfel*37,

A. Schoenin§®, B.D. Schoenrock, E. Schopf®, M. Schotf®, J. SchovancofaS. Schramr?t,

M. Schreyet’, N. Schulf®, M.J. Schulten®, H.-C. Schultz-Coulo?2 H. Schul2?, M. Schumaché?,
B.A. Schumnt®, Ph. Schun®’, A. Schwartzmatf*, T.A. Schwar??, Ph. Schwegléf?,

H. Schweigei®, Ph. Schwemlint?’, R. Schwienhor$g, J. Schwindling®’, T. Schwindf®, G. Scioll&®,
F. Scurt?52125 . geyttf0, J. Searc)t, P. Seem®, S.C. Seidéls, A. Seidel®8, F. Seifert?®,

J.M. Seixa&? G. Sekhniaidz¥>2 K. Sekhof!, S.J. Sekul¥, D.M. Seliverstoy?4*,

N. Semprini-Cesaff®22b C. Serfot?0, L. Serirt18, L. Serkint6421640 \| Sess&521350 R Seystdf?,
H. Severint4, T. Sfiligoj’’, F. Sforza?, A. Sfyrla®l, E. Shabalin?f, N.W. Shaikf4721470 | Y. Shar?>2,
R. Shand®® J.T. Shank*, M. Shapird®, P.B. Shatalot, K. Shaw6421640 5 M. Shaw®,

A. Shcherbakovd 21470 C Y. Shehd&™, P. Sherwoo?p, L. Shit5221, S, Shimiz§°, C.0. Shimmid®3,
M. Shimojima?3, M. Shiyakov&”-2X A. Shmelev&’, D. Shoaleh Saatfl, M.J. Shochég,

28



S. Shojaif®®93® S, Shresthd?, E. Shulgd®, M.A. Shupé, P. Sichd?8, A.M. Sickled®®, P.E. Sidebt's,
O. Sidiropoulod”, D. Sidoro#5, A. Sidot?2:225 F. Sieger®, Dj. Sijacki4, J. Silva?7a.127d

S.B. Silversteit*’2 V. Simak?%, O. Simard, Lj. Simic'4, S. Simio'8, E. Simionf®, B. Simmon&°,
D. Simor?®, M. Simor?®, P. Sinervé®, N.B. Sine#!’, M. Sioli??2225 G, Siragus¥*,

S.Yu. Sivokloko#®, J. Sjolint472:147b M B. Skinnef#, H.P. Skottowe®, P. Skubié4, M. Slatet®,

T. Slavicek?®, M. Slawinsk&%8, K. Sliwal%2 R. Slovaks0, V. Smakhtirt’2, B.H. Smart, L. SmestatP,
J. Smiesk&*2 S.Yu. Smirno?®, Y. Smirnov??, L.N. Smirnovd®®a O. Smirnov&3, M.N.K. Smith?’,
R.W. Smitt¥’, M. Smizansk#, K. Smolek?%, A.A. Snesare¥, S. Snyde?’, R. Sobié®® F. Sochef®,
A. Soffert>* D.A. Soht®2, G. Sokhrannyf’, C.A. Solans Sanchéz M. Solart?®, E.Yu. Soldatov?,

U. Soldevild®’, A.A. Solodko3?, A. Soloshenk®’, O.V. Solovyano¥?!, V. Solovyev?4, P. Somme¥,
H. Sort%2 H.Y. Song®>a™ A. Sood®, A. Sopczak?®, V. Sopkd?®, V. Sorint3, D. Sos&%,

C.L. Sotiropoulod?521250 R Spualaff*a164c A M. Soukhare¥'®c, D. Souti#*, B.C. Sowder?,

S. Spagnol®® 758 M. Spalld?521250 M. Spangenbefd®, F. Spané®, D. Sperlich’, F. Spettel®?,

R. Spigh??2 G. Spigd?, L.A. Spiller®®, M. Spoust&®®, R.D. St. Denig>*, A. Stabil€®2 R. Stamef?
S. Stamn¥’, E. Staneck#, R.W. Stanek, C. Stanesci#>2 M. Stanescu-Belltf, M.M. Stanitzki**,

S. Stapne¥®, E.A. Starchenkt', G.H. Stark3, J. StarR’, P. Starob8, P. Starovoitof?, S. Star??,
R. Staszewskt, P. Steinberff, B. Stelzet*3, H.J. Stelze¥, O. Stelzer-Chiltotf%2 H. Stenzet*,

G.A. Stewar®®, J.A. Stillingg3, M.C. Stocktofi®, M. Stoebé&®, G. Stoiced®, P. Stolt€5, S. Stonjek®?,
A.R. Stradling, A. Straessnéf, M.E. Stramagli&®, J. Strandber8, S. Strandberg’21470

