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1 Introduction

Theoretical and experimental arguments suggest that the Standard Model (SM) is an
effective theory valid up to a certain energy scale. The SM Higgs boson, denoted by
h, is observed by the ATLAS and CMS collaborations [1-4]. The Higgs boson mass is
strongly sensitive to quantum corrections from physics at very high energy scales and
demands a high level of fine-tuning, known as the hierarchy problem [5-8]. Supersymmetry
(SUSY) [9-14] resolves the hierarchy problem by introducing, for each known particle state,
a new partner (superpartner) that shares the same mass and internal quantum numbers
with the exception of spin if supersymmetry is unbroken. However, these superpartners
have not been observed, so SUSY must be a broken symmetry and the mass scale of the
supersymmetric particles is as yet undetermined. The possibility of a supersymmetric dark
matter candidate [15, 16] is closely related to the conservation of R-parity [17]. Under the
R-parity conservation hypothesis, the lightest supersymmetric particle (LSP) is stable. If
the LSP is weakly interacting, it may provide a viable dark matter candidate. The nature
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Figure 1. Signal diagrams illustrating (a) ﬁ;zg production, and (b) a higgsino production mode
from a GMSB model: )2? — hG. For ﬁxg production, the lightest chargino (fﬁ) and next-
to-lightest neutralino ()Zg) are nearly mass degenerate. In the higgsino models, the two lightest
neutralinos, )2(1) and )Zg, and the lightest chargino Xli are approximately mass degenerate, and the
%) is the lightest of the four nearly degenerate higgsino states, z is the particle with low momentum
from the promptly decay of )Zli and f(g.

of the LSP is defined by the mechanism that spontaneously breaks supersymmetry and the
parameters of the chosen theoretical framework.

In the SUSY scenarios considered as a first benchmark in this paper, the LSP is the
lightest of the neutralinos 5(? (7 =1,2,3,4) that, together with the charginos fgi (1=1,2),
represent the mass eigenstates formed from the mixture of the v, W, Z and Higgs bosons’
superpartners (the winos, binos and higgsinos). The neutralinos and charginos are collect-
ively referred to as electroweakinos. Specifically, the electroweakino mass eigenstates are
designated in order of increasing mass. Naturalness considerations [18, 19] suggest that
the lightest of the charginos and neutralinos have masses near the electroweak scale. Their
direct production may be the dominant mechanism at the Large Hadron Collider (LHC)
if the superpartners of the gluons and quarks are heavier than a few TeV. In SUSY mod-
els where the heaviest (pseudoscalar, charged) minimal supersymmetric Standard Model
(MSSM) Higgs bosons and the superpartners of the leptons have masses larger than those
of the lightest chargino and next-to-lightest neutralino, the former might decay into the
)2(1) and a W boson ()ﬁc — W)Z(l)), while the latter could decay into the 5([1) and the lightest
MSSM Higgs boson or Z boson ()Zg — h/Z)Z(l)) [17, 20, 21]. The decay via the Higgs bo-
son is dominant for many choices of parameters as long as the mass-splitting between the
two lightest neutralinos is larger than the Higgs boson mass and the higgsinos are heavier
than the winos. SUSY models of this kind could provide a possible explanation for the
discrepancy between measurements of the muon’s anomalous magnetic moment g — 2 and
SM predictions [22-25].

This paper presents a search in proton-proton (pp) collisions produced at the LHC
at a centre-of-mass energy /s = 13 TeV for the direct pair production of electroweakinos
that promptly decay into the LSP, producing at least one Higgs boson, decaying into two
photons in each event. The primary model, for which the search is optimised, involves the
production of a chargino in association with a next-to-lightest neutralino, which promptly
decay as )ﬁc — W}Z? and )Zg — hf((l) respectively (see figure 1a), the )2(1] in the final state



leading to a signature of missing transverse momentum, whose magnitude is denoted by
B A simplified SUSY model [26, 27] is considered for the optimisation of the search
and the interpretation of results. The )Zf — W)Z(f and )28 — hf((l) decays are each assumed
to have a 100% branching fraction. The Higgs boson branching fractions are assumed to
be the same as in the SM [28]. The result from the CMS experiment using an integrated
luminosity of 77.5fb " of pp collision data is given in ref. [29]. Although the branching
fraction of the SM Higgs boson decaying into a pair of photons is small, the diphoton system
presented in this paper falls in a narrower mass range around the Higgs boson mass than in
refs. [30, 31] where the SM Higgs boson decay into a pair of b-quarks. With the diphoton
trigger, this channel is more sensitive in the low EF" region than the channel with the
SM Higgs boson decaying into a pair of b-quarks, which relies on the high ET' iss trigger.
In addition, a prior search from ATLAS [32] for this process making use of 36.1 bt of pp
collision data, based purely on leptonic decays of the W boson, observed a small excess of
events above the SM prediction. This prior search is also updated to the full Run 2 data,
and referred to as ‘follow-up’ analysis.

The analysis optimised for the search for )ﬁc 5(3 production is also used to search
for a gauge-mediated supersymmetry breaking (GMSB) [33-35] scenario featuring direct
production of pairs of higgsinos [36-38], collectively denoted by xx. In this model, the
two lightest neutralinos, 5(? and )Zg, and the lightest chargino )ﬁ are approximately mass
degenerate, and the )2? is the lightest of the four nearly degenerate higgsino states. The
masses are assumed to be related by m(¥7) = m(x3) = m(%}) + 1GeV. The effective
cross-section for higgsino production is a combination of the cross-sections for )N((l) )28, )N((l)
)Zf, )Zg )ﬁc, and )Zf Xi production. In the GMSB scenarios considered (figure 1b), a
100% branching fraction for )2(1) — hG is assumed, where G indicates the gravitino (the
superpartner of the graviton). This scenario is denoted by hGhG in the following. In this
scenario, G in the final state is stable, weakly interacting, and nearly massless, which leads

miss

to an BT signature.

The general strategy of the analysis is to search for beyond the Standard Model (BSM)
events by using a simultaneous signal-plus-background fit to the full m,, spectrum for
different categories. The paper is organised as follows. Section 2 presents a brief description
of the ATLAS detector. Section 3 introduces the data, the signal and background Monte
Carlo (MC) simulation samples used. Section 4 outlines the event reconstruction, while
section 5 explains the optimisation of the event selection and categorisation. Section 6
discusses the signal and background modelling. Section 7 summarises the experimental
and theoretical systematic uncertainties that affect the results. Section 8 describes the

results and their interpretations, and conclusions are drawn in section 9.

2 ATLAS detector

The ATLAS detector [39] is a multipurpose particle detector with a forward-backward
symmetric cylindrical geometry and nearly 47 coverage in solid angle.” The inner tracking

'ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point in the
centre of the detector. The positive z-axis is defined by the direction from the interaction point to the



detector (ID) consists of pixel and microstrip silicon detectors covering the pseudorapidity
region |n| < 2.5, surrounded by a transition radiation tracker that enhances electron identi-
fication in the region |n| < 2.0. A new inner pixel layer, the insertable B-layer [40, 41], was
added at a mean radius of 3.3 cm during the period between Run 1 and Run 2 of the LHC.
The inner detector is surrounded by a thin superconducting solenoid providing an axial
2 T magnetic field and by a lead/liquid-argon electromagnetic (EM) sampling calorimeter
covering |n| < 3.2, with a fine-granularity region up to |n| = 2.5. A steel/scintillator-
tile hadronic sampling calorimeter provides coverage in the central pseudorapidity range
(In| < 1.7). The endcap and forward regions (1.5 < |n| < 4.9) of the hadronic calori-
meter are made of liquid-argon active layers with either copper or tungsten as the absorber
material. A muon spectrometer with an air-core toroid magnet system surrounds the
calorimeters. Three layers of high-precision tracking chambers provide coverage in the
range |n| < 2.7, while dedicated fast chambers allow triggering in the region |n| < 2.4.
The ATLAS trigger system consists of a hardware-based first-level trigger followed by a
software-based high-level trigger [42].

3 Data and simulation samples

The analysis uses pp collision data with a bunch crossing interval of 25 ns, collected from
2015 to 2018 at /s = 13TeV. Only events that were recorded in stable beam conditions,
when relevant detector components were functioning properly, are considered. A diphoton
trigger [43] was used to collect the events by requiring two reconstructed photon candidates
with transverse energies (Et) of at least 35 GeV and 25 GeV for the Eq-ordered leading and
subleading photons respectively. The trigger efficiency relative to the offline-reconstructed
photons was 99%. The data sample corresponds to an integrated luminosity of 139.0 +
2.4fb'. There are, on average, 25 to 38 interactions in the same bunch crossing (in-time
pile-up) in the data sample.

The MC simulation of signal and background processes is used to optimise the selection
criteria, estimate uncertainties and study the shapes of the signal and background diphoton
invariant mass (m.,,) distributions. Signal events were generated with up to two additional
partons in the matrix element using MADGRAPH aMC@NLO 2.6.2 [44] at leading order
(LO) in quantum chromodynamics (QCD) using the NNPDF3.0LO [45] parton distribution
function (PDF) set and CKKW-L merging scheme. Parton showering and hadronisation
were handled by the PyTHIA 8.230 [46] event generator with the A14 [47] set of tuned
parameters (tune), using the NNPDF2.3LO PDF set [48]. MC samples for the s
production were generated assuming m(ﬁc) = m(f(g) for a range of values of m(f((l)). As
shown in figure 2a, the transverse momentum (py) distribution of the )Z(ff(? system is
broader for higher values of the difference m (%7 /%5) — m(%}). The pp distributions of

centre of the LHC ring, with the positive y-axis pointing upwards, while the beam direction defines the
z-axis. Cylindrical coordinates (r, ¢) are used in the transverse plane, ¢ being the azimuthal angle around
the z-axis. The pseudorapidity 7 is defined in terms of the polar angle § by n = —Intan(6/2). Rapidity
is defined as y = 0.5In[(E + p,)/(E — p.)] where E denotes the energy and p, is the component of the

momentum along the beam direction. The angular distance AR is defined as 1/ (Ay)” + (A¢)>.
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the GG system for the higgsino production of hGhG are presented in figure 2b. The MC
samples include )2(1) )23, )2? )Zf[, )28 fd[, and )Zli X1 production. The kinematic distributions
depend strongly on the mass of the )Z(l), where the mass of the G is assumed to be 1 MeV.

Signal cross-sections were calculated to NLO in the strong coupling constant, ag,
adding the resummation of soft gluon emission at next-to-leading-logarithm accuracy
(NLO+NLL) [49-53]. The nominal cross-section and its uncertainty are taken from an
envelope of cross-section predictions using different PDF sets and factorisation and renor-
malisation scales, as described in ref. [54].

The dominant backgrounds are resonant SM h — 7 processes, and non-resonant pro-
cesses that include vy, y+jets, Vy (V=W Z) and V~~ production. Both the shape and
normalisation of the total non-resonant background are obtained directly from data, as de-
scribed in section 6. Simulation events for the total non-resonant background are used in
figure 3 and for the choice of background analytic parametrisation as described in section 6.
For the production of the resonant SM Higgs boson, events from the Wh and Zh processes
were generated with PYTHIA 8.186 with the A14 tune and the NNPDF2.3LO PDF set.
The gluon-gluon fusion (ggF') and vector-boson fusion (VBF) samples were generated with
PowHEG-BOX v2 [55-59] interfaced to PYTHIA 8.186 with the AZNLO [60] tune and the
CT10 PDF set [61]. Samples of tth events were generated with MADGRAPH_aMC@NLO
2.2.3 interfaced to PYTHIA 8.186 with the NNPDF3.0LO PDF set. Samples of bbh events
were generated with MADGRAPH_aMCQ@NLO 2.2.3 interfaced to PYTHIA 8.186 with the
A14 tune and the NNPDF2.3L.O PDF set. The non-resonant diphoton processes with asso-
ciated jets were generated using SHERPA 2.2.4 [62]. Matrix elements (ME) were calculated
with up to three partons at LO and merged with the SHERPA 2.2.4 parton shower (PS) [63]
using the ME+PSQLO prescription [64]. The CT10 PDF set was used in conjunction with
a dedicated parton-shower tuning developed by the authors of SHERPA 2.2.4. The V-~ and
V'~ samples were generated using SHERPA 2.2.4 with the CT10 PDF set.

The cross-sections for the SM Higgs boson processes were calculated at next-to-leading
order (NLO) in electroweak theory and next-to-next-to-leading order (NNLO) in QCD for
the VBF, Zh and Wh samples [28, 65-71] and next-to-next-to-next-to-leading order plus
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Figure 3. The distribution of S i after the selection of diphoton candidates with 120 < m.,, <

130 GeV. Expected distributions are shown for the ﬁ;zg — Wi)z(l)h)z(f signal with m(f(li/f(g) =
200 GeV and m(x)) = 0.5GeV, and the hGhG signal with m(x}) = 150 GeV and m(G) = 1 MeéV.
These overlaid signal points are representative of the model kinematics. The sum in quadrature of
the MC statistical and experimental systematic uncertainties in the total background is shown as the
hatched bands, while the theoretical uncertainties in the background normalisation are not included.
The tty and ttyy processes have a negligible contribution and are not represented. Overflow events
are included in the rightmost bin. The lower panel shows the ratio of the data to the background,
called “bkg”.

next-to-next-to-leading logarithm (N3LO+NNLL) in QCD for the ggF sample [28, 72-75].
The tth cross-section was calculated with NLO accuracy in QCD with NLO electroweak
corrections [76-79]. The bbh cross-section was obtained by matching the five-flavor scheme
cross section accurate to NNLO in QCD with the four-flavor scheme cross section accurate
to NLO in QCD [80-82]. The SM Higgs boson mass was set to 125.09 GeV [3] and its
branching fraction to decay into two photons was 0.227% [28].

Different pile-up conditions from same and neighbouring bunch crossings as a function
of the instantaneous luminosity were simulated by overlaying minimum-bias events, gener-
ated with PyTnia 8.186 with the MSTW2008LO PDF set [83] and the A3 [84] tune, onto
all hard-process events. Differences between the simulated and observed distributions of
the number of interactions per bunch crossing were corrected for by applying weights to
simulated events. Detector effects were simulated using a full simulation [85] performed
using GEANT4 [86] for the signals, SM Higgs boson processes, Vv and Vv~ backgrounds.
The diphoton continuum background and some of the signal samples were simulated using
a fast simulation of the calorimeter based on ATLFASTII [85].

4 Event reconstruction

Photons are reconstructed in the region |n| < 2.37, excluding the EM calorimeter transition
region 1.37 < |n| < 1.52, from clusters of energy deposits in the EM calorimeters. Clusters



without a matching track or reconstructed conversion vertex in the ID are classified as
unconverted photons. Those with a matching reconstructed conversion vertex or with a
matching track, consistent with originating from a photon conversion, are classified as
converted photons. The reconstruction efficiency is 99% for photons and the conversion
reconstruction efficiency is 70% [87]. The photon energy is calibrated using a multivariate
regression algorithm trained with fully reconstructed MC samples and then corrected using
data-driven techniques [87]. The overall energy scale in data and the difference in the
constant term on the resolution between data and simulation are estimated from using a
sample with Z boson decays into electrons [87]. The photon direction is estimated using
either EM calorimeter longitudinal segmentation (if unconverted) or the conversion vertex
position (if converted), together with constraints from the pp collision point.

To reduce the misidentification of hadronic jets containing a high-pr neutral hadron
(e.g. ©°) decaying into two photons, ‘Tight’ identification criteria [87] are applied. The
photon identification is based on the lateral profile of the energy deposits in the first and
second layers of the EM calorimeter, and on the shower leakage fraction in the hadronic
calorimeter. The selection requirements are tuned for converted and unconverted photon
candidates, separately. The identification efficiency for unconverted and converted photons
ranges from 85% to 99% between 30 GeV and 250 GeV [87]. Corrections are applied to the
EM shower-shape variables for simulated photons, to account for small differences between
data and simulation.

To further suppress hadronic backgrounds, requirements on two photon isolation vari-
ables are applied. The first variable, Eripso, calculates the sum of the transverse energies
deposited in topological clusters [88] in the calorimeter within a cone of size AR = 0.2
around each photon. The photon cluster energy and an estimate of the energy deposited
by the photon outside its associated cluster are also subtracted from this sum. To reduce
underlying-event and pile-up effects, Erilgo is further corrected using the method described in
refs. [89-91]. The second variable expresses track-based isolation, defined as the scalar sum
of the transverse momenta of all tracks with pp > 1 GeV and consistent with originating
from the primary vertex (PV) within a cone of size AR = 0.2 around each photon. The
isolation efficiency for photons, which is mostly independent of their kinematic variables,
is about 90%.

Events are required to have at least one PV, defined as a vertex associated with at least
two tracks with pp > 0.5 GeV. In each event, the PV most likely to be the origin of the
diphoton, selected from the PV candidates using a neural network [92], is required to be
consistent with the PV with the highest sum of squared transverse momenta of associated
tracks. The neural network algorithm selects a diphoton vertex within 0.3 mm of the true
h — ~v production vertex in 79% of simulated gluon-gluon fusion events. For the other
Higgs production modes this fraction ranges from 84% to 97%, increasing with jet activity
or the presence of charged leptons [92].

Electrons are reconstructed from energy deposits measured in the EM calorimeter that
are matched to tracks from ID [87]. They are required to satisfy |n| < 2.47, excluding the
EM calorimeter transition region 1.37 < |n| < 1.52, and to have pp > 10 GeV. The electrons
are identified using a likelihood-based algorithm that uses track and shower-shape variables.



The ‘MediumLLH’ criteria are applied, providing an identification efficiency varying from
85% to 95% as a function of Er [87]. Loose calorimeter and track isolation requirements
are applied to electrons. The efficiency of the isolation requirements is 98% [93].

Muons are reconstructed from high-quality track segments in the muon spectrometer.
In the region |n| < 2.5, they must be matched to ID tracks. They are required to have
pr > 10GeV and |n| < 2.7. The muon ‘medium’ criteria are applied with a 96% [94]
identification efficiency. The muon candidates must also satisfy loose calorimeter and track
isolation criteria. The combined isolation efficiency varies from 95% to 99% as a function
of pr from 25 GeV to 60 GeV [94].

The significance of the track’s transverse impact parameter relative to the PV is re-
quired to be [dy|/oq, <5 (3) for electrons (muons). The longitudinal impact parameter z,
must satisfy |zg|sinf < 0.5 mm for electrons and muons.

Jets are reconstructed from three-dimensional topological clusters using the anti-k,
algorithm [95, 96] with a radius parameter of R = 0.4. The jets are required to have
pp > 20GeV and |n| < 4.5 for the ™ calculation and pp > 25GeV and || < 4.4 for
the event selection. Jets with |n| < 2.4 and pp < 60 GeV must satisfy the jet vertex tagger
(JVT) selection [97], in which a jet is identified as originating from the PV depending
on a likelihood value calculated from the track information. In addition, quality criteria
are applied to the jets, and events with jets consistent with noise in the calorimeter or
non-collision backgrounds are rejected [98].

Reconstruction ambiguities between photons, electrons, muons, and jets are resolved
using an ‘overlap removal’ procedure among all the objects in the following order. First,
electrons, muons, and jets found within AR = 0.4 of a photon are removed. Next, jets
found within AR = 0.2 of an electron are removed. Lastly, electrons and muons within
AR = 0.4 of the remaining jets are removed. A different overlap removal strategy was used
in the previous study [32] and the selection is discussed in section 5.2. It was motivated
by the prioritisation of electrons, as opposed to photons. The results show no significant
difference in sensitivity between these two strategies.

Jets containing a b-hadron are identified using the MV2c10 [99, 100] multivariate dis-
criminant built with information from track impact parameters and the presence of recon-
structed secondary vertices, which applies a multi-vertex fitter to reconstruct the hadron
decay chain b — ¢. A value of the discriminating variable is chosen such that it provides a
b-tagging efficiency of 70% in simulated ¢t events. The rejection for c-jets and jets origin-
ating from gluons or light (u, d, s) quarks are 8.9 and 300 [99], respectively. An additional
energy correction is applied to b-jets to account for the presence of muons in the jet [99].

The Ep % is calculated as the magnitude of the negative vectorial sum of the transverse
momenta of calibrated photons, electrons, muons and jets associated with the PV. The
transverse momenta of all remaining tracks that originate from the PV but are not already

used in the E7™ calculation are summed and taken into account in the ET " calculation.

This term is defined as the track-based soft term [101]. In this way, the EF™ is adjusted
for the best calibration of the jets and the other identified physics objects above, while

maintaining pileup independence in the soft term.



5 Event selection

5.1 Baseline selection

Each event is first required to contain at least two photons with pp > 22 GeV. The photons
are ordered by their pp. The leading and subleading photons are then required to have
is the invariant mass of the leading and
vy < 160 GeV, where
is calculated using the photon momentum vectors recomputed relative to the PV. The

py/m., > 0.35 and 0.25, respectively, where m.,,
subleading photon pair. The signal region is defined as 105 < m
My

selected events are divided into 12 categories based on the number of leptons (/N,), number

of jets (NV;), the invariant mass of the two highest-py jets (m;;), and the ET' % significance

S pmiss = ET"™/\/>_ Er. The total transverse energy > Ep is calculated from the scalar

sum of the transverse momenta of the calibrated photons, electrons, muons and jets used in

the ET"™ calculation described in section 4, as well as the tracks not associated with these
miss

but consistent with originating from the PV. Because both the Et and ) | Et resolutions
increase linearly with the number of pileup events, S s is more resilient to pileup than

ET 55 No b-jet veto is applied in the baseline selection. The 12 categories are defined in
table 1. The ¥i %3 signal sample with m(ﬁ/xg) =150 GeV and m(f((l)) = 0.5GeV is used
to optimise the boundary of each category to maximise the significance when combining
all 12 categories. This signal point has low E*, where the diphoton channel is expected
to have a better sensitivity than the channel with the SM Higgs boson decaying into a pair
of b-quarks [30, 31]. The ‘Leptonic’ and ‘Hadronic’ categories are used to accommodate
the most clearly identifiable leptonic and hadronic decays of the W boson, while the ‘Rest’
category retains all additional signal topologies. The signal 5&543 — Wif((l)hfg(f has the
highest expected significance in the Leptonic categories, and the hGhG signals have the
highest expected significance in the Rest categories. Because the different signal models
and mass points have different pp distributions as shown in figure 2, and since pr and
S s distributions are highly correlated, each region is divided into S s bins to improve
the sensitivity. The regions do not change significantly if a different mass point is used for
optimisation.

