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and a reference object. Thequark jet energy scale using
particle flow jets is measured for the first time with around

0 - — .
1% precision using +jet events. 1 Introduction

The energetic proton—protop) collisions produced by the

Contents Large Hadron Collider (LHC) yield final states that are pre-
: dominantly characterised by jets, which are collimated sprays
1 Introduction . . . ... .. .. ... ... ..., 1 y Y] . pray
of charged and neutral hadrons and their decay products.
2 The ATLAS detector. . . . . . ... ... ..... 2 . L .
) Jets constitute an essential piece of the physics programme
3 Data samples and simulated events. . . . . . .. 2 . ; :
carried out using the ATLAS detector, and a precise under-
3.1 Datasamples. . . .. ... ... ....... 2 . . T . :
: . standing of jet reconstruction is critical for a wide variety of
3.2 Monte Carlo simulation . . . . .. ... ... 2 .
. processes. Measurements of both the jet energy scale (JES)
3.3 Jetreconstruction . . . . .. ... ... ... 3 . .
. . Lo and resolution (JER) of these complex objects are therefore
4 The simulation-based calibration . . . . . .. .. 4 . .
: essential for precision measurements of the Standard Model
4.1 Eventselection. . . . . ... ... ...... 4 .
L . . . and for searches for new phenomena beyond it. Several new
4.2 Estimating the mediapr density and the pile- . . ;
. . methods are presented for improving the jet energy scale cal-
up density correction. . . . . ... ... ... 4 . . S :
. . . ibration and evaluating their performance in simulation and
4.3 Residual pile-up correction . . . . . . .. .. 5 . . -
. . . data, paving the way to achieving a better precision onthe JES
4.3.1 The 1Dresidual pile-up correction. . . 5 for Run 3 and beyond. These techniques were developed for
4.3.2 The 3D residual pile-up correctian. . . 6 yona. d P

jets reconstructed with the arkj-algorithm [L, 2] with radius

* e-mail: atlas. publications@cern.ch parameteR = 0.4 using particle flow inputs3,4]. Previous
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calibration strategies by the ATLAS Collaboration, that usedgranularity lead/liquid-argon (LAr) calorimeters, with an
up to 81 fb-! data 9], are extended and improved by by additional thin LAr presampler covering| < 1.8 to cor-
taking advantage of the full Run 2 data sample of 140fb  rect for energy loss in material upstream of the calorime-
The jet energy scale calibration consists of a series of caters. Hadron calorimetry is provided by the steel/scintillator-
ibration steps. The first stage of the calibration uses simulaile calorimeter, segmented into three barrel structures within
tion to derive corrections to the jet energy scale to reduce thig| = 1.7, and two copper/LAr hadron endcap calorimeters.
impact of pile-up, detector effects, and other parameters. ThEhe solid angle coverage is completed with forward cop-
second stage of the calibration is a residual in situ calibraper/LAr and tungsten/LAr calorimeter modules optimised for
tion, correcting for remaining differences between data anélectromagnetic and hadronic energy measurements respec-
Monte Carlo (MC) simulation, derived using well-measuredtively.
reference objects, including photons afidhosons. The muon spectrometer (MS) comprises separate trigger
The structure of the paperis as follows. Secfldescribes  and high-precision tracking chambers measuring the deflec-
the ATLAS detector, and Se@&describes the recorded data tion of muons in a magnetic field generated by the super-
and the MC simulation samples, and the inputs and algosonducting air-core toroidal magnets. The field integral of
rithms used to reconstruct the jets. Sectlarescribes the the toroids ranges between 2.0 and 6.0 T m across most of
methods used and the result of the simulation-based calibréiie detector. Three layers of precision chambers, each con-
tion, Sect5 describes the in situ calibration, and conclusionssisting of layers of monitored drift tubes, cover the region
are given in Secé. In| < 2.7, complemented by cathode-strip chambers in the
forward region, where the background is highest. The muon
trigger system covers the range|of < 2.4 with resistive-
2 The ATLAS detector plate chambers in the barrel, and thin-gap chambers in the
endcap regions.
The ATLAS detector]0] atthe LHC covers nearly the entire  Interesting events are selected by the first-level trigger sys-
solid angle around the collision poihtlt consists of an temimplemented in custom hardware, followed by selections
inner tracking detector surrounded by a thin superconductnade by algorithms implemented in software in the high-
ing solenoid, electromagnetic and hadron calorimeters, andl@vel trigger [L3]. The first-level trigger accepts events from
muon spectrometer incorporating three large supercondudihe up-to 40 MHz bunch crossings at a rate below 100 kHz,
ing air-core toroidal magnets. which is further reduced by the high-level trigger to record
The inner-detector system (ID) is immerseda 2 T  events to disk at about 1 kHz.
axial magnetic field and provides charged-particle tracking An extensive software suité4] is used in the reconstruc-
in the range ofy| < 2.5. The high-granularity silicon pixel tion and analysis of real and simulated data, in detector oper-
detector covers the vertex region and typically provides fougtions, and in the trigger and data acquisition systems of the
measurements per track, the first hit normally being in th&Xxperiment.
insertable B-layer (IBL) installed before Run 21[12]. It
is followed by the silicon microstrip tracker (SCT), which
usually provides eight measurements per track. These sil3 Data samplesand simulated events
con detectors are complemented by the transition radiation
tracker (TRT), which enables radially extended track recon3.1 Data samples
struction up to|n| = 2.0. The TRT also provides electron
identification information based on the fraction of hits aboveThe data used for the calibration study were collected by
ahigher energy-deposit threshold corresponding to transitioATLAS in the pp collisions at,/s = 13 TeV from 2015 to
radiation. 2018 with all subdetectors operational, corresponding to an
The calorimeter system covers the pseudorapidity rangitegrated luminosity of 140 fi. The proton bunch cross-
of [n] < 4.9. In the region|ny| < 3.2, electromag- ing interval was 25 ns during the data taking. The average
netic calorimetry is provided by barrel and endcap high-number of interactions per bunch crossipg for the Run 2
datais 34. These conditions, and those of the detector config-

L ATLAS uses a right-handed coordinate system with its origin at tneUration and reconstruction thresholds, are taken into account

nominal interaction point (IP) in the centre of the detector andzthe N producing and reconstructing simulated déatg [

axis along the beam pipe. Theaxis points from the IP to the centre of

the LHC ring, and thegy-axis points upwards. Cylindrical coordinates 3 » Monte Carlo simulation

(r, ¢) are used in the transverse plagebeing the azimuthal angle

around thez-axis. The pseudorapidity is defined in terms of the polar . . .

angled asy = — Intan(9/2). Angular distance is measured in units of The Monte-Carlo (MC) based calibration uses MC simulated

(An)2 + (Ap)2. dijet and multijet events.PyTHIA v8.230 [L6] is used as
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the nominal MC generator for simulating dijets. Samples ofation photon component separately. The alternative sample
2 — 2 dijetevents are simulated using the A14tuhd pnd  used iny +jet events iSHERPA 2.2.2 withNNPDF 3.0NNLO
the NNPDF 2.3 [18] parton distribution function (PDF) set. PDF set Q.
Decays of heavy-flavour hadrons are modeled using EvtGen All samples are reconstructed using a full detector simula-
[19. tion and superimposed minimum-bias interactions simulated
Several alternative samples are used to study the impaasingPyYTHIA 8 with the A3 set of tuned paramete88] and
of the MC simulation on the calibration, and to determineNNPDF 2.3L0 PDF set to represent multipfg interactions
uncertainties based on this. Two different dijet samples arduring the same or nearby bunch crossings (pile-up). The
simulated using thBHERPA 2.2.5 [20] generator. The matrix distribution of the average number of pile-up interactions in
element calculation was included for the2 2 process at simulation is reweighted during data analysis to match that
leading-order, and the defalBHERPA parton showerq1]  observed in the Run 2 data.
based on Catani—Seymour dipole factorisation was used for
the showering withpt ordering, using th€T 14NNLO PDF 3.3 Jet reconstruction
set R2]. The first of these samples made use of the dedi-
catedSHERPA AHADIC model for hadronisation43], based The jets in these studies are reconstructed with thekanti-
on cluster fragmentation. A second sample was generatelgorithm with aradius parametBr= 0.4 asimplementedin
with the same configuration but using tBeERPA interface  theFASTJET software packagelD]. Four-momentum objects
to the Lund string fragmentation model ®fvTHIA6 [24]  are used as inputs to the algorithm, and may be particles at the
and its decay tables. These two sets of samples were usgdnerator level of the MC, charged-particle tracks, calorime-
to evaluate uncertainties stemming from the hadronisatioter energy deposits, or algorithmic combinations of the lat-
modelling. ter two, as in the case of the particle-flow (PFlow) recon-
Two sets of samples are simulated ushgrRwIG 7.1.6  struction technique. Particles at the MC generator level are
[25-27] with the NNPDF2.3L0 PDF set. These samples referred to as truth particles. Reconstructed jets use PFlow
include the 2— 2 process at the matrix element level, andobjects (PFOs) as inputs to jet reconstruction, which combine
either the default angular-ordered parton shov@& pr a  measurements from the tracker and the calorimeter to form
dipole parton shower2p,30] using splitting kernels based the input signals for jet reconstruction. Specifically, energy
on the Catani—Seymour subtraction scheB&3Z2], and in  deposited inthe calorimeter by charged particles is subtracted
both the cases, using a cluster hadronisation. from the observed topo-clusters and replaced by the momenta
Alternative samples of multijet production at NLO accu- of tracks that are matched to those topo-clusters, as described
racy were produced witPowHEG Box v2 [33,34] interfaced  in Ref. [3], and with the updates described in Rdj. [These
to PYTHIA 8. These were generated with the dijet process agesulting PFlow jets show improved energy and angular res-
implemented iPOWHEG Box v2 [35]. The pr of the under-  olution, reconstruction efficiency, and pile-up stability com-
lying Born configuration was taken as the renormalisatiorpared with jets reconstructed using only calorimeter infor-
and factorisation scales and thNNPDF 3.0NLO [36] PDF  mation.
was usedPYTHIA with the A14 tune and thBINPDF 2.3L0 Charged particle tracks are used for both the PFlow recon-
PDF was used for the shower and multi-parton interacstruction and for deriving calibrations. These tracks are
tions. These samples included per-event weight variationseconstructed in the full acceptance of the inner detector
for different perturbative scales in the matrix element, dif-|n| < 2.5, and are required to havepg > 500 MeV unless
ferent parton distribution functions and their uncertaintiesptherwise stated, and must satisfy criteria based on the num-
and thePyTHIA perturbative shower uncertainties. This mul-ber of hits in the ID subdetectors. In addition, tracks must
tijet sample is used as the nominal MC sample for in situsatisfy|zgsind| < 2 mm, wherezg is the distance of clos-
n-intercalibration, whillPOWHEG Box v2 [33,34] interfaced  est approach of the track to the hard-scatter primary vertex
to HERWIG [27] with an angular-ordered parton show2B]  along thez-axis. Tracks used in the calibration are matched
and theNNPDF 2.3L.0 PDF is used as an alternative sam-to jets using ghost association, a procedure that treats them as
ple. four-vectors of infinitesimal magnitude during the jet recon-
Forthein situiZz+jetanalysis, samples @bosonwithjets  struction and assigns them to the jet with which they are
(Z+jet) are produced witMADGRAPH + PYTHIA8 [37] using  clustered 41].
the NNPDF 3.0NNLO PDF set O] and the AZNLO set of Generator-level jets, referred to as truth jets, are recon-
tuned parameter8§]. SHERPA 2.2.11 is used as the alterna- structed using stable final-state particles, defined as those
tive MC sample. The nominal+jets samples are generated with ct > 10 mm, excluding muons, neutrinos, and particles
with PyTHIA v8.230 [L6] using the A14 set of tuned param- from pile-up interactions. Generator-level jets are selected
eters L7] and NNPDF 2.3 PDF set. They+jet samples are with pr > 7 GeV and|n| < 4.5, while reconstructed jets
produced for the direct photon component and the fragmenised for the MC calibration are selected wjith < 4.5.
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4 Thesimulation-based calibration of each other. Events are required to have at least two recon-
structed jets, and at least one truth jet. Truth jets are geomet-
This section details the simulation-based jet energy scalécally matched to PFlow jets using the angular distanée
calibration, which restores the average jet energy to that afith the requiremenA R < 0.3. In addition, truth jets are
truth jets. The event selection for these steps is described nequired to be isolated from all other truth jetshAR > 1.0,
Sect4.1, and the calibration is done in four steps. The firstwhile reconstructed jets are required to be isolated from all
two steps apply pile-up corrections to remove the exggss reconstructed jets byt R > 0.6. To reduce the contribution
due to additionalpp interactions in the same (in-time) or of events where the pile-up collision has a larger momentum
nearby (out-of-time) bunch crossings. The first pile-up cortransfer than the hard-scatter collision, the avenagef the
rection, described in Sedt2, applies a subtraction based two leading reconstructed jets is required to be no larger than
on the mediarpr density measured in the event and the jet1.4 x p%f“th' leading
area (the ‘pile-up density correction’}1,42], minimizing
the sensitivity to the model of the pile-up used in the sim-4 2 Estimating the mediapr density and the pile-up
ulation. Next, a correction for residual dependence on the  density correction
number of reconstructed primary vertices in the evélpk/)

andpis applied (the ‘residual pile-up correction’), based onpile-up interactions change the jet energy scale, and jet recon-
corrections derived using simulated samples, as described §truction is affected by additiongp interactions in the same
Sect4.3 The third Step, the absolute JES calibration detaile%r nearby bunch Crossings_ The first Stage of the Jet calibra-
in Sect4.4, corrects jets so that they agree, on average, ifion, referred to as the ‘pile-up density correction’, subtracts
energy and direction with truth jets from dijet MC events. the expected contribution from pile-up based on the area of
Finally, the global calibration improves the jet resolution  the jet and the mediapt density in the event1]. To com-

and related uncertainties by reducing the dependence of tlpﬁ,te the jet ared\, a dense, uniformly distributed ip x ¢
reconstructed jet response on observables constructed usiggpulation of infinitesimally soft ghost particles is overlaid
information from the tracking, calorimeter, and muon cham-p top of the event. ThenA is defined as the transverse

ber detector systems, as introduced in Sk8t. momentum of the sum of the four-momenta of all ghost con-
_ stituents matched with a given jet after clustering, normalised
4.1 Event selection by the ghost constituent transverse momentum density.

The median pile-ugpr density p is estimated for each
All stages of the simulation-based jet energy scale calibratiogyent by the mediapr density (r/A) of all jets clustered

use the same event selection. The MC simulation is used WIth thekt a|gorithm [43’44] with a radius parameter of &
determine the energy scale and resolution of jets by compar-

ing PFlow jets with truth jets. Truth and reconstructed jets are . pj-?tl

required to satisfin| < 4.5to be fully contained inthe detec- L= medmr{F},

tor acceptance, and truth jets are additionally required to have

pr > 7 GeV. Uncalibrated jets have a positive energy, butvhere the index enumerates over the jets. For this cal-

can become negative in energy after applying the correctiorfé!lation, only jets within| < 2 are used, since falls off

described in Sectd.2-4.3. Biases are reduced in the deter- Stéeply beyond this region, due to a combination of physics

mination of the average jet energy resporBgdy/Eque) at ~ @nd detector effects.

low energies, by requiring reconstructed jets to hpye- 0 Assuming the pile-up is a uniform, diffuse background,

after the pile-up density correction described in Seer.  the pile-up contribution to the energy of the jet can then be

but making no requirement on ther after the correction approximated by the product of the jet area times the median

described in Sect.3. pr density. The pile-up density-corrected jet, p3'®s is
Events are required to have at least one reconstructed p¢hen defined as

mary vertex with at least two matched tracks with > pIe_ pr 5 x A,

500 MeV. In simulated reconstructed events, the primary ver-

tex is the reconstructed primary vertex with the largest sunThe ratio of thep?™®?to the uncorrected jebr is applied as

of squared track momentum, while at the truth level, the pria scale factor to the jet four-momentum and does hence not

mary vertex corresponds to that of the simulated hard-scattaiffect its direction.

process, and not the collision with the highest momentum Previously, the inputs to the calculation were the same

transfer. This results in some events where the pile-up cols those used to build jets: the neutral PFlow objects and

lision has a larger momentum transfer than the hard-scattéine charged PFlow objects that satisfgsind| < 2 mm

collision. For MC samples, the reconstructed and truth pri{4]. However, this results in a bias from the inclusion of

mary vertices are required to haz4positions within 02 mm  hard-scatter tracks, shifting the medigndensity to higher
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values, particularly when the hard-scatter process has sample, Previously, the bias was determined using the dijet
large jet multiplicity. To prevent such biases, the ‘pile-upSHERPA 2.1.1 sample and th&(— pu)+jetsSHERPA 2.2.1
sideband’ (PUSBY definition is studied, which uses neu- sample, which have different MPI models. Using the updated
tral PFlow objects, and charged PFlow objects that satisfdijet SHERPA sample that uses a consistent MPI model with
2mm < |zpsinf| < 4 mm as inputs. The total amount of Z(— up)-+jets results in a factor of four reduction in the
pile-up using the sideband cuts is expected to be similar tbias, showing the importance of MPI modelling in MC simu-
the nominal criteria, since a similar amount of pile-up will lations. The newp definition, oPYSB, results in significantly
meet these criteria. This ensures a minimal loss of the evensmaller differences between the different topologies, and a
by-event correlation of the charged pile-up component thabetter description of the data by the simulation. Similarly,
is not removed by charged hadron subtraction cuts. the improvements to the definition result in almost a fac-
The JES is measured in specific event selections asr of three improvement to the uncertainty, as seen by the
described in Sech, but these calibrations are applied to difference between data arsdierpa for the two different
many final states. An uncertainty is required to cover potenp definitions. Together, these improvements reduce the JES
tial inadequacy of the model used in the simulation of theuncertainty from the modelling by a factor of nearly seven.
difference between the bias min different event topolo-
gies, specifically the difference between the bigstietween 4.3 Residual pile-up correction
dijetandZ(— up)+jetsevents. Th&(— uuw)-+jets events
are distinctive from dijet events in several ways, including thero further reduce the impact of pile-up, a residual pile-up
quark-gluon composition, colour flow, and momentum transcorrection is applied, based dey, 1, the reconstructed
ferofthe process, makingita good topology to use to estimatgt p; (pf°9), and the reconstructed jgt (7®°9). Due to
the magnitude of a potential bias. This bias at a giueis  the fast response of the silicon tracking detectors used to
estimated by comparing the difference between the value @kconstruct the tracks used to find the primary vertibies,is
(p) for the data sample in two different event topologies tosensitive to the in-time pile-up, while is sensitive to the
measure potential inadequacy of the model used in the Mgut-of-time pile-up, since it accounts for the average amount

simulation of the data: of pile-up around a given bunch crossing. Typically, in-time
; . ; , pile-up increases the energy of the jet, and out-of-time pile-
d z d z
AP () = (p(u)h}gt - p(M)M?;et) - (p(u)dgf;— p(u)d;{g), up decreases it. The negative dependence of the jet energy

d the bias that i ted to the iet | scale onu for out-of-time pile-up is a result of the liquid-
and the bias that IS propagated to e Jet energy scale unc%{r'gon calorimeter’s pulse shape, which is negative during the
tainties is the bias determined at the average valye foir

i period soon after registering a signdb[. Two options for
the data sample: the residual pile-up correction are compared.
biadGeV] = A, ((u)).
TheZ(— nwp)+jets selection uses the lowest unprescaled4'3'1 The 1D residual pile-up correction

single muon trigger, and requires two muons wpfﬁ ! . . . .
9 99 g ~  Thefirst strategy, referred to as the ‘1D residual pile-up cali-

2
30 GeV pr® > 25 GeV, 80 < m** < 100 GeV, and ) oiiony follows the method outlined in Re#l][ where addi-

Ui . .
pro > 25 G_eV, a_nd the dijet selecn_on uses the I_Owe_SttionaI corrections are applied based on thand Npy of the
unprescaled single jet trigger, and requires a leading jet W'tgvent with

pr > 500 GeV,|n| < 2.4, and greater than 5% of the
momentum carried by charged particle flow objects. pibresidual_ parea_ (500 /5 Npy)

Figure 1 show§ the dependence Qﬁ) in .the two pro- x(Npy — 1) — (3pr/d) X 1,
cesses as a function pffor data and simulation, comparing
both thep definitions described above. The lower panelswheredpy/dNpy anddpr/du are determined as follows. To
compare the values dfp) in the two processes. Two dif- determinedpr/dNpy, first, the dependence nfp$rea'tr“‘h=
ferentSHERPA dijet samples are shown: a 2.1.1 samplg][  p3®3— plu™ on Npyis fit with a line in bins ofy, pi™,
that was used in the previous calibratie§, [and the 2.2.5 andn. The slope of this function is taken as the dependence
sample used now, while foaZ (— uu)+jets, onlySHERPA  dpt/dNpy peru bin. The average of these slopes acress
2.2.1isused. Th&HERPA 2.2.X samplesinclude animprove- is taken to be thept dependence ohlpy for a given ptTrUth
ment to the multi-parton interaction (MPI) model, which and n bin. For eachn bin, the averaggT dependence is
directly affects the bias ip. Significantly larger differences fit as a function ofptTrthh with a logarithmic function for
are seen between the dijSHERPA 2.1.1 sample and the 20 GeV < p‘Truth < 200 GeV. The value of the logarithmic
Z(— uu)+jetsSHERPA 2.2.1 sample than between the dijet fitat 25 GeV is taken as the nominal correction, since pile-up
SHERPA 2.2.5 sample and thé(— uu)+jetsSHERPA 2.2.1  effects are most relevant for loyr jets. Finally, a piecewise
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Fig. 1 The distribution ofp as a function ofufor the (top) Z(— left plot showsp built from the jet constituents: neutral PFOs and
uw)+jetsand (middle) dijet selections for data;THIA 8, SHERPA 2.2.5, charged PFOs withzgsind| < 2 mm, and the right plot shows
andSHERPA 2.1.1. The lower panel shows the difference between thebuilt using neutral PFOs and charged PFOs satisfying the new sideband
two topologies which is used to determine the uncertainty from theselection

extrapolation across topologies, indicated by the vertical arrows. The

linear function is fit over the pen| bin values obpt/dNpy,  closest non-empty{, Npy) bin (with the samepr), and the
reducing statistical fluctuations and providing a continuousesult is smoothed. This average differentgd et js fit
correction over the fulh range. To determinépr/du, the  as a function ofp?"®@using a linear plus logarithmic func-
same process is repeated wipy and . switched, to get tion, in bins ofNpy, 11, and pi®°, determined using jets with
the dependence afpd'ea\thon 4. 10 GeV < pih < 200 GeV. The corrected value is given

by

4.3.2 The 3D residual pile-up correction

p%%_D residual_ peTlrea_ ApeTlrea-trutr(NPV’ L, p$rea).
The 1D residual pile-up correction does notaccount for corre-
lations betweep andNpy, and does not account for changes
in the pile-up contribution as a function of jgt. The 3D By construction, this residual pile-up calibration corrects
residual pile-up correction is designed to include these cotthe jet energy scale to the truth jet scale, combining correc-
relations. In this calibration, derived in bins gF<C, the jet  tions due to pile-up with corrections due to detector effects.
pr scale is shifted to match the truth jet scale as a functiohis is contrasted with the 1D residual pile-up correction,
of (Npv, i, p®9, simultaneously correcting for pile-up and which is designed to exclusively remove the impact of pile-up
detector effects. Thqs;tTruth is used as a reference to computeonthe jetpt scale. Several options to only correct for the pile-
a correction given b)Ap%rea‘““”.‘ For extreme values g  up pr were studied, but these were found to either increase
andNpy, where there are insufficient events to determine arhe pile-up dependence or result in problematic effects such
accurate correction, the correction is determined using thas a large fraction of jets with negatiyg.
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4.3.3 Comparison of the different residual pile-up bration. Overall, the distribution of the response is approxi-

corrections mately Gaussian for a givelBye, but not for a giverEeco
[47]. Therefore, the calibration uses a numerical inversion

A comparison of the different options for the residual pile-technique p], where, for each bin, the jet energy response

up corrections is shown in Fig. As seen in this figure, the is fit as a function ofEyye, and the jet calibration factor as

residual pile-up calibration is especially useful for improv-a function of Ejeco is determined using the inverse of this

ing the pile-up dependence for jets wjif? > 2.5. Over-  function. The two methods of determining the fit function,

all, for the 1D residual pile-up correction, the absolute pile-polynomial fits of ordemN, and penalised splines are com-

up dependence increases for higlperjets, but the relative pared below.

impact on thept response is smaller. While the 1D residual

pile-up correction performs best for tipg range which itis  4.4.1 Polynomial fits

optimised for (20-30 GeV), it has a sizeable pile-up depen-

dence at other jgbr. In addition, since the 1D residual pile- Following the procedure outlined in Refl][ polynomial fits

up correction is optimised for this same bin, its performancere defined as a function of 10§), whereNpax = 8 is the

appears enhanced by construction, while a more differentiahaximal order of the fitted polynomials. Out of the given

binning would show a worse performance. The 3D residuaNmay fit functions, the best fit function is identified using

pile-up correction significantly reduces the pile-up depenPearson’sy? test 8. The calibration factors are usually

dence of the calibration, particularly at high. Based on frozen at anp-dependent energy between 3 and 4 TeV to

these results, the 3D residual pile-up calibration is used foreduce statistical fluctuations, while at fpr < 8 GeV, a

the remainder of the reported studies. linear extrapolation of the calibration factor is performed.

4.4 The jet energy scale amccalibration 4.4.2 Penalised splines

The absolute jet energy scale (MCJES) amdrrections pro-  In addition to the polynomial fit functions, a new method
vide calibration functions for the energy anés a function using penalised splines is studied. A spligg) of degree

of n9etandE"°such that jets agree on average with the truthN is a piecewise polynomial function of degrég where

jet energy andy. Since the calorimeters measure the energyieces of the spline meet at points called knots, and the first
of particles, and not the transverse momenta, this correctioN — 1 derivatives are continuous across the knots. Splines
is determined as a function of the jet energy. The jet energynay be defined from b-spline basis functioBsXx, t) [49]
respons&, defined as the mean of a fit with a Gaussian funcvia

tion to the core of thé"e%/ E"U® distribution, is measured n—1

in Eyue andn® bins, wherep®tis the jety pointing from  S(x) = Za Bi (X, 1),

the geometric centre of the detector, which is used to remove i

any ambiguity about which region of the detector is measuryheren is the number of data fit points, are control points

ing the jet. The difference iR from the expected value of \yeighting the individual basis function®;, andt are the

one is referred to as the non-closure, and regions where the, ;i SinceS(x) = O for x outside of the range defined by
R has the expected value within the uncertainties are said ¢ knots, an extrapolation to lower (higher) energy values

demon_strate closure. o _is added using a linear extrapolation based on the first (last)
The jet energy response after the application ofdthte resicy, o points for the low (high) end of the spline.
I . ot |
ual calibration is shown as a function &e and ™" in A spline will overfit the data, since the basis function is

Fig.3. This differs from previous JES calibrations by the reqyired to exactly pass through the knots, where in this case,
ATLAS experiment, in that the jet energy response is alreadyq knots correspond to the energies where the response is

close to unity, meaning that the correction is relatively smallyatermined. For a set of points and their corresponding

This is a feature of the 3D residual pile-up correction, Whicr’\,(,ﬂuesyi , this can be mitigated by using penalised b-splines

shifts the energy scale of the jets close to the truth scalg, qpjines), which include an additional smoothness penali-
although there is some significant difference from one at higR 5t termp minimizing

n, where the residual calibration insufficiently captures the N
behaviour of the energy response. SinceAlpg term in the L= x24aP= Z o — SO0 4o /b (g/(x))zdx
3D residual pile-up correction is determined using jets with
pivth < 200 GeV, the jet energy response shifts away from
one at energies correspondingge > 200 GeV.