A. Strandlié?%, M. Straus$!*, P. Strizenet*®, R. StroshmeY’4, D.M. Strom'’, R. Stroynowski?,

A. Strubigt®’, S.A. Stucci®, B. Stugd®, N.A. Styled4, D. SU*4, J. Sd26, R. Subramaniaf,

S. Suchef? Y. Sugaya®®, M. Sukt?®, V.V. Sulin®’, S. Sultansatf, T. Sumidd®, S. SurR®, X. Surf>2
J.E. Sundermanif, K. SuruliZ%, G. Susinnd®®3% M.R. Suttot®®, S. Suzulki®, M. Svatos?8,

M. Swiatlowsk?3, 1. Sykord*>2 T. Sykord3’, D. Te°, C. Taccint3%213%0 K. Tackmanfi*, J. Taenzéf®,
A. Taffard'®3, R. Tafirout®%2 N. Taiblum*>*, H. Taka?’, R. Takashim&, T. Takeshit&*!, Y. Takub&®,
M. Talby?”, A.A. Talyshew'¢, K.G. Tar??, J. Tanak&®, R. Tanak&'8, S. Tanaké®,

B.B. Tannenwal¥2, S. Tapia Aray#*®, S. Tapprogg®, S. Tarem®3, G.F. Tartarelff32 P. Tad3C,

M. Tasevsky?®, T. Tashird?, E. Tassi®®3% A, Tavares Delgadd’21270 Y. Tayalatt3d, A.C. Taylor%,
G.N. Taylof?, P.T.E. Taylo?°, W. Taylo8%, F.A. Teischinget, P. Teixeira-Dia&’, K.K. Temming®,
D. Templé“*3 H. Ten Katé?, P.K. Tend®2, J.J. Teok'®, F. Tepel’®, S. Terad?g, K. Terasht®5,

J. Terro®?, S. Terzd%2, M. Testd®, R.J. Teusché?®', T. Theveneaux-Pelz&r, J.P. Thomas,

J. Thomas-WilskéP, E.N. Thompso#’, P.D. Thompsot?, A.S. Thompsor?, L.A. ThomseA’S,

E. Thomsof?3, M. Thomsori®, M.J. Tibbett$®, R.E. Ticse Torré¥, V.O. Tikhomirov?7-a",

Yu.A. Tikhonov1%¢, S. Timoshenk®, P. Tiptori’6, S. Tisseradt, K. Todomé®8, T. Todorov*,

S. Todorova-Nov&®, J. Tojo’?, S. Tokat**2 K. Tokushuk@®, E. Tolley?®, L. Tomlinsor¥®,

M. Tomoto'®4, L. Tompking442°, K. Toms'%6, B. Tong®, E. Torrencél’, H. Torred*3,

E. Torr6 Pastdr?, J. Totf72P, F. Touchar8’, D.R. Tovey?, T. Trefzget’, A. Tricoli?’,

|.M. Triggert892 S. Trincaz-Duvoi?, M.F. Tripiand3, W. Trischuk®®, B. Trocmé&’, A. Trofymov*,
C. Troncof38 M. Trottier-McDonald®, M. Trovatelli*®®, L. Truong42:164¢ M. Trzebinsk#?,

A. TrzupeK?, J.C-L. Tsen&!, P.V. Tsiareshk¥, G. Tsipolitis/©, N. Tsirintani§, S. Tsiskaridz&,

V. Tsiskaridz&%, E.G. Tskhadad?é® K.M. Tsuif2@ I.I. Tsukermaf®, V. Tsulaid®, S. Tsuné®,

D. Tsybyche¥*?, A. Tudoraché®®, V. Tudoraché&®, A.N. Tun&®, S.A. Tupputf?229

S. Turchikhid®@ D, Turecek?®, D. Turgemah’?, R. Turr&32930 A J. Turvey?, P.M. Tuts’,

M. Tyndel'32, G. Ucchiell??2220 | Uedd®5, M. Ughettd*72147b F, Ukegawd®!, G. Unaf?,

A. Undrug’, G. Unel®3 F.C. Ungar®’, Y. Unnd®®, C. Unverdorbetf?®, J. Urbad*>®, P. Urquijc®,

P. Urrejol&®, G. Usa?, A. Usanov&, L. Vacavari’, V. Vacek?®, B. Vachoif®, C. Valderani§®,

E. Valdes Santurid’2147? N. Valencid®®, S. Valentineti2222% A. Valerd'®’, L. Valery!3, S. Valkat3?,

29



S. Vallecorsat, J.A. Valls Ferret®’, W. Van Den Wollenbertf®, P.C. Van Der Deifi%¢,

R. van der Geéf8 H. van der Graaf®, N. van Eldik°3, P. van GemmerénJ. Van Nieuwkoop*?,

. van Vulper, M.C. van Woerde??, M. Vanadid332-1330 \\/. VandellP?, R. VanguriZ3,