Figure 3 shows the distribution of S miss after the selection of diphoton candidates
with 120 < m,, < 130 GeV, where signal dominates. The shapes and normalisations of
the V~ and Vv contributions are obtained from the MC simulation. The shape of the
vy contribution is obtained from the MC simulation while the normalisation is fixed to
the yields in the sidebands (105 < m, < 120GeV, 130 < m,, < 160 GeV) of the data
multiplied by the diphoton purity among all the backgrounds. The diphoton purity is
measured in the data, using a two-dimensional sideband technique by counting the number
of events in which one or both photons satisfy or fail to satisfy the identification or isolation
requirements [102]. The diphoton purity varies from 65% to 93% for different categories.
The shape of the y+jets contribution is obtained using the data distribution in a control
region where the event selection is the same as for the signal region but one of the photons
fails to satisfy the identification criteria, after subtracting the contamination from ~~, V~y
and Vv using MC simulation. Its normalisation is fixed to the y+jets purity and varies
from 34% to 7% of the total yield in different categories.



Channels Names Selection

Category 1 0< SE%liss <2, N, >1
Category 2 2 < SE’ITniss <4, N, >1
Leptonic  Category 3 4< SE¥1iss <6, N,>1
Category 4 SE%iss >6, N> 1
Category 5 5<Smiss§6 Ny =0, N; > 2, my; € [40,120] GeV
Category 6 6 <S5, miss < 7, Ny =0, N; > 2, mj; € [40,120] GeV
Hadronic  Category 7 7T< SE?ISS <8, Ny=0, N; >2,m,; € [40,120] GeV
Category 8 SE’%\iss > 8, Ny =0, N; > 2, mj; € [40,120] GeV

]

Category 9 6 < SE’r%\iss <7, N;=0,N; <2or (N; >2,mj; ¢ [40,120] GeV)

Category 10 7 < SErTniss <8, Ny=0, N; <2or (N; >2,mj; ¢ [40,120] GeV)

Rest Category 11 8 < SE¥155 <9, N,=0, N; <2or (N; >2,mj; ¢ [40,120] GeV)
Category 12 SEITmss >9, Ny=0, N; <2or (N; >2, mj; ¢ [40,120] GeV)

Table 1. Criteria used in the categorisation.

5.2 Follow-up selection

To check the small excess of events observed in the previous search from ATLAS using
36.1fb ™" of pp collision data [32], two signal regions (‘SR1L~y~v-a’ and ‘SR1L~y4-b’) defined
in the previous search are reused in this analysis. Events are required to have exactly
one lepton with pp > 25GeV and exactly two photons with pr > 40 (30) GeV for the
leading (subleading) photon. The invariant mass of the two photons is required to be
105 < m,,, < 160GeV, with EmISS > 40 GeV. The difference in azimuthal angle in the
transverse plane between the diphoton system and the lepton plus ET' 55 Vector is required
to be greater than 2.25 radians. To reduce contributions from tth, a b-jet veto is used in
both the signal regions.

To further reduce contributions from SM backgrounds, the transverse mass mT [32]
of the lepton and EF™*, and the three-body transverse mass my ** [32] of the lepton, B
and the i photon ordered by pr are used to define the two orthogonal signal regions. For
both signal regions, events are required to have m. Wl > 150 GeV and mW72 > 80GeV. The
first signal region, ‘SR1L~yvy-a’, selects events with mT > 110 GeV and mwﬂ > 140 GeV
while the events that fail to satrsfy these requirements define the second signal region
(‘SR1L~~-b’).

6 Signal and background parameterisation

The signals and the SM Higgs boson background mass distributions are described independ-
ently using double-sided Crystal Ball functions (as defined in ref. [103]). The parameter
values for the functions are extracted by fitting the diphoton invariant mass distributions
of the MC simulation for each category. The expected normalisations are calculated from
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the theoretical cross-sections multiplied by the acceptance and efficiency from the MC
simulation.

The normalisation and shape of the non-resonant background are extracted by fitting
the diphoton invariant mass distribution in data for each category. Following the method
used in the measurement of the SM Higgs boson decaying into two photons [104], several
candidate analytic functions are chosen for the non-resonant background parameterisation:
the exponential functions of different-order polynomials, Bernstein polynomials of different
order, and an adapted dijet function [105]. The potential bias, denoted by ANQfg'rQS, from
the functional form modelling the continuum background in each category is estimated. It is
defined as the maximal signal yield extracted from the fit to a continuum-background-only
diphoton invariant mass distribution. This distribution is taken from MC simulations and
is normalised to the integrated luminosity of 139 fb_l, with small statistical uncertainty,
using a signal-plus-background model. The Higgs boson mass varies from 115 GeV to
135 GeV [104]. This is to ensure the bias from choosing different background models is
conservatively estimated. For categories 2 to 12, the functional form with AN&fgreS less
than 20% of the statistical uncertainty in data and with the fewest free parameters is
chosen as the nominal background function. In the case of Category 1, with large MC
statistical uncertainty, none of the functional forms satisfies the criterion on the fraction
of the statistical uncertainty in data, thus the functional form with the smallest ANy,
is chosen. The ANy, value of the chosen functional form is taken as the non-resonant
background modelling uncertainty in each category and is shown in table 2.

7 Systematic uncertainties

Uncertainties from experimental and theoretical sources that affect the signal efficiency
and the SM Higgs boson background yield are estimated from the MC simultation. The
non-resonant background is obtained directly from the fit to the data. The only system-
atic uncertainty in the non-resonant background is the potential bias in ANy, from the
choice of background modelling. A summary of the experimental and theoretical uncertain-
ties in the yield from the SM Higgs boson background processes, non-resonant background,
and signal production is shown in table 3.

The uncertainty in the combined 2015-2018 integrated luminosity is 1.7% [106], ob-
tained using the LUCID-2 detector [107] for the primary luminosity measurements.

The efficiency of the diphoton trigger used to select events is evaluated in MC sim-
ulation using a trigger matching technique and in data using a bootstrap method [43].
The uncertainty in the trigger efficiency for events with 105 < m.,, < 160 GeV is found to
be 0.4%.

The uncertainty in the vertex selection efficiency is assessed by comparing the effi-
ciency of finding photon-pointing vertices in Z — eTe” events in data with that in MC
simulation [108]. The resulting uncertainty is found to be negligible in the inclusive photon
selection.

The systematic uncertainties due to the photon energy scale and resolution are ob-
tained from ref. [87]. The uncertainty in the energy scale has an effect below 1% on the
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Category Function ANpge ™ ANpgy " /Npge - [%]
1 (1—a'/3)b . e 5.5 2.4
2 S o Cla?(1—2)* by 18 2.4
3 exp(a - x) 0.6 3.6
4 exp(a - x) 0.3 3.7
5 exp(a - x) 1.6 2.8
6 exp(a - x) 0.5 3.3
7 exp(a - x) 0.3 5.1
8 exp(a - x) 0.2 4.6
9 exp(a - x) 1.5 2.3
10 exp(a - x) 0.6 2.5
11 exp(a - x) 0.4 5.6
12 exp(a - x) 0.4 3.0

Table 2. The analytic functions used to model the non-resonant background, the extracted signals
from the background-only fits (ANpyp, ~) to the MC and the relative uncertainty in the non-
resonant background within 120 < m.., < 130GeV (ANpi, ~ /Npig ) for each category. The
variable z is defined as m., /+/s while a and b are parameters of the background functions. The
(4 are binomial coefficients and the b, 5 are the fitted parameters for the third order Bernstein
polynomial parameterization.

normalisation of the signals and the SM Higgs boson background in the pt range of the
photons used in the analysis. The uncertainty in the energy resolution has an effect be-
low 2% on the normalisation of the signals and the SM Higgs boson background. The
uncertainties affecting the signal and the SM Higgs boson background mass distributions
due to the photon energy scale and resolution are also evaluated. The uncertainties vary
from below 1% to 20% for different categories and for different SM Higgs boson production
processes. Overall, they amount to less than 3% of the total SM Higgs boson background.

Uncertainties in photon identification and isolation efficiencies are estimated [87], and
their impact on the number of events in each category is quantified. The photon identi-
fication uncertainty varies in the range 1%-3% for the SM Higgs boson background and
1%-2% for the signals in all categories. The uncertainty in the photon calorimeter isolation
efficiency is calculated from efficiency differences between applying and not applying cor-
rections derived from inclusive photon events to the isolation variables in simulation. The
measurements of the efficiency correction factors using inclusive photon events are used to
derive the uncertainty in the photon track isolation efficiency. The photon isolation effi-
ciency uncertainty is found to be in the range 1%-3% for the SM Higgs boson background
and 1%-2% for the signals.

Migration of events among categories occurs if the energies of identified particles, jets
and the E¥', are varied within their uncertainties. The uncertainties in the jet energy

miss

scale, resolution [109] and jet vertex tagger are propagated to the Ep calculation. In
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Backgrounds [%]
Source Signals [%] . Non-resonant
SM Higgs boson

background
Experimental
Luminosity 1.7 —
Jets (scale, resolution, JVT) 0.2-3.3 0.9-31 —
Electron/Photon (scale, resolution) 0.3-1.5 0.6-2.7 —
Photon (identification, isolation, trigger) 2.2-2.6 2.8-4.3 —
Electron (identification isolation) 0.0-0.5 0.0-0.6 —
Muon (identification, isolation, scale, resolution) <0.6 <0.3 —
BT reconstruction (jets, soft term) < 0.7 0.4-14 —
Pile-up reweighting 0.3-1.8 1.3-1.5 —
Non-resonant background modelling — 2-6
Theoretical
Factorisation and renormalisation scale <1 4.1-6.5 —
PDF+ag < 6.6 3.3-6.4 —
Multiple parton-parton interactions <1 —
B(H — ~v) 1.73 —

Table 3. Breakdown of the dominant systematic uncertainties. The uncertainties (in %) in the
yield of signals, the background from the SM Higgs boson processes and non-resonant background
are shown. All production modes of the SM Higgs boson are considered together. A “—” indicates
that the systematic uncertainty is not applicable to the corresponding sample. If a given source
has a different impact on the various categories, the given range corresponds to the smallest and
largest impacts among categories or among the different signal models used in the analysis. In
addition, the potential bias coming from non-resonant background modelling is shown relative to
the background in the signal region 120 < m,, < 130 GeV.

addition, the uncertainties in the scale and resolution of the Ep' 5 Soft term are estimated
by using the method described in ref. [101]. The overall jet and ET 55 uncertainties in the
SM Higgs boson processes vary from 1.0% to 34% for each category and for different SM
Higgs boson production processes. Overall, they amount to 0.4%-14% for the total SM
Higgs boson background. For the signal processes, the overall jet and ET' 55 uncertainties
range from 0.2% to 3.3%. An uncertainty in the pile-up modelling in MC simulation is
accounted for. This results in an uncertainty of 0.3%-1.8% in the signal yield and 1.3%—
1.5% in the SM Higgs boson yield. The uncertainties related to the b-tagging of jets are
typically less than 1.5% in the SM Higgs boson yield used in the ‘follow-up’ analysis.

The predicted cross-sections of the SM Higgs boson and signal processes are affected
by uncertainties due to missing higher-order terms in perturbative QCD. These uncer-
tainties are estimated by varying the factorisation and renormalisation scales up and down
from their nominal values by a factor of two, recalculating the cross-section in each case,
and taking the largest deviation from the nominal cross-section as the uncertainty. The
acceptance uncertainty related to the renormalisation and factorisation scales is less than
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1% for the signal and 3.7%—5.9% for the SM Higgs boson processes [28]. The normalisation
uncertainty of the SM Higgs boson processes is 1.7% to 2.8%. For the signal processes,
the effect of PDF and ag uncertainties in the acceptance times selection efficiency is below
6.6%. It is estimated by using the recommendations of PDF4LHC [28]. Both the intra-
PDF and inter-PDF uncertainties are extracted. Intra-PDF uncertainties are obtained by
varying the parameters of the NNPDF3.0LO PDF set, while inter-PDF uncertainties are
estimated by using alternative PDF sets (CT14 [110] at LO and MMHT2014 [111] at LO).
The final inter-PDF uncertainty is the maximum deviation among all the variations from
the central value obtained using the NNPDF3.0LO PDF set. In the case of the SM Higgs
boson processes, the acceptance effect of ag and the choice of PDFs ranges from 2.1%
to 2.9%, and its normalisation effect is 2.5% to 5.7%. The uncertainty in the branching
fraction of h — ~7 is 1.73% [28]. The uncertainty in the effect of multiple parton-parton
interactions is estimated by switching them on and off in PYTHIA in the production of the
ggF SM Higgs boson and signal samples. The resulting uncertainty in the number of events
in this sample conservatively reaches 1% for all the categories.

8 Results

The results are derived from an unbinned likelihood fit to the m.,., distributions in the range
105 < m.,, < 160 GeV in each category simultaneously. The impact of the SM Higgs boson
mass uncertainty is negligible. The signal strength and the background shape parameters
are free parameters. The SM Higgs boson yields are taken from the SM predictions as
discussed in section 3. The systematic uncertainty in each nuisance parameter is taken
into account by multiplying the likelihood by a Gaussian penalty function centred on the
nominal value of this parameter with a width set to its uncertainty. The nominal value of
each SM Higgs boson background nuisance parameter (including its yield) is taken from
the simulation normalised to the SM theoretical predictions.

Figures 4, 5 and 6 show the m,, distribution as well as the analytical signal-plus-
background fits, for all 12 signal categories. The total background contains the non-
resonant background and the predicted SM Higgs boson contribution. The fit results
combining the Yi X9 — WEhy) signal with m (¥ /¥9) = 200 GeV and m(%}) = 0.5 GeV,
SM Higgs boson and non-resonant background are shown as the solid curves. A small
excess of around two standard deviations is seen in Category 4, however it is consistent
with a statistical fluctuation of the SM prediction.

The event yields in the range 120 < m,., < 130 GeV for data, the signal models, the
SM Higgs boson background and non-resonant background in the 12 categories are shown
in table 4. The signal samples shown correspond to the ;ﬁx‘; — Wifg?hf(? signal with
m(Xi/X9) = 200 GeV and m(x})) = 0.5GeV, and the hGhG signal with m(%]) = 150 GeV
and m(G) = 1 MeV. The yields for the non-resonant background and the SM Higgs boson
are obtained from a simultaneous background-only fit to the full m., spectrum for the 12
categories. For the ‘Leptonic’ categories, the Wh process is the largest SM Higgs boson
process and occupies 38%-55% of total events. The tth events dominate in the ‘Hadronic’
categories, which account for 36%-41% of total SM Higgs boson process events. In the
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Figure 4. Diphoton invariant mass spectra and the corresponding fitted signal and background
in the Leptonic categories (a) 1, (b) 2, (¢) 3, and (d) 4. The signal samples shown correspond to
the f(lif(g — Wif(?hf(? signal with m(f(li/f(g) = 200 GeV and m(f(?) = 0.5GeV. The non-resonant
background (dashed curve), the SM Higgs boson (dotted curve), and the signal (dash-dotted curve)
are obtained from a simultaneous signal-plus-background fit to the full m.., spectrum for the 12
categories. The total of these contributions is shown by the solid curves.

‘Rest’ categories, events from the Zh process dominates and holds 37%-58% of total SM
Higgs boson contribution. The yields for the signals are estimated from the simulation and
normalized to the NLO+NLL predicted cross-sections. The uncertainties correspond to
the statistical and systematic uncertainties summed in quadrature. For all the categories,
data and background predictions agree within the statistical and systematic uncertainties.

The independently fitted m.,, distributions for the ‘follow-up’ signal regions are shown
in figure 7. No significant excess of events is seen in either of the two regions. In ‘SR1L~y~y-
a’, two events are observed with 3.1+0.8 non-resonant background events and 0.5“&%_4 SM
Higgs boson events expected in the range 120 < m.,, < 130 GeV. In the case of ‘SR1L~yy-
b’, 31 events are observed, whereas 16.6 + 1.9 events from non-resonant background and
8.6“;‘3_1 events from the SM Higgs boson are expected in the range 120 < m,,, < 130 GeV.

8.1 Limits on the visible cross-section

The observed yields agree with the background predictions, as shown in table 4, and no

significant excess of events is observed. Upper limits are set on the visible cross-section
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Category | Data Total bkg. Non-resonant bkg. SM Higgs boson Wif((l)hx(l) hGhG
1 258 246 £ 7 230 £ 7 16.3 £ 14 2.8 £ 0.6 13 £6
2 8 93+ 4 T+ 4 15.6 £ 1.3 6.6 + 1.5 16 £ 7
3 26 241+20 17.1+£19 7.0 £ 0.6 6.9+ 15 65+£27
4 17 128 +14 84+13 44+ 04 10.7+24 38+1.6
5 54 60 + 4 579 + 3.5 1.9+ 0.6 72£16 33+14
6 11 161 +£18 154+1.8 0.74 £ 0.26 6.0+13 16=+0.7
7 6.3+ 1.1 59+ 1.1 0.42 £ 0.10 43+ 1.0 0.71£0.34
8 52+ 10 44+1.0 0.80 £ 0.11 53+ 1.2 0.76 £ 0.33
9 71 69 + 4 65 + 4 3.9 +0.8 91+£20 31+13
10 29 263 +22 242422 21+04 69+15 18+0.8
11 6 86+12 T72+12 1.40 £ 0.22 4.6 £ 1.0 1.1£0.5
12 22 166 +£1.7 134 +£1.7 3.15 £ 0.33 79+18 1.7+£0.7

Table 4. Event yields in the range 120 < m., < 130GeV for data, the signal models, the SM
Higgs boson background and non-resonant background in each analysis category, for an integrated
luminosity of 139 fb~*. The signal samples shown correspond to the )Zli 5(8 W )Z?hf(? signal with
m(XE /%) = 200GeV and m(y}) = 0.5GeV, and the hGhG signals with m(x}) = 150 GeV and
m(G) = 1MeV. The yields for the non-resonant background and SM Higgs boson are obtained
from a simultaneous background-only fit to the full m.,, spectrum for the 12 categories. The yields
for the signals are estimated from the simulation. The uncertainties correspond to the statistical
and systematic uncertainties summed in quadrature.

oBSM — (A x e x U)BSM for BSM physics processes producing E%liss and an SM Higgs

V1s
boson decaying into two photons, where A and € are the acceptance and the efficiency for
the signal, respectively. The limits are extracted by performing a fit to the non-resonant
background and SM Higgs boson background, individually for each category, each time
injecting a signal with the same mass distribution as the SM Higgs boson but with a free
normalisation. Figure 8 shows the observed and expected 95% confidence level (CL) upper

limits on UEEM for each of the 12 different categories, which are calculated using a one-sided
profile-likelihood ratio and the CLg formalism [112] with the asymptotic approximation

described in ref. [113]. The statistical uncertainty is dominant for all categories.

8.2 Interpretation of the wino-like ;2{%23 — Wif{ghf(? model

Since no significant excess is observed, fit results are interpreted in terms of 95% CL
exclusion limits on the production cross-section of the wino-like ;ﬁ;zg — Wif((l)hf((l)
model [26, 27]. Upper limits on the contribution of events from the considered processes
are computed by using the modified frequentist CL, approach based on asymptotic for-
mulae [112, 113]. Figure 9 shows 95% CL exclusion limits on the production cross-section
of )fo(g — Wif((fh)zg as a function of m(ﬁ/gg) The observed 95% CL upper limits on
the production cross-section vary from 1.92 pb to 0.16 pb for m(ﬁ/xg) from 150 GeV to
600 GeV. The expected 95% CL upper limits range from 1.43 pb to 0.11 pb for the same
range. A 95% CL lower limit of 310 GeV in m()ﬁc/ig), where m(y}) = 0.5GeV, is set.
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Figure 5. Diphoton invariant mass spectra and the corresponding fitted signal and background
in the Hadronic categories (a) 5, (b) 6, (c¢) 7, and (d) 8. The signal samples shown correspond to
the f(lif(g — Wif(?hf(? signal with m(f(li/f(g) = 200 GeV and m(f(?) = 0.5GeV. The non-resonant
background (dashed curve), the SM Higgs boson (dotted curve), and the signal (dash-dotted curve)
are obtained from a simultaneous signal-plus-background fit to the full m.., spectrum for the 12
categories. The total of these contributions is shown by the solid curves.

The observed and expected exclusion contours at 95% CL for the 5&:)28 production in the
<+ /-0 ~0 .
m(x1 /X2)-m(X1) plane are shown in figure 10.

8.3 Interpretation of the higgsino-like hGhG model

As a second SUSY scenario, a GMSB model where the two lightest neutralinos and the
lightest chargino are higgsinos is considered [36-38]. The ﬁc, 32(1) and 92(2) are almost mass
degenerate in this model, with 92(1) being the lightest of the three states. The LSP is a
gravitino. In figure 11, the observed and expected 95% CL upper limits, with uncertainties,
on the higgsino production cross-section in the AGhG models for different m(f(?) masses are
presented. The levelling off of expected limits at low m(f(?) masses is due to the acceptance
times efficiency in this region. The theoretical prediction includes the 5(? )Zg, )2(1) ﬁ[, )Zg )ﬁt,
and )Zli X1 production modes, where f(li and )Zg promptly decay into the 5((1] and particles
that have too low momentum to be detected. In the hAGhG model, higgsino masses below

380 GeV are excluded at 95% CL.
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Figure 6. Diphoton invariant mass spectra and the corresponding fitted signal and background
in the Rest categories (a) 9, (b) 10, (c¢) 11, and (d) 12. The signal samples shown correspond to
the f(lif(g — Wif(?hf(? signal with m(f(li/f(g) = 200 GeV and m(f(?) = 0.5GeV. The non-resonant
background (dashed curve), the SM Higgs boson (dotted curve), and the signal (dash-dotted curve)
are obtained from a simultaneous signal-plus-background fit to the full m.., spectrum for the 12
categories. The total of these contributions is shown by the solid curves.