Directly predicting the jet energy response frdBeco  With aandb corresponding to the range over which the penal-
depends on the distribution &fye used to derive the cali- isation term is included, with < X; < b, and the penalisa-

i=0 N
penalisation

least squares
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Fig. 2 Dependence opr on (left) nand (right)Npy after the different residual pile-up corrections. The circles indicate the 1D residual pile-up
correction, and the squares indicate the 3D residual pile-up correction. This is shown for jets with (top) 20 e\« 30 GeV, (bottom)

30 GeV < pr < 60 GeV

tion parametex > 0 is chosen and fixed. For these studies calibration and the closure test are performed on statistically
the x values correspond t&;ye, and they values corre- independent events.

spond to the jet energy response.d#creases from zero

to oo, the result moves from a spline to a linear regression,

and this parameter enables a compromise between the curva- . S

ture penalisation and a close fit to the data. The penalisatioz}iﬂ"3 Comparison of calibrations

arametet is defined dynamically for eachbin as
P y y on A comparison of the MCJES closure for the fitting tech-

. niques at different energy values is presented in4zigoth
e=5 Z Wis the strategies can provide closure of 1% for high energies,
1=0 while at low energies, the p-spline approach provides better
wherei runs over the data fit pointsj is a regulative param- closure than the polynomial fit. Overall, the p-spline correc-
eter, andw; are the point weights defined as = oy Y 2, tion provides closure within 1% across tpe andn range
whereoy is the response fit uncertainty from the iterative fitconsidered, except for a small number of bins where the cal-
to a Gaussian function. ibration becomes difficult due to quickly changing response,
For these studies, the splines are implemented using ttend non-Gaussian terms in the energy response. The rest of
Splinter framework$0], and a spline of degree three is used,the studies use the correction determined from the p-spline
with A empirically set to QL. To check for overfitting, the fit, since it provides the best overall closure.
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Fig. 3 The jetenergy response before the MCJES calibratedriixed

energies as a function gfier, andb at fixedngetas a function of truth jet

energya The square shows the responseHgpe = 30 GeV, the plus-

sign shows the response fBte = 50 GeV, the down-triangle shows

for Eque = 500 GeV, and the circle shows the responseHgie =
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Fig. 4 Jet response at fixed energies as a function of after the

polynomial MCJES calibration step, ahdafter the p-spline MCJES

calibration. The square sign shows the responsEfgs = 30 GeV, the
plus sign shows the response tBg,e = 50 GeV, the down-pointing

4.4.4 Absolute MC jet n calibration

In addition to the jet energy, the jet pseudorapidityis

Jet energy response (R )

1.3_"'| T L LR B | T L LN UL | T L
E_ATLAS Simulation 0.0 0.1 _E
1.25 F Vs = 13 TeV, Pythia 8 dijet 4 1_0: Rdef:m E
1.2 FAnti-k, R=0.4 (PFlow) v 14<n™<15
1.15 EPI > 20 GeV 28< nje: <29
.1 1 « 40<n <41 ]
1.05F —§
1E =
0.95F
0.9F
0.85F
0.8:“" . Lol R ol .
710 20 10? 2x10? 10° 2x10°
E e [GeV]
(b)

1200 GeV.b The square shows the response fdr @ nget < 0.1, the
plus-sign shows the response fo0 k nget < 1.1, the down-triangle
shows the response fordl < nget < 1.5, the up-triangle shows the
response for B < nget < 2.9, and the circle shows the response for
the response foEyye = 110 GeV, the up-triangle shows the response4.0 < nget < 4.1

Jet energy response (R )
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triangle shows the response fafue = 110 GeV, the up-pointing tri-
angle shows the response fBye = 500 GeV, and the circle shows
the response foEyye = 1200 GeV

ficially shifts the reconstructed energy on one side of the jet,
changing the reconstructedThese, corrections are partic-
ularly needed in the barrel-endcdp|(~ 1.4) and forward-
calibrated with a similar approach as the JES calibratiorndcap || ~ 3.1) transitions. The bias in is defined as

to correct for biases in the reconstruction, following the npias = (7"° — 5'™®), as determined by an iterative fit to a
strategy in Ref. 4]. This bias is most pronounced in the Gaussian function, and the correction is performed on a jet-
transition region between different parts of the calorimeterpy-jet basis via)®@® = 5" — R, This correction is only
where the discrepant response of the different detectors ar&pplied to thept andn of the jet, and is parameterised as a
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function of E"™€ andy9€t. For this correction, only polyno- are derived i9 bins corresponding to different detector
mial fits are studied, using up to an order three polynomialregions, creating a balance between the statistical uncertainty
There are small correlations between the correctiongimd  and the generality of the results.
E, so this correction is derived simultaneously with the JES.
4.5.1 The global sequential calibration
4.5 The global property calibration
The GSC is a series of multiplicative corrections to account

The absolute MCJES calibration corrects the jet energyor the differences between the calorimeter response to dif-
response based on tfeandz et of the jet. However, there ferenttypes of jets, which improves the jet resolution without
are many other factors that contribute to the jet responsehangingthe jetenergy response. The GSC is based on global
including the distribution of energy in the jet, the distribu- jet observables such as the longitudinal profile of the energy
tion of energy deposits across different calorimeter layergjeposits in the calorimeters, tracking information matched
and the types of hadrons produced in the jet. Many of thest the jet, and information related to the activity in the muon
characteristics depend on whether the jet is quark- or gluorchambers behind a jet. Six observables that improve the JER
initiated. This can be seen in Fig.which shows an example and reduce modelling uncertainties are used as inputs to the
of the jet response distribution for jets with different initiat- GSC. Each GSC correction to the jet four-momentum is
ing partons, and the jgbt response as a function tptrr“e, derived and applied independently and sequentially, using
where the parton label is defined by the highest energy partahe following procedure. First, for a given GSC observable,
ghost-associated with the truth jet. Not only are there differthe jetpr response distribution is fit for each bin|of, ptT'“e,
ences between different jet flavours (i.e. the flavour of theand the GSC observable, using the same procedure as in the
initiating parton), but the behaviours change with fheof = MCJES calibration. Next, these fitted values are divided by
the jet. Quark-initiated jets tend to have fewer hadrons, eacthe inclusive value of the response in a giveand ptT”‘ebin
with a higher fraction of the jgbr, which typically results in  to avoid changing ther scale of the jet calibration. Then,
contributions further into the calorimeter. In contrast, gluon-for each bin of the GSC observable, the numerical inversion
initiated jets typically have more, lowgyr hadrons, leading of the jetpr response is performed after a linear smoothing
to a lower calorimeter response and a wider transverse praa a given bin of ptTr“e, In9€Y). The resulting responses for
file. These behaviours are further complicated by the use af given|9€ bin are then smoothed simultaneouslypn
particle flow reconstruction, which adds further dependencand the GSC observable using a Gaussian kernel. Because
based on the charged patrticles in the jet. the GSC is applied sequentially, it is possible to validate each

The jetpr response is also impacted by the MC model, as5SC correction in a systematic way, testing the impact of any
seen by the differences between theggetesponse shownin - mismodelling of the input variables using data. Such studies
Fig.6. Overall, most MC predictions have similar behaviourwere performed to validate the sequential correction proce-
for quark-initiated jets, while the differences between gluon-dure.
initiated jets can be sizeable. This is due to differences The six stages of the GSC, in the order of application, are
between predictions between MC generators for the amount
of soft radiation and its topological distribution in the jet. e fcharged the fraction of the jetpr carried by charged

There is some separation in the behaviour of models with
the Lund string model for hadronisation compared with the

other models, where the Lund string model tends to predicte

a higher gluonpt response, with larger differences for jets

with pt < 100 GeV. This can primarily be attributed to the e

fraction of jet energy carried by baryons and kadsig.[

The global jet property calibration applies further correc- e

tions to jets based on their individual characteristics. While

these corrections only have a small effect on the overall clo-e

sure of the calibration, the closure is significantly improved
for different classes of jets, improving the JER. In addition,

particles, as measured using ghost-associated tracks with
pr > 500 MeV, |9 < 2.5,

frieo: the fraction of jet energyEsac) measured in the
first layer of the hadronic tile calorimetén® < 1.8,
fLara: the Efrac measured in the third layer of the elec-
tromagnetic LAr calorimetef;9Y < 3.5,

Nirack: the number of tracks wittpr > 1 GeV ghost-
associated with the jety9€Y < 2.5,

wyack: also known as track width, the average-
weighted transverse distance in th@ plane, between
the jet axis and all tracks qfy > 1 GeV ghost-associated

with the jet,|n9€Y < 2.5,
Nsegments the number of muon track segments ghost-
associated with the jety9ef < 2.8.

this calibration reduces differences between MC predictions
for the JES, resulting in smaller modelling uncertainties. e
Two methods for deriving the global calibration are outlined
below: the global sequential calibration (GSC), which was
described in previous work], and a new method, the global The Nsegmentscorrection, also known as the punch-through
neural network calibration (GNNC). Both the correctionscorrection, reduces the tails of the response distribution
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Fig. 6 The jet pr response as a function qxfr’“e for several differ-
ent MC predictions form quark jets, and gluon jets. The solid line
showsPYTHIA 8, the long dashed line shovidERWIG with an angu-

lar ordered parton shower, the short dashed line shdewsviG with

caused by higlpr jets that are not fully contained in the ingthe response usingr instead of energy. The fractional jet
resolution, denoted by, is used to determine the magnitude
rection is applied as a function of the jet energy instead obf the fluctuations in the jet energy reconstruction, where

calorimeter. Unlike the other corrections, tNgegmentsCOr-
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a dipole shower, the alternating medium and short dashed line shows
Sherpawith the AHADIC hadronisation model, the alternating long and
short dashed line shows Sherpa with the string hadronisation model, and

the long dash with three short dashes shows PowPregHa

the jet pr, since this effect is more strongly correlated with is the width of the fit to a Gaussian function for the fgt

energy escaping the calorimeters.

response distribution divided by the mean of the fit. This is

The jetpr response for PFlow jets in MC simulation after shown for PFlow jets with @ < |79¢Y < 0.7 in MC simula-

each of the GSC corrections is shown in Hidor one |7|

tion in Fig.7. As more corrections are applied, the fractional
bin. While the jet energy scale is within 1% at low energiesjet resolution improves and the jet response dependence on
a small amount of non-closure is introduced when determinthe jet flavour is reduced as the calibration is improved for
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jets with varying features. The impact ¢hargedsand frileo network structure. The training is done with a batch size of
are most apparent in Fig, but the relative impact of the dif- 10 jets, and a learning rate of 16. For the LGK loss, the
ferent corrections varies as a function|gf€]. In addition, parameters are chosen tode- 101, andg = 106 based
these corrections reduces effects that are less evident in tbha the hyperparameter scan. The training is done to minimise
inclusive case. For instance, the punch-through correctiothe LGK loss function, and training continues until there are
scales with energy, and so it primarily impacts analyses thato improvements to the loss for five epochs. Increasing the
are sensitive to high-energy jets, but its impact is not obvioupatience did not have a noticeable effect on the quality of

in the inclusive distribution. the results. Unweighted events are used because this avoids
issues in the training due to large differences between the
4.5.2 The global neural network calibration event weights. Since the target is thgresponse, not the jet

pr itself, the uniform weights do not have a large impact on
The GSC is limited to using relatively uncorrelated vari- the final result. Only the two leading jets in the event are used
ables for the correction, since otherwise, each sequential stépthe training, since the events were simulated using a dijet
would potentially interfere with previous corrections due toprocess, and so this avoids potential biases from using jets
correlations between observables. This constraint is funddbat originate purely from the parton shower. For epch]
mental to the method, limiting the set of corrections that maypin, several networks were trained, and the one with the best
be applied. However when adding additional observableglosure was chosen for the final result.
and to account for their correlations, a simultaneous calibra- Several sets of variables were considered as inputs to the
tion is more appropriaté&p]. As an alternative to the sequen- NN, and the final list of variables used in the training is
tial calibration, a deep neural network (DNN) is trained togiven in Tablel. This listincludes all of the variables used in
determine a simultaneous correction based on a wide varietfie GSC calibration, with the addition of more information
of jet properties, enabling the use of correlated variables forbout the jetkinematics, more granular information about the
determining the global jet property correction. Since analyenergy deposits in different calorimeter layers, and measures
ses make selections based on thejetthe DNN is designed  of pile-up. While the residual pile-up correction removes
to correct the jepr response, in contrast to the GSC, whichmost of the pile-up dependence, some dependence is reintro-
leaves the energy response unchanged. duced by the absolute MCJES calibration, and\sg and

To improve the performance based on the detector geontare included in the training. Some calorimeter layers are not

etry, a DNN is trained for eadh%®!| region used to derive the Present for certaim“| regions, in which case thelfac is
GSC to provide a correction to the jef based on various jet-  S€t to zero. Explicitly removing these observables from the
and event-level features. The DNNSs are trained with Kera$st of input variables used in the NN training had a negligible
[53], using the Adam$4] optimisation algorithm. The net- impact on the results, and so the set of training variables is
work has three hidden layers with swish activation functionept the same for alh% regions.
[55] and a single-node output layer with linear activation. The jet pr closure from this calibration is typically bet-
The number of nodes is optimised for edgHY bin, and  ter than 1%, but it also has some fluctuations, which can
ranges between 100 and 300. The network uses the leaR@metimes slightly exceed this. The magnitude of these fluc-
Gaussian kernel (LGK) loss functiof] tuations varies with each DNN training but were persistent

across different DNN hyperparameters, loss functions, and

training targets. To mitigate this, an additionegl calibration

Losgx'arget ypred) _ 1 exp(— (xtaget— Xpred)z) is derived after the GNNC, using the p-spline method out-
’ N2 202 linedin Sect4.4, butusing the truth jgpr asthe targetinstead
+p|xtarget Xpred|, of the energy. This is derived i bins with width of 0.1,

which provides better performance than using the saf%é
wherex!@9€ljs the jetpr responsexP™dis the corresponding  bins as the GNNC correction. This has a negligible effect on
NN prediction, andr andp are tunable parameters. As—  the jetpr resolution, and only serves to improve the closure
0, the LGK loss learns the mode, and the second term ensurasd smoothness of the calibration.
that the gradient of the error function relative to the current
weight does not vanish for largdd9et — xP'ed | earning  4.5.3 Comparison of the methods
the mode is less biased by cases where the response is not a
perfect Gaussian distribution, resulting in better closure thafigure8 shows a comparison of the jpt response after the
a loss function that learns the mean of the distribution. MCJES, GSC and GNNC for one representafiy®'| bins.

The architecture of the network was chosen as the resulis designed, the GSC does not change the energy response

of a hyperparameter optimisation based on the closure of thef the jets. Since the JES calibration moves the reconstructed
result, where hyperparameters are parameters involving thenergy scale to match that of the truth scale, this can resultin
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Fig. 7 aThe jetpr response after each stage of the GSC calibrationpahe jet pr resolution after the MCJES, after thfgnargeqgcorrection,
after the frjeo correction, after thef_ a3 correction, after théNiack correction, after thevyack correction, and after thBlsegmentscorrection

Table1 List of variables used as input to the GNNC. Variables with asome nonclosure in the jgr, which is particularly evident
* correspond to those that are also used by the GSC

Calorimeter fLAr0—3«

fileox—2

fHeEC.0-3

freaL.0-2
Ngoos

Jetkinematics ~ piFS*

det
ne

Tracking Wirack™

Nirack®

fchargear

Muon segments  Nsegments

Pile-up

Npv

The Efac measured in the Oth-3rd
layer of the EM LAr calorimeter

The Efrac measured in the Oth-2nd
layer of the hadronic tile
calorimeter

The Efrac measured in the Oth-3rd
layer of the hadronic end cap
calorimeter

The Efrac measured in the Oth-2nd
layer of the forward calorimeter

The minimum number of clusters
containing 90% of the jet energy

The jet pr after the MCJES
calibration

The detecton

The averagepr-weighted
transverse distance in thyep
plane between the jet axis and all
tracks ofpr > 1 GeV
ghost-associated with the jet

The number of tracks with
pr > 1 GeV ghost-associated
with the jet

The fraction of the jetpr measured
from ghost-associated tracks

The number of muon track
segments ghost-associated with
the jet

The average number of interactions
per bunch crossing

The number of reconstructed
primary vertices

at low pr. The GNNC is designed to change thgscale of
the jets to match the truth jets, and so the closurerinis
better than that of the GSC closure. It is worth noting that
while the GSC can instead be applied in a way that corrects
the jet pr scale, this does not impact the resolution. Other
1n9€Y bins show similar qualitative features, though the exact
nonclosure seen in thg response after the MCJES and GSC
varies slightly.

Figure9 show a comparison of the j@t resolution after
the MCJES, GSC and GNNC for several representéif
bins. In a few cases, the jet resolution becomes worse in
the lowestpr bins, but this is also where thg nonclosure
is most significant, making it difficult to have an accurate
estimate of the resolution, particularly since fiwescale of
the GNNC is different than that of the MCJES and GSC.
Since thepr scale of the MCJES and GSC is above one
and has a negative slope, the measured resolution is slightly
underestimated[7] in these bins, while the GNNC resolu-
tion is correctly estimated, since the response closes. In the
0.2 < |n| < 0.7 bin, the GNNC has an average improvement
in the jetpr resolution of over 15%, and maximum improve-
ments of over 25%, when compared with the GSC. Other
|n9€Y bins show similar average improvements of around 15—
25%, with maximum improvements often over 30%, and the
improvement generally becomes more pronounced at higher
In%Y, where the resolution improvements are significant,
mostly due to the improvements from the additional detec-
tor information. Studies comparing the GNNC performance
with only the GSC observables as inputs find a similar per-
formance to the GSC, indicating that the improvement in
the resolution of GNNC compared with GSC is due to the
inclusion of additional observables. This is made possible
by a simultaneous correction that accounts for correlations
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10. € Jetpr closure 1or <|n < 0.7. e solla line snows . . . . .

the MCJES, the long dashed line shows the GSC, and the short dash'eead’_ using the S'qeb_and definition in Sect4.2and t.he 3_D

line shows the GNNC residual calibration in Sect.3 the absolute MC calibration
implemented with p-splines in Sedt4, and the GNNC for

. ) the global calibration in Sect.5. To fully understand the
between observables. The GNNC provides a larger 'mprovﬁfnpact of these changes relative to the calibration procedure

ment to the jet engrgy resolution than the GSC, and so it ' Ref. [4], on the calibration and corresponding uncertain-

used for the remainder of the paper. ties, the in situ calibration is studied. The in situ calibration
o provides important validation of the new MC calibration of

4.54 Flavour uncertainties jets by comparing the data-to-MC difference betweergthe

o balance of a jet against a well-calibrated object or system.
The two flavour-dependence uncertainties in the JES aig aqdition, novel studies are done to disentangle the physics

derived from simulation and account for relative flavour frac-offects and detector effects in thentercalibration to reduce
tions and differing responses to quark- and gluon-initiateqp,q systematic uncertainties. Furthermore, lihget JES is
jets. The flavour response uncertainty accounts for the fagh,ajuated in situ using PFlow jets, which is performed using
that, unlike the quark-initiated jet responBg, the gluon- v+ jet events for the first time.

initiated jet responseRq is found to differ significantly The in situ calibration respong@, sity is defined as the
between generators. This uncertainty is defined as average ratio of the jepr to the transverse momentum of
the reference objeqt’®’, derived as a function opie’. The

Rin situ response is susceptible to effects such as the radi-
wherefg isthe fraction of gluon-initiated jets, aiy pyriag  ation of additional partons or the loss of energy outside the
and Rg uerwic are the gluon-initiated jet respong®y in - reconstructed jet cone. Dedicated event selections are applied
PyTHIA 8 andHERWIG respectively. The flavour composi- to mitigate these effects. A double ratio, insensitive to these
tion uncertainty accounts for the fact that the jet responseecondary effects provided they are well-modelled in simu-
is different for quark- and gluon-initiated jets. This is deter-|ations, is defined

oresponse= fg(Rg pyruing — Rg.Herwic),

mined based on the fraction of gluon-initiated jé§s where data

Rq andRg are the quark and gluon jet responses measured = %5”“

in PYTHIA 8, andcrgf is the uncertainty infy in the sample, Rinsitu

with the uncertainty defined as The calibration factor to the jet four-momentum can be

R obtained by a numerical inversion of this double ratio

f q (0] . . . .

og fRat 1 foRe’ f';\s a fu_nctlgn of jetpr, and as a function ofjget in n-
979 9/ intercalibration.

Figure10shows a comparison of the flavour composition Two stages of in situ analyses are done sequentially to
and flavour response uncertainties for the MCJES, GNN@ssess the performance of MC calibrations. First, a rela-
and GSC. After the MCJES calibratioR; — Ry becomes tive in situ calibration referred to as theintercalibration
negative for jets above 100 GeV, which appears as adipinths done, which corrects the energy scale of forward jets
flavour composition uncertainty. Both the GSC and GNNC(0.8 < |ngef < 4.5) to match that of the central jets
can reduce these uncertainties, with the GNNC providing &n4ef < 0.8) using thept balance in a dijet system. Sec-
greater reduction. For ea¢h® bin, when compared with ond, an absolute calibration is done by measuring the
the GSC, the GNNC results in an average improvement dbalance of a central jet against a well-calibrafebloson or a
around 15-25% in the 4& pt < 300 GeV range for the photon. The missind=t projection fraction (MPF) method

Ocomposition=
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Fig. 9 The jetpr resolution fora 0.2 < |79 < 0.7, 0.7 < [n9¢] < 1.3,c 1.8 < |9 < 2.5, and (d) 2 < |9 < 3.5. The solid line shows
the MCJES, the long dashed line shows the GSC, and the short dashed line shows the GNNC

[57] is used inZ/y+jet events to calculate ther balance generators. The difference between jet response in simula-
between the full hadronic recoil andz boson or a pho- tions depends on hadronisation models that cause different jet
ton. The method is less susceptible to effects of pile-up andontents p1]. Uncertainties in the reference object are esti-
the threshold of the jet reconstruction than the direct balancmated by propagating its owhlo calibration uncertainties
method, allowing a reliable measurement of the Ipwjet  through the analysis. Uncertainties due to the selected event
response below 100 GeV. The direct balance (DB) methotbpology are evaluated by varying the event selection crite-
measures the balance betweerba){et recoiled against a ria and comparing the impact on the response ratios between
photon iny +jet events. By using the DB instead of MPF, thedata and MC simulation. To reduce the statistical fluctua-
response of thé-jet itself is studied without including the tions when applying the systematic variations, a rebinning
effects of the hadronic recoil. procedure similar to that used in previous publicatiofis [
For eachin situ analysis, main sources of systematic unceis employed to obtain statistically significant results using
tainties arise from the MC model of physics processes, thpseudo-experiments. This rebinning procedure is only per-
measurement of the reference object andghéalance due formed in regions where no sharp variationginresponse
to the selected event topology. Uncertainties related to M@re observed to ensure no real physics effects are removed.
model of physics effects are addressed by taking the differ- Events must satisfy the common selection requirements
ence between the predictions between two distinct MC everih the in situ analysis. Each event is required to have at least
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Fig. 10 a The flavour response uncertainty, émthe flavour composition uncertainty for central jets. The solid line shows the MCJES, the long
dashed line shows the GSC, and the short dashed line shows the GNNC

one reconstructed primary vertex with at least two matchedin approximation irp?vg, the relative response of theleft
tracks of pr > 500 MeV. Jets arising from cosmic rays, andright jets in terms of the calibration factor for each jet
non-collision background and calorimeter noise are vetoednd the mean afl can be defined as
by applying data-quality requirementsq. In addition, jets right left
with 20 < pr < 60 GeV and|nged < 2.4 are required to R — ¢ — 2+ (A ~ (pT )
satisfy the criteria of jet vertex tagging (JVT94,60]. The cett 2 (4) <p¥ght>
JVT criteriarejects jets from pile-up interactions by matching
jets with the primary vertex; it has a selection efficiency ofwhereR is measured in terms afyet for left andright jets
97% for hard scatter jets at the nominal operating point.  and pT 9 The intercalibration factaris defined ag = ErEf':_‘
and hence the relative respormgesatisfiesk = 1/c.
5.1 n-intercalibration Dijet events are selected using a combination of forward
and central single-jet triggers, where each trigger is consid-

The jet response in the forward regiondG< |nged < 4.5)is  ered in the range opt’? that has an efficiency of at least
typically less understood due to the more complicated dete@9%. Prescaled jet triggers are used to accommodate band-
tor structure. The-intercalibration provides a correction for Width limits, and each selected eventis weighted accordingly.
forward jets (08 < |nded < 4.5) to bring them to the same The trigger combination method,[61] is used to maximise
energy scale as central jetgded < 0.8). This calibration the statistical precision. Each event must have at least two
uses events with a dijet topology, requiring two back-to-backeading jets withp$'® > 25 GeV andiyged < 4.5. Events

jets in the transverse plane in differef: regions. In order  containing a third jet withp!® 3/ p2'9 > 0.25 are excluded.

to increase the statistical precision, there is no requiremerithe two leading jets must be back-to-back in the transverse
onwhether or not one of the two jets is in the central referencplane satisfying a requirement on their azimuthal angle dif-
region: instead, all regions will be calibrated relative to oneferenceA¢®2 > 2.5.

another by solving a set of linear equations. This is referred The nominal calibration is estimated by taking the ratio
to as the matrix methodd]. The momentum asymmetry is of the simulated response ROWHEG+PYTHIA8 to the mea-
defined to measure the jpt balance between the two jets in sured response in data. The binningdg;and p?vg is chosen

two distinct detector regions (symbolically labellestt and  to ensure enough of a sample size in scarce reference regions

right for simplicity) and to capture granular variations in detector response. A
- right two-dimensional Gaussian kernel is optimised to smooth sta-
A= Pt — Py tistical fluctuations while also capturing notable detector fea-
- g
PT tures.

The 2017 data sample is representative of the high pile-up
wherep} Yis the average of the transverse momentum of thgonditions and thus dlscussed here. The reIatlve response,
left andright jets (029 = (p'e' + pl'9™)/2). For a narrow  parameterised bygerin two p2® regions and by3%in two
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ndet regions between the 2017 data sample and MC simula- Figure13 shows the fractional uncertainties derived as a
tions fromPOWHEG+PYTHIA8 andPOWHEG+HERWIG 7 with function of nqet for two representativept values. The sys-
an angular ordered shower, is shown in Biy.The predicted tematic uncertainty fofnget < 0.8 is set to zero as they are
response in the two MC simulations is found to capture theletermined from the absolute in situ JES measurements such
overall shape of theget dependence. However, the responseas Z/y +jet analysis. The fractional uncertainties increase
predicted from simulations is consistently lower than thatwith ngetfor [ngei > 0.8 and illustrate a significant decrease
measured in data for the forward detector regions across allith increasingpt. Dominant uncertainties arise from the
p?' bins. choice of event generators and variations in the selection cri-
Uncertainties can arise due to the inaccurate descrifteria on pi?t 3/ p{“."g. The total systematic uncertainty is sig-
tion of physics, detector response and the dijet topologyificantly reduced by using MC modelling uncertainty esti-
on the momentum balance. They are evaluated in terms @hated at particle level instead of reconstruction level. It is
p?"? and nget. Uncertainties arising from the MC mismod- worth noting that systematic variations in the selection cri-
elling are estimated by taking the difference between thgerion such as)iT‘?t 3/ p$V9 are performed simultaneously in
smoothed residual correction betweBOWHEG+PYTHIAB  data and simulation at reconstruction level while E@p
andPOWHEG+HERWIG 7 with angular ordered shower. Other shows only the relative impact at particle level. If there is

uncertainties due to the mismodelling in physics and every difference between up and down variations, then the sys-
topology are estimated by modifying the requirement on thgematic uncertainty is taken to be the larger absolute value.
third jet veto, theA¢*2 separation, and JVT. Systematic uncertainties are symmetrised aroggagd= 0
Further studies are performed at particle and reconstrugetween the positive and negatiyg: values using the most
tion level separately to disentangle physics and detectafonservative approach, as whether the asymmetry of the sys-

effects. The particle level can be used to study physics effectematic uncertainty inger arises from statistical fluctuations
affecting the dijet balance due to additional parton radiapr detector effects is unknown.

tions or out-of-cone corrections. It is performed using the

same procedure as the reconstruction level except that no

JVT requirements are applied. The matrix method is used as

the nominal method while the central reference metdpss[ 5.2 Z/y+jet balance

used as a cross-check. These physics effects induce a smooth

and non trivial structure of the relative responge With a  The next step in the jet calibration brings the absolute jet
slight asymmetry between positive and negatjyg in the  energy scale in datato the same scale in simulation by exploit-
forward region as shown in Fifj2a. A similar structure with  ing the pt balance between the hadronic recoil and a well-
sharper variations due to convolution with detector effectalibrated object such aszaboson or a photon. The jet used
is also present at the reconstruction level shown inHig. inthe in situ analysis is required to be from the central detec-
The systematic uncertaintxc on the intercalibration fac- tor region (| < 0.8), in which the derived correction can be

tor at particle level isAc = Cr?%is%l — 1|, wherec¥stis the  appliedto jets in the forward region via théntercalibration.

intercalibration coefficient obtained with a different selec-1heZ/y -+t balance measurement s built upon the precise
tion of the events, either a different selection Fﬂﬁt 3/ p$vg determination of the energy of the photoregp pair from a

or A¢2. By comparing Figl2a, b, the magnitude of these Z boson decay. These measurements benefit from the accu-
physics effects at particle level is similar to the magnitude of &t€ knowledge of the energy scale and resolution of the lep-

the systematic uncertainties designed to cover them, whidi9ns. The calibration of electrons and photons is accurately
are evaluated by varying the selection criteria;ﬁ;‘e} 3/ I0$Vg known through measurements usiig— ee data and other

andA¢12 at reconstruction level in data and MC simultane—f'nal states §2] while the muon calibration is determined to

ously. Therefore, these uncertainties are not underestimatdd9" Precision through studies o ¥ — pu, Z — up

Variations in parton showering and hadronisation modandY — KR [63). N
els can affect dijet balance that convolves both the physics Three independent measurements consistirggét fpr
and detector effects. The MC modelling uncertainty derived"® £ — €& andZ — uu decay channels, ang+jet
at particle level as a function ofger only considers the are used to do the_ absolute in situ cahbratlor?. Thejet
physics effects on the dijet balance and excludes impacgueasurement provides enough of a sample size at low and

on the detector response which were evaluated in the j&\edium _je_tp-r covering 17< pr < _800 GeV_With Ii_m-
flavour response uncertainty using various MC simulationéted precision above 800 GeV. Thetjet analysis provides

discussed in Seat.5. Such a procedure will significantly & CoMPlimentary measurement at medium and piglsov-
reduce the MC modelling uncertainty shown in Figc and €79 30 < pr < 2000 GeV, with limited precision below

avoid possible double counting of uncertainties. 100 GeV due to prescaled lowr triggers, Je_ts misidentified
as photons, and MC event generator choices.
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Fig. 11 Relative jet response,/t, calibrated with PFlow+JES as a
function of nqet in the ranges of 25 GeV < p!ﬁt < 40 GeV andb
400 GeV < pﬂ?t < 525 GeV, and as a function gfr in ranges ofc

1.2 < nget < 1.4 andd 3.3 < nget < 3.4. The top panel presents the

measured relative response for data (d®SWHEG+PYTHIAS8 (trian-

gles) and?OWHEG+HERWIG 7 (triangles). The bottom panel presents the
MC-to-data response ratios represented by triangles and the smooth

The MPF method measures tipg balance between the
reference objects and the full hadronic recoildry +jet
events. This technique allows the calorimeter response
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in situ corrections are represented by overlayed curves, in which the
solid line shows the derived calibration and the dashed line shows
the extrapolated calibration to sparse detector regions using the two
dimensional Gaussian Kernels. Two perpendicular lines are drawn at
ndet = +0.8 to indicate the centralfge < 0.8) and the forward

(0.8 < |ndetl < 4.5) detector region. Three horizontal dashed lines are
g@wn at 0.97, 1, and 1.03 to provide reference points for the viewer

At the detector level, the well-calibrated objects have
a response of one while the calorimeter response to the
toadronic recoitpr is lower than unity, resulting in possible

the hadronic showers to be computed directly. It has lownissing transverse momentuﬁ“issinthe event. Therefore,
susceptibility to pile-up and underlying event which is uni-equationl can be written as:
form across the detector and thus cancelled out in the MPF

method. According to conservation of transverse momentu
the transverse momentum of all of the hadronic activity in a

transverse momentum of the reference bogé, at particle
level, such that

= ref = recoil
pT,truth + thruth - (l)

@ Springer

ref = recoil = Miss
"B+ rvpe =—Er™

Z/y+jet event,ptec°l, should be equal and opposite to the

Projecting the vector terms along the direction of the
reference boson using a unit vectidgs in the transverse
plane, themypr is only dependent on the missing transverse
momentum and the transverse momentum of the reference
boson. The average ofipr, Rmpr, Is measured as a function
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Fig. 12 Intercalibration coefficients and uncertainties derived at boththe matrix method and withOwHEG+PYTHIA8 at particle level. The up
the particle and reconstruction level, using MC simulated events recorand down variations are symmetrised by taking the maximum of either

structed with the conditions of 2017 data-taking perethtercalibra-

of them. A 2D smoothing is applied (ip} °and inn) with a Gaussian

tion coefficients obtained for different generators and different methkernel.c MC modelling uncertainty, evaluated either at reconstruction
ods. POWHEG+PYTHIAS8 is used as the nominal MC generator. Threelevel in the dashed line or at particle level in the solid line. A smoothing

horizontal dashed lines are drawn at 0.97, 1, and 1.03 to provide refs applied after the computation
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ture sum of different components of systematic uncertainties using MC
modelling uncertainty estimated at reconstruction level. A smoothing

total systematic uncertainty is represented by the middle shaded bangkocedure is applied to the systematic uncertainty to suppress statistical
which is a quadrature sum of different components of systematic uncefluctuations. The precision is limited by the MC modelling uncertainty
tainties marked by coloured lines. The statistical uncertainty is indicatedstimated at particle level and variations in the selection criteria for
by the lowest shaded band. The highest shaded band shows the quadp!if-‘ 3/ p?"g

of pt', the pr of the reference /y boson:

rA‘ref .