A. Vaniachiné3, P. Vankov%8, G. Vardanyal’’, R. Varit®38 E.W. Varne$, T. Varol*?, D. Varoucha¥®,
A. Vartapetiafl, K.E. Varvelft®1, J.G. Vasquée”Z®, F. Vazeill€®, T. Vazquez Schroed&, J. Veatch®,
L.M. Veloce®®, F. Velosd?72127¢ 5 \enezian®®32 A. Venturd®2752 M. Venturi*®®, N. Venturt>,

A. Venturini?®, V. Vercest?22 M. Verducct332.1330 W Vierkerké®8, J.C. Vermeulel8, A. Vestt-aa,
M.C. Vetterlt*3d, O. ViazId3, I. Vichou'®®*, T. Vickey'*°, O.E. Vickey Boerid*°,

G.H.A. Viehhausér?l, S. Viel', L. Vigani'?%, R. Vigné?*, M. Villa222-225 M. Villaplana Pere%2.930
E. Vilucchi*®®, M.G. Vincter?, V.B. Vinogrado¥’, C. Vittori222220 | Vivarelli1®°, S. Vlacho&?,

M. Vlasak?®, M. Vogel’>, P. Vokad?®, G. Volpit2521252 M. \olIpi®®, H. von der Schmitf?,

E. von Toerné, V. Vorobel20, K. Vorobe?, M. Vos!®’, R. Voss$?, J.H. Vossebel#, N. Vranjes?,
M. Vranjes Milosavljevié?, V. Vrbal?8, M. Vreeswijk'%8, R. Vuillerme®?, |. Vukotic®3, Z. Vykydaft?°,
P. Wagnet®, W. Wagnet’®, H. Wahlberd®, S. Wahrmuntf, J. WakabayasHi*, J. Waldef*,

R. Walkef%1, W. Walkowiak*?, V. WallangeA*’2147% C. Wang®¢, C. Wang®?87 F. Wand’3,

H. Wand®, H. Wand?, J. Wand?, J. Wang®?, K. Wang®, R. Wan§, S.M. Wand>?, T. Wand?3,

T. Wang’, W. Wang®®, X. Wang’6, C. Wanotayardj’, A. Warburtor{®, C.P. Ward®°,

D.R. Wardrop&®, A. Washbrook®, P.M. Watking®, A.T. Watsor®, M.F. Watsor®, G. Watts3°,

S. Watt§6, B.M. Waugi°, S. Web8®, M.S. Webeté, S.W. Webet™, J.S. Webstér A.R. Weidberdg??,
B. Weinerf3, J. Weingarte?f, C. Weise??, H. Weits'%8, P.S. Well$?, T. Wenau$’, T. Wengle??,

S. Wenig?, N. Werme$3, M. WerneP®, M.D. Wernef®, P. Wernet?, M. Wessel&%?2 J. Wettet6?,

K. Whalert”, N.L. Whallon'®9, A.M. Whartor74, A. White®, M.J. Whité", R. White**?, D. Whitesoi®3,
F.J. Wicken&32, W. Wiedenmant'3, M. Wielers'32, P. Wienemant?, C. Wigleswortt®,

L.A.M. Wiik-Fuchs?3, A. Wildauef®?, F. Wilk8, H.G. Wilkens?, H.H. Williams'?3, S. Williams'°8,
C. Willis%2, S. Willoccf®, J.A. Wilsort®, I. Wingerter-Seez F. Winkimeiet!”, O.J. Winstoh®®,

B.T. Winter3, M. Wittgen'#4, J. Wittkowski®!, M.W. Wolter*!, H. Wolterg?/127¢ S D. Wornt3?,
B.K. WosieK, J. Wotschack, M.J. Woudstr&®, K.W. Wozniakt, M. Wu®’, M. Wu®3, S.L. WU'"3,

X. WUt Y. Wut, T.R. WyatB®, B.M. Wynne®®, S. Xella®®, D. Xu®%2 L. Xu?’, B. Yabsley®!,

S. YacooB%%2 R. Yakabé&®, D. Yamaguchi®®, Y. Yamaguchi!®, A. Yamamot§8, S. Yamamot&®,

T. Yamanak&?®, K. Yamaucht®®, Y. Yamazal§®, Z. Yar?4, H. Yang®®, H. Yand "3, Y. Yang®?,

Z. Yang™®, W-M. Yao'®, Y.C. Yag®, V. YasF®, E. Yatsenke, K.H. Yau Wong?, J. Y&, S. Yé&/,

. Yeletskik?’, A.L. Yen®®, E. Yildirim8®, K. Yorital’%, R. Yoshid4, K. Yoshihard?3, C. Yound*4,
C.J.S. Youn&, S. Yousset*, D.R. Yu'®, J. Yif, J.M. Yu™%, J. Yif8, L. Yuarf®, S.P.Y. Yuer®,

l. Yusuff302' B, Zabinski!, R. Zaidad®d, A.M. Zaitse322d N. Zakharchu®?®, J. Zaliecka¥®,