9 Conclusion

A search for a chargino and a neutralino decaying via the 125 GeV Higgs boson into photons
is presented. This study is based on the full data collected between 2015 and 2018 with
the ATLAS detector at the LHC, corresponding to an integrated luminosity of 139 bt of
pp collisions at a centre-of-mass energy of 13 TeV. No significant excess over the expected
background is observed. Upper limits at 95% confidence level are set on the ;zlixg and
higgsino production cross-section, and the visible cross-section for beyond the Standard
Model physics processes. For the ﬁxg — Wix?h;(? model, the observed 95% confidence-
level upper limits on the production cross-section vary from 1.92 pb to 0.16 pb for m(fdE / )Zg)
from 150 GeV to 600 GeV, where m()z(f) is set to 0.5 GeV. The expected 95% confidence-level
upper limits range from 1.43 pb to 0.11 pb for the same mass interval. A 95% confidence-
level lower limit of 310 GeV in m()}li/f(g), where m()}?) = 0.5 GeV, is set. Upper limits at
the 95% confidence-level are set on the higgsino production cross-section. Higgsino masses
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Figure 7. Diphoton invariant mass spectra and the corresponding fitted signal and background
in the signal regions (a) ‘SR1L+yy-a’ and (b) ‘SR1Ly~-b’. The signal samples shown correspond to
the ﬁ[f(g — WiS((l)hf((l) signal with m(fﬁ/)}g) = 200 GeV and m(f((l)) = 0.5 GeV. The non-resonant
background (dashed curve), the SM Higgs boson (dotted curve), and the signal (dash-dotted curve)
are obtained from a signal-plus-background fit to the full m.. spectrum in ‘SR1Ly~y-a’ (a) and
‘SR1L~vy~-b’ (b) separately. The total of these contributions is shown by the solid curves.
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Figure 9. Expected and observed 95% CL exclusion upper limits on the production cross-section
of ¥ixe = WELIALY as a function of m(;ﬁ/xg)
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Figure 10. The observed (solid line) and expected (dashed lines) exclusion limit contours at 95%
CL for the i X3 production in the m(ﬁ/xg)fm(;z?) plane. The dotted lines represent the +1lo
theoretical uncertainty for the observed limit. The £1o expected exclusion limit contour is shown
as the shaded band. The expected limit for the 36.1 fh~* analysis [32] is also shown for comparison
in the dash-dotted line.
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Figure 11. Expected and observed 95% CL exclusion upper limits on the higgsino production
(xx = )2?)28,)2?)2%,)23)2%,5(%)}?) cross-section for the hGhG signal model. As a function of the
higgsino mass. The theoretical prediction includes the X X9, X1 )Zli, e )Zli, and Xli X7 production
modes, where )2?: and )2(2) promptly decay into the )2(1) and particles that have too low momentum
to be detected.

below 380 GeV are excluded for the case of the higgsino fully decaying into a Higgs boson
and a gravitino.

Acknowledgments

We thank CERN for the very successful operation of the LHC, as well as the support staff
from our institutions without whom ATLAS could not be operated efficiently.

We acknowledge the support of ANPCyT, Argentina; YerPhl, Armenia; ARC, Aus-
tralia; BMWEW and FWF, Austria; ANAS, Azerbaijan; SSTC, Belarus; CNPq and
FAPESP, Brazil; NSERC, NRC and CFI, Canada; CERN; CONICYT, Chile; CAS, MOST
and NSFC, China; COLCIENCIAS, Colombia; MSMT CR, MPO CR and VSC CR, Czech
Republic; DNRF and DNSRC, Denmark; IN2P3-CNRS and CEA-DRF/IRFU, France;
SRNSFG, Georgia; BMBF, HGF and MPG, Germany; GSRT, Greece; RGC and Hong
Kong SAR, China; ISF and Benoziyo Center, Israel; INFN, Italy; MEXT and JSPS, Japan;
CNRST, Morocco; NWO, Netherlands; RCN, Norway; MNiSW and NCN, Poland; FCT,
Portugal; MNE/IFA, Romania; MES of Russia and NRC KI, Russia Federation; JINR;
MESTD, Serbia; MSSR, Slovakia; ARRS and MIZS, Slovenia; DST/NRF, South Africa;
MINECO, Spain; SRC and Wallenberg Foundation, Sweden; SERI, SNSF and Cantons of
Bern and Geneva, Switzerland; MOST, Taiwan; TAEK, Turkey; STFC, United Kingdom;
DOE and NSF, United States of America. In addition, individual groups and members have
received support from BCKDF, CANARIE, Compute Canada and CRC, Canada; ERC,

— 21 —



ERDF, Horizon 2020, Marie Sktodowska-Curie Actions and COST, European Union; In-
vestissements d’Avenir Labex, Investissements d’Avenir Idex and ANR, France; DFG and
AvH Foundation, Germany; Herakleitos, Thales and Aristeia programmes co-financed by
EU-ESF and the Greek NSRF, Greece; BSF-NSF and GIF, Israel; CERCA Programme
Generalitat de Catalunya and PROMETEO Programme Generalitat Valenciana, Spain;
Goran Gustafssons Stiftelse, Sweden; The Royal Society and Leverhulme Trust, United
Kingdom.

The crucial computing support from all WLCG partners is acknowledged gratefully,
in particular from CERN, the ATLAS Tier-1 facilities at TRIUMF (Canada), NDGF
(Denmark, Norway, Sweden), CC-IN2P3 (France), KIT/GridKA (Germany), INFN-CNAF
(Italy), NL-T1 (Netherlands), PIC (Spain), ASGC (Taiwan), RAL (U.K.) and BNL
(U.S.A.), the Tier-2 facilities worldwide and large non-WLCG resource providers. Ma-
jor contributors of computing resources are listed in ref. [114].

Open Access. This article is distributed under the terms of the Creative Commons
Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.

References

[1] ATLAS collaboration, Observation of a new particle in the search for the Standard Model
Higgs boson with the ATLAS detector at the LHC, Phys. Lett. B 716 (2012) 1
[arXiv:1207.7214] [INSPIRE].

[2] CMS collaboration, Observation of a New Boson at a Mass of 125 GeV with the CMS
Ezperiment at the LHC, Phys. Lett. B 716 (2012) 30 [arXiv:1207.7235] [INSPIRE].

[3] ATLAS and CMS collaborations, Combined Measurement of the Higgs Boson Mass in pp
Collisions at /s = 7 and 8 TeV with the ATLAS and CMS Experiments, Phys. Rev. Lett.
114 (2015) 191803 [arXiv:1503.07589] [INSPIRE].

[4] ATLAS and CMS collaborations, Measurements of the Higgs boson production and decay
rates and constraints on its couplings from a combined ATLAS and CMS analysis of the
LHC pp collision data at /s =T and 8 TeV, JHEP 08 (2016) 045 [arXiv:1606.02266|
[INSPIRE].

[5] N. Sakai, Naturalness in Supersymmetric Guts, Z. Phys. C 11 (1981) 153 [INSPIRE].

[6] S. Dimopoulos, S. Raby and F. Wilczek, Supersymmetry and the Scale of Unification, Phys.
Rev. D 24 (1981) 1681 [NSPIRE].

[7] L.E. Ibdnez and G.G. Ross, Low-Energy Predictions in Supersymmetric Grand Unified
Theories, Phys. Lett. B 105 (1981) 439 [INSPIRE].

[8] S. Dimopoulos and H. Georgi, Softly broken supersymmetry and SU(5), Nucl. Phys. B 193
(1981) 150 [INSPIRE].

[9] Y. Golfand and E.P. Likhtman, Extension of the Algebra of Poincaré Group Generators and
Violation of p Invariance, JETP Lett. 13 (1971) 323 [INnSPIRE].

[10] D.V. Volkov and V.P. Akulov, Is the Neutrino a Goldstone Particle?, Phys. Lett. B 46
(1973) 109 [NSPIRE].

— 922 —



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[27]

[28]

J. Wess and B. Zumino, Supergauge Transformations in Four-Dimensions, Nucl. Phys. B

70 (1974) 39 [INSPIRE].

J. Wess and B. Zumino, Supergauge Invariant Extension of Quantum Electrodynamics,
Nucl. Phys. B 78 (1974) 1 [INSPIRE].

S. Ferrara and B. Zumino, Supergauge invariant Yang-Mills theories, Nucl. Phys. B 79
(1974) 413 [INSPIRE].

A. Salam and J.A. Strathdee, Supersymmetry and Nonabelian Gauges, Phys. Lett. B 51
(1974) 353 [INSPIRE].

H. Goldberg, Constraint on the Photino Mass from Cosmology, Phys. Rev. Lett. 50 (1983)
1419 [Erratum ibid. 103 (2009) 099905] [INSPIRE].

J.R. Ellis, J.S. Hagelin, D.V. Nanopoulos, K.A. Olive and M. Srednicki, Supersymmetric
Relics from the Big Bang, Nucl. Phys. B 238 (1984) 453 [INSPIRE].

G.R. Farrar and P. Fayet, Phenomenology of the Production, Decay, and Detection of New
Hadronic States Associated with Supersymmetry, Phys. Lett. B 76 (1978) 575 [InNSPIRE].

R. Barbieri and G.F. Giudice, Upper Bounds on Supersymmetric Particle Masses, Nucl.
Phys. B 306 (1988) 63 [INSPIRE].

B. de Carlos and J.A. Casas, One loop analysis of the electroweak breaking in
supersymmetric models and the fine tuning problem, Phys. Lett. B 309 (1993) 320
[hep-ph/9303291] [INSPIRE].

P. Fayet, Supersymmetry and Weak, Electromagnetic and Strong Interactions, Phys. Lett. B
64 (1976) 159 [INSPIRE].

P. Fayet, Spontaneously Broken Supersymmetric Theories of Weak, Electromagnetic and
Strong Interactions, Phys. Lett. B 69 (1977) 489 InSPIRE].

S.P. Das, M. Guchait and D.P. Roy, Testing SUSY models for the muon g — 2 anomaly via
chargino-neutralino pair production at the LHC, Phys. Rev. D 90 (2014) 055011
[arXiv:1406.6925] [INSPIRE].

M.A. Ajaib, B. Dutta, T. Ghosh, I. Gogoladze and Q. Shafi, Neutralinos and sleptons at the
LHC in light of muon (g —2),, Phys. Rev. D 92 (2015) 075033 [arXiv:1505.05896]
[INSPIRE].

M. Chakraborti, U. Chattopadhyay, A. Choudhury, A. Datta and S. Poddar, Reduced LHC
constraints for higgsino-like heavier electroweakinos, JHEP 11 (2015) 050
[arXiv:1507.01395] [INSPIRE].

M. Endo, K. Hamaguchi, S. Iwamoto and K. Yanagi, Probing minimal SUSY scenarios in
the light of muon g — 2 and dark matter, JHEP 06 (2017) 031 [arXiv:1704.05287]
[INSPIRE].

J. Alwall, P. Schuster and N. Toro, Simplified Models for a First Characterization of New
Physics at the LHC, Phys. Rev. D 79 (2009) 075020 [arXiv:0810.3921] [INSPIRE].

LHC New Pnysics Working Group, Simplified Models for LHC New Physics Searches, J.
Phys. G 39 (2012) 105005 [arXiv:1105.2838] [INSPIRE].

LHC Hicas Cross SEcTION Working Group, Handbook of LHC Higgs Cross Sections: 4.
Deciphering the Nature of the Higgs Sector, in CERN Yellow Reports: Monographs 2,
CERN, Geneva Switzerland (2017) [CERN-2017-002-M] [arXiv:1610.07922] [iNnSPIRE].

— 23 —



[29] CMS collaboration, Search for supersymmetry using Higgs boson to diphoton decays at
Vs =13 TeV, JHEP 11 (2019) 109 [arXiv:1908.08500] [NSPIRE].

[30] ATLAS collaboration, Search for direct production of electroweakinos in final states with
one lepton, missing transverse momentum and a Higgs boson decaying into two b-jets in pp
collisions at \/s = 13 TeV with the ATLAS detector, Eur. Phys. J. C' 80 (2020) 691
[arXiv:1909.09226] INSPIRE].

[31] CMS collaboration, Combined search for electroweak production of charginos and
neutralinos in proton-proton collisions at /s = 13 TeV, JHEP 03 (2018) 160
[arXiv:1801.03957] [inSPIRE].

[32] ATLAS collaboration, Search for chargino and neutralino production in final states with a
Higgs boson and missing transverse momentum at /s = 13 TeV with the ATLAS detector,
Phys. Rev. D 100 (2019) 012006 [arXiv:1812.09432] [INSPIRE].

[33] M. Dine and W. Fischler, A Phenomenological Model of Particle Physics Based on
Supersymmetry, Phys. Lett. B 110 (1982) 227 [INSPIRE].

[34] L. Alvarez-Gaumé, M. Claudson and M.B. Wise, Low-Energy Supersymmetry, Nucl. Phys.
B 207 (1982) 96 [nSPIRE].

[35] C.R. Nappi and B.A. Ovrut, Supersymmetric Extension of the SU(3) x SU(2) x U(1) Model,
Phys. Lett. B 113 (1982) 175 [InSPIRE].

[36] CMS collaboration, Searches for electroweak neutralino and chargino production in
channels with Higgs, Z, and W bosons in pp collisions at 8 TeV, Phys. Rev. D 90 (2014)
092007 [arXiv:1409.3168] [INSPIRE].

[37] K.T. Matchev and S.D. Thomas, Higgs and Z boson signatures of supersymmetry, Phys.
Rev. D 62 (2000) 077702 [hep-ph/9908482] [INSPIRE].

[38] J.T. Ruderman and D. Shih, General Neutralino NLSPs at the Early LHC, JHEP 08
(2012) 159 [arXiv:1103.6083] [iNSPIRE].

[39] ATLAS collaboration, The ATLAS Experiment at the CERN Large Hadron Collider, 2008
JINST 3 S08003 [INSPIRE].

[40] ATLAS collaboration, ATLAS Insertable B-Layer Technical Design Report,
CERN-LHCC-2010-013 (2010) [ATLAS-TDR-19] [Addendum ATLAS-TDR-19-ADD-1
(2012)] [INSPIRE].

[41] ATLAS IBL collaboration, Production and Integration of the ATLAS Insertable B-Layer,
2018 JINST 13 T05008 [arXiv:1803.00844] [INSPIRE].

[42] ATLAS collaboration, Performance of the ATLAS Trigger System in 2015, Eur. Phys. J.
C 77 (2017) 317 [arXiv:1611.09661] INSPIRE].

[43] ATLAS collaboration, Performance of electron and photon triggers in ATLAS during LHC
Run 2, Eur. Phys. J. C' 80 (2020) 47 [arXiv:1909.00761] [INSPIRE].

[44] J. Alwall et al., The automated computation of tree-level and next-to-leading order
differential cross sections, and their matching to parton shower simulations, JHEP 07
(2014) 079 [arXiv:1405.0301] [INSPIRE].

[45] NNPDF collaboration, Parton distributions for the LHC Run II, JHEP 04 (2015) 040
[arXiv:1410.8849] [INSPIRE].

[46] T. Sjostrand, S. Mrenna and P.Z. Skands, A Brief Introduction to PYTHIA 8.1, Comput.
Phys. Commun. 178 (2008) 852 [arXiv:0710.3820] [INSPIRE].

— 24 —



[47]

[48]

[49]

[50]

[51]

[52]

[60]

[61]

[62]

[63]

[64]

ATLAS collaboration, ATLAS PYTHIA 8 tunes to 7 TeV datas,
ATL-PHYS-PUB-2014-021 (2014) [iINSPIRE].

NNPDF collaboration, Parton distributions with LHC data, Nucl. Phys. B 867 (2013) 244
[arXiv:1207.1303] [INSPIRE].

J. Debove, B. Fuks and M. Klasen, Threshold resummation for gaugino pair production at
hadron colliders, Nucl. Phys. B 842 (2011) 51 [arXiv:1005.2909] [INSPIRE].

B. Fuks, M. Klasen, D.R. Lamprea and M. Rothering, Gaugino production in proton-proton
collisions at a center-of-mass energy of 8 TeV, JHEP 10 (2012) 081 [arXiv:1207.2159]
[INSPIRE].

B. Fuks, M. Klasen, D.R. Lamprea and M. Rothering, Precision predictions for electroweak
superpartner production at hadron colliders with Resummino, Eur. Phys. J. C 73 (2013)
2480 [arXiv:1304.0790] [INSPIRE].

J. Fiaschi and M. Klasen, Neutralino-chargino pair production at NLO + NLL with
resummation-improved parton density functions for LHC Run II, Phys. Rev. D 98 (2018)
055014 [arXiv:1805.11322] [INSPIRE].

W. Beenakker, M. Klasen, M. Kramer, T. Plehn, M. Spira and P.M. Zerwas, The
Production of charginos/neutralinos and sleptons at hadron colliders, Phys. Rev. Lett. 83
(1999) 3780 [Erratum ibid. 100 (2008) 029901] [hep-ph/9906298] [INSPIRE].

C. Borschensky et al., Squark and gluino production cross sections in pp collisions at
Vs =13, 14, 33 and 100 TeV, Eur. Phys. J. C 74 (2014) 3174 [arXiv:1407.5066]
[INSPIRE].

P. Nason, A New method for combining NLO QCD with shower Monte Carlo algorithms,
JHEP 11 (2004) 040 [hep-ph/0409146] [INSPIRE].

S. Alioli, P. Nason, C. Oleari and E. Re, NLO Higgs boson production via gluon fusion
matched with shower in POWHEG, JHEP 04 (2009) 002 [arXiv:0812.0578] [INSPIRE].

S. Frixione, P. Nason and C. Oleari, Matching NLO QCD computations with Parton Shower
simulations: the POWHEG method, JHEP 11 (2007) 070 [arXiv:0709.2092] INSPIRE].

P. Nason and C. Oleari, NLO Higgs boson production via vector-boson fusion matched with
shower in POWHEG, JHEP 02 (2010) 037 [arXiv:0911.5299] [InSPIRE].

S. Alioli, P. Nason, C. Oleari and E. Re, A general framework for implementing NLO
calculations in shower Monte Carlo programs: the POWHEG BOX, JHEP 06 (2010) 043
[arXiv:1002.2581] [INSPIRE].

ATLAS collaboration, Measurement of the Z/y" boson transverse momentum distribution
in pp collisions at /s =7 TeV with the ATLAS detector, JHEP 09 (2014) 145
[arXiv:1406.3660] [INSPIRE].

H.-L. Lai et al., New parton distributions for collider physics, Phys. Rev. D 82 (2010)
074024 [arXiv:1007.2241] [INSPIRE].

T. Gleisberg et al., Fvent generation with SHERPA 1.1, JHEP 02 (2009) 007
[arXiv:0811.4622] INSPIRE].

S. Schumann and F. Krauss, A Parton shower algorithm based on Catani-Seymour dipole
factorisation, JHEP 03 (2008) 038 [arXiv:0709.1027] [INSPIRE].

S. Hoche, F. Krauss, S. Schumann and F. Siegert, QCD matriz elements and truncated
showers, JHEP 05 (2009) 053 [arXiv:0903.1219] [INSPIRE].

,25,



[65]

[71]

[72]

[77]

[78]

[79]

[80]

M. Ciccolini, A. Denner and S. Dittmaier, Strong and electroweak corrections to the
production of Higgs + 2jets via weak interactions at the LHC, Phys. Rev. Lett. 99 (2007)
161803 [arXiv:0707.0381] [INSPIRE].

M. Ciccolini, A. Denner and S. Dittmaier, Electroweak and QCD corrections to Higgs
production via vector-boson fusion at the LHC, Phys. Rev. D 77 (2008) 013002
[arXiv:0710.4749] [INSPIRE].

P. Bolzoni, F. Maltoni, S.-O. Moch and M. Zaro, Higgs production via vector-boson fusion
at NNLO in QCD, Phys. Rev. Lett. 105 (2010) 011801 [arXiv:1003.4451] INSPIRE].

K. Mimasu, V. Sanz and C. Williams, Higher Order QCD predictions for Associated Higgs
production with anomalous couplings to gauge bosons, JHEP 08 (2016) 039
[arXiv:1512.02572] [INSPIRE].

O. Brein, A. Djouadi and R. Harlander, NNLO QCD corrections to the Higgs-strahlung
processes at hadron colliders, Phys. Lett. B 579 (2004) 149 [hep-ph/0307206] [INSPIRE].

L. Altenkamp, S. Dittmaier, R.V. Harlander, H. Rzehak and T.J.E. Zirke, Gluon-induced
Higgs-strahlung at next-to-leading order QCD, JHEP 02 (2013) 078 [arXiv:1211.5015]
[INSPIRE].

A. Denner, S. Dittmaier, S. Kallweit and A. Muck, Electroweak corrections to
Higgs-strahlung off W/Z bosons at the Tevatron and the LHC with HAWK, JHEP 03
(2012) 075 [arXiv:1112.5142] [INSPIRE].

C. Anastasiou, C. Duhr, F. Dulat, F. Herzog and B. Mistlberger, Higgs Boson
Gluon-Fusion Production in QCD at Three Loops, Phys. Rev. Lett. 114 (2015) 212001
[arXiv:1503.06056] [INSPIRE].

C. Anastasiou et al., High precision determination of the gluon fusion Higgs boson
cross-section at the LHC, JHEP 05 (2016) 058 [arXiv:1602.00695] [INSPIRE].

S. Actis, G. Passarino, C. Sturm and S. Uccirati, NLO FElectroweak Corrections to Higgs
Boson Production at Hadron Colliders, Phys. Lett. B 670 (2008) 12 [arXiv:0809.1301]
[INSPIRE].