E _Imiss
p_rref

Rwmpr = <l +

where ET”“SS is computed using particle-flow objects cali-
brated at the EM scale.

Z+jet events are selected using either the lowmst-
unprescaled dielectron or dimuon trigger. The lowest-

the leptons are required to hapg > 20 GeV to have fully
efficient triggers. Electrons or muons must satisfy loose iden-
tification and isolation criterigg2,63]. Electrons are required

to fall within |n| = 2.47 and are rejected if they fall in the
calorimeter crack region.37 < |n| < 1.52. Muons must

fall within |n| = 2.4. The oppositely charged electron and
muon pair is required to have an invariant mass around the
Z boson mass, 66 Mee/,,, < 116 GeV.y+jet events are
selected using a combination of prescaled and unprescaled

threshold in the dielectron trigger corresponds to 15 GeV forindle photon triggers in which the lowest prescaled trigger

each electron while the lowestr threshold in the dimuon
trigger corresponds to 14 Ge¥4,65] for each muon. Both

Et threshold is 10 GeV. Photon candidates entering the anal-
ysis are required to ha\E’T’ > 25 GeVandn’| < 1.37 and
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Fig. 14 The MPF response as a functionmﬁff measured in data and resented by the inverted triangles. The MC-to-data response ratios are
simulations inZ+jet events fom Z — eeandb Z — uu. Thedataare  shown in the bottom panel. The error bars correspond to the statistical
represented by the black dots. TWRADGRAPH+PYTHIAS predictions  uncertainties

are represented by the triangles while SmERrpA predictions are rep-

to satisfy the tight identification and isolation selection crite- g ool ATLAS « Data ]
ria [62]. The jetis removed if it falls withil R = 0.4 (0.35) x Vs =13 TeV, 140 fb™, y+jet : Pythia8 |
of a photon (lepton). 0901 Antick, R =0.4 (PFIow+JES) , ghrpan ]
Further selection criteria are imposed in f&/ +jet mea- o.asl- mi=os T =
surements to reduce the impact from pile-up and additional 0 ssi- e etee- f_’ s
parton radiations. To suppress contamination from pile-up, ' e M
jets are required to satisfy the cleaning criteria and to sat- 0.84 " E
isfy the JVT requirement. Events must contain a jet with 0_82'_ B g |
pr greater than 10 GeV that falls withily| = 0.8. To f 4 !
suppress effects from additional parton radiations, further 0.80 _';T'."T . R
requirements are imposed on the azimuthal angle between 1.06F +
the reference boson and the leading/jet™" €t >~ 2.9 and ‘;:; 104E
pr of the subleading jepr < max0.3 x pi¥, 12) GeV, TR S o o PSR-
where the subleading jet falls withjn| = 4.5. S 1.00f
The MPF response as a function of reference bgsois 098 040 ioo 200 1000 2000
shown in Figsl4 and 15 using Z+jet andy +jet events for P [GeV]

data and two distinct MC samples. The MC sample used to
derive the nominal calibration fc+jet ( +jet) corresponds 719 15_The MPF response as a functiongif’ measured in data and

. simulations fory +jet. The data are represented by the black dots. The
to MADGRAPH+PYTHIAS  (PYTHIA8). The alternative MC PYTHIA8 predictions are represented by the triangles whil&Stimpa
sample corresponds BHERPA to determine the uncertainty predictions are represented by the inverted triangles. The MC-to-data
from the MC event modelling. The dip in the MPF response'esponse ratios are shown in the bottom panel. The error bars correspond
at low p'' arises due to two opposing effects: the jet recon?© the statistical uncertainties
struction threshold which tends to increase the response at
the lowest jetpr values between 17 GeV and 20 GeV and the
apparent rise in MPF response as a functiopofThe MC-  to-data response ratio are rather consistent betiegjet

andy +jet.
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Fig. 16 Systematic uncertainty in the MPF response ratios as a funcscale and resolution are propagated through the analysis. The statistical
tion of pr for jets calibrated up to, and including, théntercalibration  uncertainty of the MC-to-data response ratios and the uncertainties due
for a Z(— ee)+jet events and Z(— uu)-+jet events. Uncertainties  to choice of event generators are shown. Each uncertainty is smoothed
arise from JVT, the subleading jet veto ang'" i requirement in  to suppress statistical fluctuations

the analysis selection. Uncertainties due to electron and muon energy

Several sources of systematic uncertainties are consid- & %% T 7T ]
ered. Uncertainties due to the energy scale and resolution & /5= 13TeV, 140", y+jst  — Photon scale
of the reference objeced . /y are derived from existing cal- § | Anti-k, R = 0.4 (PFlow+JES) WNT i
ibrations for each object and propagated through the corre- i <08 _i’:“”d'je‘ veto |
sponding analysis. The impact of additional parton radiation 'f 0.02F Photon purity ~ —|
on the response measurement is evaluated by varying the § - Statistical ]
selection criteria for the subleading jet veto ang'®" et 5T B Tom ottty
Uncertainties arising from pile-up suppression are estimated i r i
by comparing the response measurement between tighter 001' i
and looser JVT working points. Uncertainties arising from '
photon purity iny+jet events are assessed using the same
methodology documented i6], in which one of the jets is
misreconstructed as a photon. The pseudo-experiments are ! e,
implemented in the estimate of uncertainties to reduce sta- 0730 20 100 200 1000 2000
tistical fluctuations. prTef [GeV]

The uncertainties for the calibration are presented for the
Z — eeandZ — puu measurements in Fi@6 and for the  Fig. 17 Systematic uncertainty in the MPF response ratios as a func-
y+jet measurement in Fig7. Uncertainties are dominated tion of pr for jets calibrated up to, and including, thentercalibration

by the modelling in MC simulations in the low- and medium- in y+jet events. Uncertainties arise from JVT, the subleading jet veto
andAg¢'e" ftrequirement in the analysis selection. Uncertainties due to

pr regions, and by the energy scale of the photon/electropnton energy scale and resolution are propagated through the analy-
for pt > 100 GeV. sis. The statistical uncertainty of the MC-to-data response ratios and the

The derived calibrations are stable over a range of pi|euncertainties due to choice of event generators and photon purities are
up conditions in Run 2. Figur8 shows the MC-to-data shown. Each uncertainty is smoothed to suppress statistical fluctuation
response ratios as a functiongindNpy in y +jet event for
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45 < pfref < 65 GeV. The in situ calibration is consistent asfit, b—tagging scale factors applied in simulations, the jet
afunction ofu or Npy, demonstrating the expected stability. flavour composition between neighbouripg bins and a
looser second jet veto Witp’T2 < 0.2 x prTEf. None of the
checks mentioned above is responsible for the DB response
5.3 b-quark jet energy scale ip+jet balance rise around 150 GeV. Hence these checks suggest that the
feature is due to statistical fluctuations. FigR@eshows the
The measurement of the top-quark mass is limited by th@ncertainties for thé-tagged case with a precision between
b-quark jet energy scaldJES) and a measurement of the 194 and 5% and inclusive jets with a precision up to 1% for the
bJES can potentially improve the precision. The direct balchosenpr range. Fob—tagged jets, uncertainties are dom-
ance (DB) technique is used jntjet events to measure the inated by the event generator modelling everywhere, while
balance of alf-tagged) jet against a well-calibrated photon. Itfor inclusive jets the precision is limited by the event gener-
represents the first measurement determinindthtagged  ator modelling, photon purity and the subleading jet veto at
jet energy scale using the PFlow jets in this event topoliower pr and photon energy scale fpf > 70 GeV.
ogy. p*' is defined in terms of the reference objegt, A new observableRyjes is defined as a double ratio of
Pie" = pr x cosA¢, where pr is the transverse momen- h_tagged response to the inclusive jet response to further
tum of the photon, and ¢ is the azimuthal angle difference measure the energy scale differences betweeb-thgged

between the photon and the leading jet. and inclusive jets,
The selections are similar to thejet selection in the MPF
method unless stated otherwise. Events must have ajetwith nggge@{ Rgiﬁgged

pr > 20 GeV instead opr > 10 GeV in the central detec- "™EST RNMC - pdata
tor region (nged < 0.8). The higher jetpr threshold arises MESIVET ~Hinelusive

due to the tighter requirement on the jet transverse momerfts the nominal jet calibration is determined relative to the
tum in the b—tagging algorithm used. To suppress addi-inclusive jet, such a double ratio can be applied on top of the
tional radiation, the DB technique requires the subleading jeominal jet calibration to correttJES. The value oRpesis

pg'r2 < max0.1 x prTef7 15) GeV andA¢y,jet -~ 28 Jetsin determined to be below one using both the MC samples with
the inner tracker coveragg)( < 2.5) containingo—hadrons 2 Slightly higher response iPvTHIA8 thanSHERPA shown

are identified )—tagged) by a multivariate algorithm (DL1r) in Fig.21. The difference between the two event generators
using information of impact parameters of tracks and disarises from different fragmentation and decay models. The
placed verticesd7]. The b—tagging working points with an  'atio, Reses is also determined inclusively for photapd®’
average efficiency of 60%, 70%, 77% and 85% are used. THEtween 85 and 1000 GeV for variobstagging working
events are classified into inclusive abdagged categories. points in Table8to increase statistical precision BYTHIA8

The b—tagged category is predominantly composed of théN"dSHERPA, respectively. It is foreseen to provide MC spe-
b— andc— quark jets while the light quark and gluon jets Cific calibrations for thebJES to reduce the effects arising

dominates the inclusive categories. A jet is labelledas from MC modelling. The ratioRsjes was measured with

(c—) quark jets if anyb(c) parton or hadron at particle level unprecedented precision up to 1%. This in turn will improve

is found to be within a cone kR < 0.3 around a recon- Precision in measurements of top mass.

structed jet, otherwise it is labelled as light quark or gluons.

A summary of the jet flavour composition for inclusive and

b—tagged jets is documented in TaBl& he 85%b—tagging 6 Conclusion

working points are dominated by the presence-efjuark

jets and the measurement can be used to constragdEfe  The determination of the jet energy scale (JES) is presented

in H — ccC analysis §8] for instance. using data recorded by the ATLAS experimentgp col-
Figure 19 shows the DB response as a function of thelisions at./s = 13 TeV. The calibration scheme used for

reference photorpt for the inclusive andb-tagged jets antik; jets reconstructed using radius paramd®ee= 0.4

usingb—tagging working points with an average efficiency consists of two steps: a Monte-Carlo-based calibration that

of 77%. The MC simulations are in reasonable agreemertorrects jets to the truth jet scale, and an in situ calibration

with data. The MC-to-data response ratios are found to beorrecting the scale of jets in data.

slightly below one forb—tagged jets and above one for  The simulation-based calibration implements several new

inclusive jets in almost all bins. The difference between DBstrategies to improve the pile-up stability at highpat; clo-

response betweePyTHIA8 and SHERPA arises due to dif- sure, energy resolution, and modelling uncertainties of the

ferentb—quark fragmentation and decay models. Checks ofets. Biases related to the determination of the pilepgp

the apparent rise of the DB response around 150 GeV fadensity were a dominant source of uncertainty for jets with

b—tagged jets are done such as the quality of the DB responga- below 30 GeV. The new procedure presented, combined

@ Springer



Eur. Phys. J. C (2023) 83:761 Page 23 of 41 761
b 1.00r+ T T T W 1.00 - -
g - ATLAS e Data . < - ATLAS e Data -
X 0950 Vs=13TeV, 140 fb™, y+jet . Pythia8 @ o957 Vs=13TeV, 140 ", y+jet . Pythios |
- Ar1ett|-kt R = 0.4 (PFlow+JES) * Sherpa 2.2.2 -] _ Anet‘l-kt R = 0.4 (PFlow+JES) + Sherpa 2.2.2 :!
0.90 7| < 0.8, 45 < p'TEf <65 GeV . 0.90— [7"®]<0.8,45 < p'Tef <65 GeV 3
0.85/ +— 0.85 = ]
il O E —
] p————— ; — : - __.:_ . ol i
0.80 =" === T . 0.80 =t . I =
0.75}" . 0.75} .
0.70— — 0.70— —
R R | =T T '_' T T T -_ n T ¥ T 4 T ™ ——
s - & -
8 105¢ e e = N- B 5 W o —
- — T | = -~ —— ¥ 4
O 1.00Fmree- ik e R . = O 1.00 -
= = {
T I .- - - - -t e e tmew=d e e e 4 e e w = s m = e = = a = [ :
10 15 20 25 30 35 40 45 50 5 10 15 20 25 30
(u) Ny
(@) (b)

Fig. 18 The MPF response for 45 p'Tef < 65 GeV measured in by the triangles while th6HERPA predictions are represented by the
data and simulations as a functionaoft andb Npy. The data are rep- inverted triangles. The MC-to-data response ratios are shown in the
resented by the black dots. TlReTHIA8 predictions are represented bottom panel. The error bars correspond to the statistical uncertainties

Table2 The average fractions of jet flavours for varidustagging working points and inclusive jet

Hadron Label Inclusive jet WP 60% WP 70% WP 77% WP 85%

PYTHIA8 SHERPA PYTHIA8 SHERPA PYTHIA8 SHERPA PYTHIA8 SHERPA PYTHIA8 SHERPA
b 1.9% 2.0% 92.1% 85.8% 81.3% 79.2% 59.2% 61.7% 36.3% 39.2%
c 14.2% 10.6% 2.3% 1.6% 13.4% 9.2% 35.4% 27.0% 57.4% 49.7%
Light g or gluon 83.9% 87.4% 5.6% 12.6% 5.3% 11.6% 5.4% 11.3% 6.3% 11.1%

with improvements to the multi-parton interactions model inuncertainties. Dijet events are used to calibrate jets in the
Monte Carlo simulation, reduces this uncertainty by a factoforward region relative to the central region as a function of
of seven. Following this, a new residual calibration is appliedjet transverse momentum and pseudorapidity. The precision
which reduces the effects of pile-up by simultaneously coris improved by up to a factor of two in the forward detector
recting foru, Npy, andpr. For the absolute MCJES, a new fit region at lowpr by evaluating the MC modelling uncertainty
method based on splines is used, leading to better closure fat particle level instead of reconstruction level. Central jets
jets with pr below 30 GeV. Finally, for the global calibration, are calibrated by exploiting the balance between jets recoiling
which improves the resolution of jets and reduces the differagainst either a photon oraboson. Unprecedented preci-
ence between the energy scale for quark- and gluon-initiateslon up to 1% is achieved in the in situ analysis. For the first
jets, a new method using a DNN is used, which allows infortime, the energy scale dftagged jets relative to inclusive
mation from correlated observables to be used for this calets is determined with precision up to 1%:qtjet events.
ibration step. This DNN results in an average improvement his result is important for improving precision in analysis
of the JER of around 15% improvement compared with presensitive td—JES such as the top quark mass &he> bb
vious methods, with maximum improvement of over 40%. measurements.

Following these simulation-based calibration steps, the
full Run 2 data sample is used to do a residual in situ cali-
bration to correct the data-MC differences and constrain the

@ Springer



761 Page 24 of 41

Eur. Phys. J. C (2023) 83:761

o F o A | ‘ ‘ i
Q:o . ATLAS * Data .
B \Ef 13 TeV, 140 fb™, y+jet + Pythia8 ]
1_1TAELtt|-kt R = 0.4 (PFlow+JES) v Sherpa 2.2.2
L 771 <08 ]
1.0 .
B —
: :‘::+ o —o :
09— —* 7]
—o— 7
08~ . . . .| ]
— — T 3
] o ]
S 1.05%;&_‘_ D E
€ E
S oosf .
E N Lol N " L 3

50 100 200 300 1000
Pff [GeV]

(a)

RDB

MC / Data

T T B
L ATLAS * Data 5
C \Ef 13 TeV, 140 fo™, y+jet + Pythia8 i
1_1TA2tt|-kt R = 0.4 (PFlow+JES) B v Sherpa 2.2.2
L 17| < 0.8, DL1r 77% b-tag efficiency B
1.0 .
- I
09l =+ 7]
- ]
0.8— 1 L ]
ET ‘ IRE
1.05E ]
e
0.95F — E
F N Lol N L L E

50 100 200 300 1000
p™ [GeV]

(b)

Fig. 19 The DB response as a function p?ﬁf measured in data and the (SHERPA) predictions are represented by the inverted triangles. The
simulations foia y +jet andb y +b-tagged jet. The data are represented MC-to-data response ratios are shown in the bottom panel. The error
by the black dots and tHeyTHIA8 are represented by the triangles, and bars correspond to the statistical uncertainties
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Fig. 21 Ryjesas a function of reference photgr determined using eith@yTHIA8 or SHERPA for b-tagging working point with an efficiency of
a60%,b 70%,c 77% andd 85%. The error bars correspond to the statistical uncertainties

Table3 Ryjesobtained for varioud—tagging working points usingyTHIAS andSHERPA separately for 85 pr < 1000 GeV
WP

PYTHIA 8 Sherpa

60% 0990+ 0.010 (stat.}- 0.013 (syst.) 084+ 0.010 (stat.}- 0.013 (syst.)
70% 0984+ 0.010 (stat.- 0.011 (syst.) 074+ 0.010 (stat. 0.012 (syst.)
77% Q978+ 0.006 (stat.}- 0.011 (syst.) 066+ 0.006 (stat.}- 0.011 (syst.)
85% 0989+ 0.004 (stat.}- 0.007 (syst.) 079+ 0.004 (stat.}- 0.007 (syst.)

Acknowledgements We thank CERN for the very successful oper- tugal; MNE/IFA, Romania; MESTD, Serbia; MSSR, Slovakia; ARRS
ation of the LHC, as well as the support staff from our institutionsand MIZS, Slovenia; DSI/NRF, South Africa; MICINN, Spain; SRC
without whom ATLAS could not be operated efficiently. We acknowl- and Wallenberg Foundation, Sweden; SERI, SNSF and Cantons of
edge the support of ANPCyT, Argentina; YerPhl, Armenia; ARC, Aus-Bern and Geneva, Switzerland; MOST, Taiwan; TENMAK, Turkiye;
tralia; BMWFW and FWF, Austria; ANAS, Azerbaijan; CNPq and STFC, United Kingdom; DOE and NSF, United States of America. In
FAPESP, Brazil; NSERC, NRC and CFI, Canada; CERN; ANID, Chile; addition, individual groups and members have received support from
CAS, MOST and NSFC, China; Minciencias, Colombia; MEYS CR, BCKDF, CANARIE, Compute Canada and CRC, Canada; PRIMUS
Czech Republic; DNRF and DNSRC, Denmark; IN2P3-CNRS and21/SCI/017 and UNCE SCI/013, Czech Republic; COST, ERC, ERDF,
CEA-DRF/IRFU, France; SRNSFG, Georgia; BMBF, HGF and MPG, Horizon 2020 and Marie Sktodowska-Curie Actions, European Union;
Germany; GSRI, Greece; RGC and Hong Kong SAR, China; ISF andinvestissements d’Avenir Labex, Investissements d’Avenir Idex and
Benoziyo Center, Israel; INFN, Italy; MEXT and JSPS, Japan; CNRSTANR, France; DFG and AvH Foundation, Germany; Herakleitos, Thales
Morocco; NWO, Netherlands; RCN, Norway; MEIN, Poland; FCT, Por- and Aristeia programmes co-financed by EU-ESF and the Greek NSRF,

@ Springer



761 Page 26 of 41

Eur. Phys. J. C (2023) 83:761

Greece; BSF-NSF and MINERVA, Israel; Norwegian Financial Mech-
anism 2014-2021, Norway; NCN and NAWA, Poland; La Caixa Bank-
ing Foundation, CERCA Programme Generalitat de Catalunya and

PROMETEO and GenT Programmes Generalitat Valenciana, Spairi;2.

Goran Gustafssons Stiftelse, Sweden; The Royal Society and Lever-
hulme Trust, United Kingdom. The crucial computing support from

all WLCG partners is acknowledged gratefully, in particular from 13.

CERN, the ATLAS Tier-1 facilities at TRIUMF (Canada), NDGF (Den-

mark, Norway, Sweden), CC-IN2P3 (France), KIT/GridKA (Germany), 14.

INFN-CNAF (Italy), NL-T1 (Netherlands), PIC (Spain), ASGC (Tai-
wan), RAL (UK) and BNL (USA), the Tier-2 facilities worldwide and

large non-WLCG resource providers. Major contributors of computingl5.

resources are listed in Req)].

Open Access This article is licensed under a Creative Commons Attri- 16.

bution 4.0 International License, which permits use, sharing, adaptation,

distribution and reproduction in any medium or format, as long as youl7.

give appropriate credit to the original author(s) and the source, pro-

vide a link to the Creative Commons licence, and indicate if change48.

were made. The images or other third party material in this article

are included in the article’s Creative Commons licence, unless indi19.

cated otherwise in a credit line to the material. If material is not

included in the article’s Creative Commons licence and your intende@0.

use is not permitted by statutory regulation or exceeds the permit-

ted use, you will need to obtain permission directly from the copy-21.

right holder. To view a copy of this licence, vidittp://creativecomm
ons.org/licenses/by/4.0/

Funded by SCOAR SCOAP supports the goals of the International 22.

Year of Basic Sciences for Sustainable Development.

23.

References

1. M. Cacciari, G.P. Salam, G. Soyez, The datjet clustering algo-
rithm. JHEPO4, 063 (2008)arXiv:0802.1189hep-ph]

2. M. Cacciari, G.P. Salam, Dispelling th¢3 myth for thek; jet-
finder. Phys. Lett. B541, 57 (2006) arXiv:hep-ph/0512210

3. ATLAS Collaboration, Jet reconstruction and performance using27.

particle flow with the ATLAS detector. Eur. Phys. J. 12, 466
(2017).arXiv:1703.1048%hep-ex]

4. ATLAS Collaboration, Jet energy scale and resolution measured in
proton—proton collisions af's = 13 TeV with the ATLAS detector.
Eur. Phys. J. 31, 689 (2020)arXiv:2007.0264%hep-ex]

5. ATLAS Collaboration, Jet energy measurement with the ATLAS 30.

detector in proton—proton collisions gfs = 7 TeV. Eur. Phys. J.
C 73, 2304 (2013)arXiv:1112.642¢hep-ex]

6. ATLAS Collaboration, Jet energy measurement and its systematig1.

uncertainty in proton—proton collisions gfs = 7 TeV with the
ATLAS detector. Eur. Phys. J. @5, 17 (2015).arXiv:1406.0076
[hep-ex]

7. ATLAS Collaboration, Determination of jet calibration and
energy resolution in proton—proton collisions @& = 8TeV
using the ATLAS detector, Eur. Phys. J. &), 1104 (2020).
arXiv:1910.04482hep-ex]

8. ATLAS Collaboration, Jet energy scale measurements and their
systematic uncertainties in proton—proton collisions.& =
13 TeV with the ATLAS detector. Phys. Rev.98, 072002 (2017).
arXiv:1703.09669hep-ex]

9. ATLAS Collaboration, In situ calibration of large-radius jet energy 35.

and mass in 13 TeV proton—proton collisions with the ATLAS
detector. Eur. Phys. J.19, 135 (2019)arXiv:1807.0947Thep-ex]
ATLAS Collaboration, The ATLAS Experimentatthe CERN Large
Hadron Collider. JINST, S08003 (2008)

ATLAS Collaboration, ATLAS Insertable B-Layer: Techni-
cal Design Report, ATLAS-TDR-19; CERN-LHCC-2010-013,

10.

11.

@ Springer

24.

25.

26.

28.

29.

32.

33.

34.

36.

(2010).https://cds.cern.ch/record/12916@@Idendum: ATLAS-
TDR-19-ADD-1, CERN-LHCC-2012-009, 201Ritps://cds.cern.
ch/record/1451888

B. Abbott et al., Production and integration of the ATLAS
Insertable B-Layer. JINST3, T05008 (2018)arXiv:1803.00844
[physics.ins-det]

ATLAS Collaboration, Performance of the ATLAS trigger system
in 2015. Eur. Phys. J. T7,317 (2017)arXiv:1611.0966 Thep-ex]
ATLAS Collaboration, The ATLAS Collaboration Software and
Firmware, ATL-SOFT-PUB-2021-001 (202https://cds.cern.ch/
record/2767187

ATLAS Collaboration, ATLAS data quality operations and per-
formance for 2015.2018 data-taking. JIN$%, P04003 (2020).
arXiv:1911.04634physics.ins-det]

T. Sjostrand et al., An introduction to PYTHIA 8.2. Comput. Phys.
Commun.191, 159 (2015)arXiv:1410.3017hep-ph]

ATLAS Collaboration, ATLAS Pythia 8 tunes to 7 TeV data, ATL-
PHYS-PUB-2014-021 (2014https://cds.cern.ch/record/1966419
R.D. Ball et al., Parton distributions with LHC data. Nucl. Phys. B
867, 244 (2013)arXiv:1207.1303hep-ph]

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

E. Bothmann et al., Event generation with Sherpa 2.2. SciPost Phys.
7, 034 (2019)arXiv:1905.09127hep-ph]

S. Schumann, F. Krauss, A parton shower algorithm based
on Catani-Seymour dipole factorisation. JHBB, 038 (2008).
arXiv:0709.10271hep-ph]

S. Dulat et al., New parton distribution functions from a global
analysis of quantum chromodynamics. Phys. Re@3D033006
(2016).arXiv:1506.07443hep-ph]

J.-C. Winter, F. Krauss, G. Soff, A modified cluster-hadronization
model. Eur. Phys. J. @6, 381 (2004)arXiv:hep-ph/0311085

T. Sjostrand, S. Mrenna, P.Z. Skands, PYTHIA 6.4 physics and
manual. JHER5, 026 (2006)arXiv:hep-ph/0603175

M. Bahr et al., Herwig++ physics and manual. Eur. Phys.58,C
639 (2008)arXiv:0803.0883hep-ph]

J. Bellm et al., Herwig 7.0/Herwig++ 3.0 release note. Eur. Phys.
J. C76, 196 (2016)arXiv:1512.01178hep-ph]

J. Bellm et al., Herwig 7.1 Release Note (20&rXiv:1705.06919
(hep-ph]

S. Gieseke, P. Stephens, B. Webber, New formalism for QCD parton
showers. JHER2, 045 (2003)arXiv:hep-ph/0310083

S. Platzer, S. Gieseke, Coherent parton showers with local recoils.
JHEPO1, 024 (2011)arXiv:0909.5593hep-ph]

S. Platzer, S. Gieseke, Dipole showers and automated NLO match-
ing in Herwig++. Eur. Phys. J. @, 2187 (2012)arXiv:1109.6256
[hep-ph]

S. Catani, M.H. Seymour, A General algorithm for calculating jet
cross-sections in NLO QCD. Nucl. Phys4B5, 291 (1997) [Erra-
tum: Nucl. Phys. B 510, 503-504 (19983} Xiv:hep-ph/9605323

S. Catani, S. Dittmaier, M.H. Seymour, Z. Trocsanyi, The dipole
formalism for next-to-leading order QCD calculations with mas-
sive partons. Nucl. Phys.@&7, 189 (2002)arXiv:hep-ph/0201036

P. Nason, A new method for combining NLO QCD with
shower Monte Carlo algorithms. JHER1, 040 (2004).
arXiv:hep-ph/0409146

S. Frixione, P. Nason, C. Oleari, Matching NLO QCD computations
with parton shower simulations: the POWHEG method. JHEP
070 (2007)arXiv:0709.2097hep-ph]

S. Alioli, P. Nason, C. Oleari, E. Re, A general framework for
implementing NLO calculations in shower Monte Carlo programs:
the POWHEG BOX. JHER6, 043 (2010)arXiv:1002.258Thep-

ph]

R.D. Ball et al., Parton distributions for the LHC run II. JHER

040 (2015)arXiv:1410.8849hep-ph]


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://arxiv.org/abs/0802.1189
http://arxiv.org/abs/hep-ph/0512210
http://arxiv.org/abs/1703.10485
http://arxiv.org/abs/2007.02645
http://arxiv.org/abs/1112.6426
http://arxiv.org/abs/1406.0076
http://arxiv.org/abs/1910.04482
http://arxiv.org/abs/1703.09665
http://arxiv.org/abs/1807.09477
https://cds.cern.ch/record/1291633
https://cds.cern.ch/record/1451888
https://cds.cern.ch/record/1451888
http://arxiv.org/abs/1803.00844
http://arxiv.org/abs/1611.09661
https://cds.cern.ch/record/2767187
https://cds.cern.ch/record/2767187
http://arxiv.org/abs/1911.04632
http://arxiv.org/abs/1410.3012
https://cds.cern.ch/record/1966419
http://arxiv.org/abs/1207.1303
http://arxiv.org/abs/1905.09127
http://arxiv.org/abs/0709.1027
http://arxiv.org/abs/1506.07443
http://arxiv.org/abs/hep-ph/0311085
http://arxiv.org/abs/hep-ph/0603175
http://arxiv.org/abs/0803.0883
http://arxiv.org/abs/1512.01178
http://arxiv.org/abs/1705.06919
http://arxiv.org/abs/hep-ph/0310083
http://arxiv.org/abs/0909.5593
http://arxiv.org/abs/1109.6256
http://arxiv.org/abs/hep-ph/9605323
http://arxiv.org/abs/hep-ph/0201036
http://arxiv.org/abs/hep-ph/0409146
http://arxiv.org/abs/0709.2092
http://arxiv.org/abs/1002.2581
http://arxiv.org/abs/1410.8849

Eur. Phys. J. C (2023) 83:761

Page 27 of 41 761

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.
54.
55.

56.

57.