A. Zamart*9, S. Zambit8®, L. Zanellg3321330 D 7anzf0, C. ZeitnitZ2"®, M. Zemant?9, A. Zeml|#°2
J.C. Zend®® Q. Zend**, K. Zengef®, O. Zeni3, T. Zenid*%2 D. Zerwad!8, D. Zhangd?, F. Zhang’3,
G. Zhang®®@™ H. Zhang®¢, J. Zhan§, L. Zhang?, R. Zhang?, R. Zhang®®2s, X. Zhang>",
Z.Zhand?8, X. Zhad*?, Y. Zhacd®¥, Z. Zhad®?, A. Zhemchugo®’, J. Zhond?%, B. Zho??, C. Zhod’,
L. Zhot®’, L. Zhou*2, M. Zhou*?, N. Zho?®, C.G. Zhi#°9, H. Zhi?2 J. Zhi#2, Y. ZhuPo,

X. Zhuang®? K. Zhuko?’, A. Zibell*’4, D. Zieminsk&3, N.1. Zimine®’, C. Zimmerman#?,

S. Zimmermant?, Z. Zinonos$®, M. Zinsef®, M. Ziolkowski*?, L. Zivkovie'*, G. Zobernig’?,

A. Zoccoli?22:220 M. zur Nedde®’, L. ZwalinskiP2.

1 Department of Physics, University of Adelaide, Adelaideistalia

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

3 Department of Physics, University of Alberta, Edmonton ABnada

4 @ pepartment of Physics, Ankara University, AnkaPajstanbul Aydin University, Istanbuf®

30



Division of Physics, TOBB University of Economics and Teology, Ankara, Turkey

5 LAPP, CNRSIN2P3 and Université Savoie Mont Blanc, Annecy-le-Vieurarce

6 High Energy Physics Division, Argonne National Laboratdxygonne IL, United States of America
” Department of Physics, University of Arizona, Tucson AZ jtdd States of America

8 Department of Physics, The University of Texas at Arlingtarington TX, United States of America
9 Physics Department, University of Athens, Athens, Greece

10 physics Department, National Technical University of AtheZografou, Greece

11 Department of Physics, The University of Texas at AustinsthuTX, United States of America

12 Institute of Physics, Azerbaijan Academy of Sciences, Baerbaijan

13 Institut de Fisica d’Altes Energies (IFAE), The Barcelonatitute of Science and Technology,
Barcelona, Spain, Spain

14 Institute of Physics, University of Belgrade, Belgraderid®

15 Department for Physics and Technology, University of Berdgergen, Norway

16 physics Division, Lawrence Berkeley National Laboratangd &niversity of California, Berkeley CA,
United States of America

17 Department of Physics, Humboldt University, Berlin, Genpa

18 Albert Einstein Center for Fundamental Physics and Laboydbr High Energy Physics, University
of Bern, Bern, Switzerland

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

20 @ pepartment of Physics, Bogazici University, Istant®lIDepartment of Physics Engineering,
Gaziantep University, Gaziantef) Istanbul Bilgi University, Faculty of Engineering and Neili
Sciences, Istanbul, Turke{® Bahcesehir University, Faculty of Engineering and NatGeiknces,
Istanbul, Turkey, Turkey

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

22 @ INFN Sezione di Bolognd® Dipartimento di Fisica e Astronomia, Universita di Bologna
Bologna, Italy

23 Physikalisches Institut, University of Bonn, Bonn, Gerypan

24 Department of Physics, Boston University, Boston MA, Uditates of America

25 Department of Physics, Brandeis University, Waltham MAjtelh States of America

26 @ Universidade Federal do Rio De Janeiro COFFHAF, Rio de Janeiro® Electrical Circuits
Department, Federal University of Juiz de Fora (UFJF), deifora{® Federal University of Sao Joao
del Rei (UFSJ), Sao Joao del R@: Instituto de Fisica, Universidade de Sao Paulo, Sao PauzilB
27 Physics Department, Brookhaven National Laboratory, bpt¥, United States of America

28 @ Transilvania University of Brasov, Brasov, RomarfaNational Institute of Physics and Nuclear
Engineering, Bucharesf) National Institute for Research and Development of Isatapid Molecular
Technologies, Physics Department, Cluj Napd®a;niversity Politehnica Bucharest, Buchard8;
West University in Timisoara, Timisoara, Romania