C. Anastasiou, R. Boughezal and F. Petriello, Mizxed QCD-electroweak corrections to Higgs
boson production in gluon fusion, JHEP 04 (2009) 003 [arXiv:0811.3458] [INSPIRE].

W. Beenakker, S. Dittmaier, M. Kramer, B. Plumper, M. Spira and P.M. Zerwas, NLO
QCD corrections to ttH production in hadron collisions, Nucl. Phys. B 653 (2003) 151
[hep-ph/0211352] [INSPIRE].

S. Dawson, C.B. Jackson, L.H. Orr, L. Reina and D. Wackeroth, Associated Higgs
production with top quarks at the large hadron collider: NLO QCD corrections, Phys. Reuv.
D 68 (2003) 034022 [hep-ph/0305087] [INSPIRE].

Y. Zhang, W.-G. Ma, R.-Y. Zhang, C. Chen and L. Guo, QCD NLO and EW NLO
corrections to ttH production with top quark decays at hadron collider, Phys. Lett. B T38
(2014) 1 [arXiv:1407.1110] [INSPIRE].

S. Frixione, V. Hirschi, D. Pagani, H.S. Shao and M. Zaro, Electroweak and QCD
corrections to top-pair hadroproduction in association with heavy bosons, JHEP 06 (2015)
184 [arXiv:1504.03446] [INSPIRE].

S. Dawson, C.B. Jackson, L. Reina and D. Wackeroth, Ezclusive Higgs boson production
with bottom quarks at hadron colliders, Phys. Rev. D 69 (2004) 074027 [hep-ph/0311067]
[INSPIRE].

— 26 —



[81]

[82]

[83]

[84]

S. Dittmaier, M. Kramer and M. Spira, Higgs radiation off bottom quarks at the Tevatron
and the CERN LHC, Phys. Rev. D 70 (2004) 074010 [hep-ph/0309204] [InSPIRE].

R. Harlander, M. Krdmer and M. Schumacher, Bottom-quark associated Higgs-boson
production: reconciling the four- and five-flavour scheme approach, arXiv:1112.3478
[INSPIRE].

A.D. Martin, W.J. Stirling, R.S. Thorne and G. Watt, Parton distributions for the LHC,
Eur. Phys. J. C' 63 (2009) 189 [arXiv:0901.0002] [INSPIRE].

ATLAS collaboration, The PYTHIA 8 A3 tune description of ATLAS minimum bias and
inelastic measurements incorporating the Donnachie-Landshoff diffractive model,
ATL-PHYS-PUB-2016-017 (2016) [INSPIRE].

ATLAS collaboration, The ATLAS Simulation Infrastructure, Eur. Phys. J. C' 70 (2010)
823 [arXiv:1005.4568] [INSPIRE].

GEANT4 collaboration, GEANT/ — a simulation toolkit, Nucl. Instrum. Meth. A 506
(2003) 250 [INSPIRE].

ATLAS collaboration, Electron and photon performance measurements with the ATLAS
detector using the 2015-2017 LHC proton-proton collision data, 2019 JINST 14 P12006
[arXiv:1908.00005] [iNSPIRE].

ATLAS collaboration, Topological cell clustering in the ATLAS calorimeters and its
performance in LHC Run 1, Eur. Phys. J. C' 77 (2017) 490 [arXiv:1603.02934] [INSPIRE].

ATLAS collaboration, Measurement of the inclusive isolated prompt photon cross section in
pp collisions at /s =T TeV with the ATLAS detector, Phys. Rev. D 83 (2011) 052005
[arXiv:1012.4389] [INSPIRE].

M. Cacciari, G.P. Salam and G. Soyez, The Catchment Area of Jets, JHEP 04 (2008) 005
[arXiv:0802.1188] INSPIRE].

M. Cacciari, G.P. Salam and S. Sapeta, On the characterisation of the underlying event,
JHEP 04 (2010) 065 [arXiv:0912.4926] [INSPIRE].

ATLAS collaboration, Measurements of Higgs boson properties in the diphoton decay
channel with 36ﬂ)71 of pp collision data at /s = 13 TeV with the ATLAS detector, Phys.
Rev. D 98 (2018) 052005 [arXiv:1802.04146] [iNSPIRE].

ATLAS collaboration, Measurements of fiducial and differential cross sections for Higgs
boson production in the diphoton decay channel at \/s = 8 TeV with ATLAS, JHEP 09
(2014) 112 [arXiv:1407.4222] [INSPIRE].

ATLAS collaboration, Muon reconstruction performance of the ATLAS detector in
proton-proton collision data at /s = 13 TeV, Eur. Phys. J. C 76 (2016) 292
[arXiv:1603.05598] INSPIRE].

M. Cacciari, G.P. Salam and G. Soyez, The anti-k, jet clustering algorithm, JHEP 04
(2008) 063 [arXiv:0802.1189] [INSPIRE].

M. Cacciari, G.P. Salam and G. Soyez, FastJet User Manual, Eur. Phys. J. C 72 (2012)
1896 [arXiv:1111.6097] INSPIRE].

ATLAS collaboration, Tagging and suppression of pileup jets, ATL-PHYS-PUB-2014-001
(2014) [INSPIRE].

ATLAS collaboration, Selection of jets produced in 13 TeV proton-proton collisions with the
ATLAS detector, ATLAS-CONF-2015-029 (2015) [nSPIRE].

— 27 —



[99]

[100]

[101]

[102]

[103]

[104]

[105]
[106]
[107]
[108]

[109]

[110]

[111]

[112]

[113]

[114]

ATLAS collaboration, ATLAS b-jet identification performance and efficiency measurement
with tt events in pp collisions at \/s = 13 TeV, Eur. Phys. J. C 79 (2019) 970
[arXiv:1907.05120] [INSPIRE].

ATLAS collaboration, Optimisation and performance studies of the ATLAS b-tagging
algorithms for the 2017-18 LHC run, ATL-PHYS-PUB-2017-013 (2017) [INSPIRE].

ATLAS collaboration, Performance of missing transverse momentum reconstruction with
the ATLAS detector using proton-proton collisions at \/s =13 TeV, Eur. Phys. J. C' 78
(2018) 903 [arXiv:1802.08168] [INSPIRE].

ATLAS collaboration, Measurement of isolated-photon pair production in pp collisions at
Vs =7 TeV with the ATLAS detector, JHEP 01 (2013) 086 [arXiv:1211.1913] [INSPIRE].

ATLAS collaboration, Search for Scalar Diphoton Resonances in the Mass Range
65-600 GeV with the ATLAS Detector in pp Collision Data at \/s = 8 TeV, Phys. Rev. Lett.
113 (2014) 171801 [arXiv:1407.6583] [INSPIRE].

ATLAS collaboration, Measurement of Higgs boson production in the diphoton decay
channel in pp collisions at center-of-mass energies of 7 and 8 TeV with the ATLAS detector,
Phys. Rev. D 90 (2014) 112015 [arXiv:1408.7084] [INSPIRE].

CDF collaboration, Search for new particles decaying into dijets in proton-antiproton
collisions at \/s = 1.96 TeV, Phys. Rev. D 79 (2009) 112002 [arXiv:0812.4036] [INSPIRE].

ATLAS collaboration, Luminosity determination in pp collisions at /s = 13 TeV using the
ATLAS detector at the LHC, ATLAS-CONF-2019-021 (2019) [INSPIRE].

G. Avoni et al., The new LUCID-2 detector for luminosity measurement and monitoring in
ATLAS, 2018 JINST 13 P07017 [INSPIRE].

ATLAS collaboration, Search for resonances in diphoton events at \/s = 13 TeV with the
ATLAS detector, JHEP 09 (2016) 001 [arXiv:1606.03833] [INSPIRE].

ATLAS collaboration, Jet energy scale measurements and their systematic uncertainties in
proton-proton collisions at /s = 13 TeV with the ATLAS detector, Phys. Rev. D 96 (2017)
072002 [arXiv:1703.09665] [INSPIRE].

S. Dulat et al., New parton distribution functions from a global analysis of quantum
chromodynamics, Phys. Rev. D 93 (2016) 033006 [arXiv:1506.07443] [INSPIRE].

L.A. Harland-Lang, A.D. Martin, P. Motylinski and R.S. Thorne, Parton distributions in
the LHC era: MMHT 2014 PDFs, Eur. Phys. J. C'75 (2015) 204 [arXiv:1412.3989]
[INSPIRE].

A.L. Read, Presentation of search results: The CLg technique, J. Phys. G 28 (2002) 2693
[INSPIRE].

G. Cowan, K. Cranmer, E. Gross and O. Vitells, Asymptotic formulae for likelihood-based
tests of new physics, Eur. Phys. J. C' 71 (2011) 1554 [Erratum ibid. 73 (2013) 2501]
[arXiv:1007.1727] [INSPIRE].

ATLAS collaboration, ATLAS Computing Acknowledgements, ATL-GEN-PUB-2016-002
(2016).

— 28 —



The ATLAS collaboration

G. Aad'®?, B. Abbott'?®, D.C. Abbott'?®, A. Abed Abud”™*™", K. Abeling®,

D.K. Abhayansinghe%7 S.H. Abidiw?7 0.S. AbouZeid®, N.L. Abraham"®, H. Abramowicz'®
H. Abreu'®| Y. Abulaiti®, B.S. Acharya®™®®™° B. Achkar®®, S. Adachi'®®, L. Adam'*,

C. Adam Bourdarioss, L. Adamczyk84a, L. Adamek167, J. Adelman'?!, M. Adersberger114,
A. Adiguzel™>** | S. Adorni®!, T. Adye'™*, A.A. Affolder'®, Y. Afik'°, C. Agapopoulou®,
M.N. Agaras®®, A. Aggarwal''?, C. Agheorghiesei’’®, J.A. Aguilar-Saavedra'*0h:140%:1

F. Ahmadov®®, W.S. Ahmed104, X. Ai'®, G. Aielli74a’74b, S. Akatsuka®, T.P.A. Akessonw,
E. Akilli®*, A.V. Akimov'", K. Al Khoury®®, G.L. Alberghi®**>***  J. Albert'™,

M.J. Alconada Verzinilﬁl, S. Alderweireldt®®, M. Aleksa®®, I.N. Aleksandrovgo, C. Alexa27b,
D. Alexandrelg, T. Alexopouloslo7 A. Alfonsilzo, F. Alfonsi%b’g?’a, M. Alhroob129, B. A111427
G. Alimonti®?®, J. Alison®”, S.P. Alkire'*®, C. Allaire®, B.M.M. Allbrooke'®®, B.W. Allen'*?,
P.P. Allport®*, A. Aloisioma’mb7 A. Alonso40, F. Alonso®, C. Alpigianng, AA. Alshehri57,
M. Alvarez Estevezgg, D. Alvarez Piquerasl74, M.G. Alviggima’mb, Y. Amaral Coutinho®"
A. Ambler’® | L. Ambrozl35, C. Amelung26, D. Amideiloa, S.P. Amor Dos San‘uosm)a7

S. Ar1101r050467 C.S. Amrouchem7 F. An797 C. AnastopoulosMg, N. Andarilél‘r’7 T. Andeenn,
C.F. AndersGlb, J.K. Anderszo7 A. Andreazza69a’69b, V. Andreima7 C.R. Anelli176,

S. Angelidakis®®, A. Angerami®®, A.V. Anisenkov'?**?%* A_ Annovi’®*, C. Antel®*?,
M.T. Anthony'*®, M. Antonelli®’, D.J.A. Antrim'™", F. Anulli”®*, M. Aoki®,

J.A. Aparisi Pozol74, L. Aperio Bella'®®, G. Arabidze107, J.P. Araquemoa, V. Araujo FerrazSIb,
R. Araujo PereiraSIb, C. Arcangeletti51, A.T.H. Arce49, F.A. Arduhsg, J-F. Arguimno7

S. Argyropoulos78, J.-H. Arling46, A Armbrustergﬁ, A. Armstrong”l7 0. Arnae2167,

H. Arnold"®®, Z.P. Arrubarrena Tame114, A. Artamonov124’*, G. Artoni'®®, S. Artz'?, S. Asai'®,
N. Asbah‘r’g7 E.M. Asimakopoulou”z, L. Asquith156, J. AssahsahBSd, K. Assamaganzg,

R. Astalos®®, R.J. Atkin***, M. Atkinson'™®, N.B. Atlay'?, H. Atmani®, K. Augsten'*?,

G. Avolio®®, R. Avramidou®®®, M.K. Ayoub™®, A.M. Azoulay'®*", G. Azuelos''?*,

H. Bachacou'*®, K. Bachas®®*%" M. Backes'®®, F. Backman®®*°", P. Bagnaia”™* ™",

M. Bahmani®®, H. Bahrasemani'®?, A.J. Bailey'™, V.R. Bailey'™, J.T. Baines'**, M. Bajic*’,

C. Bakalis'®, O.K. Baker'®®, P.J. Bakker'?’, D. Bakshi Gupta®, S. Balaji'®", E.M. Baldin'??*'?**,
P. Balek'®®, F. Balli"*®, W.K. Balunas'*®, J. Balz'"", E. Banas®, A. Bandyopadhyay®*,

Sw. Banerjeelgl’j, AAE. BannouralsQ, L. Barakwl, W.M. Barbe38, E.L. Baurbelriol%7

D. Barberis55b’55a, M. Barberolog, G. Barbour%7 T. BarillariM57 M-S. Barisits%, J. Barkeloom,
T. Barklow'®®, R. Barnea'®®, S.L. Barnes®™, B.M. Barnett'**, R.M. Barnett'®,

7. Barnovska-Blenessy®*®, A. Baroncelli®*, G. Barone®”, A.J. Barr'®,

L. Barranco Navarro45a’45b, F. Barreirogg, J. Barreiro Guimaraes da Costalsa, S. Barsov138,

R. Bartoldus'®®, G. Bartolini'®?, A.E. Barton”, P. Bartos®™*, A. Basalaev®®, A. Bassalat®>™,
M.J. Baussolm7 R.L. Bates’’, S. Batlamous™®, J.R. Batley32, B. Batool'®!, M. Battaglial%7

M. Bauce ™" F. Bauer'*®, K.T. Bauer'"*, H.S. Bawa®"™, J.B. Beacham®’, T. Beau'*,

P.H. Beaucheminlm, F. Becherer52, P. Bechtle24, H.C. Beck53, H.P. Beckzo’s, K. Becker52,

M. Becker'®, C. Becot®, A. Beddall'®?, A.J. Beddall'**, V.A. Bednyakov™", M. Bedognetti'*’,
C.P. Bee155, T.A. Beermann77, M. Begaulli&b7 M. Begelzg7 A. Beheraws7 J.K. Behr46,

F. BeisiegelZ47 A.S. Be11957 G. Bellawl, L. Bellagamba%b7 A. Bellerive34, P. Bellosg,

K. Beloborodov'??*1?2* K. Belotskiy''?, N.L. Belyaev''?, D. Benchekroun®?*, N. Benekos'’
Y. Benhammouml, D.P. BenjaminG, M. Benoit54, J.R. Bensinger26, S. BentV615611120,

L. Beresford135, M. Berettag’l7 D. Berg6467 E. Bergeaas Kuutmann172, N. Bergers7

B. Bergmann142, L.J. Bergsten%, J. Beringerls, S. Berlendis7, N.R. Bernardlog, G. Belrnau"dil?’G7
C. Berniu31537 F.U. Bernlochner24, T. Berry94, P. Bertawo7 C. Bertellanlsa7 LA. Bertramgo,

9

)

)

— 29 —



O. Bessidskaia Bylundlgz, N. Besson145, A. Bethaniml, S. Bethkens, A. Bett124, AJ. Bevang?’7
J. Beyerlw, D.S. Bhattacharyal77, R. Bil?’g, R.M. Bianchilgg, O. Biebel''*, D. Biedermannlg,

R. Bielski®®, K. Bierwagen'®, N.V. Biesuz"**"*", M. Biglietti’**, T.R.V. Billoud''°, M. Bindi®®,
A. Blngul12d C. Bini™* ™3P , S. Bi ondj 23?23 , M. Birmanlgo, T. Bisanz53, J.P. Biswallﬁl,

D. Biswas'®!| A. Bltadzelol, C. Bittrich 8, K. Bjgrke'®*, K.M. Black®, T. Blazek®®®, I. Bloch*’,
C. Blocker®, A Blue®”, U. Blumenschein ,G.J. Bobbinkm V.S. Bobrovnikoy!?2"1%2%

S.S. Bocchetta®”, A. Boccl49 D. Boerner*® D Bogavac , A.G. Bogdanch1k0v122b 122a

C. Bohm™*™®, V. Bmsvert , P. Bokan®®'™ 5 , T. Bold®*?, AS Boldyrev''®, A.E. Bo 1z61b,

M. Bomben136, M. Bonagg, J.S. BomllalSz, M. Boonekamp 45, H.M. B01“ecka—B1elska917

A. Borisovu?’7 G. Borissovgo, J. BortfeldtSG, D. Bortolett0135, D. Boscherini%b, M. BosmanM,
J.D. Bossio Sola104, K. Bouaouda35a, J. Boudreaulgg, E.V. Bouhova—ThackergO, D. Boumedienegs,
S.K. Boutle””, A. Boveia'®”, J. Boyd®®, D. Boye®*** I.R. Boyko®”, A.J. Bozson™, J. Bracinik?',
N. BrahimilOQ, G. Blrand‘51827 0. Brandt32, F. Braulrelt1467 B. Braulog7 J.E. Brzml327

W.D. Breaden Madden577 K. Brendlinge1r467 L. Blrenne1"467 R. Brenner172, S. Bresslerlgo,

B. Brickwedde'®, D.L. Briglin?", D. Britton®", D. Britzger''®, I. Brock®*, R. Brock'"”,

G. Brooijmans39, W.K. Brooksl47d, E. Brostlzl, J.H Broughtonzl, P.A. Bruckman de RenstromSS,
D. Bruncko%b7 A. Bruni23b, G. Brun123b, L.S. Brunimo, S. Brunoma’mb, B.H. Brunt327

M. Bruschi23b, N. Bruscinol?’g, P. Bryant37, L. Bryngemark97, T. Buanes”, Q. Bua’c%7

P. Buchholzl51, A.G. Buckley577 LA. Budagovso, M.K. ]311gge}1347 F. Bﬁhrer52, 0. Bulekovlu7
T.J. Burchul7 S. Burdingl, C.D. Burgarduo, A M. Burgerl?’o, B. Burghgrauveg7 J.T.P. Burr467
C.D. Burtonu, J.C. Burzynsk1103, V. Biischerloo, E. Buschmannsg, P.J. Bussey57, J.M. Butler25,
C.M. Buttar57, J.M. Butterworth%, P. Bmtti367 W. Buttinger36, A. Buzatulss,

AR. Buzykaev'??»1%22 G, Cabras®"”?** S. Cabrera Urban'™, D. Caforio®, H. Cai'™

V.M.M. Cair01537 0. Cakir4a, N. Calace%, P. Calaf'hu“3187 A. Calandrilm7 G. Calderinil‘%,

P. CalfayanGG, G. Callea57, L.P. Calobasn), S. Calvente Lopezgg, D. Calvet?'g7 S. Calvetgs,

T.P. Calvet'®®, M. Calvetti72a’72b, R. Camacho Tor0136, S. Camardagﬁ, D. Camarero Munozgg,
P. Carnaurrima”’Mb7 D. Cameronl?’ll7 R. Caminal Armadaunsw?’7 C. Camincher367 S. Campana%7

M. Campanelli%, A. sz1p1a1r1i407 A. Campoverdelsl, V. Canalema’mb, A. Canesse104,

M. Cano Bretﬁoc, J. Cantelromo7 T. Caowl, Y. Ca0173, M.D.M. Capeans Garrido%,

M. Capua®'™*'® R. Cardarelli"**, F. Cardillo'*’, G. Carducci*'**'*, I. Carli'*®, T. Carli*,

G. Carlino™, B.T. Carlson'®, L. Carminati®®*®"®  R.M.D. Carney®®**" S. Caron'",

E. Camquinlud7 S. Carré46, J.W.S. Carter167, M.P. C:absadolél’e7 AF. C:anshalw7 D.W. Casper171,
R. Castelijn'®, F.L. Castillo'™, V. Castillo Gimenez'™, N.F. Castro'***'%° A Catinaccio®,
J.R. Catmore134, A. Cattai%, J. Caudr0n24, V. Cewalielrew7 E. Cavallar014, M. Cavalli—Sforza14,
V. Cavasinni ™" E. Celebi*?", F. Ceradini”®® ™", L. Cerda Alberich'™, K. Cerny'®',

A.S. Cerqueira®?®, A. Cerri’®®, L. Cerrito™®™", F. Cerutti'®, A. Cervelli®*»?** S A. Cetin'?",
7. Chadi35a, D. Chakrabortyml, S.K. Chaun597 W.S. Chaunuo7 W.Y. Changl7 J.D. Chapman32,

B. Chargeishvilil59b, D.G. Charlton21, T.P. Charmangg, C.C. Chau34, S. Ch6127, S. Chekan0v6,
S.V. Chekulaev'®?*, G.A. Chelkov®**?, M.A. Chelstowska®®, B. Chen™, C. Chen®*, C.H. Chen",
H. Chen®”, J. Chen®?, J. Chen®, S. Chen®", S.J. Chen'®, X. Chen'®™™", Y. Chen®®,

Y-H. Chen®, H.C. Cheng®?, H.J. Cheng'®®, A. Cheplakov®’, E. Cheremushkina'?®,

R. Cherkaoui El Moursli35e, E. Cheu77 K. Cheung;647 T.J.A. Chevalériasl45, L. Chevalierl%7

V. Chiarellaﬁf’l7 G. Chiarellima7 G. Chiodiniﬁga, A.S. Chisholmzl, A. Chitan27b, I. Chiulﬁg,

Y.H. Chiu'"®, M.V. Chizhov®, K. Choi®®, A.R. Chomont”*"" S. Chouridou'®?, Y.S. Chow"*’,
M.C. Chu®*®, X. Chu'®**_ J. Chudoba'*!, A.J. Chuinard104 J.J. Chwastowski®, L. Chytka'3!,
D. Cierill5, K.M. Ciesla®, D. Cinca47, V. Cindro”, L.A. Cloar”27 A. Ciocio'®, F. Cirottoma’mb,
Z.H. Citronlgo’k7 M. Citterioﬁga, D.A. Ciubotaru 7b7 B.M. Clungu167, A. Clark547 M.R. Clark39,
P.J. Clark®, C. Clement*®*" Y. Coadou'*?, M. Cobal®™™57 A. Coccaro®”, J. Cochran”®,