J. Alwall et al., The automated computation of tree-level and next58.

to-leading order differential cross sections, and their matching to
parton shower simulations. JHBP, 079 (2014)arXiv:1405.0301
[hep-ph]

ATLAS Collaboration, Example ATLAS tunes OPYTHIAS,
PYTHIA6 andPOWHEG to an observable sensitive Zoboson trans-
verse momentum, ATL-PHYS-PUB-2013-017 (2018}ps://cds.
cern.ch/record/1629317

ATLAS Collaboration, The Pythia 8 A3 tune description of

ATLAS minimum bias and inelastic measurements incorporating61l.

the Donnachie-Landshoff diffractive model, ATL-PHYS-PUB-
2016-017 (2016)https://cds.cern.ch/record/2206965

M. Cacciari, G.P. Salam, G. Soyez, FastJet user manual. Eur. Phy&2.

J. C72, 1896 (2012)arXiv:1111.6097hep-ph]
M. Cacciari, G.P. Salam, Pileup subtraction using jet areas. Phys.
Lett. B659, 119 (2008)arXiv:0707.1378hep-ph]

M. Cacciari, G.P. Salam, G. Soyez, The catchment area of jet§3.

JHEPO4, 005 (2008)arXiv:0802.118ghep-ph]

S.D. Ellis, D.E. Soper, Successive combination jet algo-
rithm for hadron collisions. Phys. Rev. B8, 3160 (1993).
arXiv:hep-ph/9305266

S. Catani, Y.L. Dokshitzer, M.H. Seymour, B.R. Webber,
Longitudinally-invariant k -clustering algorithms for hadron-
hadron collisions. Nucl. Phys. 86, 187 (1993)

T. Gleisberg et al., Event generation with SHERPA 1.1. JBEP
007 (2009)arXiv:0811.4627hep-ph]

H. Abreu etal., Performance of the electronic readout of the ATLAS
liquid argon calorimeters. J. Instrufs,. P09003 (2010)

A. Cukierman, B. Nachman, Mathematical properties of numerical
inversion for jet calibrations. Nucl. Instrum. Meth 8588, 1 (2017).
arXiv:1609.05199physics.data-an]

K. Pearson, X. On the criterion that a given system of deviation€8.

from the probable in the case of a correlated system of variables is
such that it can be reasonably supposed to have arisen from random
sampling. Lond. Edinb. Dublin Philos. Mag. J. S0, 157 (1900)

H.B. Curry, 1.J. Schoenberg, On Polya frequency functions IV: thes9.

fundamental spline functions and their limits. J. Anal. Mdth,

71 (1966)

B. Grimstad et al., SPLINTER: a library for multivariate function
approximation with splines (2015ttp://github.com/bgrimstad/
splinter. Accessed 16 May 2015

ATLAS Collaboration, Dependence of the jet energy scale on
the particle content of hadronic jets in the ATLAS detector sim-
ulation, ATL-PHYS-PUB-2022-021 (2022https://cds.cern.ch/
record/2808016

ATLAS Collaboration, Generalized numerical inversion: a neutral
network approach to jet calibration, ATL-PHYS-PUB-2018-013
(2018).https://cds.cern.ch/record/2630972

F. Chollet et al., Keras (2013)ttps://keras.io

D.P. Kingma, J. Ba, Adam: a method for stochastic optimization
(2017).arXiv:1412.698(cs.LG]

P. Ramachandran, B. Zoph, Q.V. Le, Searching for activation func-
tions (2017)arXiv:1710.05941

S. Cheong, A. Cukierman, B. Nachman, M. Safdari, A. Schwartz-
man, Parametrizing the detector response with neural networks.
JINST 15, P01030 (2020)rXiv:1910.03773physics.data-an]
ATLAS Collaboration, Determination of the jet energy scale
and resolution at ATLAS usingZ/y-jet events in data at
/S = 8 TeV, ATLAS-CONF-2015-057 (2015https://cds.cern.
ch/record/2059846

59.

60.

64.

65.

66.

67.

ATLAS Collaboration, Selection of jets produced in 13 TeV
proton—proton collisions with the ATLAS detector, ATLAS-
CONF-2015-029 (2015)ttps://cds.cern.ch/record/2037702
ATLAS Collaboration, Tagging and suppression of pileup jets with
the ATLAS detector, ATLAS-CONF-2014-018 (2014jtps://cds.
cern.ch/record/1700870

ATLAS Collaboration, Performance of pile-up mitigation tech-
niques for jets inpp collisions at,/s = 8 TeV using the ATLAS
detector. Eur. Phys. J.76, 581 (2016)arXiv:1510.03823hep-ex]

V. Lendermann et al., Combining triggers in HEP data analysis.
Nucl. Instrum. Meth. A604, 707 (2009).arXiv:0901.4118hep-

ex]

ATLAS Collaboration, Electron and photon performance measure-
ments with the ATLAS detector using the 2015-2017 LHC proton—
proton collision data. JINST4, P12006 (2019)grXiv:1908.00005
[hep-ex]

ATLAS Collaboration, Muon reconstruction and identification effi-
ciency in ATLAS using the full Run 2pp collision data set at
/S = 13TeV. Eur. Phys. J. 81, 578 (2021)arXiv:2012.00578
[hep-ex]

ATLAS Collaboration, Performance of the ATLAS muon triggers
in Run 2. JINST15, P09015 (2020)arXiv:2004.1344Thep-ex]
ATLAS Collaboration, Performance of electron and photon trig-
gers in ATLAS during LHC Run 2. Eur. Phys. J.80, 47 (2020).
arXiv:1909.0076hep-ex]

ATLAS Collaboration, Measurement of the ratio of cross sections
for inclusive isolated-photon production pp collisions at,/s =

13 and 8 TeV with the ATLAS detector. JHER, 093 (2019).
arXiv:1901.10075hep-ex]

ATLAS flavour-tagging algorithms for the LHC Rurpd collision
dataset (2022)parXiv:2211.16349physics.data-an]

ATLAS Collaboration, Direct constraint on the Higgs-charm cou-
pling from a search for Higgs boson decays into charm quarks
with the ATLAS detector. Eur. Phys. J. 82, 717 (2022).
arXiv:2201.11428hep-ex]

ATLAS Collaboration, ATLAS Computing Acknowledgements,
ATL-SOFT-PUB-2021-003 (2021).https://cds.cern.ch/record/
2776662

@ Springer


http://arxiv.org/abs/1405.0301
https://cds.cern.ch/record/1629317
https://cds.cern.ch/record/1629317
https://cds.cern.ch/record/2206965
http://arxiv.org/abs/1111.6097
http://arxiv.org/abs/0707.1378
http://arxiv.org/abs/0802.1188
http://arxiv.org/abs/hep-ph/9305266
http://arxiv.org/abs/0811.4622
http://arxiv.org/abs/1609.05195
http://github.com/bgrimstad/splinter
http://github.com/bgrimstad/splinter
https://cds.cern.ch/record/2808016
https://cds.cern.ch/record/2808016
https://cds.cern.ch/record/2630972
https://keras.io
http://arxiv.org/abs/1412.6980
http://arxiv.org/abs/1710.05941
http://arxiv.org/abs/1910.03773
https://cds.cern.ch/record/2059846
https://cds.cern.ch/record/2059846
https://cds.cern.ch/record/2037702
https://cds.cern.ch/record/1700870
https://cds.cern.ch/record/1700870
http://arxiv.org/abs/1510.03823
http://arxiv.org/abs/0901.4118
http://arxiv.org/abs/1908.00005
http://arxiv.org/abs/2012.00578
http://arxiv.org/abs/2004.13447
http://arxiv.org/abs/1909.00761
http://arxiv.org/abs/1901.10075
http://arxiv.org/abs/2211.16345
http://arxiv.org/abs/2201.11428
https://cds.cern.ch/record/2776662
https://cds.cern.ch/record/2776662

761 Page 28 of 41 Eur. Phys. J. C (2023) 83:761

ATLAS Collaboration*

G. Aadt%%p), B. Abbott?9p, K. Abeling®®®, N. J. Abichf®®, S. H. Abid?°®, A. Aboulhorm&®8®, H. Abramowic2%1®,
H. Abreu®%®, Y. Abulaiti!¥’®, A. C. Abusleme Hoffmak?’3m, B.S. Achary8°26%ng €. Adam Bourdarid®,
L. Adamczyl®3pm, L. AdameKk®®, S. V. Addepalf®®, M. J. Addisor%, J. Adelmad®®®, A. AdiguzePl<p,
T. Adyet®*®m,  A. A. Affolder’38p, Y. Afik3%®, M. N. Agaras®®, J.Agarwald®@’3bp, A, Aggarwal%%p,
C. Agheorghieséf®, A. Ahmad®®®, F. Ahmadov®Y®, W. S. Ahmed®®, S. Ahuj@°®), X. Ai®2ap, G. Aielli76a76bg)
M. Ait Tamlihat®>e®, B. Aitbenchikt?>3m, 1. Aizenberd®9m, M. Akbiyik1%m, T. P. A. Akessoff®, A. V. Akimov3’®,
D. Akiyama®8®, N. N. Akolkar*®, K. Al Khoury*'®, G. L. Albergh?®®®, J. Albert®®, P. Albicoccd®,
G. L. Albouy®®®, S. Alderweireldt?®, M. Aleksa®®®, I. N. Aleksandrov®®, C.Alex@’’®, T. Alexopoulod®m,
A. Alfonsi'®, F. Alfons?3P®, M. Alhroob!?p,  B. Alit3%p, S Alil%8p, M. Alievd’®, G. Alimonti’1ap,
W. Alkakhi®®@, C. Allaire®®@, B. M. M. Allbrooke**6@, C. A. Allendes FloreS"'®, P. P. Allport®m, A. Aloisio”?3720g,
F. Alonsd°®, C. Alpigiani*38®, M. Alvarez Esteve®®, A. Alvarez Fernandé?°®, M. G. Alviggi’?272%g, M. Aly 101,
Y. Amaral Coutinh6?°®, A. Ambler!®®, C.Amelung®, M. Amer%%p, C.G. Amed®®pn, D.Amideil%p,
S. P. Amor Dos Santé2%3p, K. R. Amos%3p®, V. Ananie2%p, C. Anastopould$9®, T. Andeed!®, J. K. Andersém,
S.Y. Andreafi’a47%g A Andreazzd271%p,  S. Angelidakié®, A. Angeramfl@3p,  A. V. Anisenko’®,
A. Annovi’@m, C.AnteP®®, M. T. Anthony*3%®, E. Antipo*®®, M. Antonell®3®, D.J. A. Antrimt’ap,
F. Anulli’®a®, M. Aoki®3®, T. Aokil®3®, J. A. Aparisi Poz&%3®, M. A. Aparo'“6p), L. Aperio Belld®®, C. Appelt®m,
N. Aranzabal®®, C. Arcangeletf®®, A.T.H.Arcel®, E.Arend?m, J.-F. Arguid®m, S. Argyropoulod*®,
J.-H. Arling®®®, A.J. Armbrustet®®, O. AmaeZ®, H.Arnold®, Z. P. Arrubarrena Tam&°, G. Artoni’>37%0g,
H. Asada!l®, K.Asaill®®, S.Asal®3®, N.A. Asbalfl®, J. Assahsalid®m, K. AssamagafP®, R. Astalo$®dp,
S. Atasht®0p), R. J. Atkirt3am, M. Atkinsont®2, N. B. Atlay*®®, H. Atmanf22, P, A. Atmasiddh¥8p, K. Augstert32m,
S. Auricchid?a72bgy - AL D. Auriol®®, V. A. Austrupr®, G. Avolio®®®, K. Axiotis®®®, G. Azuelod08acgq,
D. Babaf®®, H. Bachacol?®®, K. Bachas®29®, A. Bachit?*®, F. Backmaf’34’p, A. Bade&l®, P. Bagnai&®2"°%p),
M. Bahmant®®, A. J. Bailey'53®, V. R. Bailey'%2p, J. T. Baine$®%®, C. Bakalis®®, O. K. Baket’%®, E. Bakos®®),
D. Bakshi Guptd®, R.Balasubramanidf’®, E.M. Baldirt’®, P.Balek%3d®, E.Ballaben&23%g F. Ballil®5p),
L. M. Balte$33p, W. K. Balunas?®, J.Bal2%%», E.Bana%®, M.Bandieramont&®®, A.Bandyopadhya&/®,
S. Bansa*®, L. Barak®k®, M. Barakaf8®, E. L. Barberid®m, D. Barberi§’2%7%g, M. Barberd%4®, G. Barbouf®,
K. N. Barend$33p, T. Barillari'l%®, M-S. Barisits®®, T.Barklowt*3®, P.Baroi?%®, D.A.Baron Morené®lp,
A. Baroncellf?3p), G.Baroné®®, A.J.Bart?5p, J.D.Barf®®, L.Barranco Navard24’g,  F. Barreird%®,
J. Barreiro Guimardes da Costdm, U. Barror®l®, M. G. Barros Teixeirs®®%3m, S. Barsov’, F. Bartel§33p,
R. Bartoldud*3®, A. E. Bartor?®, P. Bartod®ap, A. Basat®m, M. Baselgd®®, A. Bassaldt®29p, M. J. Bassé®%3p,
C. R. Bassot!l®, R. L. Bates?®, S. Batlamou®®, J. R. Batley?®, B. Batool*l®, M. Battaglid36®, D. Battulgd®m,
M. Bauce®3%bs M. Bauef®®, P.Bauet*®, L.T. Bazzano Hurref’®, J.B.Beachaft®, T.Bead?’p,
P. H. Beauchemi?®®, F. Bechere*®, P.Bechtlé*®, H.P.BeckoP®m, K.Beckets’®, A.J.Beddafldp,
V. A. Bednyako¥®®, C.P.Beé*®, L.J.BeemstéP, T.A.Beermani®®, M.Begall?2®, M. Begelm,
A. Beherd®®pm, J. K. Behf®®, J. F. Beiret®®, F.Beisiegel*®, M. Belfkir'®®®, G.Belld®l®, L. Bellagamba®®®,
A. Bellerive**®, P. Bellog%®, K. Beloborodoy’®, N.L.Belyae¥’®, D.BenchekroufPd®m, F.Bendebb®ap,
Y. BenhammotPl®, M. Benoif®®, J.R.Bensingéf®, S.BentvelseH*®, L. Beresford®®, M. Berett&3p,
E. Bergeaas Kuutmah®'®, N.Bergef®, B.Bergmant®3®, J.Beringet’@®, G.Bernardi®, C.Bernius*3p,
F. U. Bernlochne?*®, F. Bernoi®19%p), T. Bern®°®, P. Bertd33®, A. Berthold?®, I. A. Bertran?l@®, S. Bethkél%p,
A. Betti’®a7%bg A J. Bevad*®, M.Bhamje€3¢®, S.Bhattd*®®», D.S.Bhattachary&®®, P.Bhattard®p,
V. S. Bhopatkal?'®, R. Bi?%2¢ R. M. Bianch#?%®, G. Bianc$3323bg), O. Biebel%9p®), R. Bielski?3m, M. Biglietti’7ap,
T.R. V. Billoud®%®», M. Bindi®®>®, A.Bingul?®®, C.Bini’®37%bg, A, Biondini®2®, C.J. Birch-syke¥®,
G. A. Bird2%134s M. Birmant®®®, M. Biros'33m, T.Bisan?%®, E. Bisceglié3343s,  D. Biswas*lp,
A. Bitadze"%l®, K. Bjorket?>m, I. Bloch*®®, C. Blockef®®, A.Blue®®, U. Blumenscheiff®, J. Blumenthdl%p,
G. J. Bobbink®, V. S. Bobrovniko#’®, M. BoehleP*®, B. Boehmt®®p, D. Bogavaé®®, A. G. Bogdanchiko¥',
C. Bohnt’3m, V. Boisverf®®, P.Bokart®®, T.Bold®3p, M.Bomber®, M.Bon@*®, M. Boonekamp®>m,
C. D. Bootl?®>®, A. G. Borbély°®, I. S. Bordule¥’®, H. M. Borecka-Bielsk¥8®, L. S. Borgnd®®, G. BorissoVl®,
D. Bortolettd?6®, D. Boscherind®®®, M. Bosmait®®, J.D. Bossio Sof®, K.Bouaoudad®3®, N.Bouchhat®3p,
J. Boudreal?®®», E.V.Bouhova-Thackét®, D.Boumedien®®, R.Bouquet®, A.Boveidl®®, J.Boyd®m,
D.Boye®®, I.R.Boyko®®, J.Bracinik’®, N.Brahimf2®, G.Brandt’®, O.Brand®?®, F.Brarefd®p,
B. Braut%3p, J.E.Brad?3®, R.Brenet®%p®, L.Brennet’®, R.Brennet®l®, S.Bressleéf%®, D. Britton*%®,

@ Springer


http://orcid.org/0000-0002-6665-4934
http://orcid.org/0000-0002-5888-2734
http://orcid.org/0000-0002-1002-1652
http://orcid.org/0000-0001-5763-2760
http://orcid.org/0000-0002-8496-9294
http://orcid.org/0000-0002-9987-2292
http://orcid.org/0000-0001-5329-6640
http://orcid.org/0000-0002-1599-2896
http://orcid.org/0000-0003-0403-3697
http://orcid.org/0000-0003-0762-7204
http://orcid.org/0000-0002-8588-9157
http://orcid.org/0000-0002-2634-4958
http://orcid.org/0000-0002-5859-2075
http://orcid.org/0000-0003-1562-3502
http://orcid.org/0000-0002-2919-6663
http://orcid.org/0000-0002-1041-3496
http://orcid.org/0000-0001-6644-0517
http://orcid.org/0000-0003-0627-5059
http://orcid.org/0000-0002-9058-7217
http://orcid.org/0000-0001-8102-356X
http://orcid.org/0000-0002-4355-5589
http://orcid.org/0000-0002-4754-7455
http://orcid.org/0000-0002-1922-2039
http://orcid.org/0000-0003-3695-1847
http://orcid.org/0000-0001-8638-0582
http://orcid.org/0000-0003-3644-540X
http://orcid.org/0000-0003-0128-3279
http://orcid.org/0000-0003-4368-9285
http://orcid.org/0000-0003-3856-2415
http://orcid.org/0000-0002-0573-8114
http://orcid.org/0000-0002-1322-4666
http://orcid.org/0000-0002-8020-1181
http://orcid.org/0000-0003-2150-1624
http://orcid.org/0000-0002-7342-3130
http://orcid.org/0000-0003-4141-5408
http://orcid.org/0000-0002-2846-2958
http://orcid.org/0000-0001-7623-6421
http://orcid.org/0000-0003-3424-2123
http://orcid.org/0000-0002-0547-8199
http://orcid.org/0000-0003-2388-987X
http://orcid.org/0000-0003-0253-2505
http://orcid.org/0000-0001-6430-1038
http://orcid.org/0000-0003-0830-0107
http://orcid.org/0000-0002-8224-7036
http://orcid.org/0000-0002-1936-9217
http://orcid.org/0000-0001-7381-6762
http://orcid.org/0000-0003-0922-7669
http://orcid.org/0000-0002-8977-279X
http://orcid.org/0000-0001-7406-4531
http://orcid.org/0000-0002-0966-0211
http://orcid.org/0000-0001-7569-7111
http://orcid.org/0000-0001-8653-5556
http://orcid.org/0000-0001-5216-3133
http://orcid.org/0000-0002-9012-3746
http://orcid.org/0000-0002-7128-9046
http://orcid.org/0000-0001-9355-4245
http://orcid.org/0000-0003-4745-538X
http://orcid.org/0000-0002-5738-2471
http://orcid.org/0000-0002-1509-3217
http://orcid.org/0000-0001-7303-2570
http://orcid.org/0000-0002-3883-6693
http://orcid.org/0000-0001-9431-8156
http://orcid.org/0000-0002-7641-5814
http://orcid.org/0000-0002-8181-6532
http://orcid.org/0000-0003-1525-4620
http://orcid.org/0000-0003-0026-982X
http://orcid.org/0000-0003-3043-3715
http://orcid.org/0000-0002-1798-7230
http://orcid.org/0000-0003-2184-3480
http://orcid.org/0000-0003-1155-7982
http://orcid.org/0000-0002-2126-4246
http://orcid.org/0000-0002-6814-0355
http://orcid.org/0000-0001-7566-6067
http://orcid.org/0000-0003-1757-5620
http://orcid.org/0000-0003-3649-7621
http://orcid.org/0000-0003-1587-5830
http://orcid.org/0000-0002-4413-871X
http://orcid.org/0000-0002-1846-0262
http://orcid.org/0000-0002-9766-2670
http://orcid.org/0000-0001-5161-5759
http://orcid.org/0000-0002-8274-6118
http://orcid.org/0000-0001-7834-8750
http://orcid.org/0000-0002-7201-5936
http://orcid.org/0000-0002-4649-4398
http://orcid.org/0000-0001-9683-0890
http://orcid.org/0000-0002-5270-0143
http://orcid.org/0000-0002-6678-7665
http://orcid.org/0000-0002-2293-5726
http://orcid.org/0000-0001-8084-7786
http://orcid.org/0000-0003-2734-130X
http://orcid.org/0000-0001-7498-0097
http://orcid.org/0000-0002-6618-5170
http://orcid.org/0000-0001-7401-4331
http://orcid.org/0000-0003-4675-7810
http://orcid.org/0000-0003-3942-1702
http://orcid.org/0000-0003-1205-6784
http://orcid.org/0000-0001-9013-2274
http://orcid.org/0000-0001-8648-2896
http://orcid.org/0000-0002-7255-0832
http://orcid.org/0000-0001-5970-8677
http://orcid.org/0000-0003-0229-3858
http://orcid.org/0000-0001-7748-1429
http://orcid.org/0000-0002-1577-5090
http://orcid.org/0000-0002-9007-530X
http://orcid.org/0000-0002-6096-0893
http://orcid.org/0000-0003-3578-2228
http://orcid.org/0000-0002-3477-4499
http://orcid.org/0000-0003-1420-4955
http://orcid.org/0000-0002-3670-6908
http://orcid.org/0000-0001-5279-2298
http://orcid.org/0000-0001-8381-2255
http://orcid.org/0000-0002-3207-9783
http://orcid.org/0000-0002-4826-2662
http://orcid.org/0000-0001-5095-605X
http://orcid.org/0000-0002-3624-4475
http://orcid.org/0000-0002-1972-1006
http://orcid.org/0000-0003-1094-4825
http://orcid.org/0000-0002-7639-9703
http://orcid.org/0000-0001-8324-0576
http://orcid.org/0000-0001-7599-7712
http://orcid.org/0000-0002-3623-1228
http://orcid.org/0000-0001-6918-9065
http://orcid.org/0000-0003-2664-3437
http://orcid.org/0000-0003-3664-8186
http://orcid.org/0000-0003-4241-022X
http://orcid.org/0000-0001-7657-6004
http://orcid.org/0000-0002-2256-4515
http://orcid.org/0000-0002-9047-6517
http://orcid.org/0000-0001-8599-024X
http://orcid.org/0000-0001-7489-9184
http://orcid.org/0000-0001-5199-9588
http://orcid.org/0000-0003-4578-2651
http://orcid.org/0000-0003-4173-0926
http://orcid.org/0000-0002-3301-2986
http://orcid.org/0000-0001-8291-5711
http://orcid.org/0000-0003-0770-2702
http://orcid.org/0000-0002-9931-7379
http://orcid.org/0000-0003-1346-5774
http://orcid.org/0000-0002-1110-4433
http://orcid.org/0000-0002-6580-008X
http://orcid.org/0000-0001-5840-1788
http://orcid.org/0000-0002-9854-975X
http://orcid.org/0000-0002-0942-1966
http://orcid.org/0000-0001-9700-2587
http://orcid.org/0000-0003-0844-4207
http://orcid.org/0000-0001-7041-7096
http://orcid.org/0000-0002-7048-4915
http://orcid.org/0000-0003-2866-9446
http://orcid.org/0000-0001-5325-6040
http://orcid.org/0000-0003-2014-9489
http://orcid.org/0000-0002-5256-839X
http://orcid.org/0000-0002-8754-1074
http://orcid.org/0000-0002-3436-2726
http://orcid.org/0000-0001-5740-1866
http://orcid.org/0000-0002-3111-0910
http://orcid.org/0000-0002-3938-4553
http://orcid.org/0000-0002-7824-3358
http://orcid.org/0000-0002-9165-9331
http://orcid.org/0000-0001-7326-0565
http://orcid.org/0000-0003-0253-106X
http://orcid.org/0000-0002-7709-037X
http://orcid.org/0000-0002-5170-0053
http://orcid.org/0000-0001-9864-7985
http://orcid.org/0000-0001-7090-7474
http://orcid.org/0000-0001-5163-5936
http://orcid.org/0000-0002-3533-3740
http://orcid.org/0000-0002-9752-9204
http://orcid.org/0000-0002-3380-8167
http://orcid.org/0000-0002-3021-0258
http://orcid.org/0000-0003-2387-0386
http://orcid.org/0000-0002-3455-7208
http://orcid.org/0000-0003-0914-8178
http://orcid.org/0000-0003-2872-7116
http://orcid.org/0000-0002-3407-0918
http://orcid.org/0000-0001-5317-9794
http://orcid.org/0000-0001-9696-9497
http://orcid.org/0000-0003-1419-3213
http://orcid.org/0000-0001-8021-8525
http://orcid.org/0000-0002-1533-0876
http://orcid.org/0000-0002-0129-1423
http://orcid.org/0000-0001-9278-3863
http://orcid.org/0000-0003-1693-5946
http://orcid.org/0000-0002-6923-5372
http://orcid.org/0000-0001-7658-7766
http://orcid.org/0000-0001-6544-9376
http://orcid.org/0000-0001-9608-543X
http://orcid.org/0000-0001-6389-5364
http://orcid.org/0000-0002-9148-4658
http://orcid.org/0000-0002-4819-0419
http://orcid.org/0000-0002-4568-5360
http://orcid.org/0000-0002-8985-6934
http://orcid.org/0000-0003-3623-3335
http://orcid.org/0000-0002-2022-2140
http://orcid.org/0000-0003-4889-8748
http://orcid.org/0000-0003-0562-4616
http://orcid.org/0000-0003-3479-2221
http://orcid.org/0000-0001-7212-1096
http://orcid.org/0000-0002-6691-6498
http://orcid.org/0000-0002-8451-9672
http://orcid.org/0000-0003-4864-8909
http://orcid.org/0000-0001-6294-6561
http://orcid.org/0000-0001-9805-2893
http://orcid.org/0000-0003-4868-6059
http://orcid.org/0000-0002-1634-4399
http://orcid.org/0000-0002-7739-295X
http://orcid.org/0000-0002-5501-4640
http://orcid.org/0000-0001-9024-4989
http://orcid.org/0000-0002-7659-8948
http://orcid.org/0000-0001-9974-1527
http://orcid.org/0000-0002-4009-0990
http://orcid.org/0000-0001-7098-9393
http://orcid.org/0000-0001-6775-0111
http://orcid.org/0000-0003-2049-9622
http://orcid.org/0000-0003-0945-4087
http://orcid.org/0000-0002-1131-7121
http://orcid.org/0000-0001-5196-8327
http://orcid.org/0000-0002-5360-5973
http://orcid.org/0000-0002-0392-1783
http://orcid.org/0000-0002-8623-1699
http://orcid.org/0000-0002-6117-4536
http://orcid.org/0000-0003-3280-0953
http://orcid.org/0000-0002-3080-1824
http://orcid.org/0000-0002-7026-8171
http://orcid.org/0000-0002-1253-8583
http://orcid.org/0000-0002-7963-9725
http://orcid.org/0000-0002-8076-5614
http://orcid.org/0000-0002-9975-1781
http://orcid.org/0000-0002-2837-2442
http://orcid.org/0000-0003-3433-1687
http://orcid.org/0000-0001-8153-2719
http://orcid.org/0000-0003-0499-8755
http://orcid.org/0000-0002-9569-8231
http://orcid.org/0000-0003-0780-0345
http://orcid.org/0000-0002-3824-409X
http://orcid.org/0000-0003-4073-4941
http://orcid.org/0000-0003-0073-3821
http://orcid.org/0000-0003-0839-9311
http://orcid.org/0000-0002-4105-9629
http://orcid.org/0000-0002-2697-4589
http://orcid.org/0000-0002-9045-3278
http://orcid.org/0000-0003-3837-4166
http://orcid.org/0000-0001-9977-0416
http://orcid.org/0000-0003-3024-587X
http://orcid.org/0000-0001-7345-7798
http://orcid.org/0000-0003-4473-7242
http://orcid.org/0000-0002-8663-6856
http://orcid.org/0000-0002-2079-5344
http://orcid.org/0000-0001-5442-1351
http://orcid.org/0000-0002-6280-3306
http://orcid.org/0000-0001-6172-545X
http://orcid.org/0000-0002-2455-8039
http://orcid.org/0000-0001-6674-7869
http://orcid.org/0000-0002-1559-3473
http://orcid.org/0000-0001-6329-9191
http://orcid.org/0000-0003-2025-5935
http://orcid.org/0000-0002-3835-0968
http://orcid.org/0000-0003-2781-623X
http://orcid.org/0000-0002-7820-3065
http://orcid.org/0000-0001-6410-9046
http://orcid.org/0000-0002-7543-3471
http://orcid.org/0000-0001-7979-1092
http://orcid.org/0000-0003-3485-0321
http://orcid.org/0000-0002-6696-5169
http://orcid.org/0000-0001-6898-5633
http://orcid.org/0000-0002-7716-5626
http://orcid.org/0000-0002-6134-0303
http://orcid.org/0000-0001-5412-1236
http://orcid.org/0000-0001-8462-351X
http://orcid.org/0000-0002-2003-0261
http://orcid.org/0000-0001-9734-574X
http://orcid.org/0000-0002-8462-443X
http://orcid.org/0000-0003-2138-9062
http://orcid.org/0000-0002-8635-9342
http://orcid.org/0000-0003-3807-7831
http://orcid.org/0000-0002-7736-0173
http://orcid.org/0000-0002-2668-889X
http://orcid.org/0000-0002-2432-411X
http://orcid.org/0000-0002-9807-861X
http://orcid.org/0000-0002-9660-580X
http://orcid.org/0000-0003-0078-9817
http://orcid.org/0000-0001-5880-7761
http://orcid.org/0000-0002-6890-1601
http://orcid.org/0000-0002-9249-2158
http://orcid.org/0000-0002-5702-739X
http://orcid.org/0000-0003-0012-7856
http://orcid.org/0000-0002-4226-9521
http://orcid.org/0000-0002-1287-4712
http://orcid.org/0000-0001-9207-6413
http://orcid.org/0000-0002-7290-643X
http://orcid.org/0000-0002-7134-8077
http://orcid.org/0000-0002-7723-5030
http://orcid.org/0000-0002-5129-5705
http://orcid.org/0000-0002-9314-5860
http://orcid.org/0000-0002-5103-1558
http://orcid.org/0000-0002-7809-3118
http://orcid.org/0000-0001-9683-7101
http://orcid.org/0000-0002-6647-6699
http://orcid.org/0000-0001-7360-0726
http://orcid.org/0000-0002-2704-835X
http://orcid.org/0000-0002-3355-4662
http://orcid.org/0000-0001-5762-3477
http://orcid.org/0000-0003-0992-3509
http://orcid.org/0000-0001-7992-0309
http://orcid.org/0000-0001-5219-1417
http://orcid.org/0000-0003-4339-4727
http://orcid.org/0000-0001-9726-4376
http://orcid.org/0000-0003-1292-9725
http://orcid.org/0000-0001-5791-4872
http://orcid.org/0000-0001-5350-7081
http://orcid.org/0000-0002-8204-4124
http://orcid.org/0000-0003-4194-2734
http://orcid.org/0000-0001-9998-4342