29 Departamento de Fisica, Universidad de Buenos Aires, Buaites, Argentina

30 cavendish Laboratory, University of Cambridge, Cambrjddpited Kingdom

31 Department of Physics, Carleton University, Ottawa ON, &Zkan

32 CERN, Geneva, Switzerland

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

34 @ Departamento de Fisica, Pontificia Universidad CatélicE€lite, Santiago® Departamento de
Fisica, Universidad Técnica Federico Santa Maria, Valpay&hile

35 @ |nstitute of High Energy Physics, Chinese Academy of SaenBeijing:() Department of
Modern Physics, University of Science and Technology oh@hAnhui;(© Department of Physics,
Nanjing University, Jiangsu9) School of Physics, Shandong University, Shandéfdepartment of

31



Physics and Astronomy, Shanghai Key Laboratory for Parfittiysics and Cosmology, Shanghai Jiao
Tong University, Shanghai; (alsdfdiated with PKU-CHEP){") Physics Department, Tsinghua
University, Beijing 100084, China

36 Laboratoire de Physique Corpusculaire, Clermont Unitéisnd Université Blaise Pascal and
CNRSYIN2P3, Clermont-Ferrand, France

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

38 Niels Bohr Institute, University of Copenhagen, Kobenhddanmark

39 @ INFN Gruppo Collegato di Cosenza, Laboratori Nazionali digeati:®) Dipartimento di Fisica,
Universita della Calabria, Rende, Italy

40 @ AGH University of Science and Technology, Faculty of Physiad Applied Computer Science,
Krakow:; ® Marian Smoluchowski Institute of Physics, Jagielloniarivérsity, Krakow, Poland

4L Institute of Nuclear Physics Polish Academy of Scienceskiw, Poland

42 physics Department, Southern Methodist University, BallX, United States of America

43 Physics Department, University of Texas at Dallas, Rickandl X, United States of America

44 DESY, Hamburg and Zeuthen, Germany

45 Lehrstuhl fiir Experimentelle Physik IV, Technische Unaitit Dortmund, Dortmund, Germany
48 |nstitut fiir Kern- und Teilchenphysik, Technische Univ&isDresden, Dresden, Germany

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

48 SUPA - School of Physics and Astronomy, University of Edimty Edinburgh, United Kingdom
49 INFN Laboratori Nazionali di Frascati, Frascati, Italy

50 Fakultat fur Mathematik und Physik, Albert-Ludwigs-Unisat, Freiburg, Germany

51 Section de Physique, Université de Genéve, Geneva, Slaitzer

52 @ INFN Sezione di Genovd? Dipartimento di Fisica, Universita di Genova, Genovayital

53 @ E. Andronikashvili Institute of Physics, Iv. Javakhishvibilisi State University, Thilisi{? High
Energy Physics Institute, Thilisi State University, ThiliGeorgia

5411 Physikalisches Institut, Justus-Liebig-Universitée§sen, Giessen, Germany

55 SUPA - School of Physics and Astronomy, University of Glagg8lasgow, United Kingdom

5611 Physikalisches Institut, Georg-August-Universitaiiténgen, Germany

57 Laboratoire de Physique Subatomique et de Cosmologie gisii¢ Grenoble-Alpes, CNRISI2P3,
Grenoble, France

58 Department of Physics, Hampton University, Hampton VA, t8diStates of America

59 Laboratory for Particle Physics and Cosmology, Harvardvensity, Cambridge MA, United States of
America

60 @ Kirchhoff-Institut fiir Physik, Ruprecht-Karls-Universitat Heiberg, Heidelberg®
Physikalisches Institut, Ruprecht-Karls-Universitatidétberg, Heidelberd® ZITI Institut fir
technische Informatik, Ruprecht-Karls-Universitat Helbrg, Mannheim, Germany

61 Faculty of Applied Information Science, Hiroshima Instiwf Technology, Hiroshima, Japan

62 @ Department of Physics, The Chinese University of Hong K@twtin, N.T., Hong Kong®
Department of Physics, The University of Hong Kong, Hong #df Department of Physics, The
Hong Kong University of Science and Technology, Clear WBi&y, Kowloon, Hong Kong, China
63 Department of Physics, Indiana University, Bloomingtor Usiited States of America

64 Institut fiir Astro- und Teilchenphysik, Leopold-Franzessiversitat, Innsbruck, Austria

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

66 Department of Physics and Astronomy, lowa State Universityes IA, United States of America
67 Joint Institute for Nuclear Research, JINR Dubna, DubnasiRu

68 KEK, High Energy Accelerator Research Organization, Tsakuapan

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

32



0 Faculty of Science, Kyoto University, Kyoto, Japan

1 Kyoto University of Education, Kyoto, Japan

2 Department of Physics, Kyushu University, Fukuoka, Japan

73 |nstituto de Fisica La Plata, Universidad Nacional de LasP4ad CONICET, La Plata, Argentina
4 Physics Department, Lancaster University, Lancastertgdri{ingdom