— 30 —



H. Cohen'®’, A.E.C. Coimbra®®, L. Colasurdo™'?, B. Cole®, A.P. Colijn'?°, J. Collot’®,

P. Conde Muiﬁomoa’f, E. Coniavitis®®, S.H. Connell®**, L.A. Connelly57, S. Constantinescu27b,

F. Conventima’ay, A.M. Cooper-Sarkaurl?’S7 F. Cormier175, K.J.R. Cormie1r1677 L.D. Corpe%,

M. Corraudima’wb7 E.E. Corrigan97, F. Corriveau104’af, M.J. Costaulm7 F. Costanza’,

D. Cost.auazowg7 G. Cowan94, JW. CowleySQ, J. Cranewl, K. Cranlrnerl%7 S.J. Crawley57,

R.A. Creager'®”, S. Crépé-Renaudin®®, F. Crescioli**®, M. Cristinziani**, V. Croft'?’,

G. Crosetti41b’41a, A. Cuetos, T. Cuhadar Donszelmann149, AR. Cukierman153, S. Czekierda85,
P. Czodrowski36, M.J. Da Cunha Sargedas De Sousa60b, J.V. Da Fonseca Pint081b, C. Da Viaml,
W. Dabrowski84a, T. Dado%a7 S. Dahbi35e, T. Dai106, C. Dallapiccolam?’7 M. Dam407

G. D’amen?®, V. D’Amico """, J. Damp'®’, J.R. Dandoy™®’, M.F. Daneri*’, N.P. Dang"®"",
N.S. Dannml, M. Danninger175, V. Da036, G. Darb055b, 0. Dartsi5, A. Dattaguptalgz,

T. Daubney46, S. D’Auria69a’69b, W. Davey24, C. David*®, T. Davidek143, D.R. Dawis497

L. Dawson'®?, K. De®, R. De Asmundis™*, M. De Beurs'?’, S. De Castro?*?2%,

S. De Cecco ™" N. De Groot''?, P. de Jong'?°, H. De la Torre'®”, A. De Maria'®,

D. De Pedis™®, A. De Salvo™®, U. De Sanctis’ *»™® M. De Santis”** ™", A. De Santo'®®,

K. De Vasconcelos Corga102, J.B. De Vivie De Regie65, C. DebenedettiMG, D.V. Dedovichgo,
A.M. Deiana42, M. Del Gaudio41b’4la, J. Del Peso”, Y. Delabat Diaz*®, D. Delgove65,

F. Delio‘cl45’r7 C.M. Delitzsch7, M. Della Pietrama’mb, D. Della Volpe54, A. Dell’Acqua36,

L. Dell’Asta74a’74b, M. Delmastro®, C. Delporte®®, P.A. Delsart®®, D.A. DeMarcol67,

S. Demersl&g7 M. Demichevgo, G. Demontignyuo, S.P. Denisovu‘g7 D. Denysiul<1207

L. D’EramolBG, D. DerendarzSS, J.E. DerkaouiSSd, F. DeruelBG, P. Dervangl, K. Desch24,

C. Deterre46, K. Dette167, C. Deutsch24, M.R. Devesa307 P.O. Deviveiros36, A. Dewhursth7

F.A. Di Bello®, A. Di Ciaccio” "™, L. Di Ciaccio®, W.K. Di Clemente'®”, C. Di Donato ",
A. Di Girolamo®®, G. Di Gregorio™** ™", B. Di Micco **"*", R. Di Nardo'*®, K.F. Di Petrillo®,
R. Di Sipio'®”, D. Di Valentino®*, C. Diaconu'%?, F.A. Dias’, T. Dias Do Vale'***, M.A. Diaz"*"™,
J. Dickinsonlg, E.B. Diehl'®®, J. Dietrichlg, S. Diez Corne1146, A. Dimitrievskalg, W. Dirlg15b7

J. Dingfelder?®, F. Dittus®®, F. Djama'%?, T. Djobava'®", J.I. Djuvsland'”, M.A.B. Do Vale®'®,
M. Dobre27b7 D. Dodsworth%, C. Doglionig7, J. Dolejsilég7 Z. Doleza11437 M. Donadelligld,

B. Dongﬁoc7 J. Donini?’g, A. D’onofrio%7 M. D’Onofriogl, J. Dopk61447 A. Doriama, M.T. Dovagg,
AT. Doyle57, E. Drechsler152, E. Dreye1r1527 T. Dreyer53, AS. Drobaclm7 Y. DuanGOb7

F. Dubininlll, M. Dubovsky%a, A. Dubreuil®, E. Duchovni'®’, G. Duckeck114, A. Ducourthiall%,
O.A. Ducuno7 D. Dudauns7 A. Dudarev36, A.C. Duddermo, E.M. Dufﬁeldlg7 L. Duﬂot65,

M. Dﬁhrssen36, C. Diilsen182, M. DumanciclSo, AE. Dunrlitriuzm7 A K. Duncan57, M. Dunfordma,
A. Duperrinlm, H. Duran Yﬂdiz4a, M. Diiren567 A. Durglishvilil59b, D. Duschinger48, B. Dutta467
D. Duvnjak', G.I. Dyckes™®", M. Dyndal®®, S. Dysch'!, B.S. Dziedzic®®, K.M. Ecker''®,
R.C. EdgarwG, M.G. Egglest0n49, T. Eifert?’ﬁ, G. Eigen”, K. Einsweilerls, T. Ekelof172,

H. El Jarrari®*®, M. El Kacimi®*®, R. El Kosseifi'?, V. Ellajosyula'”?, M. Ellert'"?,

F. Ellinghauslgz7 AA. Elliot%7 N. Ellisgﬁ, J. Elmsheuser%, M. Elsing36, D. Emeliyanov144,
A. Emerman®, Y. Enari'®, M.B. Epland49, J. ]-Erdrnann“7 A. Ereditato®, M. Errenst™,
M. Escalieer, C. Escobar174, O. Estrada Pastorlm7 E. Etzionwl7 H. Evzms%7 A. Ezhilov'®®
F. Fabbri®’, L. Fabbri®*»?** V. Fabiani''’, G. Facini”®, R.M. Faisca Rodrigues Pereira'**,
R.M. Fakhrutdinov'?®, S. Falciano>*, P.J. Falke’, S. Falke’, J. Faltova'*®, Y. Fang'®?,

Y. Fang15a, G. Fanoumkis“7 M. Fanti69a’69b, M. Farajma’mc’u, A. Farbing, A. Faurilla%a7
E.M. Farinana’ﬂb7 T. Farooquelm, S. Farrellls, S.M. FarringtonSO, P. F?Mthouat%7 F. Fassi‘%e,
P. Fassnacht%, D. Fassouliotisg, M. Faucci Giannelli50, W.J. Fawcett?’Q, L. Fayard65,

O.L. Fedin138’p, W. Fedork0175, M. Feickert*?, L. Feligionilm, A. Fell'*, C. Fengmb7 E.J. Feng36,
M. Feng‘lg7 M.J. Fent0n57, A.B. Fenyuk123, J. Femrand0467 A. Ferrante173, A. Ferrari172,

P. FeI‘I'aI'ilQO, R. Ferlrauriﬂa7 D.E. Ferreira de Limaﬁlb, A. Ferrer174, D. FerrereM, C. Ferrettil%7

)

,31,



F. Fiedler'®, A. Filip¢ic®?, F. Filthaut''®, K.D. Finelli*’, M.C.N. Fiolhais'***'*%** L. Fiorini'™
F. Fischer''*, W.C. Fisher'?”, 1. Fleck'®, P. Fleischmann'’®, R.R.M. Fletcher'®", T. Flick'®?,
B.M. Flier]''*, L. Flores™’, L.R. Flores Castillo®*®, F.M. Follega”**"%", N. Fomin'", J.H. Foo'%",
G.T. Forcolinma’mb, A. Formica1457 F.A. FélrsterM7 A.C. Fortiml, A.G. Fostelrzl7 M.G. Foti135,
D. Fournier®, H. Fox”’, P. Francavilla”>*"*", S. Francescato’->"*", M. Franchini**"'***,

S. Franchinoma, D. Franci836, L. Franconizo, M. Franklin59, AN. Fray93, P.M. Freemanm,

B. Freundllo, W.S. Freund81b, E.M. Freundlich47, D.C. Frizzell'®?,| D. Froidevaux36, J.A. Frost135,
C. ]5‘ukunag31647 E. Fullana Torregrosaulm7 E. ]F‘unwugadli55]3"55a7 T. Fusayasunﬁ, J. Fusterlm,

A. Gabrielli®*™?%* A, Gabrielli*®, G.P. Gach®?, S. Gadatsch®, P. Gadow''®, G. Gagliardi®®”***
L.G. Gagnon''’, C. Galea®™, B. Galhardo'%*, G.E. Gallardo™®®, E.J. Gallas'®| B.J. Gallop™**,
G. Galster®®, R. Gamboa Goni”, K.K. Gan'®", S. Ganguly'®’, J. Gao®*, Y. Gao™®, Y.S. Gao®"™,
C. Garcia174, J.E. Garcia Navarr0174, J.A. Garcia Pascual’®®, C. Garcia—Argos52,

M. Garcia—Scivereslg7 R.W. Gardner377 N. Garellils?’, S. Graurgiulo‘w7 V. Garonnelgél7

A. Gaudiello®”%* G. Gaudio”'?, I.L. Gavrilenko'", A. Gavrilyuk'**, C. Gay'™, G. Gaycken™,
E.N. Gazis'’, A.A. Geanta®™”, C.M. Gee'*®, C.N.P. Gee'**, J. Geisen®®, M. Geisen'"’,

M.P. Geisler®'?, C. Gemme®®”, M.H. Genest®®, C. Geng'?®, S. Gentile™*™", S. George”™,

T. Geralis**, L.O. Gerlach53, P. Gessinger—BefurthO, G. Gessner47, S. Ghasemil51,

M. Ghasemi Bostanabaud”ﬁ7 A. Ghoshﬁs, A. Ghoshm7 B. Giacobbe%b, S. G‘riauguma’mb7

N. Giangiacomi%b’%a, P. Giannetti72a, A. Gianninima’mb7 G. GianniniM, S.M. Gibson94,

M. Gignac'*®, D. Gillberg®*, G. Gilles'®?, D.M. Gingrich®™, M.P. Giordani®"*%™, F.M. Giorgi**",
P.F. Giraud'*®, G. Giugliarelli®*%™ D. Giugni®®®, F. Giuli"**™", S. Gkaitatzis'®?, I. Gkialas”",
E.L. GkougkousisM, P. Gkountoumislo, L.K. Gladilin113, C. Glasmangg, J. GlatzerM,

P.C.F. Glaysher*®, A. Glazov*®, G.R. Gledhill®*, M. Goblirsch-Kolb?®, D. Godin*'",

S. Goldfarb105, T. Golling54, D. Golubkovl%, A. GomesMoa’MOb, R. Goncalves Gama537

R. GongaloMoa7 G. Gonella52, L. Gonella21, A. Gongadzego, F. Gonnellazl, J.L. Gonski59,

S. Gonzélez de la Hozlm, S. Gonzalez—Sevilla54, G.R. Gonzalvo Rodriguezlm, L. Goossensgﬁ,

P.A. Gorbounov124, H.A. Gord0n29, B. Gorini%, E. Goriniﬁga’ﬁgb, A. Goriéeng, A.T. Goshaw49,
M.I. Gostkin®, C.A. Gottardo™?, M. Gouighri35b, D. Goujdaumi%c7 A.G. Goussiou'*®,

N. Govender®°, C. Goy5, E. Gozani'®, I. Gmbovvska—BoldMa7 E.C. Graham”, J. Gramling”l,
E. Gramstad134, S. Grancagnololg, M. Grandi156, V. Gratchevm, P.M. Gravilaz7f,

F.G. Gravili68a’68b, C. Gray57, H.M. Graylg, C. Grefe®, K. Gregersen97, LL.M. Gregor“,

P. Grenier153, K. Grevtsov46, C. Griecom7 N.A. Grieserug, J. Grriﬂ[ithsg7 AA. GrilloMG,

K. Grimm®"", S. Grinstein'***, J.-F. Grivaz®®, S. Groh'?’, E. Gross®’, J. Grosse-Knetter®,

7.J. Grout95, C. GruleG, A. Grummerllg, L. Guanw67 W. Guanlgl, J. Guenther%,

A. GuerguichonGs, J.G.R. Guerrero Rojaslm, F. Guescinius, D. Guest171, R. Gugelm7

T. Guillemin®, S. Guindon®®, U. Gul®”, J. Guo®, W. Guo'®, Y. Guo®***, Z. Guo'®?,

R. Gupta46, S. Gurbuzmc, G. Gustavinoug, M. Guth52, P. Gutierrezug7 C. Grutschow%7

C. Guy0t145, C. Gwenlan'®®, C.B. Gwilliam®', A. Haas'®®, C. Haber'®, H.K. Hadavand®,

N. Haddad®™, A. Hadef®*®, S. Hagebock®®, M. Haleem'”", J. Haley™*®, G. Halladjian'"",

G.D. Hallewellmz, K. Hamacherlsz, P. Hamallgl, K. Haman0176, H. Haumdaouisse7

G.N. Hamity™*?, K. Han®"*”, L. Han®"*, S. Han'"*, Y.F. Han'®", K. Hanagaki®*™~, M. Hance'*®,
D.M. Handllm, B. Haneylg?7 R. Habnkachel?’(i7 E. Haunseng?7 J.B. Haunself1407 J.D. Habnsen‘m7

M.C. Hansen24, P.H. Hansen407 E.C. Hansonml, K. Hauralﬁg7 T. Harenberglgz, S. Haurkushalog7
P.F. Harrison178, N.M. Hartmann114, Y. Hasegawalso, A. Hasibso, S. HaLssaurliME’7 S. Haug20,

R. Hauser107, L.B. Havenersg, M. Havranek142, C.M. Hawkeszl, R.J. Hawking836, D. Haydenlm,
C. Hayesl55, R.L. Hayesl75, C.P. Hayslss, J.M. Hays%, H.S. Haywardgl, S.J. Haywood144,

F. Heﬁoa7 M.P. Heathso, V. Hedberg97, L. Heelans, S. Heer24, K.K. Heidegger52, W.D. Heidorr1797
J. Heilman34, S. Heim467 T. Heim187 B. Heinemanrflﬁ’at7 J.J. HeinrichlBQ, L. Hei1r11“ich367

)

- 32 —



C. Heinz’®, J. Hejbal'*!, L. Helary®'®, A. Held'™, S. Hellesund"®*, C.M. Helling'*°,

S. Hellman45a’45b, C. Helsensgﬁ, R.C.W. Hendersongo, Y. Henglgl, S. Henkelmann'™,

A .M. Henriques Correia36, G.H. Herbertlg, H. Herde%, V. Herge‘51777 Y. Herndandez Jiménez33e,
H. Herrloo, M.G. HerrmannlM, T. Herrmann48, G. Herten52, R. HertenbergerlM, L. Hervaus%7
T.C. Herwig137, G.G. Hesketh95, N.P. Hessenga, A. HigashidalGB, S. HigashinoSQ,

E. Higén-Rodriguez' ™, K. Hildebrand®", E. Hill'™®, J.C. Hill**, K.K. Hill*?, K.H. Hiller*?,

S.J. Hillier21, M. Hils"®, 1. Hinchliffels, F. Hinterkeuser24, M. Hirosel33, S. Hirose™?,

D. Hirschbuehl'®?, B. Hiti"?, O. Hladik**', D.R. Hlaluku®*®, X. Hoad®’, J. Hobbs'®®, N. Hod"®’,
M.C. HodgkinsonMg7 A. Hoecker36, F. HoeniglM, D. Hohn52, D. H0h0v657 T.R. Holmes37,

M. Holzbock''*, L.B.A.H. Hommels*?, S. Honda'®, T.M. Hong'*’, A. Hénle'"?,

B.H. Hooberman173, W.H. Hopkinsﬁ, Y. Horiiu7, P. Horn48, L.A. Horyn377 S. Hou158,

A. Hoummada35a, J. Howarthml, J. Hoyasg, M. Hrabovsky131, J. Hrdinka77, L Hristovalg,

J. Hrivnac65, A. leynevichmg7 T. Hryn’ova5, P.J. Hsu647 S.-C. Hsu148, Q. Hu29, S. Hu60c7

D.P. Huang”, Y. Huang®"®, Y. Huang'®*, Z. Hubacek'*?, F. Hubaut'’?, M. Huebner**,

F. Huegging®*, T.B. Huffman'**, M. Huhtinen®®, R.F.H. Hunter®*, P. Huo'®®, A.M. Hupe®*,

N. Huseynov®™*", J. Huston'"", J. Huth®, R. Hyneman'®®, S. Hyrych?®*, G. Iacobucci®,

G. Iakovidis29, L. Ibragimov151, L. Iconomidou—FayardGS, 7. Idrissi%e7 P. Iengo367 R. Ignazzi40,
0. IgonkinalZo’ac’*7 R. Iguch1163, T. Iizawa54, Y. Ikegamigz, M. Iken082, D. Iliadiswg,
N. ic' 107 B Tltzsche®®, G. Introzzi”' ™", M. Todice™®, K. Iordanidou'%?,

V. Ippolito73a’73b, M.F. Isacson172, M. Ishin0163, W. Islan11307 C. Isseverw‘r’7 S. Istin160, F. It01697
J.M. Iturbe Ponce®®, R. Tuppa ®*"®" A. Ivina'®®, H. Iwasaki®?, J.M. Izen®®, V. Izz0""%,

P. Jacka'*!, P. Jackson', R.M. Jacobs®*, B.P. Jaeger'®?, V. Jain?, G. Jikel'®?, K.B. Jakobi'"’,

K. Jakobs52, S. Jakobsen77, T. Jakoubek1417 J. Jaumiesonm7 K.W. Jana584a, R. Jansky547

J. Janssen24, M. Janus®, P.A. JanusMa7 G. Jarlsk0g97, N. Javadovgo’ah7 T. Javirek™,

M. Javurkova®®, F. Jeanneau*®, L. Jeanty™?, J. Jejelava'®®®™ A. Jelinskas'™, P. Jenni®*",

J. Jeong™®, N. Jeong™®, S. Jézéquel®, H. Ji'®, J. Jia'®, H. Jiang™, Y. Jiang®®®, Z. Jiang'®®9,

S. Jiggins52, F.A. Jimenez Morales?’S, J. Jimenez Penan‘r’7 S. Jinlsc7 A. Jinaru27b, 0. Jinnouchil%7
H. Jivan33e, P. Johanssonmg7 K.A. Johns7, C.A. Johnsonﬁﬁ, K. Jon—A1r1d453’45b7 R.W.L. Jonesgo,
S.D. Jones156, S. Jones7, T.J. Jonesgl, J. Jongmannsﬁla7 P.M. JorgeMoa, J. Jovicevic%, X. Juls,
J.J. Junggeburth™®, A. Juste Rozas'***, A. Kaczmarska®, M. Kado **™" H. Kagan'*",

M. Kaganlss, C. Kahraloo, T. Kajil79, E. Kajomovitzlﬁo, C.W. Kalder0ng7, A. Kaluzaloo,

A. Kamenshchikov123, M. Kanedam?’, L. KanjirgQ, Y. Kan0163, V.A. Kantserovlu, J. KanzakisQ,
L.S. Kaplanlgl7 D. Kargge, K. KaravaBS, M.J. Kau"eelrnlﬁgb7 S.N. Karpovso, Z.M. Kaurpovasgo7
V. Kartvelishvili”’, A.N. Karyukhinug, L. Kashif'™®", R.D. Kass127, A. Kastanas45a’45b,

C. KatoGOd’60C, J. Katzy46, K. Kawadel‘r’o7 K. Kawagoegs, T. KawaguchiIN, T. Kawamoto' %
G. KawamuraSg7 E.F. Kay176, V.F. Kazanin122b’122a, R. Keeler176, R. Kehoe42, J.S. Ke11e1r347
E. Kellermann97, D. Kelsey156, J.J. Kempsterm, J. Kendrickm, 0. KepkaMl, S. ]E(erster11827
B.P. Keréeva11927 S. Ketabchi Haghighatlm7 M. Khader173, F. Khalﬂ—ZadalB, M. Khandoga145,

A. Khanovlgo, A.G. Kharlamov122b’122a, T. Kharlamova122b’122a, E.E. Khoda175, A. Khodin0V166,
T.J. Khoo™, E. Khramov®®, J. Khubua'®", S. Kido®, M. Kiehn®*, C.R. Kilby™*, Y.K. Kim®"
N. Kimura®®, O.M. Kindlg, B.T. Kinggl’*, D. Kirchmeier48, J. KirklM7 AE. KiryuninllS,

T. Kishirr10‘501637 D.P. Kisliul<1677 V. Kitali46, 0. KivermykS7 T. Klapdor—Kleingrothaus52,

M. Klassen®'*, M.H. Klein'%, M. Klein”', U. Klein”', K. Kleinknecht'”’, P. Klimek'?,

A. Klimentov?®, T. Klingl**, T. Klioutchnikova®, F.F. Klitzner''*, P. Kluit**°, S. Kluth''®,
E. Kneringer77, E.B.F.G. Knoopslm, A. Knue52, D. Kobayashigs, T. KobayashilGB, M. Kobe1487
M. Kocian'®®, P. Kodys'*?, P.T. Koenig®!, T. Koffas®*, N.M. Kohler®®, T. Koi'®*, M. Kolb®'",
I. Koletsou5, T. Komaurekl?’l7 T. KondosQ, N. Kondrashovaﬁoc, K. Kéneke52, A.C. Kénigng,