Eur. Phys. J. C (2023) 83:761 Page 29 of 41 761

D. Britzget'%®,  I. Brock’*®, G.Brooijmandl®, W.K.Brooks®"'®, E.Brost®®», L. M. Brown!®®!

L. E. Brucé!, T. L. Bruckle??8®, P. A. Bruckman de Renstréff®, B. Briieré®®, D. Brunckd®® @, A.Bruni? g,
G. Brunf®®®, M. Brusch?3®, N. Bruscind®37%g), T. Buane$®®, Q. Buat38®, D. Buchin%s, A. G. Buckley®m,
M. K. Bugge®®®m, O. Bulekow’®, B.A.Bullard“3m, A.T.Bunkd®%®, S.Burdif?®, C.D.Burgard®®,
A. M. Burgef’°®, B. Burghgravé®, O. Burlayenké*®, J.T.P.Burf?®, C.D.Burtodl®, J.C.Burzynski*?m,
E. L. BuscHl®, V.Buschet®®, P.J.Busseé¥®, J.M.Butle®®, C.M.ButtaP®®», J. M. Butterwortfi%o,
W. Buttingef34®, C.J. Buxo Vazque?’, A. R. Buzykae¥’'®, G. Cabra¥®®, S. Cabrera Urbdi3®, D. Caforic®®,
H. Cat?9p, Y. Cait*al%en V. M. M. Cairo’8®, O. Cakifd®, N. Calacé®®, P.Calafiurd’ap, G. Calderint?’m,
P. Calfayaf®®, G. Calle@®®, L.P.Calob&?®, D. Calvef%®, S.Calvet’®, T.P.Calvet’%p, M. Calvetti4a740g,
R. Camacho Tor¥’®, S.Camard®®, D.Camarero Mund®®, P.Camarri®37%g, M. T. Camerlingd?372%p,
D. Camerof®®®, C. Caminché®>®, M. Campanel®®, A.Camplant?®, V.Canalé?2’2%g, A, Caness¥p,

M. Cano Bret%®, J. Canter®®3®, Y.Cad%%®, F. Capocasi®, M. Capud®3bgp, A, Carbonéla’lbg,
R. Cardarelif®®», J.C.J.Cardend®, F. Cardilld®m, T. Carlf®®, G.Carlind?dp, J.I. Carlottd®p,
B. T. Carlsof?%'®, E. M. Carlsof>3165g L. Carminati1a71bg) M. Carnesal®a750g) S. CaroAl3p,

E. Carquit®”®, S.cCarrd!2’10g, G. Carrattd®®230g, F. Carrio Argog39m, J. W. S. CartéP®m, T. M. CarteP2p),
M. P. Casad® @, M. Caspat®®, E. G. Castiglid’4®, F. L. Castilld®, L. Castillo Garcid3®, V. Castillo Gimene¥3p,
N. F. Castrd303130es A Catinaccid®®, J. R. Catmort>p, V. Cavalierd®®, N. Cavallf3223bg, V. Cavasinni4a74bg,
Y. C. Cekmeceliogltf®, E. Celebfldnm, F.Cell2%m, M.S. Centonz&37%g K. Cerny*?%®m, A.S. Cerqueir¥fap,
A. Cerri*®s), L. Cerrito’5376bg) F. Ceruttt’am, B. Cervatd*l®, A. Cervell?3®®, G. Cesarini®®, S. A. Cetirfldp,
Z. Chad?®3®, D. Chakraborty*®®, M. Chald3%®, J. Chah’%®, W. Y. Chart®3@, J. D. Chapmatt®, E. Chapoh®®p,
B. Chargeishvit*®®®, D. G. CharltoR%®, T.P.Charmaff®, M. Chatterjeé®®, C.Chauhat®pm, S.Chekandip,
S. V. Chekulae¥®®¥p, G.A. Chelkow®3®, A.Chert%@, B.Cherd®'®, B.Chert®®, H.Cher“‘®, H.Cher®m,
J. Chefi?®, J. CheA*2®, M. Chert?8p, S. CheR®3p, S. J. ChelS®, X. Cherf%®, X. Chert*®a0g, Y. Cher??3p),
C.L.Chend%®, H.C. Chen§*®, S.Cheon§3®, A.Cheplakov®®, E. Cheremushkirfd®, E.Cherepanova*®,
R. Cherkaoui El Mours#é®, E.Ched®, K.Cheun§®®, L. Chevaliet3®®, V. Chiarell@3®, G. Chiarell{*3p,
N. Chieddé%m, G. Chiodinf%@®, A.S. Chisholm%®, A. Chitarf’?®, M. Chitishvili®3®, M. V. Chizho?8®,
K. Choi'l®, A.R.Chomont®37%bg) Y. Chout%3m, E.Y.S. Chow!4®, T.Chowdhury3%®, L. D. Christophet®dp,
K. L. Chu'®9 M. C. Chif*am, X. Chut4d14eg, J. Chudob®l®, J. J. ChwastowsR®, D. Cierit%, K. M. Ciesl&®3p,
V. Cindro®®®, A. Ciociol’®, F. Cirottd?372bg, 7. H. Citron'®%®, M. Citterio’’d®,  D. A. Ciubotard’®,
B. M. Ciungut®>®, A. Clark®®®, P.J. ClarR?®, J. M. Clavijo Columbié®®, S. E. Clawsoff®, C. Clemerft’a470g,
J. ClercX8®, L. Cliss&®323bg) Y. Coadod®%®m, M. Cobaf?2%%s, A Coccar8’®m, R.F. Coelho Barrdé%p,
R. Coelho Lopes De $%®, S. Coellfl3®, H.Cohed®®, A.E.C.Coimbrdla’ibg B, Colél®, J.Collof%p,
P. Conde Muifi&3031308s, M. P. Conneft3®,  S.H. Connef®®, 1. A. Connelly®®,  E.I. Conroy2%p,
F. Conventf?3ads  H. G. Cooké%®, A. M. Cooper-Sarkdf®m, A. Cordeiro Oudot Ché?’®, F. Cormiet®p,
L. D. Corpé®, M. Corradf®27%g, F. Corrivead®W@, A. Cortes-Gonzalé®®, M. J. Costd®3@, F. Costanzsp,
D. Costanz&°®, B. M. Cote%®, G.Cowaf®®, K.Cranmetl’®, D.Cremonint33230g, S, Crépé-Renaudifp,
F. Cresciolt?’®, M. Cristinziant*1@, M. Cristoforettf®378g, V. Croft!4®, J. E. Crosb{?l®, G. Crosettt33430g),
A. Cuetd®®, T.Cuhadar Donszelmati?®, H.Cuit*dl4en, Z. Cui’®, W.R. Cunningha®®®, F. Curcid®243bp,
P. Czodrowsk®®, M. M. Czuryld®®, M. J. Da Cunha Sargedas De Sdi#é®,  J. V. Da Fonseca Pirftép,
C. Da Vid%®, W. Dabrowskd®dp, T.Dadd®®, S.Dahbi9p, T.Dait%p, C. Dallapiccold®m, M. Danf?p),
G. D'amert®®, V. D'’Amicol®m, J. Damp®m, J. R. Dando¥?®®, M. F. Danerf’®, M. Danninget*’®, V. Dac*®p),
G. Darbé"®, S. Darmoré®, S. J. Da®®, S. D’Auria’12710g) C. David>6%p, T. Davidek33p, B. Davis-Purceft*®,
I. Dawsor?*®, H.A.Day-hall3%®m, K.De®’®, R.DeAsmundi&3®m, N.De Biasé®®, S.De Castrea230p,
N. De Groot'3p, P.de Jon§“®, H.DelaTorré%®, A.De Marid?%®, A.De Salvd®dm, U. De Sancti&a70g,
A. De Santd*%p, J. B. De Vivie De Regi®®, D. V. Dedovictt®, J. Degens“®, A. M. Deiand*®, F. Del Corsé3223bg),
J. Del Pes®®, F.Del Rid®3®, F.Deliof35®, C. M. DelitzscH®®, M. Della Pietrd?272°%, D. Della Volpe®®,
A. Dell’Acqua®®®, L. Dell’Asta’’a710g, M. Delmastrd@, P. A. Delsat®®, S.Demer§%®, M. Demichevé®,
S. P. Deniso¥®, L.D'Eramd®®®, D.Derendar®®®, F.Derué?’®, P.Dervad?®, K.Desch*®, C.Deutsch'®,
F. A. Di Bello®’357%g A, Di Ciaccio’®37%0g, L. Di Ciaccid'®, A. Di Domenicd®27%0g,  C. Di Donatd?3720g,
A. Di Girolama®®®,  G. Di Gregori®®,  A. DilLuca’378g,  B. DiMicco’’3’’bp,  R. Di Nardd 72770,
C. Diacond%p, F. A. Dias¥®, T. Dias Do Valé*3®, M. A. Diaz1373137bg F. G. Diaz Caprile¥'®, M. Didenkd3p,
E. B. Diehf%g), L. DiehP*®, S. Diez Corneff®, C. Diez Pardo¥l®, C. Dimitriad?*161®, A. Dimitrievska’am,
J. Dingfeldef*®,  I-M. Dinu?’®®,  S.J.Dittmeie®®®, F. Dittus®®, F. Djamd%%m®, T. Djobavd*®%p,

@ Springer


http://orcid.org/0000-0002-9246-7366
http://orcid.org/0000-0003-0903-8948
http://orcid.org/0000-0002-3354-1810
http://orcid.org/0000-0001-6161-3570
http://orcid.org/0000-0002-6800-9808
http://orcid.org/0000-0002-5485-7419
http://orcid.org/0000-0002-6199-8041
http://orcid.org/0000-0002-0206-1160
http://orcid.org/0000-0002-1479-2112
http://orcid.org/0000-0003-0208-2372
http://orcid.org/0000-0003-4806-0718
http://orcid.org/0000-0001-5667-7748
http://orcid.org/0000-0002-4319-4023
http://orcid.org/0000-0002-6168-689X
http://orcid.org/0000-0002-8977-121X
http://orcid.org/0000-0001-7318-5251
http://orcid.org/0000-0001-8272-1108
http://orcid.org/0000-0001-8355-9237
http://orcid.org/0000-0002-8650-8125
http://orcid.org/0000-0002-5687-2073
http://orcid.org/0000-0001-7148-6536
http://orcid.org/0000-0001-6876-0178
http://orcid.org/0000-0003-4831-4132
http://orcid.org/0000-0002-6900-825X
http://orcid.org/0000-0003-0685-4122
http://orcid.org/0000-0001-5686-0948
http://orcid.org/0000-0001-8283-935X
http://orcid.org/0000-0001-6726-6362
http://orcid.org/0000-0002-3427-6537
http://orcid.org/0000-0002-4690-0528
http://orcid.org/0000-0003-4482-2666
http://orcid.org/0000-0001-9196-0629
http://orcid.org/0000-0003-0988-7878
http://orcid.org/0000-0003-2834-836X
http://orcid.org/0000-0003-0188-6491
http://orcid.org/0000-0002-5905-5394
http://orcid.org/0000-0002-5116-1897
http://orcid.org/0000-0002-5458-5564
http://orcid.org/0000-0002-8467-8235
http://orcid.org/0000-0001-7640-7913
http://orcid.org/0000-0001-7808-8442
http://orcid.org/0000-0001-7575-3603
http://orcid.org/0000-0003-4946-153X
http://orcid.org/0000-0002-0758-7575
http://orcid.org/0000-0002-9016-138X
http://orcid.org/0000-0002-1494-9538
http://orcid.org/0000-0002-1692-1678
http://orcid.org/0000-0002-9495-9145
http://orcid.org/0000-0003-1600-464X
http://orcid.org/0000-0001-5969-3786
http://orcid.org/0000-0002-9953-5333
http://orcid.org/0000-0002-2531-3463
http://orcid.org/0000-0002-3342-3566
http://orcid.org/0000-0003-0125-2165
http://orcid.org/0000-0002-9192-8028
http://orcid.org/0000-0003-0479-7689
http://orcid.org/0000-0002-2855-7738
http://orcid.org/0000-0002-5732-5645
http://orcid.org/0000-0002-9417-8613
http://orcid.org/0000-0001-6097-2256
http://orcid.org/0000-0001-5929-1357
http://orcid.org/0000-0001-6746-3374
http://orcid.org/0000-0002-6386-9788
http://orcid.org/0000-0003-2303-9306
http://orcid.org/0000-0002-9227-5217
http://orcid.org/0000-0002-8880-434X
http://orcid.org/0000-0001-8449-1019
http://orcid.org/0000-0001-8747-2809
http://orcid.org/0000-0002-3562-9592
http://orcid.org/0000-0002-2443-6525
http://orcid.org/0000-0002-4117-3800
http://orcid.org/0000-0003-4541-4189
http://orcid.org/0000-0002-6511-7096
http://orcid.org/0000-0002-4478-3524
http://orcid.org/0000-0003-4058-5376
http://orcid.org/0000-0002-3924-0445
http://orcid.org/0000-0003-1718-307X
http://orcid.org/0000-0002-7550-7821
http://orcid.org/0000-0002-4139-9543
http://orcid.org/0000-0003-4535-2926
http://orcid.org/0000-0003-3570-7332
http://orcid.org/0000-0003-2941-2829
http://orcid.org/0000-0002-7863-1166
http://orcid.org/0000-0001-8650-942X
http://orcid.org/0000-0002-8846-2714
http://orcid.org/0000-0003-1990-2947
http://orcid.org/0000-0002-7836-4264
http://orcid.org/0000-0003-2966-6036
http://orcid.org/0000-0002-0394-5646
http://orcid.org/0000-0001-9116-0461
http://orcid.org/0000-0001-7991-2018
http://orcid.org/0000-0002-1172-1052
http://orcid.org/0000-0003-1396-2826
http://orcid.org/0000-0002-8245-1790
http://orcid.org/0000-0001-8491-4376
http://orcid.org/0000-0001-8774-8887
http://orcid.org/0000-0001-8915-0184
http://orcid.org/0000-0002-4297-8539
http://orcid.org/0000-0002-1096-5290
http://orcid.org/0000-0001-6203-9347
http://orcid.org/0000-0002-5107-7134
http://orcid.org/0000-0003-3793-0159
http://orcid.org/0000-0001-6962-4573
http://orcid.org/0000-0002-7945-4392
http://orcid.org/0000-0003-0683-2177
http://orcid.org/0000-0002-4300-703X
http://orcid.org/0000-0002-1904-6661
http://orcid.org/0000-0002-8077-7850
http://orcid.org/0000-0001-9669-9642
http://orcid.org/0000-0002-5200-0016
http://orcid.org/0000-0002-0518-1459
http://orcid.org/0000-0001-9073-0725
http://orcid.org/0000-0001-5050-8441
http://orcid.org/0000-0002-3117-5415
http://orcid.org/0000-0002-9865-4146
http://orcid.org/0000-0002-4343-9094
http://orcid.org/0000-0001-7069-0295
http://orcid.org/0000-0002-5369-8540
http://orcid.org/0000-0002-2926-8962
http://orcid.org/0000-0001-6968-9828
http://orcid.org/0000-0002-5376-2397
http://orcid.org/0000-0003-0211-2041
http://orcid.org/0000-0001-6288-5236
http://orcid.org/0000-0003-4241-7405
http://orcid.org/0000-0001-5725-9134
http://orcid.org/0000-0001-7314-7247
http://orcid.org/0000-0002-4034-2326
http://orcid.org/0000-0002-3468-9761
http://orcid.org/0000-0001-9973-7966
http://orcid.org/0000-0002-3034-8943
http://orcid.org/0000-0002-7985-9023
http://orcid.org/0000-0002-5895-6799
http://orcid.org/0000-0002-9936-0115
http://orcid.org/0000-0002-2554-2725
http://orcid.org/0000-0003-1586-5253
http://orcid.org/0000-0001-7021-3720
http://orcid.org/0000-0001-7987-9764
http://orcid.org/0000-0003-0447-5348
http://orcid.org/0000-0003-4977-2717
http://orcid.org/0000-0003-4027-3305
http://orcid.org/0000-0001-6793-3604
http://orcid.org/0000-0002-4086-1847
http://orcid.org/0000-0002-8912-4389
http://orcid.org/0000-0002-2797-6383
http://orcid.org/0000-0002-0967-2351
http://orcid.org/0000-0002-8772-0961
http://orcid.org/0000-0002-3150-8478
http://orcid.org/0000-0002-5842-2818
http://orcid.org/0000-0002-2562-9724
http://orcid.org/0000-0003-2176-4053
http://orcid.org/0000-0003-3762-7264
http://orcid.org/0000-0002-4210-2924
http://orcid.org/0000-0001-9851-4816
http://orcid.org/0000-0003-1256-1043
http://orcid.org/0000-0002-2458-9513
http://orcid.org/0000-0001-9214-8528
http://orcid.org/0000-0003-2262-4773
http://orcid.org/0000-0003-1523-7783
http://orcid.org/0000-0001-5841-3316
http://orcid.org/0000-0003-0748-694X
http://orcid.org/0000-0002-3243-5610
http://orcid.org/0000-0002-2204-5731
http://orcid.org/0000-0002-4549-2219
http://orcid.org/0000-0002-2681-8105
http://orcid.org/0000-0002-2509-0132
http://orcid.org/0000-0002-1971-0403
http://orcid.org/0000-0003-2848-0184
http://orcid.org/0000-0002-6425-2579
http://orcid.org/0000-0002-6190-8376
http://orcid.org/0000-0002-3533-3847
http://orcid.org/0000-0003-2751-3474
http://orcid.org/0000-0002-2037-7185
http://orcid.org/0000-0002-3081-4879
http://orcid.org/0000-0001-6556-856X
http://orcid.org/0000-0003-1831-6452
http://orcid.org/0000-0002-0842-0654
http://orcid.org/0000-0002-8920-4880
http://orcid.org/0000-0001-8341-5911
http://orcid.org/0000-0002-3777-0880
http://orcid.org/0000-0003-3210-1722
http://orcid.org/0000-0001-9952-934X
http://orcid.org/0000-0003-3122-3605
http://orcid.org/0000-0002-7478-0850
http://orcid.org/0000-0002-4876-5200
http://orcid.org/0000-0001-8195-7004
http://orcid.org/0000-0003-3309-0762
http://orcid.org/0000-0003-2368-4559
http://orcid.org/0000-0001-8985-5379
http://orcid.org/0000-0001-5200-9195
http://orcid.org/0000-0002-5145-3646
http://orcid.org/0000-0001-6437-0981
http://orcid.org/0000-0003-2301-1637
http://orcid.org/0000-0002-5092-2148
http://orcid.org/0000-0002-9412-7090
http://orcid.org/0000-0002-9187-7478
http://orcid.org/0000-0002-4799-7560
http://orcid.org/0000-0001-6000-7245
http://orcid.org/0000-0001-9127-6827
http://orcid.org/0000-0002-0215-2767
http://orcid.org/0000-0002-5575-1413
http://orcid.org/0000-0001-9297-1063
http://orcid.org/0000-0002-7107-5902
http://orcid.org/0000-0001-7687-8299
http://orcid.org/0000-0002-2532-3207
http://orcid.org/0000-0003-2136-4842
http://orcid.org/0000-0001-8729-466X
http://orcid.org/0000-0002-4970-7600
http://orcid.org/0000-0002-3279-3370
http://orcid.org/0000-0002-2064-2954
http://orcid.org/0000-0002-8056-8469
http://orcid.org/0000-0003-4920-6264
http://orcid.org/0000-0003-2444-8267
http://orcid.org/0000-0001-8363-9827
http://orcid.org/0000-0002-5769-7094
http://orcid.org/0000-0003-1687-3079
http://orcid.org/0000-0001-5980-5805
http://orcid.org/0000-0001-6457-2575
http://orcid.org/0000-0003-3893-9171
http://orcid.org/0000-0002-0127-1342
http://orcid.org/0000-0002-8731-4525
http://orcid.org/0000-0002-6579-3334
http://orcid.org/0000-0001-5990-4811
http://orcid.org/0000-0003-1494-7898
http://orcid.org/0000-0003-3519-1356
http://orcid.org/0000-0002-9923-1313
http://orcid.org/0000-0002-4317-2449
http://orcid.org/0000-0001-5517-8795
http://orcid.org/0000-0002-8682-9316
http://orcid.org/0000-0003-0723-1437
http://orcid.org/0000-0003-1943-5883
http://orcid.org/0000-0001-7991-593X
http://orcid.org/0000-0003-1746-1914
http://orcid.org/0000-0001-6154-7323
http://orcid.org/0000-0001-9061-9568
http://orcid.org/0000-0002-7050-2669
http://orcid.org/0000-0002-5222-7894
http://orcid.org/0000-0002-9607-5124
http://orcid.org/0000-0002-1391-2477
http://orcid.org/0000-0001-6278-9674
http://orcid.org/0000-0002-9742-3709
http://orcid.org/0000-0002-2081-0129
http://orcid.org/0000-0002-7290-1372
http://orcid.org/0000-0002-9271-7126
http://orcid.org/0000-0002-2335-793X
http://orcid.org/0000-0002-7807-7484
http://orcid.org/0000-0003-1645-8393
http://orcid.org/0000-0003-2165-0638
http://orcid.org/0000-0002-9766-3657
http://orcid.org/0000-0003-2693-3389
http://orcid.org/0000-0003-3393-6318
http://orcid.org/0000-0002-1794-1443
http://orcid.org/0000-0002-3770-8307
http://orcid.org/0000-0002-4544-169X
http://orcid.org/0000-0002-5177-8950
http://orcid.org/0000-0002-9710-2980
http://orcid.org/0000-0002-5647-4489
http://orcid.org/0000-0002-7268-8401
http://orcid.org/0000-0002-5586-8224
http://orcid.org/0000-0003-2178-5620
http://orcid.org/0000-0001-6850-4078
http://orcid.org/0000-0002-5330-2614
http://orcid.org/0000-0002-4516-5269
http://orcid.org/0000-0001-6651-845X
http://orcid.org/0000-0001-8099-7821
http://orcid.org/0000-0003-4704-525X
http://orcid.org/0000-0002-9158-6646
http://orcid.org/0000-0001-9163-2211
http://orcid.org/0000-0002-6966-4935
http://orcid.org/0000-0003-0360-6051
http://orcid.org/0000-0001-7799-577X
http://orcid.org/0000-0001-7090-4134
http://orcid.org/0000-0001-7630-5431
http://orcid.org/0000-0003-0777-6031
http://orcid.org/0000-0001-7021-3333
http://orcid.org/0000-0003-4446-3368
http://orcid.org/0000-0001-8530-7447
http://orcid.org/0000-0003-2453-7745
http://orcid.org/0000-0002-9601-4225
http://orcid.org/0000-0003-2992-3805
http://orcid.org/0000-0002-9556-2924
http://orcid.org/0000-0002-7282-1786
http://orcid.org/0000-0002-7730-3072
http://orcid.org/0000-0002-4028-7881
http://orcid.org/0000-0002-4910-5378
http://orcid.org/0000-0001-5660-3095
http://orcid.org/0000-0002-3505-3503
http://orcid.org/0000-0003-3929-8046
http://orcid.org/0000-0001-5836-6118
http://orcid.org/0000-0002-6477-764X
http://orcid.org/0000-0002-9870-2021
http://orcid.org/0000-0001-8289-5183
http://orcid.org/0000-0003-0751-8083
http://orcid.org/0000-0001-8078-2759
http://orcid.org/0000-0003-2213-9284
http://orcid.org/0000-0002-9508-4256
http://orcid.org/0000-0002-7838-576X
http://orcid.org/0000-0002-9074-2133
http://orcid.org/0000-0002-4067-1592
http://orcid.org/0000-0003-1111-3783
http://orcid.org/0000-0002-6193-5091
http://orcid.org/0000-0001-6882-5402
http://orcid.org/0000-0001-8855-3520
http://orcid.org/0000-0003-1258-8684
http://orcid.org/0000-0001-7934-3046
http://orcid.org/0000-0001-9942-6543
http://orcid.org/0000-0002-7611-355X
http://orcid.org/0000-0002-7962-0661
http://orcid.org/0000-0003-3694-6167
http://orcid.org/0000-0002-0482-1127
http://orcid.org/0000-0002-9605-3558
http://orcid.org/0000-0003-0086-0599
http://orcid.org/0000-0001-5767-2121
http://orcid.org/0000-0002-2683-7349
http://orcid.org/0000-0002-5172-7520
http://orcid.org/0000-0002-1760-8237
http://orcid.org/0000-0003-1881-3360
http://orcid.org/0000-0002-9414-8350

761 Page 30 of 41 Eur. Phys. J. C (2023) 83:761

J. I. Djuvsland®@®, C. Doglionit®%%8g), J. Dolejst33®, Z. Dolezal®3®, M. Donadellf?%®, B. Dong®’®, J. Doninf%p,
A. D'Onofrio”’a77%g M. D’Onofrio%%@®, J. Dopké34®m, A. Doria’?4®, N. Dos Santos Fernandé®3m, M. T. Dova’®,
A. T. Doyle®®®, M. A. Draguet?®, E. Dreyet9p, |I. Drivas-koulouri®®, A.S. Drobaé®®m, M. Drozdov&®m,
D. Du2ap, T. A. du Preé™®, F. Dubinir?’@®, M. Dubovsky®a®, E. Duchovnt®®®, G. Duckeck®m, O. A. Duct’p,
D. Dud@%®, A.Dudarev®®, E.R.DudeR®®, M. D'uffizi'%%®, L.Duflot®®®, M. Duhrssef®m®, C. Dilsed”®,
A. E. Dumitrit?’®®, M. Dunfordf33®, S.Dungé°®, K.Dunné’247g . A Duperrint®%®, H. Duran YildiZA3p,
M. DiirerP®,  A. Durglishvili**%®®,  B. L. Dwyert’®®,  G. 1. Dycked’@®, M. DyndaP3m, S. Dysch%%p,
B. S. Dziedzi€®®, Z. O. Earnsha#*®®, G. H. Eberweif?®®, B. Eckerovd®m, S. Eggebrech®®, M. G. Egglesto!,
E. Egidio Purcino De Sou?&’®, L.F. Ehrke®®, G.Eiget®®, K. Einsweilet’3®, T.Ekelof®l®, P. A. Ekmafi®p,
Y. El Ghazal?**®, H. El Jarrari®s148s), A. El Moussaouy®a®, V. Ellajosyuld®l®, M. Ellert!®l@, F. Ellinghaus’®,
A. A. Elliot®*®, N.Ellis®®®, J.Elmsheusé?®, M. Elsing®®®, D.Emeliyano¥3*®, Y.Enari®3®, 1. Ene’3p,
S. Epart®®, J. ErdmanfP®, P.A.Erand®®, M. Errenst’l®, M. EscalieP®®, C.Escobdf3®, E.Etziorn®®,
G. Evand®®p, H. Evan8®®, L.S. Evan®®®, M. 0. Evand*®®, A. Ezhilo®’®, S.EzzargtoudPdm, F. Fabbi?®®,
L. Fabbr?33230g G. Facin?®®, V. Fadeyev3®®, R. M. Fakhrutdino¥’®, S. Falciané®@®, L. F. Falda Ulhoa CoeltiS@®),
P.J. Falké*®, J.Faltovd®3p, C.Fad®%p, Y. Far*dp, VY.Fand*3¢p, M. Fant’1a71bg, M. Faraf926%g),
Z. Farazpay’, A.Farbif®, A. Farilla’’3p, T. Farooqu&®’®, S. M. FarringtoR2®, F. Fassi®®®, D. Fassouliotid®,
M. Faucci Gianneli®3760g, W. J. Fawce®®, L. Fayard®®, P.Federit®3®, P.FedericovEl®, O. L. Fedir’2p,
G. Fedotov’®, M. Feickert’™%®, L. Feligioni%®, A.Fel'3°p, D.E.Fellerd?3p, C.Fen§?®, M.Fend*tm,
Z. Fend!®, M. J. Fentoh®%p, A.B. Fenyuk’, L. Ferenc28®, R. A. M. Fergusof'®, S.I. Fernandez Luend®®,
M. J. V. Fernoux®%®,  J. Ferrand®®, A.Ferrart®®, P.Ferrad!314gp, R.Ferrarf®3m, D. Ferreré®p,
C. Ferrettt%®, F. Fiedlet®, A. Filiptic®®>®, E.K.Fimet®, F.Filthaut'3®, M. C. N. Fiolhaig30a130ccs
L. Fiorinit®3®, W. C. Fishet®’®, T. FitscheA%%®, P. M. Fitzhugh3>, 1. Fleck!*1®, P. Fleischmant?®®, T. Flick!"1®,
L. Flores?8s, M. Flores®dm, L. R. Flores Castillé*ap, F. M. Follegd8378%g,  N. Fomint®®, J.H. Fod®%p,
B. C. Forland®, A.Formicd®®®, A.C. Forti%®, E. Fortirt®®, A. W. Fortmafl®, M. G. Fotlt’3®, L. Fountadp,
D. FournieP®®, H.Fo¥l®, P.Francavilld*274%s, S. Francescafé®, S. Franchellucéf®, M. Franchinf3a23bg,
S. Franchin®®3®, D. Francis®, L. Francd®®, L. Francort®®, M. Franklirfl®, G. Frattarf®®, A. C. Freegard'®,
W. S. Freun8®®, Y. Y. Frid®™®, N. Fritzsché®®, A. Froct?*®, D. Froidevauxé®, J.A. Frost?m, Y. Fub2ap,
M. Fujimoto''8®, E. Fullana Torregros&3* @, E. Furtado De Simas Fil§8®, M. Furukawd®3®, J. Fustel®3p,
A. Gabriell?33235g A, Gabriellt®>p, P. GadowW®®, G. Gagliard?’35%g, L. G. GagnoA’@®, E.J. Galla¥%p,
B. J. Gallopg®*®, K. K. Gant'%®, S. Ganguly®3®, J. Gad%3m, Y. Gao?®, F. M. Garay Wall§3731370g) | B. Garcig%2¢,
C. Garcia®3p, A. Garcia Alonsé®, A. G. Garcia Caffarb’%®, J. E. Garcia Navart63®, M. Garcia-Sciverédan,
G. L. Gardnet?®p, R. W. Gardnet®®, N. Garellt®8p, D. Gard’®, R. B. Gard*3®, J. M. Gargar?, C. A. Garnet®®,
S.J. Gasiorowskf8®, P. Gaspd’m, G.Gaudid®@p, V. Gautantd, P. GauzZ®3"%p, | L. Gavrilenkd’®,
A. Gavrilyuk¥’®, C. Gay®*®, G. Gayckef®®, E. N. Gazid®, A. A. Geantd’’m, C. M. Geé36p, C. Gemme™ p,
M. H. Genest%®, S. Gentilé®a™0g S, Georg®®, W.F. Georg&®, T.Gerali¢%®, P. Gessinger-Befultp,
M. E. Geyikl"1®, M. Ghneimat*l®, K. Ghorbaniaf*®, A. Ghosal*'®, A. GhosH, A. GhosH®, B. Giacobbé® g,
S. Giagd®37%g), P. Giannetti*dm, A. Gianninf23p, S. M. Gibsof>®, M. Gignad38p, D. T. Gil®%®p, A. K. Gilbert®3n),
B. J. Gilbertl®, D. Gillberg*®, G.Gilles™®, N.E.K.Gillwald®®, L.Ginabat?’®», D.M. Gingrick¥2%p,
M. P. Giordan?936%g), P, F. Giraud®®®, G. Giugliarellf92%g, D, Giugni'am, F. Giul*®®, |. Gkialadi®,
L. K. Gladilin®’®, C. Glasmaf®, G. R. Gledhill?3p, M. Glisic'?3 1. Gnest3* @, Y. Go?®2¢p, M. Goblirsch-Kol3%m),
B. Gocké®®m, D. Godin'8, B. Gokturklap, S. GoldfarB®®, T. Golling®®®, M. G. D. Golold®39, D. Golubkov',
J. P. Gomba¥’®, A. Gomed303130hs G, Gomes Da Sividl®, A.J. Gomez Delegid§3®, R. Gongald3031305s,
G. Gonelld®3p, L. Gonell@%®, A.Gongadz8®, F.Gonnelld’®, J.L.Gonski'®, R.Y.Gonzélez Andartdm,