75 @ INFN Sezione di Lecce? Dipartimento di Matematica e Fisica, Universita del Salehecce,
Italy

6 QOliver Lodge Laboratory, University of Liverpool, Liverph United Kingdom

"I Department of Physics, JoZef Stefan Institute and UnigediLjubljana, Ljubljana, Slovenia

8 School of Physics and Astronomy, Queen Mary University afidan, London, United Kingdom

9 Department of Physics, Royal Holloway University of Longd&urrey, United Kingdom

80 Department of Physics and Astronomy, University Collegedan, London, United Kingdom

81 |ouisiana Tech University, Ruston LA, United States of Aivar

82 |_aboratoire de Physique Nucléaire et de Hautes Energig¥l@iéhd Université Paris-Diderot and
CNRSIN2P3, Paris, France

83 Fysiska institutionen, Lunds universitet, Lund, Sweden

84 Departamento de Fisica Teorica C-15, Universidad Autondeniladrid, Madrid, Spain

85 |nstitut fur Physik, Universitat Mainz, Mainz, Germany

86 School of Physics and Astronomy, University of Manchedwanchester, United Kingdom

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

88 Department of Physics, University of Massachusetts, AsthdA, United States of America

89 Department of Physics, McGill University, Montreal QC, @da

90 School of Physics, University of Melbourne, Victoria, Awia

91 Department of Physics, The University of Michigan, Ann Arlidl, United States of America

92 Department of Physics and Astronomy, Michigan State UsitierEast Lansing MI, United States of
America

93 @ INFN Sezione di Milano{®) Dipartimento di Fisica, Universita di Milano, Milano, ltal

94 B.I. Stepanov Institute of Physics, National Academy okSces of Belarus, Minsk, Republic of
Belarus

95 National Scientific and Educational Centre for Particle Biigh Energy Physics, Minsk, Republic of
Belarus

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

97 P.N. Lebedev Physical Institute of the Russian Academy @fr8es, Moscow, Russia

98 |nstitute for Theoretical and Experimental Physics (ITBRpscow, Russia

99 National Research Nuclear University MEPhI, Moscow, Raissi

100p.v. Skobeltsyn Institute of Nuclear Physics, M.V. LomoaedMoscow State University, Moscow,
Russia

101 Fakultat fur Physik, Ludwig-Maximilians-Universitat Midhen, Miinchen, Germany

102 Max-Planck-Institut fiir Physik (Werner-Heisenberg-ing}, Miinchen, Germany

103 Nagasaki Institute of Applied Science, Nagasaki, Japan

104 Graduate School of Science and Kobayashi-Maskawa IrestiNagoya University, Nagoya, Japan
105 @ INFN Sezione di Napoli®® Dipartimento di Fisica, Universita di Napoli, Napoli, iyal

106 pepartment of Physics and Astronomy, University of New MexiAlbuguerque NM, United States
of America

107 |nstitute for Mathematics, Astrophysics and Particle RtsysRadboud University Nijmeggikhef,
Nijmegen, Netherlands

108 Nikhef National Institute for Subatomic Physics and Unsigrof Amsterdam, Amsterdam,

33



Netherlands

109 pepartment of Physics, Northern lllinois University, Déi#_, United States of America

110 gydker Institute of Nuclear Physics, SB RAS, Novosibirsks&a

11 pepartment of Physics, New York University, New York NY, lted States of America

112 Ohio State University, Columbus OH, United States of Arreeric

13 Faculty of Science, Okayama University, Okayama, Japan

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

115 pepartment of Physics, Oklahoma State University, Stiw®K, United States of America

116 palacky University, RCPTM, Olomouc, Czech Republic

117 Center for High Energy Physics, University of Oregon, Ew@@R, United States of America

18| AL, Univ. Paris-Sud, CNRBN2P3, Université Paris-Saclay, Orsay, France

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

120 pepartment of Physics, University of Oslo, Oslo, Norway

121 pepartment of Physics, Oxford University, Oxford, Unitethgdom

122 @ INFN Sezione di Pavid? Dipartimento di Fisica, Universita di Pavia, Pavia, Italy

123 pepartment of Physics, University of Pennsylvania, Plelpkia PA, United States of America
124 National Research Centre "Kurchatov Institute” B.P.Kanshov Petersburg Nuclear Physics
Institute, St. Petersburg, Russia

125 @ INFN Sezione di Pisd? Dipartimento di Fisica E. Fermi, Universita di Pisa, Pisalyl