T. Konol%, R. Konoplichlzs’ao7 V. Konstantinides%, N. Konstantinidis%7 B. I(onya977

7

7

— 33 —



R. Kopeliansky%, S. KopernyS%L7 K. Korcylss, K. Kordas162, G. Koren161, A. Kor11957

I Korolkovl4, E.V. Korolkoval49, N. Korotkovall?’, 0. KortnerllS, S. KortnerHS, T. Kosek143,
V.V. Kostyukhiml%7 A. Kotwal49, A. Koulourislo, A. Kourkoumeli—Charalampidi71a’71b,

C. Kourkoumelis”, E. Kourlitis'*?, V. Kouskoura®’, A.B. Kowalewska®, R. Kovvaulewskilm7

C. Kozakai'®, W. Kozanecki145, A.S. Kozhin'®*, V.A. Kramarenko'"?, G. Kramberger%,

D. Krasnopevtsev™®, M.W. Krasny™*°, A. Krasznahorkay®®, D. Krauss''®, J.A. Kremer®**,

J. Kretzschmargl, P. Krieger167, F. Krieter114, A. KrishnanGlb, K. Krizkalg, K. Kroeninger47,

H. Krohans, J. KrollMl7 J. Kr011137, J. Krsticw, U. Kruchonakso, H. Krﬁger24, N. Krumnack7g,
M.C. Kruse®, J.A. Krzysiak85, T. Kubota'®, O. Kuchinskaia'®, S. Kuday4b7 J.T. Kuechler®,
S. Kuehn®®, A. Kugel®'?, T. Kuhl*®, V. Kukhtin®’, R. Kukla'®?, Y. Kulchitsky'*®,

S. Kuleshov147d, Y.P. Kulilli(:h1737 M. Kuna‘r’s7 T. Kunigogﬁ, A. KupcoMl, T. Kupfer47,

0. Kuprash52, H. Kurashigegg, L.L. Kurchaninovlﬁsa, Y.A. Kurochkin'%®, A. Kurovalm,

M.G. Kurth'®®'% E.S. Kuwertz®®, M. Kuze'®, A. K. Kvam'®, J. Kvita'®!, T. Kwan'®,

A. La Rosa''®, L. La Rotonda®™*'? F. La Ruffa®*'? C. Lacasta'™, F. Lacava >»""

D.P.J. Lackml, H. Lackerlg, D. Lacourlg’ﬁ7 E. Ladygingo, R. Lafaye5, B. Laforgel?’G, T. Lagour133e,
S. Laisg, S. Lammers66, W. Lamp17, C. Lampoudislm, E. Langonzg, U. Landgraf@,

M.P.J. Laundong?’7 M.C. Lanfermann54, V.S. Lang46, J.C. Lange53, R.J. Laungenberg?’G7

A.J. Lankford'™, F. Lanni®®, K. Lantzsch®®, A. Lanza”*®, A. Lapertosa®>°*, S. Laplace'®,

J.F. Laporte145, T. Lariﬁga, F. Lasagni Manghi%b’%a, M. Lassnig36, T.S. Lau“a7 A. Laudrain65,
A. Laurier®, M. Lavorgna™*™ S.D. Lawlor®, M. Lazzaroni®**®" B. Le'*®, E. Le Guirriec'®?,
M. LeBlanc7, T. LeCompteG, F. Ledroit—Guillon58, A.CA. Lee%, C.A. Leezg, G.R. Lee”,

L. Lee597 S.C. Lee'™®, S.J. Lee®*, B. Lefebvrewga7 M. Lefebvre' ™, F. LeggerlM, C. Leggettls,

K. Lehmannlw, N. Lehmannlsz, G. Lehmann Miott036, W.A. Leight46, A. LeiSOSwQ’y7

M.A.L. Leit881d, C.E. LeitgeblM7 R. Leitner1437 D. Lellouchlgo’*7 K.J.C. Leney427 T. Lenz24,

B. Lenzi%, R. Leone7, S. Leonena7 C. Leonidopoulos50, A. Leopold136, G. Lernerlsﬁ7 C. Leroyuo,
R. Lesw?, C.G. Lester32, M. Levchenkolss, J. Levéque5, D. Levin106, L.J. Levinsonlgo,

D.J. Lewis?!, B. Li'"®", B. Li'%, C-Q. Li®®, F. Li®*, H. Li®*® H. Li®®®, J. Li%", K. Li'®?,

L. Li%°, M. Li'®15 Q. Li'®1% Q.y. Li®®, 8. Li%45% X i v. Li*®, Z. Li°®, Z. Liang"®
B. Liberti™*®, A. Liblong'®", K. Lie®*, C.Y. Lin**, K. Lin'"", T.H. Lin'*, R.A. Linck®,

J.H. Lindon?", A.L. Lionti’*, E. Lipeles'®”, A. Lipniacka'”, M. Lisovyi®'”, T.M. Liss'"™?",

A. Lister'”™, A.M. Litke'*®, J.D. Little®, B. Liu"”, B.L. Liu®, H.B. Liu*, H. Liu'%, J.B. Liu®*,
JKK. Liu'®, K. Liu®®, M. Liu®*, P. Liu'®, Y. Liu'®*' Y.L. Lin'?®, Y.W. Liu®%,

M. Livan71a’71b, A. Lleres58, J. Llorente Merinolsz7 S.L. Lloydg?’7 CY. L063b7 F. Lo Sterzo42,
E.M. Lobodzir1ska467 P. Loch7, S. Loffredo74a"74b, T. Lohse™, K. Lohwasser™*”, M. Lokajicele,
J.D. Long173, R.E. Longgo, L. Longo‘%7 K.A. Looperlz?7 J.A. Lopez147d, I. Lopez Pazml7

A. Lopez 801151497 J. Lorenle, N. Lorenzo Martinez5, M. Losada22a, P.J. LésellM, A. Losle™,
X. Lou®, X. Lou™®, A. Lounis®, J. Love®, P.A. Love”, J.J. Lozano Bahilo'"*, M. Lu®"?,

Y.J. L11647 H.J. Luba’cti1487 C. Luci73a’73b, A. Lucotte58, C. Luedtke527 F. Luehring%7 I Luise1367
L. Luminarima7 B. Lund—Jensen154, M.S. Lutzlog, D. Lynr1297 R. Lysak141, E. Lytkenw7 F. Lyu15a,
V. Lyubushkin®, T. Lyubushkina®®, H. Ma?’, L.L. Ma%", Y. Ma®", G. Maccarrone®’,

A. MacchiolollS, C.M. Macdonald*?, J. Machado Miguensl37, D. Madaffari'™, R. Madar38,
W.F. Mader‘ls7 N. Madysa48, J. Maeda83, S. Maeland”7 T. MaenoQQ7 M. 1\/Iaerke1r487

AS. Maevskiy113, V. Magerl52, N. Mabginiw7 D.J. Mahon39, C. Maidantchik81b, T. Maierlm7

A. Maio'402:1400.140d "pe £ 193842 10, Majersky®?®, S. Majewski'®?, Y. Makida®?, N. Makovec®,
B. Malaescul?’ﬁ, Pa. Maleckiss, V.P. Maleevlsg, F. Malekss, U. Mallik78, D. MalonG, C. Malone®?
S. Maltezos'?, S. Malyukovso, J. Mamuzicl74, G. Mancini®, I. Mandi¢”?,

L. Manhaes de Andrade Filhogla, I.M. Maniatisl62, J. Manjarres Ramos48, K.H. 1\/[alf1kineng77

A. Mannlm7 A. Manousos77, B. Mansouliel45, L. Manthost, S. Manzonimo, A. Marantist,

)

)

— 34 —



G. Marcecaso, L. MarcheselSS, G. Marchioril?’ﬁ, M. Marcisovsky141, C. Marcon97,

C.A. Marin Tobon®®, M. Marjanovicmg, Z. Marshallls, M.U.F. Martensson172, S. Marti—Garcia174,
C.B. Maurtinlw7 T.A. Martin178, V.J. Martin50, B. Martin dit Lautour”7 L. Martinelli75a’75b,

M. Martinezm’m7 V.I. Martinez Outschoornlo?’7 S. Martin—Haugh144, V.S. Martoiu27b,

A.C. Martyniuk95, A. Marzin%, S.R. Maschekus, L. Masettiloo7 T. Mashimowg,

R. Mashinistov'™', J. Masik'®", A.L. Maslennikov'?*”>'??* L. Massa”**"*" P. Massarotti """,
P. Mastmndrean“l’7%7 A. Mastroberardino4lb’41a, T. Masubuchiw?’, D. Matakiaslo, A. MaticlM,
P. Méttig24, J. Maurermo7 B. Mauéek%7 D.A. Maximovlg%’lma, R. Mazinil58, I. Maznaslm,

S.M. Mazzal%7 S.P. Mc Kee106, T.G. McCarthyHE’, W.P. McCormacle, E.F. McDonalleS7

J.A. Mcfayden%, G. M(:h(edlidz<3159b7 M.A. McKayM7 K.D. McLean176, S.J. McMahon144,

P.C. McNamara'®®, C.J. McNicol'™, R.A. McPherson'"*, J.E. Mdhluli**°, Z.A. Meadows'%?,

S. Meehaun%7 T. Megy52, S. MehlhaselM, A. Mehta™, T. Meidecksg, B. Meirose®, D. Melini' ™,
B.R. Mellado Garcia®*®, J.D. Mellenthin®®, M. Melo®**, F. Meloni*®, A. Melzer®*, S.B. Menary'’*,
E.D. Mendes Gouveial4oa’14oe, L. Menggﬁ, X.T. MengmG7 S. Menke115, E. Meoni41b’4137

S. Mergelmeyerw, S.A.M. Merk‘ch7 C. Merlassinom7 P. Mermod54, L. Merolama’mb,

C. Meroni®®®, O. Meshkov'"®'"'| J K.R. Meshreki'®*, A. Messina”>*"*"_ J. Metcalfe®,

A.S. Mete'™, C. Meyer66, J. Meyerlﬁo, J-P. Meyer145, H. Meyer Zu Theenhausenﬁla, F. Mian0156,
M. Michetti*?, R.P. Middleton'**, L. Mijovi¢®, G. Mikenberg'®®, M. Mikestikova'*!, M. Mikuz"?,
H. Mildner'*’, M. Milesi'®®, A. Milic'®”, D.A. Millar”®, D.W. Miller®”, A. Milov'®,

D.A. Milstead*®®*" R.A. Mina'®®%, A.A. Minaenko'**, M. Mifiano Moya'"*, I.A. Minashvili'**",
AL Mincer'?®, B. Mindur®?®, M. Mineev®®, Y. Minegishi'®, L.M. Mir'*, A. Mirto®*%®

K.P. Mistry™", T. Mitani'™®, J. Mitrevski'**, V.A. Mitsou' ™, M. Mittal®*®, O. Miu'®",

A. MiucciZo, P.S. MiyagawaMQ, A. Mizukarr1i827 J.U. 1\/[j6rnmark977 T. Mklr‘cchyanlM7

M. MlynarikovaMg, T. Moa45a’45b, K. Mochizuki'*’, P. Mogg527 S. Mohapatra®, R. Moles—Valls24,
M.C. Mondragonlm7 K. Ménig46, J. Monk40, E. MonnierlOQ, A. MontalbanolSZ,

J. Montejo Berlingen36, M. Montella%, F. Monticellisg, S. Monzarli6ga, N. MorangeGS,

D. Morenoma7 M. Moreno Llécer36, C. Moreno MartinezM, P. 1\/I01rettin155b7 M. Morgenstern120,
S. Morgensterr1487 D. Moril52, M. Morii597 M. Morinaga179, V. Morisbak134, A K. M01rley367

G. Mornacchi®®, A.P. Morris”, L. Morvaj155, P. Moschovakos®®, B. Moser'??, M. 1\/Iosidzelsgb7

T. MoskaletsMS7 H.J. MossMg7 J. MossBLn7 E.J.W. Moyselog, S. MuanzalOQ, J. Mueller1397

R.S.P. Mueller' ™, D. Muenstermanngo, G.A. Mullier97, J.L. Munoz Martinez'*,

F.J. Munoz Sanchezwl, P. Murin28b, W.J. Murray178’144, A. Murroneﬁ9&’6%7 M. 1\/Iuékinjalg7

C. Mwewa**, A.G. Myagkovug’ap, J. MyerslBQ, M. Myska142, B.P. Nachman'®, O. Nackenhorst47,
A Nag Nag487 K. Nagailg5, K. Nagano&7 Y. Nagasal<a627 M. Nage152, J.L. Nagle29, E. NagleZ7
A.M. Nairz36, Y. Nakahama117, K. Nakamura82, T. Nakamura163, I. Nakanom7 H. Nanj01337

F. Napolitanoﬁla, R.F. Naranjo Garcia46, R. Narayan“, L Naryshkinl?’g, T. Naumann46,

G. Navarro?®*, H.A. Neal'®®*, P.Y. Nechaeva''!, F. Nechansky®®, T.J. Neep?!, A. Negri’ """,
M. Negrining, C. Nellis’5537 M.E. Nelson135, S. Nemecek141, P. Nemethyl%7 M. Nessigﬁ’d7

M.S. Neubauer”g7 M. Neumannm, P.R. Newmanﬂ, Y.S. Nglg, Y.W.Y. Ng1717 B. Ngair%c7
H.D.N. Nguyen'®?, T. Nguyen Manh'*’, E. Nibigira®®, R.B. Nickerson®®, R. Nicolaidou'*’,

D.S. Nielsen®, J. Nielsen'*®, N. Nikiforou'", V. Nikolaenko'***?_ 1. Nikolic-Audit"*,

K. Nikolopoulos!, P. Nilsson?®, H.R. Nindhito®*, Y. Ninomiya®®, A. Nisati">*, N. Nishu®",

R. Nisiusns, 1. NitscheM7 T. Nitta179, T. Nobe163, Y. Noguchi86, I. Nomidislgﬁ, M.A. Nomurazg,
M. Nordberg‘%, N. Norjoharuddeen135, T. Novak”, O. Novgorodova48, R. Novotny142,

L. Nozka'®!, K. Ntekas'™", E. Nurse”, F.G. Oakham®*™*, H. Oberlack'"®, J. Ocariz'*,

A. Ochi®®, I. Ochoa®, J.P. Ochoa-Ricoux'*", K. O’Connor%, S. Odagg, S. OdakaSQ, S. Oerdek53,
A. Ogrodnik®**, A. Oh'”*, S.H. Oh*, C.C. Ohm™*, H. Oide'®®, M.L. Ojeda'®”, H. Okawa'®?,

Y. Okazaki%7 Y. Okumuralﬁg, T. Okuyamasz, A. Olariu27b7 L.F. Oleiro SeabraMoa,

,35,



S.A. Olivares Pinol47a, D. Oliveira Damaziom, J.L. Oliverl, M.J.R. Olsson171, A. Olszewskigs,

J. Olszowska®, D.C. O’Neil'®?, A.P. O'neill'*®, A. Onofre!*°*!% P U.E. Onyisi'', H. Oppen'®*,
M.J. Oreglia37, G.E. Orellanasg, D. Orestano75a’75b, N. Orlaundom7 R.S. Orr167, V. O’Shea57,

R. Ospanov®®, G. Otero y Garzon®’, H. Otono®®, P.S. Ott®'*, M. Ouchrif**?, J. Ouellette?’,

F. Ould—Saada134, A. OuraL0111457 Q. Ouyang15a, M. Ovvemm7 R.E. Owen®', V.E. Ozcan'*,

N. Ozturkg, J. Pacaltlgl, H.A. Pacey327 K. Pachal49, A. Pacheco PagesM, C. Padilla Aranda14,

S. Pagan Grisols, M. Paganinils3, G. Palacino®®, S. PalazzoSO, S. Palestini®®, M. Palka84b,

D. Pallin38, I. Panaugouliaslo7 C.E. Pandini%, J.G. Panduro VauzquezM7 P. Pani46,

G. Panizzo®™%7°, L. Paolozzi®*, C. Papadatos''?, K. Papageorgiou””, S. Parajuli*®,

A. ParamonovG, D. Paredes Hernandezﬁgb, S.R. Paredes Saenzlgs, B. Paridawﬁ, T.H. Park167,
A.J. Parker®, M.A. Parker®®, F. Parodi®®”®** E.W. Parrish'?!, J.A. Parsons®®, U. Parzefall®?,
L. Pascual Dominguezl%, V.R. Pascuzzilﬁ?7 J.M.P. Pasner146, E. Pasqualuccima, S. PassaggioSSb,
F. Pastoreg4, P. Pasuwan45a’45b, S. Pataraialoo, J.R. Paterml, A. Pathaklsl’j, T. Pauly36,

B. Pearsonlls7 M. Pedersen134, L. Pedraza Diazng, R. PedroMoa7 T. Peiffer53,

S.V. Peleganchuk??*'?2* 0. Penc'*', H. Peng®®®, B.S. Peralva®®, M.M. Perego®’,

A.P. Pereira PeixotoMoa, D.V. Perepelitsan, F. Perilg, L. Periniﬁga’ng, H. Pernegger36,

S. Perrellama’mb, K. Peters46, R.F.Y. Peter8101, B.A. Petersen?’(j7 T.C. Petersen40, E. Petit102,

A. Petridis', C. Petridou'®?, P. Petroff®, M. Petrov'®®, F. Petrucci’°™", M. Pettee'®?,

N.E. Petterssor11037 K. Petukhova143, A. Peyaud145, R. PezoalMd7 L. Pezzottiﬂa’?lb, T. Pham105,
F.H. Phillips'®”, P.W. Phillips'**, M.W. Phipps'™, G. Piacquadio'®, E. Pianori'®, A. Picazio'*®,
R.H. Pickleslm, R. Piegaia?’o, D. Pietreanu27b, J.E. Pilcher37, A.D. Pilkingtonml,

M. Pinamonti’ **™P"_ J.L. Pinfold®, M. Pitt'®!, L. Pizzimento” **™" M.-A. Pleier?®, V. Pleskot'*?,
E. Plotnikovago, P. Podberezkolmb’lwa, R. Poettgen97, R. Poggi54, L. Poggioliﬁs7

I. Pogrebnyaklm, D. Pohl24, L. Pokharel53, G. Polesellona7 A. Poleyls, A. Policicchiomaj?’b,

R. Polifka143, A. Polining, C.S. Pollard46, V. Polychronakong, D. Ponomarenkolu,

L. Pontecorvogﬁ, S. Popa27a, G.A. Popeneciu27d, L. Portaless, D.M. Portillo QuinteroSS,

S. Pospisillém7 K. Potamianos46, IN. Potrapso7 C.J. Potter®?, H. Pottin7 T. Poulsen97,

J. POV€da367 T.D. Powellmg, G. Pownall46, M.E. Pozo Astigarragagﬁ, P. Plraulauvoriolm7 S. PI‘eH79,
D. Pricewl, M. Primavera68a, S. PrincelM7 M.L. ProfﬁttMg, N. Proklovalu, K. Prokoﬁevﬁgc,

F. Prokoshinso, S. Protopopescu”7 J. ProudfootG, M. Przybycien84a, D. Pudzhaulsg7 A. Puril73,
P. PuzoG5, J. Qian106, Y. Qinlm, A. Quadts?’, M. Queitsch—Maitland46, A. Qureshil, M. Rackozga”7
P. Raudosl%7 F. Ragusaﬁgaﬁgb, G. Rahal%, J.A. Rain654, S. Rajagopalanw7 A. Ramirez 1\/101"&165937
K. Raunlsa’lsd7 T. Rashidﬁs, S. Raspopovs7 D.M. Rauch467 F. RauscherlM, S. Rauveloo7

B. Ravina149, L Ravinovichlso, J.H. Rawlingwl, M. Raymond%, AL Read134, N.P. Readioﬁﬁg,
M. Reale®®*%" D M. Rebuzzi”**"*®, A. Redelbach'™", G. Redlinger®, K. Reeves®®,

L. Rehnisch®?, J. Reichert137, D. Reikher161, A. Reissloo, A. Relel, C. Rembser%, M. Renda27b,
M. Rescigno >*, S. Resconi®®®, E.D. Resseguie™®’, S. Rettie!”, E. Reynolds®’,

O.L. Rezanova'?*»1%2 P Reznicek!*®, E. Ricci”®® ™", R. Richter''®, S. Richter?®,

E. Richter-Was®", O. Ricken®*, M. Ridel®, P. Rieck™'®, C.J. Riegel'®, O. Rifki*®,

M. Rijssenbeek'®®, A. Rimoldi”**"*®, M. Rimoldi*®, L. Rinaldi**", G. Ripellino'®*, I. Riu'*,

J.C. Rivera Vergaral76, F. Rizatdinoval?’o, E. Rizv193, C. Rizzi*®, R.T. Robertswl,

S.H. Robertson104’af, M. Robin46, D. RObinSOIl327 J.E.M. Robinson46, C.M. Robles Gajard0147d,
A. Robson™, A. Rocchi™*® ™" E. Rocco'®, C. Roda™*", S. Rodriguez Bosca' ™,

A. Rodriguez Perez14, D. Rodriguez Rodriguezl74, A .M. Rodriguez Verawgb, S. Roe™,

O. Rghne™*, R. Rohrig''®, C.P.A. Roland®, J. Roloff®®, A. Romaniouk''?, M. Romano®*"23%,
N. Rompotisgl, M. RonzanimS, L. Roosl%, S. Rosati”™®®, K. Rosbach®?, G. Rosinw?’,

B.J. Rosser™®”, E. Rossi’®, E. Rossi ™", E. Rossi’®* ", L.P. Rossi®®”, L. Rossini®*®%%®,

R. Rosten'*, M. Rotaru®"®, J. Rothberg'*®, D. Rousseau®®, G. Rovelli"**™® A. Roy'!, D. Roy**°,

— 36 —



A. Rozanovwz, Y. Rozenmo7 X. Ruangse, F. Rubb0153, F. Riihr52, A. Ruiz—Martinezl74,

A. Rummler?’ﬁ, Z. Rurikova®?, N.A. Rusakovichgo, H.L. RusselllO4, L. Rustige38’47,

J.P. Rutherfoord”, E.M. Riittinger'*’, M. Rybar®’, G. Rybkin®®, E.B. Rye'**, A. Ryzhov'%*,