S. Gonzélez de la H8%®), S. Gonzalez Fernanden), R. Gonzalez Lopé?®, C. Gonzalez Rented&p),
R. Gonzalez Suaré%l®), S. Gonzalez-SevilP®, G. R. Gonzalvo Rodrigué%3®, L. Goossen®®, P. A. Gorbouno¥'®,
B. GorinP®®, E.Gorini%%g A Gorisek3®, T.C.Gosat?®®, A.T. Goshaw!®, M. I. Gostkirté®,
S. Goswami?l®, C.A. Gottardé®®, M. Gouighrf®®®, V. Goumarré8®, A. G. Goussiol?®®, N. Govenderen,
I. Grabowska-Bol&3p, K. Grahani*®, E. Gramstatf>p), S. Grancagnol@37%g), M. Grand*6g,
V. Gratche¥”", P.M. Gravild”'®, F. G.Gravilf%7%g,  H. M. Gray*’am, M. Grecd%@7%g  C. Grefé*p,
I. M. Gregof®®, P.Grenie¥*3®, C.Griecd®®, A A Grillo'®®®, K. Grimm*l®, S. Grinsteir®®,

J.-F. Griva#®®, E. Gros$®%m, J. Grosse-Knetté?®, C.Grud%, J.C.Grundy?%®, L.Guarl%p, W.Guad p,
C. Gubbel$®®, J. G. R. Guerrero Roja®¥p, G. Guerrie#926%g F. Guescinil®®, R. Gugel®p, J. A. M. Guhit%gp),
A. Guidad®®, T.Guilemirf®, E. Guilloton'8134g, S, Guindo®®, F. Gud*34ep, J.Gud*®, L.Gud®p,

@ Springer


http://orcid.org/0000-0002-6488-8219
http://orcid.org/0000-0002-1509-0390
http://orcid.org/0000-0001-5821-7067
http://orcid.org/0000-0002-5662-3675
http://orcid.org/0000-0001-8329-4240
http://orcid.org/0000-0002-6075-0191
http://orcid.org/0000-0002-8998-0839
http://orcid.org/0000-0002-0343-6331
http://orcid.org/0000-0003-2408-5099
http://orcid.org/0000-0002-0683-9910
http://orcid.org/0000-0002-5381-2649
http://orcid.org/0000-0001-9909-0090
http://orcid.org/0000-0001-6113-0878
http://orcid.org/0000-0001-6322-6195
http://orcid.org/0000-0003-1530-0519
http://orcid.org/0000-0001-8955-9510
http://orcid.org/0000-0002-2885-9779
http://orcid.org/0000-0003-4782-4034
http://orcid.org/0000-0003-0699-3931
http://orcid.org/0000-0002-6758-0113
http://orcid.org/0000-0001-8703-7938
http://orcid.org/0000-0003-2182-2727
http://orcid.org/0000-0002-3847-0775
http://orcid.org/0000-0002-7276-6342
http://orcid.org/0000-0002-7756-7801
http://orcid.org/0000-0001-5914-0524
http://orcid.org/0000-0002-5916-3467
http://orcid.org/0000-0002-8713-8162
http://orcid.org/0000-0002-9092-9344
http://orcid.org/0000-0003-2499-1649
http://orcid.org/0000-0002-4871-2176
http://orcid.org/0000-0002-5833-7058
http://orcid.org/0000-0003-4813-8757
http://orcid.org/0000-0003-3310-4642
http://orcid.org/0000-0002-7667-260X
http://orcid.org/0000-0001-9935-6397
http://orcid.org/0000-0003-2626-2247
http://orcid.org/0000-0002-5789-9825
http://orcid.org/0000-0003-3469-6045
http://orcid.org/0000-0002-6066-4744
http://orcid.org/0000-0003-4157-592X
http://orcid.org/0000-0001-5430-4702
http://orcid.org/0000-0003-1464-0335
http://orcid.org/0000-0001-9632-6352
http://orcid.org/0000-0002-7412-9187
http://orcid.org/0000-0002-0805-9184
http://orcid.org/0000-0002-2878-261X
http://orcid.org/0000-0003-3300-9717
http://orcid.org/0000-0003-0336-3723
http://orcid.org/0000-0001-5238-4921
http://orcid.org/0000-0001-5370-8377
http://orcid.org/0000-0002-2701-968X
http://orcid.org/0000-0003-3529-5171
http://orcid.org/0000-0002-4391-9100
http://orcid.org/0000-0002-7341-9115
http://orcid.org/0000-0002-7032-2799
http://orcid.org/0000-0001-9172-2946
http://orcid.org/0000-0002-8955-9681
http://orcid.org/0000-0002-9669-5374
http://orcid.org/0000-0001-5997-3569
http://orcid.org/0000-0001-5265-3175
http://orcid.org/0000-0003-3596-5331
http://orcid.org/0000-0003-0921-0314
http://orcid.org/0000-0002-1920-4930
http://orcid.org/0000-0001-8899-051X
http://orcid.org/0000-0002-1213-0545
http://orcid.org/0000-0002-1363-9175
http://orcid.org/0000-0002-9916-3349
http://orcid.org/0000-0003-2296-1112
http://orcid.org/0000-0002-4095-4808
http://orcid.org/0000-0002-8073-2740
http://orcid.org/0000-0003-4543-6599
http://orcid.org/0000-0003-4656-3936
http://orcid.org/0000-0003-4270-2775
http://orcid.org/0000-0003-4442-4537
http://orcid.org/0000-0001-6871-7794
http://orcid.org/0000-0003-0434-6925
http://orcid.org/0000-0003-2183-3127
http://orcid.org/0000-0002-4333-5084
http://orcid.org/0000-0002-4259-018X
http://orcid.org/0000-0002-7520-293X
http://orcid.org/0000-0002-7912-2830
http://orcid.org/0000-0001-8474-0978
http://orcid.org/0000-0002-4002-8353
http://orcid.org/0000-0002-4056-4578
http://orcid.org/0000-0003-0154-4328
http://orcid.org/0000-0001-7882-2125
http://orcid.org/0000-0002-7118-341X
http://orcid.org/0000-0002-2298-3605
http://orcid.org/0000-0002-2004-476X
http://orcid.org/0000-0003-4278-7182
http://orcid.org/0000-0003-2611-1975
http://orcid.org/0000-0001-7868-3858
http://orcid.org/0000-0001-8630-6585
http://orcid.org/0000-0002-8773-145X
http://orcid.org/0000-0001-9442-7598
http://orcid.org/0000-0003-0000-2439
http://orcid.org/0000-0002-3983-0728
http://orcid.org/0000-0003-1363-9324
http://orcid.org/0000-0001-5350-9271
http://orcid.org/0000-0002-6423-7213
http://orcid.org/0000-0003-1289-2141
http://orcid.org/0000-0003-3731-820X
http://orcid.org/0000-0003-2596-8264
http://orcid.org/0000-0002-2190-9091
http://orcid.org/0000-0001-5137-473X
http://orcid.org/0000-0003-4176-2768
http://orcid.org/0000-0002-1733-7158
http://orcid.org/0000-0001-8928-4414
http://orcid.org/0000-0003-4124-7862
http://orcid.org/0000-0002-1403-0951
http://orcid.org/0000-0003-2101-1879
http://orcid.org/0000-0002-0731-9562
http://orcid.org/0000-0001-9138-3200
http://orcid.org/0000-0002-0698-1482
http://orcid.org/0000-0001-5155-3420
http://orcid.org/0000-0003-1002-6880
http://orcid.org/0000-0001-5489-1759
http://orcid.org/0000-0003-2352-7334
http://orcid.org/0000-0003-0172-9373
http://orcid.org/0000-0003-2372-1444
http://orcid.org/0000-0002-1007-7816
http://orcid.org/0000-0003-2887-5311
http://orcid.org/0000-0002-1387-153X
http://orcid.org/0000-0001-5566-1373
http://orcid.org/0000-0002-5687-9240
http://orcid.org/0000-0002-5562-7893
http://orcid.org/0000-0002-4610-5612
http://orcid.org/0000-0001-5671-1555
http://orcid.org/0000-0001-6967-7325
http://orcid.org/0000-0003-3338-2247
http://orcid.org/0000-0001-9035-0335
http://orcid.org/0000-0002-5070-2735
http://orcid.org/0000-0003-3043-3045
http://orcid.org/0000-0002-1152-7372
http://orcid.org/0000-0003-1461-8648
http://orcid.org/0000-0001-6968-340X
http://orcid.org/0000-0002-8356-6987
http://orcid.org/0000-0002-2748-758X
http://orcid.org/0000-0002-4462-2851
http://orcid.org/0000-0003-1551-5974
http://orcid.org/0000-0003-2317-9560
http://orcid.org/0000-0001-9457-394X
http://orcid.org/0000-0003-4577-0685
http://orcid.org/0000-0001-8308-2643
http://orcid.org/0000-0002-0532-7921
http://orcid.org/0000-0002-6418-9522
http://orcid.org/0000-0001-9454-9069
http://orcid.org/0000-0002-0976-7246
http://orcid.org/0000-0002-9986-6597
http://orcid.org/0000-0003-4836-0358
http://orcid.org/0000-0003-3089-6090
http://orcid.org/0000-0003-1164-6870
http://orcid.org/0000-0001-5315-9275
http://orcid.org/0000-0003-0695-0798
http://orcid.org/0000-0002-4554-252X
http://orcid.org/0000-0002-8159-8010
http://orcid.org/0000-0002-1687-4314
http://orcid.org/0000-0002-0647-6072
http://orcid.org/0000-0002-6595-883X
http://orcid.org/0000-0002-7829-6564
http://orcid.org/0000-0003-4482-3001
http://orcid.org/0000-0003-4473-1027
http://orcid.org/0000-0003-1565-1773
http://orcid.org/0000-0002-9350-1060
http://orcid.org/0000-0002-8259-2622
http://orcid.org/0000-0003-3986-3922
http://orcid.org/0000-0003-3562-9944
http://orcid.org/0000-0002-7370-7395
http://orcid.org/0000-0002-6701-8198
http://orcid.org/0000-0003-3082-621X
http://orcid.org/0000-0001-8707-785X
http://orcid.org/0000-0003-4888-2260
http://orcid.org/0000-0002-1290-2031
http://orcid.org/0000-0001-5346-7841
http://orcid.org/0000-0003-0768-9325
http://orcid.org/0000-0003-4475-6734
http://orcid.org/0000-0002-3550-4124
http://orcid.org/0000-0003-3000-8479
http://orcid.org/0000-0002-1259-1034
http://orcid.org/0000-0001-7401-5043
http://orcid.org/0000-0002-1550-1487
http://orcid.org/0000-0003-1285-9261
http://orcid.org/0000-0002-8420-3803
http://orcid.org/0000-0001-6326-4773
http://orcid.org/0000-0002-6670-1104
http://orcid.org/0000-0003-1625-7452
http://orcid.org/0000-0002-9566-7793
http://orcid.org/0000-0001-9095-4710
http://orcid.org/0000-0002-0279-0523
http://orcid.org/0000-0002-5800-4210
http://orcid.org/0000-0002-8980-3314
http://orcid.org/0000-0003-1433-9366
http://orcid.org/0000-0003-0534-9634
http://orcid.org/0000-0001-8383-9343
http://orcid.org/0000-0002-2691-7963
http://orcid.org/0000-0002-4067-2472
http://orcid.org/0000-0002-9232-1332
http://orcid.org/0000-0002-6833-0933
http://orcid.org/0000-0003-4841-5822
http://orcid.org/0000-0001-7219-2636
http://orcid.org/0000-0003-3837-6567
http://orcid.org/0000-0002-9354-9507
http://orcid.org/0000-0002-2941-9257
http://orcid.org/0000-0002-9272-4254
http://orcid.org/0000-0003-2781-2933
http://orcid.org/0000-0002-3271-7861
http://orcid.org/0000-0002-1702-5699
http://orcid.org/0000-0002-4098-2024
http://orcid.org/0000-0003-4550-7174
http://orcid.org/0000-0003-3565-3290
http://orcid.org/0000-0003-3674-7475
http://orcid.org/0000-0001-7188-979X
http://orcid.org/0000-0002-3056-7417
http://orcid.org/0000-0002-7491-0838
http://orcid.org/0000-0002-4931-2764
http://orcid.org/0000-0002-7985-9445
http://orcid.org/0000-0003-0661-9288
http://orcid.org/0000-0003-0819-1553
http://orcid.org/0000-0002-5716-356X
http://orcid.org/0000-0003-2987-7642
http://orcid.org/0000-0001-9192-3537
http://orcid.org/0000-0002-3721-9490
http://orcid.org/0000-0002-5683-814X
http://orcid.org/0000-0002-1236-9249
http://orcid.org/0000-0003-4155-7844
http://orcid.org/0000-0001-9021-8836
http://orcid.org/0000-0002-8813-4446
http://orcid.org/0000-0003-0731-710X
http://orcid.org/0000-0003-0341-0171
http://orcid.org/0000-0001-8451-4604
http://orcid.org/0000-0003-0848-329X
http://orcid.org/0000-0002-7834-8117
http://orcid.org/0000-0002-2552-1449
http://orcid.org/0000-0002-0792-6039
http://orcid.org/0000-0002-8485-9351
http://orcid.org/0000-0001-5765-1750
http://orcid.org/0000-0002-6976-0951
http://orcid.org/0000-0002-8506-274X
http://orcid.org/0000-0002-8402-723X
http://orcid.org/0000-0001-9422-8636
http://orcid.org/0000-0003-2025-3817
http://orcid.org/0000-0001-7701-5030
http://orcid.org/0000-0002-0772-7312
http://orcid.org/0000-0003-1253-1223
http://orcid.org/0000-0002-2785-9654
http://orcid.org/0000-0001-8074-2538
http://orcid.org/0000-0002-6045-8617
http://orcid.org/0000-0002-1677-3097
http://orcid.org/0000-0001-8535-6687
http://orcid.org/0000-0002-5521-9793
http://orcid.org/0000-0002-8285-3570
http://orcid.org/0000-0002-5940-9893
http://orcid.org/0000-0002-3552-1266
http://orcid.org/0000-0003-4315-2621
http://orcid.org/0000-0002-3826-3442
http://orcid.org/0000-0002-0524-2477
http://orcid.org/0000-0002-4919-0808
http://orcid.org/0000-0001-8183-1612
http://orcid.org/0000-0003-0885-1654
http://orcid.org/0000-0003-2037-6315
http://orcid.org/0000-0002-0700-1757
http://orcid.org/0000-0001-5304-5390
http://orcid.org/0000-0001-8176-0201
http://orcid.org/0000-0003-2302-8754
http://orcid.org/0000-0003-0079-8924
http://orcid.org/0000-0002-6126-7230
http://orcid.org/0000-0003-4458-9403
http://orcid.org/0000-0002-6816-4795
http://orcid.org/0000-0002-2536-4498
http://orcid.org/0000-0001-9135-1516
http://orcid.org/0000-0003-4177-9666
http://orcid.org/0000-0002-7688-2797
http://orcid.org/0000-0002-3903-3438
http://orcid.org/0000-0002-8867-2551
http://orcid.org/0000-0002-5704-0885
http://orcid.org/0000-0002-4311-3756
http://orcid.org/0000-0001-9566-4640
http://orcid.org/0000-0003-0348-0364
http://orcid.org/0000-0002-9551-0251
http://orcid.org/0000-0002-1294-9091
http://orcid.org/0000-0001-6211-7122
http://orcid.org/0000-0002-5068-5429
http://orcid.org/0000-0001-9159-1210
http://orcid.org/0000-0002-5832-8653
http://orcid.org/0000-0001-5792-5352
http://orcid.org/0000-0001-8490-8304
http://orcid.org/0000-0002-5924-2544
http://orcid.org/0000-0002-0154-577X
http://orcid.org/0000-0003-2422-5960
http://orcid.org/0000-0002-5293-4716
http://orcid.org/0000-0001-8687-7273
http://orcid.org/0000-0001-7050-5301
http://orcid.org/0000-0002-5976-7818
http://orcid.org/0000-0002-9926-5417
http://orcid.org/0000-0002-3955-4399
http://orcid.org/0000-0003-2950-1872
http://orcid.org/0000-0001-6587-7397
http://orcid.org/0000-0002-6460-8694
http://orcid.org/0000-0003-4793-7995
http://orcid.org/0000-0003-1244-9350
http://orcid.org/0000-0003-3085-7067
http://orcid.org/0000-0001-7136-0597
http://orcid.org/0000-0003-1897-1617
http://orcid.org/0000-0002-5548-5194
http://orcid.org/0000-0003-2329-4219
http://orcid.org/0000-0001-8487-3594
http://orcid.org/0000-0002-3403-1177
http://orcid.org/0000-0001-5351-2673
http://orcid.org/0000-0002-3349-1163
http://orcid.org/0000-0002-9802-0901
http://orcid.org/0000-0001-9021-9038
http://orcid.org/0000-0001-9698-6000
http://orcid.org/0000-0003-4814-6693
http://orcid.org/0000-0001-7595-3859
http://orcid.org/0000-0002-3864-9257
http://orcid.org/0000-0001-8125-9433
http://orcid.org/0000-0002-6785-9202

Eur. Phys. J. C (2023) 83:761 Page 31 of 41 761

Y. Guot%®, R.Gupt&®®, S.Gurbuz*®, S.S.Gurdasarfi®, G.Gustavind®®, M. Gut*®®, P. Gutierrez?%p,
L. F. Gutierrez Zagazetd®®, C. Gutschowf®, C. Gwenlad?®®, C. B. Gwillian®?®, E. S. Haalantf>®, A. Haas!’®,
M. Habedank®®, C. Habet’3®, H. K. Hadavan8®, A. Hadef%®, S. Hadzi¢'%®, J. J. Hahi*®, E. H. Haine$p,
M. Haleent®6g, J. Haley?l®, J. J. Halt®%®, G. D. Hallewell%%p), L. Halset®, K. Hamand®°®, H. Hamdaoud®ep,
M. Hamef*®, G.N.Hamity?®, E.J.Hampshi®®, J.Haf?®®, K.Harf?ap, L.Han*%®, L.Harf%p,
.Hard’3p, Y.F. Hart®®, K.Hanagaki®®, M. Hancé36®, D.A.Hangaflm, H. Hanif*3®, M. D. Hank%8p),
. Hankach&1®), J. B. Hansef?®, J. D. Hanseff®, P. H. Hansef?®, K. Hard®>’®, D. Haradd%®, T. Harenber§'1®,
. Harkush¥®, Y. T. Harris'?8®, N. M. Harrisod%®, P.F. Harriso®®’, N. M. Hartmart*3®, N. M. HartmanA®p,
Hasegaw&'%®, A.Hasit?®, S.Haud’®», R.Hause¥’®, C.M.Hawked’®, R.J.Hawking¥o,
Hayasht®3®, S. Hayashiddl®, D. Hayded®®, C. Hayed%®, R. L. Hayed'“®, C. P. Hay$%%p, J. M. Hay$*®,
.S. Hayward?®, F.HE%4m, Y. He®®, Y.He'?’®, N.B.Heatley*®, V.Hedberd®®, A.L.Heggelund®®p,
.D.Hehi®*®, C.Heidegget¥'®, K.K.Heidegge?®, W.D. Heidordl®, J.Heilmad*®, S.Heinf®®,
Heim’a®, J. G. Heinleid?®®, J.J. Heinrich?3®, L. Heinricht1%%, J. Hejbal®'®, L. Helary®®®, A. Held%p,
. Hellesun&®®, C. M. Helling'®*®, S. Hellmart’347bg, C. Helsen®®, R. C. W. Hendersol, L. Henkelman@2,
. M. Henriques Correi®, H.Herd@8®, Y.Hernandez Jiméné®®, L.M.Herrmand‘®, T.Herrmanf’®,
. Herte’*®, R. Hertenbergéf°m, L. Hervas®®, M. E. Hesping®®, N. P. Hesse}P%am, H. Hibi®*®, S. J. HillieF%p,
R. Hind3%, F. Hinterkeusé’®, M. Hirose?4®, S.Hirosé>’®, D. Hirschbuehl’®, T. G. Hitchings®l®,
. Hiti%®, J. Hobb$%>®, R. Hobincd’e®, N. Hod'%%%, M. C. Hodgkinsoh®%®, B. H. Hodkinsold%®, A. Hoeckef®®),
Hofef®®m, T. Holm?*®, M. Holzbock%p, L. B. A. H. Hommels?®, B. P. Honah%®, J. Hong?%®, T. M. Hong"?%®,
. H. Hoobermatf?®, W. H. Hopkiné®, Y. Horiil'l®, S. Hod*8®, A.S. Howard®®, J. HowartR®®, J. Hoy&®,
M. Hrabovsky?2®, A. HrynevicH®®, T.Hrynovd'®, P.J.Hst®, S.-C.Hsd¥%pm, Q.HU®, Y.F. Hu4al4ep,
D. P. Huan§®®, S.Huan§*®®, X.Huand“*‘®, Y.Huand?¥®, Y.Huand*¥®, Z.Huand%®, Z.Hubacek33p,
M. Huebnef*®, F.Huegging*®, T.B.Huffman?%®, C.A.Hugli*®®, M. Huhtiner?®®, S. K. Huibertd®p,
R. Hulskert%®, N. Huseynov?2®, J. HustoR%’®, J. Hutffl®, R. Hynemah*3®, G. lacobucd®®, G. lakovidig®m,
. Ibragimov*l®, L. Iconomidou-Fayartf®, P.lengd?2’2%m, R.Igucht®3®, T.lizawa®®, Y. lkegamf3p,
N. llic’®5@, H.Iman?®3®, T.Ingebretsen Carls6ff*’®, G. Introzzf3a73%g, M. lodice’’3®, V. Ippolito’®a750g
R. K. Irwin%%®, M. Ishino®3®, W. Islamt’%m, C.Issevel®*p, S.Istirtlap, H. 1tol%8p, J. M. lturbe Ponc&am,
R. luppd®78g, A, Ivinal®®p, J. M. Ized®®, V.1zz0™%4p, P.Jack&®11%%p, P.Jacksohm, R.M.Jacob®p,
B. P. Jaegéf?m, C.S.JagfeltP®m, P.Jait*®, G.Jakel’l®, K. Jakobs'®, T.Jakoubek®m, J.Jamiesoi?o,
K. W. Jana®3p, A. E. Jaspaf?®, M. Javurkova®3p, F. Jeannedd®®, L. Jeanty?3p, J. Jejelavi®32@, P. Jenm*9p),
C. E. Jessimati®, S. Jézéquén, C. Ji&20, J. Jid*®p, X. Jidflm, X. Jia*3lep, 7. Jid*%p, Y. Jiand?8 S. Jigginéém,
J. Jimenez Ped®p), S. Jit*%®, A. Jinard’°p, O. Jinnouchi®®, P. Johanssdi®®, K. A. Johng®, J. W. Johnsot?ép,
D. M. Jone€?®, E.Jone¥m, P.Jone¥®, R.W.L.Jone¥'®, T.J.Jone¥®m, R.Josht®m, J.Jovicevit®,

WECWEOP>2NAZI<<0NIOO

X.Ju3p,  J.J.Junggeburth®, T.Junkermant?d®, A.Juste Rozd$'®, M.K.Juzel®p, S.Kaban&®’%p,
A. Kaczmarsk&®, M. Kado''%p, H. Kagad'®®, M. Kagart*3®, A. Kahrf'l, A. Kahnt28p), C. Kahrd%p, T. Kajil%8p,
E. Kajomovit2°%®, N. Kakatt®p, |. KalaitzidowP*®, C. W. KalderoR®m, A. Kamenshchiko??®m, S. Kanayam&p,
N. J. Kand®6®, D. Kar*39p, K. Karavad?p, M. J. Kareem®®9p, E. Karentzo%'®, |. Karkaniad®%@, O. Karkoutp,
S. N. Karpov®®, Z. M. Karpova®®, V. Kartvelishvili®l®, A. N. Karyukhirt’®, E. Kasimi®%p, J. Katzy®o,
S. KauP*®, K.Kawadé*%m, T.Kawamotd®>®, E.F.Kay®®, F.I. Kayd®®m, S.Kazako$®, V.F.Kazanin’®,
Y. Kel*p, J. M. Keavenelrdm, R. Keelet®®®, G. V. Kehri€lp, J. S. Kellet*®, A.S. Kelly®S, J. J. Kempstéf®p,
K. E. Kenned§'®, P.D.Kenned{®m, O.Kepkd3l®, B.P.Kerridgé®’®, S.Kersteh’l®, B.P. KerSevalt®,
S. Kesh#%®, L. Keszeghov#am, S. Ketabchi Haghigh&t°®, M. Khandogd?’®, A. Khano21p, A. G. Kharlamov’®,
T. Kharlamovd’®, E.E.Khodd%®, T.J.Khod%®, G.Khoriault®®®, J.Khubud?®p, VY.A.R.Khwaird%p,
M. Kiehn3%@, A. Kilgallon23®, D. W. Kim*73470g Y. K. Kim3%®, N. Kimura®®®, A. Kirchhoff®®®, C. Kirfel?@,
F. Kirfel?*®, J. Kirk!3*®, A. E. Kiryunin%», C.Kitsaki®®, O. Kivernyl¥*®, M. Klassei%3p, C.Klein**®,
L. Klein'®®, M. H. Kleinl%p, M. Klein®@, S.B.Kleir®®, U.Klein%?®, P.Klimek®®, A. Klimentov?’®,
T. Klioutchnikova®®, P. Kluit'4®, S. Klutht1%s, E. Kneringef°®, T. M. Knight'®%®, A. Knue®*®, R. Kobayasi’®,
S. F. KocH?6p), M. Kociant*3®, P. Kody&33m, D. M. Koeck?3m, P.T.Koenig*®, T.Koffas’*®, M. Kolb35p,

I. Koletsod'®, T. KomareR?%m), K. Kéneké?®, A. X. Y. Kong'®, T. Kono''8p, N. Konstantinidig®®, B. Konya8®,
R. Kopeliansk§®®, S. Kopern§®3m, K. Korcyl®®®, K. Kordas®%e®, G.Korerd®l®, A.Korn%@®, S. Korr°®,
I. Korolkov}3@®, N. Korotkova’@®, B.Kortmartl4®, O.Kortnet%m, S.Kortnet%s, W. H. Kosteckd®p,
V. V. Kostyukhin*@®, A. Kotsokechagi®#®®, A. KotwalPl®, A. Koulouris®®®, A. Kourkoumeli-Charalampid?273bp,
C. Kourkoumeli€®, E. Kourlitis®®, O.Kovanda*®, R.Kowalewski®>®, W.Kozanecki3®®, A.S.Kozhirt’®,