126 Department of Physics and Astronomy, University of Pittgbu Pittsburgh PA, United States of
America

127 @ Laborat6rio de Instrumentacéo e Fisica Experimental déckas - LIP, Lisboa® Faculdade de
Ciéncias, Universidade de Lisboa, Lisb§aDepartment of Physics, University of Coimbra, Coimbra;
@ Centro de Fisica Nuclear da Universidade de Lisboa, LisBoBppartamento de Fisica,
Universidade do Minho, Brag" Departamento de Fisica Teorica y del Cosmos and CAFPE,
Universidad de Granada, Granada (Spdifh)Dep Fisica and CEFITEC of Faculdade de Ciencias e
Tecnologia, Universidade Nova de Lisboa, Caparica, Paltug

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

129 Czech Technical University in Prague, Praha, Czech Republi

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

131 state Research Center Institute for High Energy Physiasto), NRC K, Russia

132 particle Physics Department, Rutherford Appleton LalmwgaDidcot, United Kingdom

133 @ INFN Sezione di Romd® Dipartimento di Fisica, Sapienza Universita di Roma, Roltady

134 @ INFN Sezione di Roma Tor Vergat& Dipartimento di Fisica, Universita di Roma Tor Vergata,
Roma, Italy

135 @ INFN Sezione di Roma Tré? Dipartimento di Matematica e Fisica, Universita Roma Trenfa,
Italy

136 @ Faculté des Sciences Ain Chock, Réseau Universitaire dsidie/des Hautes Energies -
Université Hassan Il, Casablané¥;Centre National de I'Energie des Sciences Techniques biuete
Rabat;© Faculté des Sciences Semlalia, Université Cadi Ayyad, LieiVB&rrakech:@ Faculté des
Sciences, Université Mohamed Premier and LPTPM, Oufti&aculté des sciences, Université
Mohammed V, Rabat, Morocco

137 DSM/IRFU (Institut de Recherches sur les Lois Fondamentaletaévers), CEA Saclay
(Commissariat a I'Energie Atomique et aux Energies Altéves), Gif-sur-Yvette, France

138 santa Cruz Institute for Particle Physics, University ofif6enia Santa Cruz, Santa Cruz CA, United
States of America

34



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

140 pepartment of Physics and Astronomy, University of ke, Shéfield, United Kingdom

141 pepartment of Physics, Shinshu University, Nagano, Japan

142 Fachbereich Physik, Universitat Siegen, Siegen, Germany

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

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

145 @ Faculty of Mathematics, Physics & Informatics, Comeniusversity, Bratislava® Department
of Subnuclear Physics, Institute of Experimental Physfdh® Slovak Academy of Sciences, Kosice,
Slovak Republic

146 @ Department of Physics, University of Cape Town, Cape Td®mepartment of Physics,
University of Johannesburg, Johannesb®gSchool of Physics, University of the Witwatersrand,
Johannesburg, South Africa

147 @ Department of Physics, Stockholm Universi§): The Oskar Klein Centre, Stockholm, Sweden
148 physics Department, Royal Institute of Technology, Stodklh) Sweden

149 Departments of Physics & Astronomy and Chemistry, StonyoRidniversity, Stony Brook NY,
United States of America

150 pepartment of Physics and Astronomy, University of SusBeighton, United Kingdom

151 School of Physics, University of Sydney, Sydney, Australia

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

153 Department of Physics, Technion: Israel Institute of Tetbgy, Haifa, Israel

154 Raymond and Beverly Sackler School of Physics and AstrondedyAviv University, Tel Aviv,
Israel

155 pepartment of Physics, Aristotle University of ThessakanThessaloniki, Greece

156 International Center for Elementary Particle Physics aegdbtment of Physics, The University of
Tokyo, Tokyo, Japan

157 Graduate School of Science and Technology, Tokyo Metrzpoliniversity, Tokyo, Japan

158 Department of Physics, Tokyo Institute of Technology, Tmkjapan

159 pepartment of Physics, University of Toronto, Toronto ONp@da

160 @ TRIUMF, Vancouver BC® Department of Physics and Astronomy, York University, Taeo
ON, Canada

161 Faculty of Pure and Applied Sciences, and Center for IntegrResearch in Fundamental Science
and Engineering, University of Tsukuba, Tsukuba, Japan

162 Department of Physics and Astronomy, Tufts University, ided MA, United States of America
163 Department of Physics and Astronomy, University of Califarlrvine, Irvine CA, United States of
America

164 @ INFN Gruppo Collegato di Udine, Sezione di Trieste, UdiffelCTP, Trieste{9 Dipartimento di
Chimica, Fisica e Ambiente, Universita di Udine, Udinelyita

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

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

167 |nstituto de Fisica Corpuscular (IFIC) and Departament&idia Atomica, Molecular y Nuclear
and Departamento de Ingenieria Electrénica and Institetdlidroelectronica de Barcelona
(IMB-CNM), University of Valencia and CSIC, Valencia, Spai