P. Sabatinisg7 G. Sabatolzo, S. Saucelrdotiﬁs7 H.F-W. Sadrozinskil%, R. Sadyl<ov807

F. Safai Tehrani73a, B. Safarzadeh Samani'®®, P. Saha'?*!, S. Sahaw47 M. Sahinsoyﬁla7 A. Sahu'®?,
M. Saimpert*®, M. Saito'®, T. Saito'®®, H. Sakamoto'®®, A. Sakharov'***°, D. Salamani®*,

G. Salamanna75a’75b, J.E. Salazar Loyola147d, P.H. Sales De Bruin'™, A. Salnikov'®®, J. Salt174,
D. Salvatore®®'? F. Salvatore'®®, A. Salvucci®®™"63% A Salzburger®®, J. Samarati®,

D. Sammel®?, D. Sampsonidis'®?, D. Sampsonidou'®?, J. Sanchez'™, A. Sanchez Pineda®"*57,
H. Sandaker'*!, C.0. Sander*®, 1.G. Sanderswood”, M. Sandhoff'*?, C. Sandoval***,

D.P.C. Sankey™**, M. Sannino®”"**| Y. Sano''", A. Sansoni®, C. Santoni®®, H. Santos™*** 4%
S.N. Santpurls, A. Santra'™, A. Sapronovgo, J.G. Saraivalma’lmd, 0. Sasaki®, K. Sat0169,

F. Sauuerbulrgelr527 E. Sauvan5, P. Sawaurdlfmax7 N. Savic115, R. Sawadaws, C. Sauwye1r1447

L. Sawyer’®™™ (. Sbarra®*®, A. Sbrizzi®**, T. Scanlon”®, J. Schaarschmidt'*®, P. Schacht'*®,
B.M. Schachtner114, D. Schaefer377 L. Schaefer137, J. Schaeffermo, S. Schaepeg’ﬁ7 U. Schéiferwo7
A.C. Schafferﬁs, D. SchailelM, R.D. Schamberger155, N. Scharmbergml, V.A. Schegelskylgg,

D. Scheirich143, F. Schencklg, M. Schernau'™, C. Schiavi%b’%a, S. Schier’*®, LK. Schildgen24,
Z.M. Schillaci%7 E.J. Schioppa36, M. Schioppa‘ub’ma7 K.E. Schleiche1r527 S. Schlenker%7

K.R. Schmidt-Sommerfeld"*?, K. Schmieden®®, C. Schmitt*®", S. Schmitt*®, S. Schmitz'",

J.C. Schmoecke146, U. Schnoor™, L. Schoeffe1145, A. Schoening61b7 P.G. Scholer®®, E. Schopf™*®,
M. Schottloo, J.F.P. Schouwenbergng, J. Schovancova36, S. Schramm54, F. Schroeder182,

A. Schulteloo, H-C. Schultz—CoulonGla, M. Schumacher52, B.A. Schumm146, Ph. Schunel45,

A. Schwartzmanlsg, T.A. Schwarzw6, Ph. Schwemling145, R. Schwienhorst107, A. Sciamdralm7
G. Sciolla®®, M. Scodeggio®, M. Scornajenghi**™*'*, F. Scuri”™?, F. Scutti'®®, L.M. Scyboz'*?,
C.D. Sebastiani73a’73b, P. Seemalg, S.C. Seidelus, A. Seiden146, B.D. Seidlitng, T. Seissg7,

J.M. Seixas®'®, G. Sekhniaidze™?, K. Sekhon'*®, S.J. Sekula’®, N. Semprini-Cesari®*”*3*,

S. Sen®, S. Senkin®®, C. Serfon”", L. Serin®®, L. Serkin® ™ M. Sessa®®®, H. Severini'?’,

T. Sﬁligong7 F. Sforza%b"%‘r’a7 A. Sfyrla547 E. Shabalina53, J.D. ShahinianMG, N.W. Shaikh45a’45b,
D. Shaked Renouslgo7 LY. Shaunl‘f’a7 R. Shang173, J.T. Shank25, M. Shapirols, A. Sharma135,
A.S. Sharma', P.B. Shatalov'**, K. Shaw'®®, S.M. Shaw'®*, A. Shcherbakova'®®, M. Shehade®",
Y. Shen'® | N. Sherafati®*, A.D. Sherman®, P. Sherwood”®, L. Shi**®*", S. Shimizu®?,

C.O. Shimmin'®, Y. Shimogama179, M. Shimojimaulw7 LP.J. Shipseyl357 S. Shirabess,

M. Shiyakova®*® J. Shlomi'®, A. Shmeleva''!, M.J. Shochet®”, J. Shojaii'®®, D.R. Shope'??,
S. Shrestha'?”, E.M. Shrif**°, E. Shulga'®’, P. Sicho'*!, A.M. Sickles'™, P.E. Sidebo'**,

E. Sideras Haddad**®, O. Sidiropoulou®®, A. Sidoti**”?**  F. Siegert*®, Dj. Sijacki'®,

M.Jr. Silva'®!, M.V. Silva Oliveira®'®, S.B. Silverstein®®®, S. Simion®®, E. Simioni'®?,

R. Simonielloloo7 S. Simsekwb, P. Sinerv0167, V. SinetckiilB’HI, N.B. Sinev132, M. Siolig?’b’%a7
L. Siral'®, S.Yu. Sivoklokov''?, J. Sjslin®®>*°", E. Skorda®’, P. Skubic'*’, M. Slawinska™,

K. Sliwaulm7 R. Slovak143, V. Smakhtinlgo7 B.H. Smart144, J. Smiesko%a, N. Smirnov112,

S.Yu. Smirnovlm, Y. SIIlir110V1127 L.N. Smirnova113’v, 0. Smirnovam7 J.W. Smith53,

M. Smizanskago, K. Smolekl42, A. Smykiewicz%, A.A. Snesarev''!, H.L. Snoekm,

.M. Slﬂyderl?’z7 S. SnyderQQ, R. Sobielm’af7 A. Sofferlﬁl7 A. S¢gaard50, F. Sohns53,

C.A. Solans Sanchezgﬁ, E.Yu. Soldatovlu, U. Soldevila174, AA. Solodkov123, A. Solosher1k0807
O.V. Solovyanov123, V. Solovyev138, P. Sommeng, H. Sonlm7 W. Song144, W.Y. Songwgb,

A. Sopczak'*?, F. Sopkova®®”, C.L. Sotiropoulou”*™", S. Sottocornola™ "', R. Soualah®" 578,
A M. Soukharev'??*122* D South?®, S. Spagnolo®*®® M. Spalla''®, M. Spangenberg’™®,

F. Spanbg4, D. Sperlich52, T.M. Spiekerma, R. Spighi%b, G. Spigo36, M. Spina156, D.P. Spiteri57,
M. Spousta'®?, A. Stabile®®%" B.L. Stamas'*', R. Stamen®'?, M. Stamenkovic'*°,

— 37 —



E. Stanecka85, B. Stanislaus135, M.M. Stanitzki46, M. Stankaitytel35, B. Stapfno7

E.A. Starchenk0123, G.H. Stark146, J. Stark58, S.H. Stark40, P. StarobaMl, P. Starovoitovma,

S. Stélrzw‘l7 R. StaszewskiSS, G. Stavropoulos“7 M. Steglerw7 P. Steinberggg, A.L. Steimhebell?’Q7
B. Stelzer'®?, H.J. Stelzer'®®, O. Stelzer-Chilton'®**, H. Stenzel®®, T.J. Stevenson'*°,

G.A. Stewart®®, M.C. Stockton®, G. Stoiceau27b7 M. Stolarskil40a, S. Stonjekll‘r’7 A. Straessner48,
J. Strandberg154, S. Strandberg45a’45b, M. Strauss129, P. Strizenec%b, R. Str('jhmer177,

D.M. Strom132, R. Stroynows1<i427 A. Strubigso, S.A. Stucci29, B. Stugu”, J. Stupakmg,

N.A. Styles®®, D. Su'®®, S. Suchek®'®, V.V. Sulin'*!, M.J. Sullivan®, D.M.S. Sultan®,

S. Sultansoy4c, T. Sumida®, S. Sun'%, X. Sun®, K. Suruliz'*®, C.J.E. Suster’®”, M.R. Sutton*°,
S. Suzuki®?, M. Svatos™*!, M. Swiatlowski®", S.P. Swift®, T. Swirski’"", A. Sydorenko'’,

I. Sykora®®®, M. Sykora'*?, T. Sykora'*®, D. Ta'®, K. Tackmann®®*", J. Taenzer'®",

A. Taﬁard171, R. Taﬁroutlﬁga, H. Taka1297 R. Takashima87, K. Takedasg, T. TakeshitalSo,

E.P. Takeva®®, Y. Takubo®?, M. Talby'%?, A.A. Talyshev'?**!2%* N M. Tamir'®', J. Tanaka'®?,
M. Tanaka'®®, R. Tanaka®®, S. Tapia Araya”g7 S. Tapproggewo,

A. Tarek Abouelfadl Mohamed'®®, S. Tarem'®’, K. Tariq®®”, G. Tarna®>"™°, G.F. Tartarelli’®*®,

P. Tas'*®, M. Tasevsky'*!, T. Tashiro®®, E. Tassi*'®*!'*, A. Tavares Delgado**14%P

Y. Tayalati35e, AJ. Tay10r50, G.N. Tay10r105, W. Tay10r168b, A.S. Tee”, R. Teixeira De Lima'®®,
P. Teixeira—DiasM, H. Ten Kate36, J.J. TeothO, S. Teradagg, K. Terashi163, J. Terrongg,

S. TeI‘Z014, M. Testam7 R.J. Teuscher167’af, S.J. Thai51837 T. Theveneaux—Pelzer46, F. Thiele40,
D.W. Thomas94, J.O. Thomas42, J.P. Thomasﬂ, AS. Thompson57, P.D. Thompsonm,

L.A. Thomsenlsg, E. Thomson137, E.J. Thorpegg, Y. Tian39, R.E. Ticse Torres53,

V.0. Tikhomirov''*4, Yu.A. Tikhonov'***'#2* 'S Timoshenko''?, P. Tipton'®®, S. Tisserant'%?,
K. Todome®*"?3* S. Todorova-Nova®, S. Todt*®, J. Tojo®®, S. Tok&r®®*, K. Tokushuku®?,

E. Tolleylw7 K.G. f[‘omiwag?’c7 M. Tomotol”7 L. Tompkins153’q, B. Tongs’g7 P. Tornambelog,

E. Torrence'®?, H. Torres™®, E. Torré Pastor'*®, C. Tosciri*®®, J. Toth'°**°, D.R. Tovey'*’,

A. Traeet”, C.J. Tread0125, T. Trefzger177, F. TresoldilSG, A. Tricolng, .M. Triggermga,

S. Trincaz—Duvoidl?’G, W. Trischuk167, B. Trocmé587 A. TrofymovMs7 C. Tronconsga,

M. ’I‘rovatellilm7 F. Trovat0156, L. Truong?’gc, M. Trzebinski85, A. Trzupekss, F. Tsai46,

J.C-L. Tseng135, P.V. 'sti.&u"eshkam108’al7 A. Tsirigotislm7 N. Tsirintanisg, V. Tsiskaridzel55,

E.G. Tskhadadzewga, M. TsopouloulGQ, LI Tsukermar11247 V. Tsulaialg7 S. Tsun082,

D. Tsybychev155, Y. Tuﬁ?’b, A. Tudorache27b7 V. TudoracheWb, T.T. Tulbur627a, AN. Tunasg,

S. Turchikhinso, D. Turgeman180, I. Turk Cakir4b’w, R.J. Turnerm7 R. Turra69a, P.M. Tuts39,

S. Tzamarias'%?, E. Tzovara'®’, G. Ucchielli*’, K. Uchida'®, 1. Ueda®, M. Ughetto®®*°",

F. Ukegawawg, G. Unal®®, A. Undrus®, G. Une1171, F.C. Ungar0105, Y. Unno®?, K. Uno'®,

J. Urbanng, P. Urquijolo‘r’7 G. Usais, Z. Uysalud7 L. Vacavantw2, V. Vacek142, B. Vachon104,
K.O.H. Vad1a134, A. Vaidya%, C. Valderanis''*, E. Valdes Santurio45a’45b, M. Valentem7

S. Valentinett123b’23a, A. Valer0174, L. Valéry46, R.A. Vallancem, A. Vallier36, J.A. Valls Ferrelrlm7
T.R. Van DaualenM7 P. Van GemrnerenG7 I. Van Vulpenwo, M. Vaunadiauma’Mb7 W. Vandelli36,

A. Vaniachinewﬁ, D. Vannicola73a’73b, R. Vari7ga, E.W. Vaurnes77 C. Vaurni%b"55&7 T. Varoll58,

D. VarouchasGS, K.E. Varve11157, M.E. Vasile”b7 G.A. Vasquezlm, J.G. Vasquezlgg7 F. Vazeille38,
D. Vazquez Furelosm, T. Vazquez Schroeder36, J. Veatch53, V. Vecchio75a’75b, M.J. Veen120,
L.M. Veloce'®, F. Veloso™*®14%¢ S Veneziano ™, A. Ventura®*%" N. Venturi®,

A. Verbytskyi'*®, V. Vercesi’'*, M. Verducci”**"**, C.M. Vergel Infante”, C. Vergis®*,

W. Verkerke'?®, A.T. Vermeulen'?’, J.C. Vermeulen'?’, M.C. Vetterli'**®*, N. Viaux Maira'*"?,
M. Vicente Barreto PintoM7 T. Vickey149, O.E. Vickey Boeriu149, G.H.A. Viehh:amserl?’S7

L. Vigani®®, M. Villa?**#3* M. Villaplana Perez®**%°" E. Vilucchi®', M.G. Vincter®*,

G.S. Virdeem, A. Vishvvak&urnﬂam7 C. Vittori23b’23a, I. Vivaulrellil%7 M. Vogelm7 P. Vokauclém7

S.E. von Buddenbrocksge, E. Von Toern6247 V. Vorobell43, K. Vorobevlm7 M. Voslm,

— 38 —



J.H. Vossebeldgl, M. Vozakml, N. Vranjesw, M. Vranjes Milosawljevicm7 V. Vrba142,

M. Vreeswijk120, R. Vuillermet%7 L Vukotic37, P. Wagner24, W. Wagnerlgz, J. Wagner—Kuhr114,
S. Wahdan'®?, H. Wahlberg®, V.M. Walbrecht'*®, J. Walder”, R. Walker''*, S.D. Walker™,
W. Walkowiak'®!, V. Wallangen®®*%" A M. Wang®, C. Wang®®, C. Wang®®, F. Wang'®",

H. Wang'®, H. Wang®, J. Wang®?, J. Wang'®", J. Wang®'®, P. Wang*?, Q. Wang'%,

R.-J. Wang'®, R. Wang®?, R. Wang®, S.M. Wang'®®, W.T. Wang®"®, W. Wang!*“?¢,

W.X. Wang®®?8 Y. Wang®**" | Z. Wang®®, C. Wanotayaroj*®, A. Warburton'®*, C.P. Ward®?,
D.R. Wardrope%, N. Warrack57, A. Washbr00k50, A.T. VVatsor1217 M.F. Watson21, G. Wattsms,
B.M. Waugh”®, A.F. Webb'!, S. Webb'?’, C. Weber'®*, M.S. Weber?, S.A. Weber®*,

S.M. Weber®?®, A.R. Weidberg"®, J. Weingarten®”, M. Weirich'?’, C. Weiser®?, P.S. Wells*,

T. Wenaung, T. V\/engler%7 S. \7\/erlig,‘367 N. WermesM, M.D. Werner79, M. Wesselsﬁla,

T.D. Weston®’, K. Whalen'®?, N.L. Whallon'*®, A.M. Wharton®, A.S. White'’®, A. White®,
M.J. Whitel, D. Whiteson171, B.W. Whitmorego, W. Wiedenmannlgl, M. VVielerslM7

N. Wieseotte'?, C. Wiglesworth’, L.A.M. Wiik-Fuchs®?, F. Wilk'?", H.G. Wilkens®,

L.J. Wilkins®*, H.H. Williams™", S. Williams®?, C. Willis'*", S. Willocq'®®, J.A. Wilson?",

I Wingerter—SeezS, E. Winkelsl56, F. WinklmeierlBQ, 0.J. WinstonlSG, B.T. Winter52,

M. Wittgen'®®, M. Wobisch”®, A. Wolf**°, T.M.H. Wolf'*°, R. Wolff'*?, R. Wolker'®®,

J. Wollrath®?, M.W. Wolter®®, H. Wolters****'% v .W.S. Wong'™, N.L. Woods"*°,

S.D. Worm?!, B.K. Wosiek®, K.W. Wozniak®, K. Wraight®”, S.L. Wu'®', X. W™, Y. Wu%?,
T.R. Wyatt'?!, BM. Wynne, S. Xella®, Z. Xi'%, L. Xia'™, X. Xiao'%, I. Xiotidis'*®,

D. Xu'®, H. Xu®*™°, L. Xu®?, T. Xu'*®, W. Xu'%, . Xu®®, Z. Xu'®*, B. Yabsley'””,

S. Yacoob?’?’a, K. Yajimal?’?’, D.P. Yallup%7 D. Yamaguchil%, Y. Yamaguchil%7 A. Yamamotosz7
M. Yamataniwg, T. Yamazakilﬁg, Y. YamazakiSS, 7. Ya1r1257 H.J. YangGOc’ﬁod, H.T. \('amglg7

S. Yang78, X. YangﬁOb’58, Y. Yanglﬁ?’7 W-M. Yaolg, Y.C. Yap46, Y. Yasu82, E. Yautserlkoﬁoc’ﬁod7
J. Ye*?, S. Ye?, 1. Yeletskikh®, M.R. Yexley”™, E. Yigitbasi®®, K. Yorita'™®, K. Yoshihara'®",
C.J.S. Young®, C. Young'®, J. Yu™, R. Yuan®®', X. Yue®'®, S.P.Y. Yuen?!, M. Zaazoua®>,
B. Zabinsk185, G. Zacharism7 E. Zaffaroni®*, J. Zahreddine'*®, A.M. Zaitsevm?”ap,

T. Zakareishvilil59b, N. Zakhaurchukgél7 S. Zambito597 D. Zanzi%7 D.R. Zaripovas‘w7 S.V. ZeiBner47,
C. Zeitnitzm, G. Zemaitytel?’57 J.C. Zeng173, 0. Zeni111237 T. Zenié%a, D. Zerwas%7

M. Zgubic'®®, D.F. Zhang'®", G. Zhang'®", H. Zhang'®®, J. Zhang®, L. Zhang*®, L. Zhang®"®,
M. Zhang'™, R. Zhang?®, X. Zhang®"®, Y. Zhang'®*"®, Z. Zhang®*®, Z. Zhang®®, P. Zhao®,

Y. Zha060b, Z. Zhao®"®, A. Zhemchugovgo, Z. ZhengmG7 D. Zhong173, B. Zhouwﬁ, C. Zhou'®!,
M.S. Zhou'®™'4 M. Zhou'®®, N. Zhou®®, Y. Zhou', C.G. Zhu®*®, H.L. Zhu®**, H. Zhu'®®,

J. Zhuwﬁ, Y. Zhuma7 X. Zhuangl‘r’a7 K. Zhukovul, V. Zhulanovlmb’lwa7 D. Zieminska66,

N.I Zimine®®, S. Zimmermann®?, Z. Zinonos'*®, M. Ziolkowski'®", L. Zivkovi¢'®, G. Zobernig"®',
A. Zoccoliz?’b’%a, K. Zoch53, T.G. ZorbasMg, R. Zou®", L. Zwalinski®®

Department of Physics, University of Adelaide, Adelaide, Australia
Physics Department, SUNY Albany, Albany NY, United States of America
Department of Physics, University of Alberta, Edmonton AB, Canada

PR VR

(a)Department of Physics, Ankara University, Ankara; ® Istanbul Aydin University, Application
and Research Center for Advanced Studies, Istanbul; ©) Division of Physics, TOBB University of
Economics and Technology, Ankara, Turkey

LAPP, Université Grenoble Alpes, Université Savoie Mont Blanc, CNRS/IN2P3, Annecy, France
High Energy Physics Division, Argonne National Laboratory, Argonne IL, United States of America
Department of Physics, University of Arizona, Tucson AZ, United States of America

Department of Physics, University of Texas at Arlington, Arlington TX, United States of America

© o N O w

Physics Department, National and Kapodistrian University of Athens, Athens, Greece
Physics Department, National Technical University of Athens, Zografou, Greece

-39 —



11
12

13
14

15

16
17
18

19
20

21
22

23

24
25
26
27

28

29
30
31
32
33

34
35

36
37
38
39

Department of Physics, University of Texas at Austin, Austin TX, United States of America

(@) Bahcesehir University, Faculty of Engineering and Natural Sciences, Istanbul; ®) Istanbul Bilgi
University, Faculty of Engineering and Natural Sciences, Istanbul; © Department of Physics,
Bogazici University, Istanbul; @ Department of Physics Engineering, Gaziantep University,
Gaziantep, Turkey

Institute of Physics, Azerbaijan Academy of Sciences, Baku, Azerbaijan

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

(@) Institute of High Energy Physics, Chinese Academy of Sciences, Beijing; ®) Physics Department,
Tsinghua University, Beijing; (C>Department of Physics, Nanjing University, Nanjing; () University
of Chinese Academy of Science (UCAS), Beijing, China

Institute of Physics, University of Belgrade, Belgrade, Serbia

Department for Physics and Technology, University of Bergen, Bergen, Norway

Physics Division, Lawrence Berkeley National Laboratory and University of California, Berkeley
CA, United States of America

Institut fir Physik, Humboldt Universitit zu Berlin, Berlin, Germany

Albert Finstein Center for Fundamental Physics and Laboratory for High Energy Physics,
University of Bern, Bern, Switzerland