@ Springer


http://orcid.org/0000-0002-6027-5132
http://orcid.org/0000-0003-1510-3371
http://orcid.org/0000-0002-9152-1455
http://orcid.org/0000-0002-8836-0099
http://orcid.org/0000-0002-5938-4921
http://orcid.org/0000-0002-6647-1433
http://orcid.org/0000-0003-2326-3877
http://orcid.org/0000-0003-0374-1595
http://orcid.org/0000-0003-0857-794X
http://orcid.org/0000-0002-3518-0617
http://orcid.org/0000-0002-9401-5304
http://orcid.org/0000-0002-3676-493X
http://orcid.org/0000-0002-4832-0455
http://orcid.org/0000-0002-7412-9355
http://orcid.org/0000-0002-0155-1360
http://orcid.org/0000-0001-5447-3346
http://orcid.org/0000-0003-2508-0628
http://orcid.org/0000-0002-8875-8523
http://orcid.org/0000-0002-1677-4735
http://orcid.org/0000-0002-5417-2081
http://orcid.org/0000-0003-3826-6333
http://orcid.org/0000-0002-6938-7405
http://orcid.org/0000-0002-8304-9170
http://orcid.org/0000-0001-6267-8560
http://orcid.org/0000-0002-0759-7247
http://orcid.org/0000-0002-9438-8020
http://orcid.org/0000-0001-5709-2100
http://orcid.org/0000-0003-1550-2030
http://orcid.org/0000-0002-4537-0377
http://orcid.org/0000-0001-7988-4504
http://orcid.org/0000-0002-1008-0943
http://orcid.org/0000-0002-1627-4810
http://orcid.org/0000-0003-3321-8412
http://orcid.org/0000-0002-6353-9711
http://orcid.org/0000-0001-8383-7348
http://orcid.org/0000-0002-7084-8424
http://orcid.org/0000-0003-0676-0441
http://orcid.org/0000-0001-8392-0934
http://orcid.org/0000-0002-3826-7232
http://orcid.org/0000-0002-0984-7887
http://orcid.org/0000-0002-4731-6120
http://orcid.org/0000-0003-4519-8949
http://orcid.org/0000-0002-3684-8340
http://orcid.org/0000-0003-3102-0437
http://orcid.org/0000-0002-6764-4789
http://orcid.org/0000-0003-1629-0535
http://orcid.org/0000-0002-0792-0569
http://orcid.org/0000-0001-8682-3734
http://orcid.org/0000-0002-0309-4490
http://orcid.org/0000-0001-5816-2158
http://orcid.org/0000-0002-7461-8351
http://orcid.org/0000-0001-9111-4916
http://orcid.org/0000-0003-0047-2908
http://orcid.org/0000-0003-2683-7389
http://orcid.org/0000-0003-0457-2244
http://orcid.org/0000-0003-0442-3361
http://orcid.org/0000-0001-7682-8857
http://orcid.org/0000-0001-9167-0592
http://orcid.org/0000-0001-9719-0290
http://orcid.org/0000-0002-1222-4672
http://orcid.org/0000-0002-5924-3803
http://orcid.org/0000-0001-5220-2972
http://orcid.org/0000-0002-0298-0351
http://orcid.org/0000-0001-7752-9285
http://orcid.org/0000-0003-2371-9723
http://orcid.org/0000-0003-1554-5401
http://orcid.org/0000-0002-0972-3411
http://orcid.org/0000-0003-3733-4058
http://orcid.org/0000-0002-0619-1579
http://orcid.org/0000-0001-8068-5596
http://orcid.org/0000-0003-2204-4779
http://orcid.org/0000-0002-4596-3965
http://orcid.org/0000-0002-7736-2806
http://orcid.org/0000-0003-0466-4472
http://orcid.org/0000-0001-8821-1205
http://orcid.org/0000-0003-3113-0484
http://orcid.org/0000-0001-9539-6957
http://orcid.org/0000-0001-6792-2294
http://orcid.org/0000-0002-2639-6571
http://orcid.org/0000-0002-7669-5318
http://orcid.org/0000-0001-6878-9405
http://orcid.org/0000-0002-0253-0924
http://orcid.org/0000-0002-4048-7584
http://orcid.org/0000-0002-4600-3659
http://orcid.org/0000-0001-7891-8354
http://orcid.org/0000-0002-8924-5885
http://orcid.org/0000-0002-4424-4643
http://orcid.org/0000-0002-2657-7532
http://orcid.org/0000-0002-5415-1600
http://orcid.org/0000-0002-9243-7554
http://orcid.org/0000-0001-8231-2080
http://orcid.org/0000-0001-8926-6734
http://orcid.org/0000-0001-9844-6200
http://orcid.org/0000-0002-8794-0948
http://orcid.org/0000-0002-1478-3152
http://orcid.org/0000-0001-7661-5122
http://orcid.org/0000-0002-2646-5805
http://orcid.org/0000-0002-0778-2717
http://orcid.org/0000-0002-2447-904X
http://orcid.org/0000-0002-6698-9937
http://orcid.org/0000-0002-4630-9914
http://orcid.org/0000-0002-7599-6469
http://orcid.org/0000-0002-0556-189X
http://orcid.org/0000-0003-4988-9149
http://orcid.org/0000-0002-2389-1286
http://orcid.org/0000-0002-7998-8925
http://orcid.org/0000-0001-8978-7118
http://orcid.org/0000-0002-8668-6933
http://orcid.org/0000-0001-5404-7857
http://orcid.org/0000-0001-7602-5771
http://orcid.org/0000-0001-5241-0544
http://orcid.org/0000-0002-1040-1241
http://orcid.org/0000-0002-2244-189X
http://orcid.org/0000-0002-6596-9395
http://orcid.org/0000-0003-2799-5020
http://orcid.org/0000-0001-5407-7247
http://orcid.org/0000-0001-8018-4185
http://orcid.org/0000-0003-0684-600X
http://orcid.org/0000-0002-2698-4787
http://orcid.org/0000-0002-7494-5504
http://orcid.org/0000-0001-7834-328X
http://orcid.org/0000-0002-4090-6099
http://orcid.org/0000-0001-7814-8740
http://orcid.org/0000-0003-0457-3052
http://orcid.org/0000-0001-9861-151X
http://orcid.org/0000-0003-0625-8996
http://orcid.org/0000-0002-0560-8985
http://orcid.org/0000-0002-7562-0234
http://orcid.org/0000-0003-4223-7316
http://orcid.org/0000-0002-5411-114X
http://orcid.org/0000-0001-5914-8614
http://orcid.org/0000-0003-3895-8356
http://orcid.org/0000-0001-6214-8500
http://orcid.org/0000-0002-9705-7518
http://orcid.org/0000-0002-0552-3383
http://orcid.org/0000-0002-1753-5621
http://orcid.org/0000-0002-1177-6758
http://orcid.org/0000-0002-6617-3807
http://orcid.org/0000-0003-1826-2749
http://orcid.org/0000-0002-5972-2855
http://orcid.org/0000-0002-9008-1937
http://orcid.org/0000-0003-3250-9066
http://orcid.org/0000-0002-1162-8763
http://orcid.org/0000-0002-7472-3151
http://orcid.org/0000-0002-5332-2738
http://orcid.org/0000-0002-3654-5614
http://orcid.org/0000-0002-1752-3583
http://orcid.org/0000-0002-3277-7418
http://orcid.org/0000-0002-0095-1290
http://orcid.org/0000-0003-2201-5572
http://orcid.org/0000-0001-9097-3014
http://orcid.org/0000-0002-6867-2538
http://orcid.org/0000-0002-9093-7141
http://orcid.org/0000-0001-9965-5442
http://orcid.org/0000-0002-0330-5921
http://orcid.org/0000-0001-8847-7337
http://orcid.org/0000-0001-6334-6648
http://orcid.org/0000-0002-5035-1242
http://orcid.org/0000-0002-0940-244X
http://orcid.org/0000-0001-5312-4865
http://orcid.org/0000-0001-7287-6579
http://orcid.org/0000-0003-0105-7634
http://orcid.org/0000-0002-7854-3174
http://orcid.org/0000-0002-3699-8517
http://orcid.org/0000-0002-1314-2580
http://orcid.org/0000-0003-4446-8150
http://orcid.org/0000-0001-5126-1620
http://orcid.org/0000-0001-6067-104X
http://orcid.org/0000-0002-7185-1334
http://orcid.org/0000-0002-5624-5934
http://orcid.org/0000-0001-8259-1067
http://orcid.org/0000-0001-8504-6291
http://orcid.org/0000-0003-2018-5850
http://orcid.org/0000-0002-2325-3225
http://orcid.org/0000-0001-5038-2762
http://orcid.org/0000-0002-9152-383X
http://orcid.org/0000-0002-9846-5601
http://orcid.org/0000-0002-8770-1592
http://orcid.org/0000-0003-2489-9930
http://orcid.org/0000-0002-0847-402X
http://orcid.org/0000-0001-5446-5901
http://orcid.org/0000-0002-5094-5067
http://orcid.org/0000-0002-1669-759X
http://orcid.org/0000-0001-7277-9912
http://orcid.org/0000-0001-5687-1006
http://orcid.org/0000-0001-8885-012X
http://orcid.org/0000-0001-7038-0369
http://orcid.org/0000-0001-9554-0787
http://orcid.org/0000-0001-5411-8934
http://orcid.org/0000-0003-4189-2837
http://orcid.org/0000-0001-8798-808X
http://orcid.org/0000-0002-6360-6136
http://orcid.org/0000-0001-6507-4623
http://orcid.org/0000-0002-0159-6593
http://orcid.org/0000-0002-4539-4192
http://orcid.org/0000-0002-2839-801X
http://orcid.org/0000-0001-7369-6975
http://orcid.org/0000-0002-5725-3397
http://orcid.org/0000-0003-4178-5003
http://orcid.org/0000-0002-5254-9930
http://orcid.org/0000-0002-2657-3099
http://orcid.org/0000-0003-2906-1977
http://orcid.org/0000-0002-8705-628X
http://orcid.org/0000-0002-5076-7803
http://orcid.org/0000-0001-7449-9164
http://orcid.org/0000-0001-5073-0974
http://orcid.org/0000-0001-5410-1315
http://orcid.org/0000-0001-9147-6052
http://orcid.org/0000-0002-4837-3733
http://orcid.org/0000-0002-9204-4689
http://orcid.org/0000-0001-6289-2292
http://orcid.org/0000-0002-6293-6432
http://orcid.org/0000-0002-6427-3513
http://orcid.org/0000-0002-2580-1977
http://orcid.org/0000-0001-6249-7444
http://orcid.org/0000-0001-5650-4556
http://orcid.org/0000-0002-9745-1638
http://orcid.org/0000-0001-7205-1171
http://orcid.org/0000-0002-1119-8820
http://orcid.org/0000-0002-1558-3291
http://orcid.org/0000-0002-7269-9194
http://orcid.org/0000-0003-0568-5750
http://orcid.org/0000-0002-8880-4120
http://orcid.org/0000-0002-1003-7638
http://orcid.org/0000-0002-4693-7857
http://orcid.org/0000-0002-3386-6869
http://orcid.org/0000-0001-7131-3029
http://orcid.org/0000-0002-9003-5711
http://orcid.org/0000-0002-6532-7501
http://orcid.org/0000-0002-8464-1790
http://orcid.org/0000-0003-2155-1859
http://orcid.org/0000-0002-4563-3253
http://orcid.org/0000-0002-2875-853X
http://orcid.org/0000-0002-7845-2301
http://orcid.org/0000-0001-7796-7744
http://orcid.org/0000-0001-5009-0399
http://orcid.org/0000-0002-4238-9822
http://orcid.org/0000-0002-5010-8613
http://orcid.org/0000-0001-8967-1705
http://orcid.org/0000-0002-1037-1206
http://orcid.org/0000-0002-6940-261X
http://orcid.org/0000-0002-4907-9499
http://orcid.org/0000-0002-2230-5353
http://orcid.org/0000-0003-0254-4629
http://orcid.org/0000-0002-1957-3787
http://orcid.org/0000-0001-9087-4315
http://orcid.org/0000-0002-7139-8197
http://orcid.org/0000-0003-3121-395X
http://orcid.org/0000-0002-7602-1284
http://orcid.org/0000-0002-7874-6107
http://orcid.org/0000-0002-5841-5511
http://orcid.org/0000-0002-6304-3230
http://orcid.org/0000-0002-9775-7303
http://orcid.org/0000-0002-7252-3201
http://orcid.org/0000-0002-4906-5468
http://orcid.org/0000-0001-5798-6665
http://orcid.org/0000-0003-0766-5307
http://orcid.org/0000-0002-0510-4189
http://orcid.org/0000-0002-1119-1004
http://orcid.org/0000-0001-7140-9813
http://orcid.org/0000-0003-4168-3373
http://orcid.org/0000-0003-3264-548X
http://orcid.org/0000-0002-8491-2570
http://orcid.org/0000-0002-2555-497X
http://orcid.org/0000-0003-4171-1768
http://orcid.org/0000-0002-0511-2592
http://orcid.org/0000-0002-4529-452X
http://orcid.org/0000-0003-3280-2350
http://orcid.org/0000-0001-6830-4244
http://orcid.org/0000-0002-8597-3834
http://orcid.org/0000-0002-8785-7378
http://orcid.org/0000-0001-9621-422X
http://orcid.org/0000-0002-1051-3833
http://orcid.org/0000-0002-0387-6804
http://orcid.org/0000-0001-8720-6615
http://orcid.org/0000-0002-5954-3101
http://orcid.org/0000-0002-6353-8452
http://orcid.org/0000-0003-2350-1249
http://orcid.org/0000-0001-8538-1647
http://orcid.org/0000-0001-9608-2626
http://orcid.org/0000-0003-1450-0009
http://orcid.org/0000-0002-9635-1491
http://orcid.org/0000-0003-3286-1326
http://orcid.org/0000-0002-8883-9374
http://orcid.org/0000-0001-5611-9543
http://orcid.org/0000-0003-1679-6907
http://orcid.org/0000-0001-6242-8852
http://orcid.org/0000-0001-8096-7577
http://orcid.org/0000-0001-7490-6890
http://orcid.org/0000-0003-4431-8400
http://orcid.org/0000-0002-6854-2717
http://orcid.org/0000-0002-4326-9742
http://orcid.org/0000-0002-3780-1755
http://orcid.org/0000-0002-0145-4747
http://orcid.org/0000-0002-9999-2534
http://orcid.org/0000-0002-8527-964X
http://orcid.org/0000-0002-2999-6150
http://orcid.org/0000-0001-7391-5330
http://orcid.org/0000-0003-1661-6873
http://orcid.org/0000-0003-2748-4829
http://orcid.org/0000-0002-9580-0363
http://orcid.org/0000-0001-6419-5829
http://orcid.org/0000-0001-8484-2261
http://orcid.org/0000-0002-6206-1912
http://orcid.org/0000-0003-2486-7672
http://orcid.org/0000-0002-1559-9285
http://orcid.org/0000-0002-7584-078X
http://orcid.org/0000-0002-2676-2842
http://orcid.org/0000-0003-4559-6058
http://orcid.org/0000-0002-8644-2349
http://orcid.org/0000-0002-9090-5502
http://orcid.org/0000-0002-0497-3550
http://orcid.org/0000-0001-9612-4988
http://orcid.org/0000-0002-6117-3816
http://orcid.org/0000-0002-8560-8917
http://orcid.org/0000-0002-3047-3146
http://orcid.org/0000-0002-6901-9717
http://orcid.org/0000-0001-8063-8765
http://orcid.org/0000-0003-1553-2950
http://orcid.org/0000-0002-4140-6360
http://orcid.org/0000-0002-1859-6557
http://orcid.org/0000-0002-8775-1194
http://orcid.org/0000-0002-2023-5945
http://orcid.org/0000-0001-8085-4505
http://orcid.org/0000-0003-0486-2081
http://orcid.org/0000-0002-0773-8775
http://orcid.org/0000-0002-3962-2099
http://orcid.org/0000-0001-9291-5408
http://orcid.org/0000-0002-9211-9775
http://orcid.org/0000-0003-3640-8676
http://orcid.org/0000-0001-7081-3275
http://orcid.org/0000-0003-0352-3096
http://orcid.org/0000-0001-8667-1814
http://orcid.org/0000-0003-1772-6898
http://orcid.org/0000-0002-0490-9209
http://orcid.org/0000-0002-8057-9467
http://orcid.org/0000-0003-3384-5053
http://orcid.org/0000-0003-1012-4675
http://orcid.org/0000-0002-6614-108X
http://orcid.org/0000-0003-0083-274X
http://orcid.org/0000-0001-6568-2047
http://orcid.org/0000-0003-0294-3953
http://orcid.org/0000-0002-7314-0990
http://orcid.org/0000-0001-6226-8385
http://orcid.org/0000-0003-4724-9017

761 Page 32 of 41 Eur. Phys. J. C (2023) 83:761

V. A. Kramarenkd’®, G. KrambergelP®, P. Kramet®m, M. W. Krasny?’®, A. Krasznahorka3f®, J. A. Kremet®9p,
T. Kress€%p, J. Kretzschmd@f®, K. Kreul*®®, P. Krieget®®®, S. Krishnamurthdf3@, M. Krivos'33®, K. Krizka?%m,
K. Kroeningef°®, H. Krohad1%p, J. Krol*3l®, J. Kroll*?8p, K. S. Krowpman®’@, U. KruchonakR®®, H. Krigef*®,
N. Krumnack?!, M. C. Krusel®, J. A. Krzysial®®, O. Kuchinskaid’®, S. Kudayd®, S. Kuehi®®, R. Kuester¥'®,
T. Kuh*8®, V. Kukhtin®®, Y. Kulchitsky®”3®, S. Kuleshov®74137bg M. Kumar39®, N. Kumari©%p,
A. Kupcol3l®, T. Kupfer*?, A. Kupich®’®, O. Kuprasf*®, H. Kurashigé*®, L. L. Kurchanino#3p, O. Kurdys¥%@,
Y. A. Kurochkin®®, A. Kurova’®, M. Kuze®®, A. K. Kvam%p, J. Kvital?2p, T. Kwant%®®, N. G. Kyriacod®6p,
L. A. O. Laatd%%p, C. Lacast®3p, F. Lacavd®27°p), H. Lacket®®, D. Lacout?’®, N. N. Lad®®, E. Ladygirt®®,
B. Laforge?’®, T. Lagouri37ém, S. LaP®®, I. K. Lakomied®3®, N. Lalloué®®, J. E. Lambef®® @), S. Lammer®p,
W. Lampl’®, C.Lampoudi$®?*¢@, A.N. Lancastel'®®, E.Lancor’®, U.Landgraf®, M. P.J.Lando#'®,
V. S. Lang*®, R.J.Langenbef§3®, O.K.B. LangrekkeM®®, A.J.Lankford%p, F.Lann?®®, K. LantzscR*®,
A.Lanzd®3®, A. Lapertosd’®5®g, J.F. Laporté®>®, T.Lari’'dpm, F. Lasagni MangRf°m, M. Lassnig®®,
V. Latonovad®l®, A. Laudraif®®, A. Laurie®®, S.D.LawloP>®, Z.Lawrencé®l®m, M. Lazzaron{1271bp,
B.Le'%l, E.M. Le Boulicaut'®, B.Leba¥3®, A.Lebede¥'®, M. LeBlanc®®, F.Ledroit-Guillorfm,
A.C.A. Le€® S.C.Leé%p, S.Led"@ 0, T.F. Le€?®, L. L. Leeuw’™m, H. P. Lefebvré€®®, M. Lefebvrd®Sp,
C.Leggett’3a®, K.Lehmand*%®, G.Lehmann Miotté®®, M. Leigh®®®, W. A. Leightt®@, W. Leinoned3p,
A. Leisog®%5@), M. A. L. Leite®25®, C. E. LeitgeB®®, R. Leitnet33m, K. J. C. Lenef*®, T. LenZ*®, S. Leoné*ap,
C. Leonidopoulo¥®, A.Leopold*®, C.Leroy%8n, R.Led%®, C.G.Lestet?®, M. Levchenkd’®,
J. Levéqué®, D. Levint%p, L. J. LevinsoA®®, M. P. Lewickf®, D.J. Lewi¢®, A.Li%®, B.Li%%p, C.Li%2
C.-Q. Li%2%p, H.Li%%ap, H.Li%%Pp, H.LiM%%®, H.Li%%p, K. Lil%Sp, L. Li%%CH, M.Lil4aldey, Q.. Li%%ap,
S. Lil%alde g |f2c62ddg T, LiSbg, X, Lill4p, Z. Lil%%p, z. Lil%p, Z. Li%p, z. Lil%al4ey, 7. Liang“ap,
M. Liberatoré®®, B. Liberti’®m, K. Lie®S®, J.Lieber Marif?’®, H. Lien®®®, K.Lin1%®, R.E.Lindley®,
J.H. Lindorf®, A.Linss®®, E.Lipeles?®®, A. Lipniackd®®, A. Lister!®4®, J.D. Little*®, B. Liul*3p,
B. X. Liu¥*2®, D.Liub26824p 3 B. LilF23m, J.K. K. Liu¥@, K. Liub2¢62dg M. Liu®%3p, M. Y. Liub%ap,
P. Liutap, Q. Liut2c62d138g X jub2ap, Y. Liul4dl4es v L. Liul%g, Y. W. Liu®2ap, J. Llorente Merind*2p,
S.L.Lloyd®®, E.M. Lobodzinsk&®, P.LocH®, S.Loffredd®276bs T Lohsé®®, K.LohwasseFo%m,
E. Loiacond®®, M. Lokajicek®Y®, J.D.Lomad’®, J.D.Lond%%®, I.Longarint®®, L.Longo%a7%g,
R. Longd®%®, |I. Lopez Pa%’®, A.Lopez Solié®®, J.Loren2%%p, N.Lorenzo Martine2®, A. M. Lory%%p,
O. Losevd’®, X. Lou*"3470g X, Lout*314en) A, Lounif®®, J. Lové®, P. A. Lovélp, G. Lu“al4en, M. Lu®0p,
S. Lut28p, Y. J. LfS5®, H.J. Lubattt38®, C. Luci™®37%0g, F. L. Lucio Alves*s®, A. Lucotté®®, F. Luehring®®,
I. Luise!*®®, O. LukianchuR®®, O. Lundberdg*®, B. Lund-Jensef*®, N.A.Luongd?3®m, M.S. LutZ%p,
D. Lynn?°®, H.Lyons?2, R.Lysak3l®, E. Lytker?®®, V. Lyubushkirt®®, T.Lyubushkind®®, M. M. Lyukoval*®m,
H. Ma®®®, L. L. Ma®%"p, Y. Mal?l®, D. M. Mac Donelf%%@, G. Maccarrong®, J. C. MacDonalt?%m, R. Madaf’p,
W. F. Madef®, J. Maed&*®, T. Maend®®, M. MaerkeP®, H. Maguird3%m, A. Maiol3031308130dz, - Kk \Maj85ap,
O. Majersky®®, S. Majewsk?3®, N. Makoveé®®, V. Maksimovid®®, B.Malaesct?’®, Pa. Malecki®®,
V. P. MaleeV'®, F. Malek’®m, M.Mali%®®®, D.Malito®>°®, U.Mallik®@m, S.Maltezod®, S. Malyukov®,
J. Mamuzid3®, G. MancinP3®, G. Mancd3373bg), J. P. Mandali#®, I. Mandic®3®, L. Manhaes de Andrade Filk&®,
I. M. Maniatist®®®, J. Manjarres Ramé%®, D. C. Mankad®®®, A. Mann%9®, B. Mansoulié®>®, S. Manzoni®e,
A. Marantig®%®, G. MarchiorP®, M. Marcisovsky®l®, C. Marcord!a371bg M. Marinescéd®®, M. Marjanovicd29p,
E. J. Marshafill®, z. Marshalt’3®, S. Marti-Garcia®3m, T. A. Martin'®’@, V. J. MartirP?®, B. Martin dit Latout®@,
L. Martinelli’375bg M. MartineZ23t@®, P. Martinez Agulld®3®, V. I. Martinez Outschoof?3®, P. Martinez Suaréz®,
S. Martin-Haugh®‘®, V. S. Martoi#’°m, A. C. Martyniulk®®®, A. Marzin®®®, D. Mascioné®2780g L. Masettt%%p,
T. Mashimd®3m, J. Masik%%®, A. L. Maslennikow’®, L. Mass&3P®, P. Massarotff3’2s, P. Mastrandre42740g),
A. Mastroberardin®?@43%g T. Masubuchi®3m, T. Mathiset®l®, J. Matousek®3®, N. Matsuzaw#®3, J. Mauref’Pp,
B. Macel®3®, D. A. Maximov®’®, R. Mazin48®, I. Maznad®%m, M. Mazzd®®, S. M. Mazza3%®, E. Mazzed'a’1bp,
C. Mc Ginrt%p, J. P. Mc Gowat*®, S. P. Mc Keé%p), E. F. McDonald%®p, A. E. McDougalt'4p,
J. A. Mcfayded*®®, R.P.McGoverf?®®, G.Mchedlidzé*®®s, R.P. Mckenzié®dm, T.C. Mclachlafi®®,
D. J. Mclaughlif®®, K. D.McLeart%®, S.J. McMahok®**®, P.C.McNamar®®, C.M. Mcpartland?®,
R. A. McPhersof®V@, S. Mehlhas®®®, A. Mehta?®, D. Melinit®%®, B. R. Mellado Garcig®%®m, A. H. Melo*°®),
F. Meloni*®®, A. M. Mendes Jacques Da Costsp, H.Y. Meng®®®®, L. Meng®l®, S. Menkél%s, M. Mentink®p,
E. Meonf33430g  C. Merlassind®®®, L. Merola?®72%g,  C. Meronf3pm,  G. MerZ2%, 0. Meshkov’p,
J. Metcalfé®, A. S. Meté®, C. Meyefép®, J-P. Meyel®®p, R. P. Middletod®*®, L. Mijovic®?®, G. Mikenberd®%p,
M. Mikestikova '@, M. Mikuz®3®, H. Mildner%p, A. Milic 6@, C. D. Milke**®, D. W. Miller®®®, L. S. Miller**@,

@ Springer


http://orcid.org/0000-0002-8625-5586
http://orcid.org/0000-0002-7580-384X
http://orcid.org/0000-0002-0296-5899
http://orcid.org/0000-0002-7440-0520
http://orcid.org/0000-0002-6468-1381
http://orcid.org/0000-0003-4487-6365
http://orcid.org/0000-0003-0546-1634
http://orcid.org/0000-0002-8515-1355
http://orcid.org/0000-0002-1739-6596
http://orcid.org/0000-0001-9958-949X
http://orcid.org/0000-0001-6169-0517
http://orcid.org/0000-0001-9062-2257
http://orcid.org/0000-0001-6408-2648
http://orcid.org/0000-0001-9873-0228
http://orcid.org/0000-0003-1808-0259
http://orcid.org/0000-0001-6215-3326
http://orcid.org/0000-0002-0964-6815
http://orcid.org/0000-0001-9395-3430
http://orcid.org/0000-0003-2116-4592
http://orcid.org/0000-0001-8287-3961
http://orcid.org/0000-0001-5791-0345
http://orcid.org/0000-0002-1214-9262
http://orcid.org/0000-0002-3664-2465
http://orcid.org/0000-0002-0116-5494
http://orcid.org/0000-0001-5270-0920
http://orcid.org/0000-0002-8309-019X
http://orcid.org/0000-0002-1473-350X
http://orcid.org/0000-0003-4387-8756
http://orcid.org/0000-0002-3036-5575
http://orcid.org/0000-0002-3065-326X
http://orcid.org/0000-0003-3681-1588
http://orcid.org/0000-0001-9174-6200
http://orcid.org/0000-0003-3692-1410
http://orcid.org/0000-0002-6042-8776
http://orcid.org/0000-0002-7540-0012
http://orcid.org/0000-0003-3932-016X
http://orcid.org/0000-0001-9392-3936
http://orcid.org/0000-0002-1837-6984
http://orcid.org/0000-0002-1281-8462
http://orcid.org/0000-0001-7924-1517
http://orcid.org/0000-0001-8858-8440
http://orcid.org/0000-0001-7243-0227
http://orcid.org/0000-0001-5973-8729
http://orcid.org/0000-0001-8717-4449
http://orcid.org/0000-0002-8523-5954
http://orcid.org/0000-0001-6578-8618
http://orcid.org/0000-0002-2623-6252
http://orcid.org/0000-0003-4588-8325
http://orcid.org/0000-0002-7183-8607
http://orcid.org/0000-0002-1590-194X
http://orcid.org/0000-0002-3707-9010
http://orcid.org/0000-0001-6206-8148
http://orcid.org/0000-0002-4209-4194
http://orcid.org/0000-0001-7509-7765
http://orcid.org/0000-0002-9898-9253
http://orcid.org/0000-0002-4357-7649
http://orcid.org/0000-0003-0953-559X
http://orcid.org/0000-0002-5606-4164
http://orcid.org/0000-0003-2958-986X
http://orcid.org/0000-0002-2337-0958
http://orcid.org/0000-0001-9782-9920
http://orcid.org/0000-0001-6212-5261
http://orcid.org/0000-0002-0225-187X
http://orcid.org/0000-0002-8222-2066
http://orcid.org/0000-0001-6828-9769
http://orcid.org/0000-0001-9954-7898
http://orcid.org/0000-0001-6595-1382
http://orcid.org/0000-0001-8099-9042
http://orcid.org/0000-0001-8057-4351
http://orcid.org/0000-0002-7197-9645
http://orcid.org/0000-0002-0729-6487
http://orcid.org/0000-0003-4980-6032
http://orcid.org/0000-0001-6246-6787
http://orcid.org/0000-0002-4815-5314
http://orcid.org/0000-0002-1388-869X
http://orcid.org/0000-0001-6068-4473
http://orcid.org/0000-0002-9541-0592
http://orcid.org/0000-0001-9591-5622
http://orcid.org/0000-0001-6098-0555
http://orcid.org/0000-0002-2575-0743
http://orcid.org/0000-0003-3211-067X
http://orcid.org/0000-0002-9035-9679
http://orcid.org/0000-0002-4094-1273
http://orcid.org/0000-0002-8909-2508
http://orcid.org/0000-0003-1501-7262
http://orcid.org/0000-0002-9566-1850
http://orcid.org/0000-0001-5977-6418
http://orcid.org/0000-0001-9398-1909
http://orcid.org/0000-0002-3353-2658
http://orcid.org/0000-0003-0836-416X
http://orcid.org/0000-0001-7232-6315
http://orcid.org/0000-0002-3365-6781
http://orcid.org/0000-0002-7394-2408
http://orcid.org/0000-0002-5560-0586
http://orcid.org/0000-0002-9299-9020
http://orcid.org/0000-0002-8590-8231
http://orcid.org/0000-0001-9045-7853
http://orcid.org/0000-0003-1406-1413
http://orcid.org/0000-0002-2968-7841
http://orcid.org/0000-0002-1747-2544
http://orcid.org/0000-0002-8126-3958
http://orcid.org/0000-0003-0392-3663
http://orcid.org/0000-0002-0335-503X
http://orcid.org/0000-0002-2994-2187
http://orcid.org/0000-0002-1525-2695
http://orcid.org/0000-0002-9560-1778
http://orcid.org/0000-0001-6222-9642
http://orcid.org/0000-0002-7241-2114
http://orcid.org/0000-0001-9415-7903
http://orcid.org/0000-0003-3105-7045
http://orcid.org/0000-0002-8875-1399
http://orcid.org/0000-0001-5770-4883
http://orcid.org/0000-0002-5495-0656
http://orcid.org/0000-0002-0244-4743
http://orcid.org/0000-0003-0512-0856
http://orcid.org/0000-0003-4679-0485
http://orcid.org/0000-0002-8972-3066
http://orcid.org/0000-0002-7814-8596
http://orcid.org/0000-0003-4317-3342
http://orcid.org/0000-0002-1974-2229
http://orcid.org/0000-0003-3495-7778
http://orcid.org/0000-0002-1081-2032
http://orcid.org/0000-0002-4732-5633
http://orcid.org/0000-0002-2459-9068
http://orcid.org/0000-0001-9346-6982
http://orcid.org/0000-0002-2545-0329
http://orcid.org/0000-0001-6411-6107
http://orcid.org/0000-0003-4317-3203
http://orcid.org/0000-0001-6066-195X
http://orcid.org/0000-0003-1673-2794
http://orcid.org/0000-0001-7879-3272
http://orcid.org/0000-0001-7775-4300
http://orcid.org/0000-0001-6975-102X
http://orcid.org/0000-0001-9800-2626
http://orcid.org/0000-0001-7096-2158
http://orcid.org/0000-0002-0139-0149
http://orcid.org/0000-0003-1561-3435
http://orcid.org/0000-0003-0629-2131
http://orcid.org/0000-0002-8444-8827
http://orcid.org/0000-0002-6011-2851
http://orcid.org/0000-0002-5779-5989
http://orcid.org/0000-0003-0642-9169
http://orcid.org/0000-0001-8884-2664
http://orcid.org/0000-0002-2269-3632
http://orcid.org/0000-0002-2342-1452
http://orcid.org/0000-0001-9490-7276
http://orcid.org/0000-0002-3961-5016
http://orcid.org/0000-0001-5982-7326
http://orcid.org/0000-0002-8759-8564
http://orcid.org/0000-0002-1552-3651
http://orcid.org/0000-0002-9372-0730
http://orcid.org/0000-0003-2823-9307
http://orcid.org/0000-0002-0721-8331
http://orcid.org/0000-0002-0065-5221
http://orcid.org/0000-0003-3259-8775
http://orcid.org/0000-0001-5359-4541
http://orcid.org/0000-0001-5807-0501
http://orcid.org/0000-0003-0056-7296
http://orcid.org/0000-0002-0236-5404
http://orcid.org/0000-0002-9815-8898
http://orcid.org/0000-0001-5248-4391
http://orcid.org/0000-0003-1366-5530
http://orcid.org/0000-0003-3615-2332
http://orcid.org/0000-0001-9190-4547
http://orcid.org/0000-0003-4448-4679
http://orcid.org/0000-0003-0027-7969
http://orcid.org/0000-0002-5073-2264
http://orcid.org/0000-0001-9012-3431
http://orcid.org/0000-0002-2005-671X
http://orcid.org/0000-0003-2516-5015
http://orcid.org/0000-0002-9751-7633
http://orcid.org/0000-0003-1833-9160
http://orcid.org/0000-0002-2773-0586
http://orcid.org/0000-0001-8929-1243
http://orcid.org/0000-0001-7456-494X
http://orcid.org/0000-0002-2115-9382
http://orcid.org/0000-0002-0352-2854
http://orcid.org/0000-0002-2357-7043
http://orcid.org/0000-0003-3984-6452
http://orcid.org/0000-0002-4300-7064
http://orcid.org/0000-0002-0511-4766
http://orcid.org/0000-0001-6530-1873
http://orcid.org/0000-0002-7857-7606
http://orcid.org/0000-0001-9657-0910
http://orcid.org/0000-0002-7745-1649
http://orcid.org/0000-0002-8309-5548
http://orcid.org/0000-0003-0867-2189
http://orcid.org/0000-0003-4066-2087
http://orcid.org/0000-0001-7743-3849
http://orcid.org/0000-0002-7803-6674
http://orcid.org/0000-0001-8133-3533
http://orcid.org/0000-0001-7610-3952
http://orcid.org/0000-0002-8814-1670
http://orcid.org/0000-0002-2497-0509
http://orcid.org/0000-0002-9285-7452
http://orcid.org/0000-0001-7464-304X
http://orcid.org/0000-0002-1626-6255
http://orcid.org/0000-0002-5992-0640
http://orcid.org/0000-0001-8721-6901
http://orcid.org/0000-0001-5028-3342
http://orcid.org/0000-0002-3265-8371
http://orcid.org/0009-0004-1439-5151
http://orcid.org/0000-0003-3867-0336
http://orcid.org/0000-0001-6527-0253
http://orcid.org/0000-0003-4515-0224
http://orcid.org/0000-0002-9634-542X
http://orcid.org/0000-0003-2990-1673
http://orcid.org/0000-0002-8141-3995
http://orcid.org/0000-0003-0136-233X
http://orcid.org/0000-0001-8329-7994
http://orcid.org/0000-0001-8343-9809
http://orcid.org/0000-0002-8916-6220
http://orcid.org/0000-0001-9717-1508
http://orcid.org/0000-0002-3577-9347
http://orcid.org/0000-0001-5533-6300
http://orcid.org/0000-0002-7234-9522
http://orcid.org/0000-0002-3150-3124
http://orcid.org/0000-0002-6875-6408
http://orcid.org/0000-0003-4276-1046
http://orcid.org/0000-0002-9084-3305
http://orcid.org/0000-0003-0901-1817
http://orcid.org/0000-0002-3773-8573
http://orcid.org/0000-0001-6218-4309
http://orcid.org/0000-0001-9099-0009
http://orcid.org/0000-0003-4819-9226
http://orcid.org/0000-0001-8857-5770
http://orcid.org/0000-0002-6871-3395
http://orcid.org/0000-0001-5124-904X
http://orcid.org/0000-0001-9418-3941
http://orcid.org/0000-0002-8813-3830
http://orcid.org/0000-0001-8183-0468
http://orcid.org/0000-0003-1028-8602
http://orcid.org/0000-0002-0948-5775
http://orcid.org/0000-0002-1585-4426
http://orcid.org/0000-0002-3996-4662
http://orcid.org/0000-0001-7934-1649
http://orcid.org/0000-0002-3203-4243
http://orcid.org/0000-0001-6158-2751
http://orcid.org/0000-0002-9909-1111
http://orcid.org/0000-0001-5038-5154
http://orcid.org/0000-0002-0131-7523
http://orcid.org/0000-0003-1792-6793
http://orcid.org/0000-0002-4362-0088
http://orcid.org/0000-0003-3896-5222
http://orcid.org/0000-0002-5708-0510
http://orcid.org/0000-0002-8497-9038
http://orcid.org/0000-0001-5945-5518
http://orcid.org/0000-0002-2488-0511
http://orcid.org/0000-0002-7020-4098
http://orcid.org/0000-0003-2655-7643
http://orcid.org/0000-0003-0860-7897
http://orcid.org/0000-0002-9889-8271
http://orcid.org/0000-0002-4588-3578
http://orcid.org/0000-0002-4468-0154
http://orcid.org/0000-0003-3662-4694
http://orcid.org/0000-0003-0786-2570
http://orcid.org/0000-0002-3897-6223
http://orcid.org/0000-0002-1477-1645
http://orcid.org/0000-0003-3053-8146
http://orcid.org/0000-0003-3420-2105
http://orcid.org/0000-0002-4466-3864
http://orcid.org/0000-0002-3135-945X
http://orcid.org/0000-0001-8925-9518
http://orcid.org/0000-0001-7102-6388
http://orcid.org/0000-0001-6914-1168
http://orcid.org/0000-0001-9457-1928
http://orcid.org/0000-0002-4963-9441
http://orcid.org/0000-0001-9080-2944
http://orcid.org/0000-0003-4364-4351
http://orcid.org/0000-0001-8660-9893
http://orcid.org/0000-0002-0038-5372
http://orcid.org/0000-0001-5333-6016
http://orcid.org/0000-0002-6813-8423
http://orcid.org/0000-0002-4234-3111
http://orcid.org/0000-0002-3735-7762
http://orcid.org/0000-0002-9335-9690
http://orcid.org/0000-0002-9853-0194
http://orcid.org/0000-0002-8933-9494
http://orcid.org/0000-0001-9984-8009
http://orcid.org/0000-0002-6248-953X
http://orcid.org/0000-0002-2174-5517
http://orcid.org/0000-0002-5162-3713
http://orcid.org/0000-0002-1449-0317
http://orcid.org/0000-0001-8783-3758
http://orcid.org/0000-0003-0954-0970
http://orcid.org/0000-0001-8420-3742
http://orcid.org/0000-0002-8273-9532
http://orcid.org/0000-0003-3865-730X
http://orcid.org/0000-0002-8406-0195
http://orcid.org/0000-0003-1281-0193
http://orcid.org/0000-0001-7551-3386
http://orcid.org/0000-0002-4551-4502
http://orcid.org/0000-0002-8092-5331
http://orcid.org/0000-0002-2489-2598
http://orcid.org/0000-0001-9273-2564
http://orcid.org/0000-0001-9139-6896
http://orcid.org/0000-0003-3534-4164
http://orcid.org/0000-0001-9618-3689
http://orcid.org/0000-0002-0930-5340
http://orcid.org/0000-0003-2424-5697
http://orcid.org/0000-0001-5475-2521
http://orcid.org/0000-0002-3599-9075
http://orcid.org/0000-0002-0676-324X
http://orcid.org/0000-0003-1477-1407
http://orcid.org/0000-0001-9211-7019
http://orcid.org/0000-0002-1281-2060
http://orcid.org/0000-0003-2619-9743
http://orcid.org/0000-0002-7018-682X
http://orcid.org/0000-0003-4838-1546
http://orcid.org/0000-0002-3964-6736
http://orcid.org/0000-0001-7075-2214
http://orcid.org/0000-0001-6305-8400
http://orcid.org/0000-0002-7234-8351
http://orcid.org/0000-0002-2901-6589
http://orcid.org/0000-0002-8186-4032
http://orcid.org/0000-0001-9769-0578
http://orcid.org/0000-0002-6934-3752
http://orcid.org/0000-0002-5445-5938
http://orcid.org/0000-0002-1822-1114
http://orcid.org/0000-0003-4779-3522
http://orcid.org/0000-0001-6897-4651
http://orcid.org/0000-0001-5454-3017
http://orcid.org/0000-0002-5508-530X
http://orcid.org/0000-0003-3552-6566
http://orcid.org/0000-0002-7497-0945
http://orcid.org/0000-0002-8396-9946
http://orcid.org/0000-0003-0162-2891
http://orcid.org/0000-0003-0460-3178
http://orcid.org/0000-0003-1277-2596
http://orcid.org/0000-0002-4119-6156
http://orcid.org/0000-0002-0384-6955
http://orcid.org/0000-0002-9173-8363
http://orcid.org/0000-0003-4688-4174
http://orcid.org/0000-0002-9485-9435
http://orcid.org/0000-0001-5539-3233