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

169 pepartment of Physics and Astronomy, University of VicipW¥ictoria BC, Canada

170 pepartment of Physics, University of Warwick, Coventry,itdd Kingdom

171 waseda University, Tokyo, Japan

172 Department of Particle Physics, The Weizmann Institutecidi®e, Rehovot, Israel

35



173 Department of Physics, University of Wisconsin, Madison Whited States of America

174 Fakultat fur Physik und Astronomie, Julius-Maximilians¥\ersitat, Wiirzburg, Germany

175 Fakultat fur Mathematik und Naturwissenschaften, FaghpglPhysik, Bergische Universitét
Wuppertal, Wuppertal, Germany

176 Department of Physics, Yale University, New Haven CT, UhiBates of America

177 Yerevan Physics Institute, Yerevan, Armenia

178 Centre de Calcul de I'Institut National de Physique Nuckat de Physique des Particules (IN2P3),
Villeurbanne, France

a Also at Department of Physics, King's College London, Lamddnited Kingdom

b Also at Institute of Physics, Azerbaijan Academy of Scien@aku, Azerbaijan

¢ Also at Novosibirsk State University, Novosibirsk, Russia

d Also at TRIUMF, Vancouver BC, Canada

€ Also at Department of Physics & Astronomy, University of lisuille, Louisville, KY, United States of
America

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

9 Also at Department of Physics, University of Fribourg, eriby, Switzerland

h Also at Departament de Fisica de la Universitat Autonoma ae@&ona, Barcelona, Spain

' Also at Departamento de Fisica e Astronomia, Faculdade elec@is, Universidade do Porto, Portugal
I Also at Tomsk State University, Tomsk, Russia

K Also at Universita di Napoli Parthenope, Napoli, Italy

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

M Also at National Institute of Physics and Nuclear EngingggrBucharest, Romania

" Also at Department of Physics, St. Petersburg State Pdigieal University, St. Petersburg, Russia
© Also at Department of Physics, The University of MichigamndArbor MI, United States of America
P Also at Centre for High Performance Computing, CSIR CampBasebank, Cape Town, South Africa
9 Also at Louisiana Tech University, Ruston LA, United Statésmerica

" Also at Institucio Catalana de Recerca i Estudis AvancatRHA, Barcelona, Spain

S Also at Graduate School of Science, Osaka University, Qskizan

t Also at Department of Physics, National Tsing Hua Univgydiaiwan

Y Also at Institute for Mathematics, Astrophysics and P&tiRhysics, Radboud University
NijmegenNikhef, Nijmegen, Netherlands

v Also at Department of Physics, The University of Texas attifwigustin TX, United States of America
¥ Also at CERN, Geneva, Switzerland

X Also at Georgian Technical University (GTU),Thilisi, Gga

¥ Also at Ochadai Academic Production, Ochanomizu Uniwer$ibkyo, Japan

Z Also at Manhattan College, New York NY, United States of Aicer

aa Also at Hellenic Open University, Patras, Greece

ab Also at Academia Sinica Grid Computing, Institute of Phgsikcademia Sinica, Taipei, Taiwan

ac Also at School of Physics, Shandong University, ShandoihinaC

ad Also at Moscow Institute of Physics and Technology Statevehsity, Dolgoprudny, Russia

a€ Also at Section de Physique, Université de Genéve, Genaitzedland

af Also at Eotvos Lorand University, Budapest, Hungary

3 Also at Departments of Physics & Astronomy and Chemistrgn$Brook University, Stony Brook
NY, United States of America

ah Also at International School for Advanced Studies (SISShieste, Italy

al Also at Department of Physics and Astronomy, University ofith Carolina, Columbia SC, United
States of America

36



aj Also at School of Physics and Engineering, Sun Yat-sen Usitye Guangzhou, China

ak Also at Institute for Nuclear Research and Nuclear Ene®y)RNE) of the Bulgarian Academy of
Sciences, Sofia, Bulgaria

al Also at Faculty of Physics, M.V.Lomonosov Moscow State @néity, Moscow, Russia

am Also at Institute of Physics, Academia Sinica, Taipei, Taiw

an Also at National Research Nuclear University MEPhI, MoscBwssia

a0 Also at Department of Physics, Stanford University, SteshfoA, United States of America

apP Also at Institute for Particle and Nuclear Physics, Wignes&arch Centre for Physics, Budapest,
Hungary

ad Also at Flensburg University of Applied Sciences, Flengb@ermany

ar Also at University of Malaya, Department of Physics, Kualanipur, Malaysia

as Also at CPPM, Aix-Marseille Université and CNRN2P3, Marseille, France

* Deceased

37



	1 Introduction
	2 Data and simulation samples
	3 Object and event selection
	4 Extraction of the tbart cross-section
	5 Background estimation
	6 Systematic uncertainties
	7 Results and conclusions