School of Physics and Astronomy, University of Birmingham, Birmingham, United Kingdom

(@) Facultad de Ciencias y Centro de Investigaciones, Universidad Antonio Narifio, Bogotd;
(b)Departamento de Fisica, Universidad Nacional de Colombia, Bogota, Colombia, Colombia

(@) INFN Bologna and Universita’ di Bologna, Dipartimento di Fisica; ®)INFN Sezione di Bologna,
Ttaly

Physikalisches Institut, Universitat Bonn, Bonn, Germany

Department of Physics, Boston University, Boston MA, United States of America

Department of Physics, Brandeis University, Waltham MA, United States of America

) Transilvania University of Brasov, Brasov; ®) Horia Hulubei National Institute of Physics and
Nuclear Engineering, Bucharest; (C)Department of Physics, Alexandru Ioan Cuza University of Iast,
lasi; D National Institute for Research and Development of Isotopic and Molecular Technologies,
Physics Department, Cluj-Napoca; () University Politehnica Bucharest, Bucharest; ) West
University in Timisoara, Timisoara, Romania

(a)Faculty of Mathematics, Physics and Informatics, Comenius University, Bratislava;
(b)Department of Subnuclear Physics, Institute of Experimental Physics of the Slovak Academy of
Sciences, Kosice, Slovak Republic

Physics Department, Brookhaven National Laboratory, Upton NY, United States of America
Departamento de Fisica, Universidad de Buenos Aires, Buenos Aires, Argentina

California State University, CA, United States of America

Cavendish Laboratory, University of Cambridge, Cambridge, United Kingdom

(a)Department of Physics, University of Cape Town, Cape Town; ®) i Themba Labs, Western Cape;
© Department of Mechanical Engineering Science, University of Johannesburg, Johannesburg;

(@) University of South Africa, Department of Physics, Pretoria; (©) Sehool of Physics, University of
the Witwatersrand, Johannesburg, South Africa

Department of Physics, Carleton University, Ottawa ON, Canada

() Faculté des Sciences Ain Chock, Réseau Universitaire de Physique des Hautes Energies —
Université Hassan II, Casablanca; ®) Faculté des Sciences, Université Ibn-Tofail, Kénitra;

(©) Faculté des Sciences Semlalia, Université Cadi Ayyad, LPHEA-Marrakech; D Faculté des
Sciences, Université Mohamed Premier and LPTPM, Oujda; (©) Faculté des sciences, Université
Mohammed V, Rabat, Morocco

CERN, Geneva, Switzerland

Enrico Fermi Institute, University of Chicago, Chicago IL, United States of America

LPC, Université Clermont Auvergne, CNRS/IN2P3, Clermont-Ferrand, France

Nevis Laboratory, Columbia University, Irvington NY, United States of America

— 40 —



40
41

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

60

61

62
63

64
65
66
67

68

69
70
71
72
73
74

76
77

Niels Bohr Institute, University of Copenhagen, Copenhagen, Denmark

(a>Dipartiment0 di Fisica, Universita della Calabria, Rende; ®) INFN Gruppo Collegato di Cosenza,
Laboratori Nazionali di Frascati, Italy

Physics Department, Southern Methodist University, Dallas TX, United States of America
Physics Department, University of Texas at Dallas, Richardson TX, United States of America
National Centre for Scientific Research “Demokritos”, Agia Paraskevi, Greece

(a>Department of Physics, Stockholm University; ®) Oskar Klein Centre, Stockholm, Sweden
Deutsches Elektronen-Synchrotron DESY, Hamburg and Zeuthen, Germany

Lehrstuhl fiir Experimentelle Physik IV, Technische Universitiat Dortmund, Dortmund, Germany
Institut fir Kern und Teilchenphysik, Technische Universitit Dresden, Dresden, Germany
Department of Physics, Duke University, Durham NC, United States of America

SUPA — School of Physics and Astronomy, University of Edinburgh, Edinburgh, United Kingdom
INFN e Laboratori Nazionali di Frascati, Frascati, Italy

Physikalisches Institut, Albert-Ludwigs-Universitit Freiburg, Freiburg, Germany

1I. Physikalisches Institut, Georg-August-Universitdt Géttingen, Géttingen, Germany
Département de Physique Nucléaire et Corpusculaire, Université de Genéve, Genéve, Switzerland
(a)Dipartimento di Fisica, Universita di Genova, Genova; ®) INFN Sezione di Genova, Italy

1I. Physikalisches Institut, Justus-Liebig-Universitit Giessen, Giessen, Germany

SUPA — School of Physics and Astronomy, University of Glasgow, Glasgow, United Kingdom
LPSC, Université Grenoble Alpes, CNRS/IN2P3, Grenoble INP, Grenoble, France

Laboratory for Particle Physics and Cosmology, Harvard University, Cambridge MA, United States
of America

(“>Department of Modern Physics and State Key Laboratory of Particle Detection and Electronics,
University of Science and Technology of China, Hefei; ®) Institute of Frontier and Interdisciplinary
Science and Key Laboratory of Particle Physics and Particle Irradiation (MOE), Shandong
University, Qingdao; () School of Physics and Astronomy, Shanghai Jiao Tong University,
KLPPAC-MoE, SKLPPC, Shanghai; (@) Tsung-Dao Lee Institute, Shanghai, China
(a)Kirchhoﬁ—Institut fur Physik, Ruprecht-Karls-Universitit Heidelberg, Heidelberg;
(b)Physikalisches Institut, Ruprecht-Karls-Universitdt Heidelberg, Heidelberg, Germany

Faculty of Applied Information Science, Hiroshima Institute of Technology, Hiroshima, Japan
(“>Department of Physics, Chinese University of Hong Kong, Shatin, N.T., Hong Kong;
(b)Department of Physics, University of Hong Kong, Hong Kong; <C)Department of Physics and
Institute for Advanced Study, Hong Kong University of Science and Technology, Clear Water Bay,
Kowloon, Hong Kong, China

Department of Physics, National Tsing Hua University, Hsinchu, Taiwan

1JCLab, Université Paris-Saclay, CNRS/IN2P3, 91405, Orsay, France

Department of Physics, Indiana University, Bloomington IN, United States of America

(@ INFN Gruppo Collegato di Udine, Sezione di Trieste, Udine; (b)IC’TP, Trieste; (C)Dipartimento
Politecnico di Ingegneria e Architettura, Universita di Udine, Udine, Italy

(D INFN Sezione di Lecce; (b)Dipartimento di Matematica e Fisica, Universita del Salento, Lecce,
Ttaly

(W INFN Sezione di Milano; (b)Dipartimento di Fisica, Universita di Milano, Milano, Italy

(W INFN Sezione di Napoli; ® Dipartimento di Fisica, Universita di Napoli, Napoli, Italy

() INFN Sezione di Pavia; ®) Dipartimento di Fisica, Universita di Pavia, Pavia, Italy

(D INFN Sezione di Pisa; (b)Dipartimento di Fisica E. Fermi, Universita di Pisa, Pisa, Italy

(@ INFN Sezione di Roma; (b)Dipartimento di Fisica, Sapienza Universita di Roma, Roma, Italy
(W) INFN Sezione di Roma Tor Vergata; ®) Dipartimento di Fisica, Universita di Roma Tor Vergata,
Roma, Italy

() INFN Sezione di Roma Tre; ®) Dipartimento di Matematica e Fisica, Universita Roma Tre,
Roma, Italy

(@) INFN- TIFPA; ®) Universita degli Studi di Trento, Trento, Italy

Institut fiir Astro und Teilchenphysik, Leopold-Franzens-Universitdt, Innsbruck, Austria

— 41 —



79
80
81

82
83
84

85
86
87
88

89
90
91
92

93
94
95
96
97
98

99

100
101
102
103
104
105
106
107

108
109
110
111
112
113

114
115
116
117
118

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

Department of Physics and Astronomy, Iowa State University, Ames IA, United States of America
Joint Institute for Nuclear Research, Dubna, Russia

(a>Departamento de Engenharia Elétrica, Universidade Federal de Juiz de Fora (UFJF), Juiz de
Fora; ®) Universidade Federal do Rio De Janeiro COPPE/EE/IF, Rio de Janeiro; ) Universidade
Federal de Sao Jodo del Rei (UFSJ), Sio Joao del Rei; D Instituto de Fisica, Universidade de Sao
Paulo, Sao Paulo, Brazil

KFEK, High Energy Accelerator Research Organization, Tsukuba, Japan

Graduate School of Science, Kobe University, Kobe, Japan

@ AGH University of Science and Technology, Faculty of Physics and Applied Computer Science,
Krakow; ®) Marian Smoluchowski Institute of Physics, Jagiellonian University, Krakow, Poland
Institute of Nuclear Physics Polish Academy of Sciences, Krakow, Poland

Faculty of Science, Kyoto University, Kyoto, Japan

Kyoto University of Education, Kyoto, Japan

Research Center for Advanced Particle Physics and Department of Physics, Kyushu University,
Fukuoka , Japan

Instituto de Fisica La Plata, Universidad Nacional de La Plata and CONICET, La Plata, Argentina
Physics Department, Lancaster University, Lancaster, United Kingdom

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

Department of Experimental Particle Physics, JoZef Stefan Institute and Department of Physics,
Uniwversity of Ljubljana, Ljubljana, Slovenia

School of Physics and Astronomy, Queen Mary University of London, London, United Kingdom
Department of Physics, Royal Holloway University of London, Egham, United Kingdom
Department of Physics and Astronomy, University College London, London, United Kingdom
Louisiana Tech University, Ruston LA, United States of America

Fysiska institutionen, Lunds universitet, Lund, Sweden

Centre de Calcul de IInstitut National de Physique Nucléaire et de Physique des Particules
(IN2P3), Villeurbanne, France

Departamento de Fisica Teorica C-15 and CIAFF, Universidad Auténoma de Madrid, Madrid,
Spain

Institut fir Physik, Universitat Mainz, Mainz, Germany

School of Physics and Astronomy, University of Manchester, Manchester, United Kingdom
CPPM, Aiz-Marseille Université, CNRS/IN2P3, Marseille, France

Department of Physics, University of Massachusetts, Amherst MA, United States of America
Department of Physics, McGill University, Montreal QC, Canada

School of Physics, University of Melbourne, Victoria, Australia

Department of Physics, University of Michigan, Ann Arbor MI, United States of America
Department of Physics and Astronomy, Michigan State University, East Lansing MI, United States
of America

B.1I. Stepanov Institute of Physics, National Academy of Sciences of Belarus, Minsk, Belarus
Research Institute for Nuclear Problems of Byelorussian State University, Minsk, Belarus

Group of Particle Physics, University of Montreal, Montreal QC, Canada

P.N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow, Russia

National Research Nuclear University MEPhI, Moscow, Russia
D.V. Skobeltsyn Institute of Nuclear Physics, M.V. Lomonosov Moscow State University, Moscow,
Russia

Fakultat fir Physik, Ludwig-Mazximilians-Universitat Minchen, Minchen, Germany
Maax-Planck-Institut fir Physik (Werner-Heisenberg-Institut), Minchen, Germany

Nagasaki Institute of Applied Science, Nagasaki, Japan

Graduate School of Science and Kobayashi-Maskawa Institute, Nagoya University, Nagoya, Japan
Department of Physics and Astronomy, University of New Mexico, Albuquerque NM, United States
of America

— 42 —



119

120

121
122

123

124

125
126
127
128
129

130
131
132
133
134
135
136

138

139

140

141
142
143
144
145
146

147

148
149
150
151
152
153

Institute for Mathematics, Astrophysics and Particle Physics, Radboud University
Nigmegen/Nikhef, Nigmegen, Netherlands

Nikhef National Institute for Subatomic Physics and University of Amsterdam, Amsterdam,
Netherlands

Department of Physics, Northern Illinois University, DeKalb IL, United States of America

(@) Budker Institute of Nuclear Physics and NSU, SB RAS, Novosibirsk; ®) Novosibirsk State
University Novosibirsk, Russia

Institute for High Energy Physics of the National Research Centre Kurchatov Institute, Protvino,
Russia

Institute for Theoretical and Experimental Physics named by A.I. Alikhanov of National Research
Centre “Kurchatov Institute”, Moscow, Russia

Department of Physics, New York University, New York NY, United States of America
Ochanomizu University, Otsuka, Bunkyo-ku, Tokyo, Japan

Ohio State University, Columbus OH, United States of America

Faculty of Science, Okayama University, Okayama, Japan

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

Department of Physics, Oklahoma State University, Stillwater OK, United States of America
Palacky University, RCPTM, Joint Laboratory of Optics, Olomouc, Czech Republic

Institute for Fundamental Science, University of Oregon, Fugene, OR, United States of America
Graduate School of Science, Osaka University, Osaka, Japan

Department of Physics, University of Oslo, Oslo, Norway

Department of Physics, Ozford University, Ozford, United Kingdom

LPNHE, Sorbonne Université, Université de Paris, CNRS/IN2P3, Paris, France

Department of Physics, University of Pennsylvania, Philadelphia PA, United States of America
Konstantinov Nuclear Physics Institute of National Research Centre “Kurchatov Institute”, PNPI,
St. Petersburg, Russia

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

(@) Laboratério de Instrumentagao e Fisica Experimental de Particulas — LIP, Lisboa;
(b)Departamento de Fisica, Faculdade de Ciéncias, Universidade de Lisboa, Lisboa;
(C)Departamento de Fisica, Universidade de Coimbra, Coimbra; @ Centro de Fisica Nuclear da
Universidade de Lisboa, Lisboa; (E)Departamento de Fisica, Universidade do Minho, Braga;
(f>Departamento de Fisica Tedrica y del Cosmos, Universidad de Granada, Granada (Spain);
(g>Departamento de Fisica and CEFITEC of Faculdade de Ciéncias e Tecnologia, Universidade
Nowa de Lisboa, Caparica; ") Instituto Superior Técnico, Universidade de Lisboa, Lisboa, Portugal
Institute of Physics of the Czech Academy of Sciences, Prague, Czech Republic

Czech Technical University in Prague, Prague, Czech Republic

Charles University, Faculty of Mathematics and Physics, Prague, Czech Republic

Particle Physics Department, Rutherford Appleton Laboratory, Didcot, United Kingdom

IRFU, CEA, Université Paris-Saclay, Gif-sur-Yvette, France

Santa Cruz Institute for Particle Physics, University of California Santa Cruz, Santa Cruz CA,
United States of America

(“>Departamento de Fisica, Pontificia Universidad Catdlica de Chile, Santiago; ®) Universidad
Andres Bello, Department of Physics, Santiago; © Instituto de Alta Investigacion, Universidad de
Tarapacd; (d)Departamento de Fisica, Universidad Técnica Federico Santa Maria, Valparaiso, Chile
Department of Physics, University of Washington, Seattle WA, United States of America
Department of Physics and Astronomy, University of Sheffield, Sheffield, United Kingdom
Department of Physics, Shinshu University, Nagano, Japan

Department Physik, Universitat Siegen, Siegen, Germany

Department of Physics, Simon Fraser University, Burnaby BC, Canada

SLAC National Accelerator Laboratory, Stanford CA, United States of America

— 43 —



156
157
158
159

160
161

162
163

164
165
166
167
168

169

170
171

172
173
174

175
176
177

178
179
180
181
182

183
184

Physics Department, Royal Institute of Technology, Stockholm, Sweden

Departments of Physics and Astronomy, Stony Brook University, Stony Brook NY, United States of
America

Department of Physics and Astronomy, University of Sussex, Brighton, United Kingdom

School of Physics, University of Sydney, Sydney, Australia

Institute of Physics, Academia Sinica, Taipei, Taiwan

(DB, Andronikashvili Institute of Physics, Iv. Javakhishvili Tbilisi State University, Tbilisi; (b)High
Energy Physics Institute, Tbhilisi State University, Tbilisi, Georgia

Department of Physics, Technion, Israel Institute of Technology, Haifa, Israel

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

Department of Physics, Aristotle University of Thessaloniki, Thessaloniki, Greece

International Center for Elementary Particle Physics and Department of Physics, University of
Tokyo, Tokyo, Japan

Graduate School of Science and Technology, Tokyo Metropolitan University, Tokyo, Japan
Department of Physics, Tokyo Institute of Technology, Tokyo, Japan

Tomsk State University, Tomsk, Russia

Department of Physics, University of Toronto, Toronto ON, Canada

(@) TRIUMF, Vancouver BC; (b)Department of Physics and Astronomy, York University, Toronto
ON, Canada

Division of Physics and Tomonaga Center for the History of the Universe, Faculty of Pure and
Applied Sciences, University of Tsukuba, Tsukuba, Japan

Department of Physics and Astronomy, Tufts University, Medford MA, United States of America
Department of Physics and Astronomy, University of California Irvine, Irvine CA, United States of
America

Department of Physics and Astronomy, University of Uppsala, Uppsala, Sweden

Department of Physics, University of Illinois, Urbana IL, United States of America

Instituto de Fisica Corpuscular (IFIC), Centro Mixzto Universidad de Valencia — CSIC, Valencia,
Spain

Department of Physics, University of British Columbia, Vancouwver BC, Canada

Department of Physics and Astronomy, University of Victoria, Victoria BC, Canada

Fakultdt fir Physik und Astronomie, Julius-Mazimilians- Universitdt Wiirzburg, Wiirzburg,
Germany

Department of Physics, University of Warwick, Coventry, United Kingdom

Waseda University, Tokyo, Japan

Department of Particle Physics, Weizmann Institute of Science, Rehovot, Israel

Department of Physics, University of Wisconsin, Madison WI, United States of America
Fakultat fir Mathematik und Naturwissenschaften, Fachgruppe Physik, Bergische Universitdt
Wuppertal, Wuppertal, Germany

Department of Physics, Yale University, New Haven CT, United States of America

Yerevan Physics Institute, Yerevan, Armenia

Also at Borough of Manhattan Community College, City University of New York, New York NY,
United States of America

Also at CERN, Geneva, Switzerland

Also at CPPM, Aiz-Marseille Université, CNRS/IN2P3, Marseille, France

Also at Département de Physique Nucléaire et Corpusculaire, Université de Genéve, Genéve,
Switzerland

Also at Departament de Fisica de la Universitat Autonoma de Barcelona, Barcelona, Spain
Also at Departamento de Fisica, Instituto Superior Técnico, Universidade de Lisboa, Lisboa,
Portugal

Also at Department of Applied Physics and Astronomy, University of Sharjah, Sharjah, United
Arab Emirates

— 44 —



aa
ab

ac

ad

ae

af
ag
ah
ai
aj
ak
al
am
an
ao
ap
aq
ar
as
at
au
av
aw
ax

ay

Also at Department of Financial and Management Engineering, University of the Aegean, Chios,
Greece

Also at Department of Physics and Astronomy, Michigan State University, East Lansing MI,
United States of America

Also at Department of Physics and Astronomy, University of Louisville, Louisville, K'Y, United
States of America

Also at Department of Physics, Ben Gurion University of the Negev, Beer Sheva, Israel

Also at Department of Physics, California State University, Fast Bay, United States of America
Also at Department of Physics, California State University, Fresno, United States of America
Also at Department of Physics, California State University, Sacramento, United States of America
Also at Department of Physics, King’s College London, London, United Kingdom

Also at Department of Physics, St. Petersburg State Polytechnical University, St. Petersburg, Russia
Also at Department of Physics, Stanford University, Stanford CA, United States of America
Also at Department of Physics, University of Adelaide, Adelaide, Australia

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

Also at Department of Physics, University of Michigan, Ann Arbor MI, United States of America
Also at Dipartimento di Matematica, Informatica e Fisica, Universita di Udine, Udine, Italy
Also at Faculty of Physics, M.V. Lomonosov Moscow State University, Moscow, Russia

Also at Giresun University, Faculty of Engineering, Giresun, Turkey

Also at Graduate School of Science, Osaka University, Osaka, Japan

Also at Hellenic Open University, Patras, Greece

Also at IJCLab, Université Paris-Saclay, CNRS/IN2P3, 91405, Orsay, France

Also at Institucio Catalana de Recerca i Estudis Avancats, ICREA, Barcelona, Spain

Also at Institut fir Experimentalphysik, Universitat Hamburg, Hamburg, Germany

Also at Institute for Mathematics, Astrophysics and Particle Physics, Radboud University
Nigmegen/Nikhef, Nijmegen, Netherlands

Also at Institute for Nuclear Research and Nuclear Energy (INRNE) of the Bulgarian Academy of
Sciences, Sofia, Bulgaria

Also at Institute for Particle and Nuclear Physics, Wigner Research Centre for Physics, Budapest,
Hungary

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

Also at Institute of Physics, Academia Sinica, Taipei, Taiwan

Also at Institute of Physics, Azerbaijan Academy of Sciences, Baku, Azerbaijan

Also at Institute of Theoretical Physics, Ilia State University, Tbilisi, Georgia

Also at Instituto de Fisica Teorica, IFT-UAM/CSIC, Madrid, Spain

Also at Istanbul University, Department of Physics, Istanbul, Turkey

Also at Joint Institute for Nuclear Research, Dubna, Russia

Also at Louisiana Tech University, Ruston LA, United States of America

Also at LPNHE, Sorbonne Université, Université de Paris, CNRS/IN2P3, Paris, France

Also at Manhattan College, New York NY, United States of America

Also at Moscow Institute of Physics and Technology State University, Dolgoprudny, Russia

Also at National Research Nuclear University MEPhI, Moscow, Russia

Also at Physics Department, An-Najah National University, Nablus, Palestine

Also at Physics Dept, University of South Africa, Pretoria, South Africa

Also at Physikalisches Institut, Albert-Ludwigs-Universitdt Freiburg, Freiburg, Germany

Also at School of Physics, Sun Yat-sen University, Guangzhou, China

Also at The City College of New York, New York NY, United States of America

Also at The Collaborative Innovation Center of Quantum Matter (CICQM), Beijing, China
Also at TRIUMF, Vancouwver BC, Canada

Also at Universita di Napoli Parthenope, Napoli, Italy

Deceased

,45,