Eur. Phys. J. C (2023) 83:761 Page 33 of 41 761

A. Milov189s,  D. A. Milstead’470,  T. Min14¢,  A. A. Minaenkd’®, I. A. Minashvili'*®®s, L. Mince®®
A.l.Mincer'®,  B.Mindu®3p, M. Mineev¥®®,  Y.Mino®®, L.M.Mirl3m, M. Miralles LopeZ83
M. Mironova’3®, A. Mishimat®3, M. C. Missid'*3p, T. Mitani*®®p, A. Mitral®’®, V. A. Mitsou'®3m, O. Miuls®
P. S. Miyagaw&'®, Y. Miyazakf®, A.Mizukamf3®, T. Mkrtchyarf33®, M. Mlinarevic®®, T. Mlinarevic®
M. Mlynarikova®®®, S.Mobius®®, K. Mochizukil®®, P. Modef8®, P.Mogd®®, A.F. Mohammed*al4s
S. Mohapatr&dl®, G. Mokgatitswan®®d®, L. Moleri®9», B. Mondal*'®, S.Mondal®%m, G. Monigh*®
K. M6nig*®®, E. Monniet%2p, L. Monsonis Romert$3, J. Montejo Berlinget?83®, M. Montellal1%®, F. Monticelli®®
S. Monzanf926%g N. Morang&®@®, A. L. Moreira De Carvalh&*%3s, M. Moreno Llacet®3s, C. Moreno Martine?®
P. MorettinP’?®, S. Morgensterif®, M. Morii®'@®, M. Morinagd®3®, A. K. Morley®%@, F. Morodei>275b
L. Morvaj*8@, P. Moschovako¥@®, B. Mosef®, M. Mosidzeé*%°, T. Moskalet8*®, P. Moskvitind3@, J. Mossh™
E.J. W. Moysé%p, O. Mtintsilang39m, S. Muanz&®®, J. Muellet?®®, D. Muenstermarmti®, R. Miller'®
G. A. Mullier'®1®, A.J. Mullin®2, J. J. Mullin?®, D. P. Mungd®®®, D. Munoz Pere¥3p, F.J. Munoz Sanché%
M. Murin®®@, W, J. Murray®”134®,  A. Murrone371bg 3. M. Musé?®®®, M. Muskinjal’3®, C. Mwewa®
A. G. MyagkoP’3p,  A.J.Myer$®, A. A Myerst?®,  G. Myer$®p, M. Myskal®2®m, B. P. Nachmah'@
0. Nackenhoré®®, A.Nag®®, K.Nagat?®m, K.Nagan83®, J.L.Naglé®2%p, E.Nagy®%®m, A. M. Nairz®8
Y. Nakaham&®, K. Nakamur83®, K.Nakkali’®, H.Nanjd?*®», R.Narayaf’®, E.A. Narayanah
I. Naryshkit’®, M. Nasert*®, S. Nasid®°®, C. Nas$*®, G. Navarré?3p, J. Navarro-Gonzalé#3®, R. Nayak®}
A. NayaZ®®, P. Y. Nechaevl®, F. Nechanskif®, L. Nedic'?6®, T.J. Neep®, A. Negri’33735g, M. Negrinf3
C. Nellist®,  C.Nelsod®®, K. Nelsod%®, S.Nemecelél®, M. Nesst®'@®, M. S. Neubauéf?
F. Neuhau¥%®, J.Neundo®®®, R.Newhoust*®, P.R.Newmaf’®, C.W.Ng?%®», Y.W.Y.Ng*®
B. Ngair®¢®», H.D.N. Nguyed®®, R.B. NickersoA?®®, R. Nicolaidod3>@, J. NielseA®®s, M. Niemeyer®
J. Niermanm®36@), N. Nikiforou®6®, V. Nikolaenkd’3®, I. Nikolic-Audit'?’@®, K. Nikolopoulog%®, P. Nilssor®
I. Ninca®®, H.R.Nindhite®®, G. Ninio'®l®, A. Nisati’3®, N.Nisht®, R. Nisiusi%, J.-E. Nitschke”
E. K. Nkadimeng®%®, S. J. Noacco Rosentft®, T. Nobé>3®, D. L. NoeP2@®, T. Nommensel’®, M. B. Norfolk!39
R.R.B. Norisan®®, B.J.Normad*®, J.Novak3®, T. Novak®®, L.Novotny’3%®m, R. Novotny3
L. Nozkat?%®, K. Ntekad®m, N.M. J. Nunes De Moura Junf®®, E.Nursd®, J.Ocari?2?’®, A. Ochf*
I. Ochod®%p), S. Oerdekl®, J. T. Offerman@®®, A. Ogrodnik33m, A. Ohl%%®, C.C.Ohm*®, H. Oide?
R. Oisht®3pm, M. L. Ojedd®®, Y. Okazak?’®, M.W.OKeefe®?, Y.Okumurd®3@m, L.F. Oleiro Seabrg®
S. A. Olivares Pin&®’9%p, D. Oliveira Damazi®®, D. Oliveira Goncalve®ap, J. L. Olivet®%s, M. J. R. OlssoH?
A. Olszewskf®®, O.O0. Oncet*®, D.C.O'Neil*%®, A.P.ONeill®®, A.Onofret303130¢s — p U, E. Onyist!
M. J. Oreglid®®, G.E.Orellan®®, D.Orestand2’7%g, N.Orlandd®®, R.S.Ort%®®, V. 0'She&®
R. Ospanof?3m, G. Otero y Garzotl®, H. Otond®®, P. S. Ot#33p, G. J. Ottind’3®, M. Ouchrif®dp, J. Ouelletté®
F. Ould-Saad®®, M.Owerr’®, R.E.Owed®®, K.Y.OyulmaZdp, V. E.Ozca’'@m, N.Ozturlé
S. Ozturkdp, H. A. Pacey?®, A. Pacheco Pag&dn), C. Padilla Arand®®, G. Padovan®2’%g), S. Pagan Grisda
G. Palacin8®®, A.Palazzd%7%g, S. Palestin®®, J. Pah’%®, T.Paf*d®, D. K. Panchdl®, C.E.Pandini
J. G. Panduro Vazqué%®», H.Pand*®®, P.Part®®, G.Panizz8°2%gp, L. Paolozzt®®», C.Papadatd$®
S. Parajuft*®, A. Paramonof®, C. Paraskevopould®®, D. Paredes Hernand®2m, T. H. Park®5®, M. A. Parkef?
F. Parodi’30g,  E. W. Parrish'®®, V. A. Parrisi??®, J. A. Parsorf8®, U. Parzefaft*®, B. Pascual Dia$8
L. Pascual Domingué?l®, F. Pasquali‘®, E. Pasqualuc&3m, S. Passaggid®®, F. Pastore®, P. PasuwaH 3470
P. Patel®®, U.M. Pate?l®, J.R.Patéll®, T. Pauly®®, J.Pearké$3m, M. Pedersel®®, R. Pedrd303
S. V. Peleganchi®, O. Pené®®, E. A. Pendet?, H. Pen§?3p), K. E. Penski®®®, M. Penzit’®, B. S. Peralvéd82d
A. P. Pereira Peixofd®, L. Pereira Sanchéz4’0s, D. V. Perepelits®2%p, E. Perez Codin&%m, M. Pergant®
L. Perini’1a710" @ H. Perneggef®, S. Perrelld®, A. Perrevoort’3m), O. Perrif®®, K. Peteré®®, R. F. Y. Peter®},
B. A. Petersetf®, T.C.Peterseélf®, E.Petit®%m, V. Petousi$®s®, C. Petridod®2e®m, A. Petrukhid}
M. Petted’@®, N.E. Petterssofi®, A. Petukho¥’®, K. Petukhov&d®¥®, A.Peyaud®®®, R.Pezo®”
L. Pezzottt®®, G.Pezzullé’?®, T.M.Phanmt’%®, T.Pham®p®, P.W.Philips34®, G. Piacquadit™
E. Pianort’ap, F. Piazzd2’1%®, R. Piegaid®®, D. Pietreand®®, A.D. Pilkingtont®®, M. Pinamontf9369¢
J. L. Pinfoldf@®, B. C. Pinheiro Pereifd®®, A.E. Pinto Pinoargot€®®, C. Pitman Donaldsdfi, D. A. Pizzf*
L. Pizzimentd%37%0g . A. Pizzinit4®, M.-A. Pleie®®, V. Plesanov¥, V. Pleskot33p, E. Plotnikova®, G. Poddah
R. Poettge??®, L. Poggiolt?’®, D. Pohf*®, |. Pokharel®®, S. Polacek®3®, G. Polesellf®3n, A. Poleyt421563
R. Polifka32®, A. Polini?3P@, C. S. Pollard®’®, Z. B. Pollock®®, V. Polychronako®®, E. Pompa Pacchid’b
D. Ponomarenkd3®, L. Pontecorvé®®, S.Popd’@m, G.A.Popenecit/d®, D.M. Portillo Quinterd>%
S. Pospisit®2®, M. A. Postill®9s, P. Postolacié®®, K. Potamiano¥’®, P.P. Poteg®3®, |I. N. Potrapg®

@ Springer


http://orcid.org/0000-0003-3863-3607
http://orcid.org/0000-0001-8055-4692
http://orcid.org/0000-0002-4688-3510
http://orcid.org/0000-0003-3759-0588
http://orcid.org/0000-0002-6307-1418
http://orcid.org/0000-0002-5511-2611
http://orcid.org/0000-0002-2236-3879
http://orcid.org/0000-0002-2984-8174
http://orcid.org/0000-0002-4276-715X
http://orcid.org/0000-0001-7863-583X
http://orcid.org/0000-0001-6381-5723
http://orcid.org/0000-0002-0494-9753
http://orcid.org/0000-0001-9861-9140
http://orcid.org/0000-0003-3714-0915
http://orcid.org/0000-0002-1533-8886
http://orcid.org/0000-0002-0287-8293
http://orcid.org/0000-0002-4893-6778
http://orcid.org/0000-0001-6672-0500
http://orcid.org/0000-0002-5786-3136
http://orcid.org/0000-0003-3587-646X
http://orcid.org/0000-0002-6399-1732
http://orcid.org/0000-0003-2028-1930
http://orcid.org/0000-0001-5911-6815
http://orcid.org/0000-0002-6310-2149
http://orcid.org/0000-0003-2135-9971
http://orcid.org/0000-0003-2688-234X
http://orcid.org/0000-0002-5003-1919
http://orcid.org/0000-0003-3006-6337
http://orcid.org/0000-0001-9878-4373
http://orcid.org/0000-0003-0196-3602
http://orcid.org/0000-0003-1025-3741
http://orcid.org/0000-0002-6965-7380
http://orcid.org/0000-0001-7962-5334
http://orcid.org/0000-0002-3169-7117
http://orcid.org/0000-0002-2551-5751
http://orcid.org/0000-0001-9213-904X
http://orcid.org/0000-0001-5010-886X
http://orcid.org/0000-0002-6974-1443
http://orcid.org/0000-0002-0479-2207
http://orcid.org/0000-0003-0047-7215
http://orcid.org/0000-0002-1986-5720
http://orcid.org/0000-0003-1113-3645
http://orcid.org/0000-0002-5719-7655
http://orcid.org/0000-0001-7139-7912
http://orcid.org/0000-0002-7834-4781
http://orcid.org/0000-0001-9324-057X
http://orcid.org/0000-0003-2129-1372
http://orcid.org/0000-0003-0373-1346
http://orcid.org/0000-0001-8251-7262
http://orcid.org/0000-0003-2061-2904
http://orcid.org/0000-0001-6993-9698
http://orcid.org/0000-0001-6750-5060
http://orcid.org/0000-0001-6508-3968
http://orcid.org/0000-0002-7926-7650
http://orcid.org/0000-0002-6729-4803
http://orcid.org/0000-0003-4449-6178
http://orcid.org/0000-0003-2168-4854
http://orcid.org/0000-0002-1786-2075
http://orcid.org/0000-0001-5099-4718
http://orcid.org/0000-0001-6223-2497
http://orcid.org/0000-0002-5835-0690
http://orcid.org/0000-0001-6771-0937
http://orcid.org/0000-0002-2567-7857
http://orcid.org/0000-0003-3215-6467
http://orcid.org/0000-0002-6374-458X
http://orcid.org/0000-0002-2388-1969
http://orcid.org/0000-0003-1710-6306
http://orcid.org/0000-0001-5399-2478
http://orcid.org/0000-0002-2585-3793
http://orcid.org/0000-0001-8442-2718
http://orcid.org/0000-0002-3504-0366
http://orcid.org/0000-0003-4189-4250
http://orcid.org/0000-0003-1691-4643
http://orcid.org/0000-0002-2562-0930
http://orcid.org/0000-0003-0982-3380
http://orcid.org/0000-0003-1024-0932
http://orcid.org/0000-0002-2191-2725
http://orcid.org/0000-0001-6480-6079
http://orcid.org/0000-0002-4285-0578
http://orcid.org/0000-0003-2741-0627
http://orcid.org/0000-0003-0056-6613
http://orcid.org/0000-0001-5420-9537
http://orcid.org/0000-0003-3561-0880
http://orcid.org/0000-0003-3133-7100
http://orcid.org/0000-0002-1560-0434
http://orcid.org/0000-0002-5662-3907
http://orcid.org/0000-0003-0703-103X
http://orcid.org/0000-0002-8642-5119
http://orcid.org/0000-0001-6042-6781
http://orcid.org/0000-0001-6412-4801
http://orcid.org/0000-0001-9191-8164
http://orcid.org/0000-0002-5985-4567
http://orcid.org/0000-0002-8098-4948
http://orcid.org/0000-0002-5108-0042
http://orcid.org/0000-0002-4172-7965
http://orcid.org/0000-0001-6988-0606
http://orcid.org/0000-0003-1418-3437
http://orcid.org/0000-0002-5910-4117
http://orcid.org/0000-0002-2684-9024
http://orcid.org/0000-0002-7672-7367
http://orcid.org/0000-0003-0056-8651
http://orcid.org/0000-0002-7386-901X
http://orcid.org/0000-0003-0101-6963
http://orcid.org/0000-0002-5171-8579
http://orcid.org/0000-0002-5713-3803
http://orcid.org/0000-0003-4194-1790
http://orcid.org/0000-0001-8978-7150
http://orcid.org/0000-0001-7316-0118
http://orcid.org/0000-0001-8434-9274
http://orcid.org/0000-0002-3819-2453
http://orcid.org/0000-0002-8565-0015
http://orcid.org/0000-0001-8026-3836
http://orcid.org/0000-0002-6252-266X
http://orcid.org/0000-0001-8190-4017
http://orcid.org/0000-0001-9135-1321
http://orcid.org/0000-0002-5807-8535
http://orcid.org/0000-0002-4326-9283
http://orcid.org/0000-0002-2157-9061
http://orcid.org/0000-0003-3723-1745
http://orcid.org/0000-0002-9175-4419
http://orcid.org/0000-0003-4222-8284
http://orcid.org/0000-0003-0069-8907
http://orcid.org/0000-0003-1267-7740
http://orcid.org/0000-0001-6545-1820
http://orcid.org/0000-0003-1681-1118
http://orcid.org/0000-0002-3048-489X
http://orcid.org/0000-0002-6848-7463
http://orcid.org/0000-0001-8158-8966
http://orcid.org/0000-0003-3108-9477
http://orcid.org/0000-0003-4014-7253
http://orcid.org/0000-0002-5080-2293
http://orcid.org/0000-0002-9048-1332
http://orcid.org/0000-0003-2257-0074
http://orcid.org/0000-0002-0174-4816
http://orcid.org/0000-0003-0800-7963
http://orcid.org/0000-0003-4895-1836
http://orcid.org/0000-0002-5809-325X
http://orcid.org/0000-0001-8889-427X
http://orcid.org/0000-0002-4542-6385
http://orcid.org/0000-0001-7984-5783
http://orcid.org/0000-0002-4129-5736
http://orcid.org/0000-0002-5736-1398
http://orcid.org/0000-0002-3195-8903
http://orcid.org/0000-0002-3053-0913
http://orcid.org/0000-0001-5165-8425
http://orcid.org/0000-0002-1630-694X
http://orcid.org/0000-0002-8774-7099
http://orcid.org/0000-0001-9252-6509
http://orcid.org/0000-0003-0828-6085
http://orcid.org/0000-0003-2262-0780
http://orcid.org/0000-0002-2024-5609
http://orcid.org/0000-0001-6156-1790
http://orcid.org/0000-0001-8763-0096
http://orcid.org/0000-0002-6468-518X
http://orcid.org/0000-0002-6025-4833
http://orcid.org/0000-0001-9025-0422
http://orcid.org/0000-0002-8015-7512
http://orcid.org/0000-0002-2173-3233
http://orcid.org/0000-0001-6930-7789
http://orcid.org/0000-0002-3834-7830
http://orcid.org/0000-0003-2677-5827
http://orcid.org/0000-0002-7613-5572
http://orcid.org/0000-0002-9320-8825
http://orcid.org/0000-0003-4616-6973
http://orcid.org/0000-0002-8601-2074
http://orcid.org/0000-0002-1943-9561
http://orcid.org/0000-0002-0713-6627
http://orcid.org/0000-0003-4154-8139
http://orcid.org/0000-0003-3368-5475
http://orcid.org/0000-0001-8772-1705
http://orcid.org/0000-0003-0325-472X
http://orcid.org/0000-0002-8104-7227
http://orcid.org/0000-0003-3471-2703
http://orcid.org/0000-0003-4201-7997
http://orcid.org/0000-0001-6203-2209
http://orcid.org/0000-0002-4753-4048
http://orcid.org/0000-0001-5103-5527
http://orcid.org/0000-0003-0616-245X
http://orcid.org/0000-0002-8690-9746
http://orcid.org/0000-0001-7183-1205
http://orcid.org/0000-0001-5091-9216
http://orcid.org/0000-0003-4803-5280
http://orcid.org/0000-0003-0760-5988
http://orcid.org/0000-0003-1052-7925
http://orcid.org/0000-0001-8083-6411
http://orcid.org/0000-0002-2954-1420
http://orcid.org/0000-0002-0582-3765
http://orcid.org/0000-0002-9404-835X
http://orcid.org/0000-0001-6820-0488
http://orcid.org/0000-0002-2684-1399
http://orcid.org/0000-0002-5533-9621
http://orcid.org/0000-0003-4643-6347
http://orcid.org/0000-0003-1125-6784
http://orcid.org/0000-0001-6533-6144
http://orcid.org/0000-0002-2325-6792
http://orcid.org/0000-0001-8210-1734
http://orcid.org/0000-0001-7951-0166
http://orcid.org/0000-0003-0014-3901
http://orcid.org/0000-0003-0999-5019
http://orcid.org/0000-0003-0278-9941
http://orcid.org/0000-0001-9794-2851
http://orcid.org/0000-0002-4110-096X
http://orcid.org/0000-0002-0664-9199
http://orcid.org/0000-0002-4700-1516
http://orcid.org/0000-0001-5732-9948
http://orcid.org/0000-0003-3838-1307
http://orcid.org/0000-0003-2605-8940
http://orcid.org/0000-0002-1946-1769
http://orcid.org/0000-0003-2149-3791
http://orcid.org/0000-0002-0352-4833
http://orcid.org/0000-0002-9281-1972
http://orcid.org/0000-0003-3160-3077
http://orcid.org/0000-0003-1499-3990
http://orcid.org/0000-0002-6492-3061
http://orcid.org/0000-0002-2858-9182
http://orcid.org/0000-0002-3179-8524
http://orcid.org/0000-0002-1910-0541
http://orcid.org/0000-0001-9798-8411
http://orcid.org/0000-0002-7160-4720
http://orcid.org/0000-0001-5954-0974
http://orcid.org/0000-0001-5164-9414
http://orcid.org/0000-0002-9470-6017
http://orcid.org/0000-0002-4858-6560
http://orcid.org/0000-0002-7673-1067
http://orcid.org/0000-0003-4701-9481
http://orcid.org/0000-0003-0707-7046
http://orcid.org/0000-0001-8160-2545
http://orcid.org/0000-0001-9200-5738
http://orcid.org/0000-0001-5962-7826
http://orcid.org/0000-0003-2987-2964
http://orcid.org/0000-0002-7467-2470
http://orcid.org/0000-0001-5191-2526
http://orcid.org/0000-0002-0598-5035
http://orcid.org/0000-0001-9082-035X
http://orcid.org/0000-0002-5205-4065
http://orcid.org/0000-0003-4281-0119
http://orcid.org/0000-0002-7139-9587
http://orcid.org/0000-0003-0907-7592
http://orcid.org/0000-0002-5433-3981
http://orcid.org/0000-0002-3461-0945
http://orcid.org/0000-0002-8082-424X
http://orcid.org/0000-0002-0928-3129
http://orcid.org/0000-0003-1664-5658
http://orcid.org/0000-0003-3424-7338
http://orcid.org/0000-0001-7913-3313
http://orcid.org/0000-0001-8732-6908
http://orcid.org/0000-0003-0426-6538
http://orcid.org/0000-0003-3451-9938
http://orcid.org/0000-0003-3715-0523
http://orcid.org/0000-0001-6418-8784
http://orcid.org/0000-0003-4955-5130
http://orcid.org/0000-0001-6343-447X
http://orcid.org/0000-0003-2078-6541
http://orcid.org/0000-0002-7654-1677
http://orcid.org/0000-0003-1702-7544
http://orcid.org/0000-0002-7380-6123
http://orcid.org/0000-0003-0221-3037
http://orcid.org/0000-0002-3059-735X
http://orcid.org/0000-0002-5575-6476
http://orcid.org/0000-0001-5957-6133
http://orcid.org/0000-0003-0533-2277
http://orcid.org/0000-0001-9208-3218
http://orcid.org/0000-0001-7451-3544
http://orcid.org/0000-0002-8126-9575
http://orcid.org/0000-0002-0654-8398
http://orcid.org/0000-0001-8933-8689
http://orcid.org/0000-0003-3344-791X
http://orcid.org/0000-0002-3802-8944
http://orcid.org/0000-0002-6653-1555
http://orcid.org/0000-0003-2436-6317
http://orcid.org/0000-0002-8859-1313
http://orcid.org/0000-0003-3651-4081
http://orcid.org/0000-0002-4531-2900
http://orcid.org/0000-0001-9233-5892
http://orcid.org/0000-0002-3664-8912
http://orcid.org/0000-0001-7850-8005
http://orcid.org/0000-0003-1381-5949
http://orcid.org/0000-0001-8007-0778
http://orcid.org/0000-0002-5282-5050
http://orcid.org/0000-0002-2397-4196
http://orcid.org/0000-0002-9639-7887
http://orcid.org/0000-0001-9616-1690
http://orcid.org/0000-0001-5193-1567
http://orcid.org/0000-0002-1814-2758
http://orcid.org/0000-0001-8891-1842
http://orcid.org/0000-0002-9461-3494
http://orcid.org/0000-0001-5435-497X
http://orcid.org/0000-0001-7424-4161
http://orcid.org/0000-0002-3304-0987
http://orcid.org/0000-0003-3210-6646
http://orcid.org/0000-0002-3332-1113
http://orcid.org/0000-0002-7915-0161
http://orcid.org/0000-0002-9929-9713
http://orcid.org/0000-0001-8636-0186
http://orcid.org/0000-0002-4063-0408
http://orcid.org/0000-0003-1036-3844
http://orcid.org/0000-0002-4986-6628
http://orcid.org/0000-0002-3690-3960
http://orcid.org/0000-0001-6285-0658
http://orcid.org/0000-0002-4051-0828
http://orcid.org/0000-0003-4528-6594
http://orcid.org/0000-0003-4213-1511
http://orcid.org/0000-0003-2284-3765
http://orcid.org/0000-0001-9275-4536
http://orcid.org/0000-0001-9783-7736
http://orcid.org/0000-0002-7042-4058
http://orcid.org/0000-0001-5424-9096
http://orcid.org/0000-0002-0861-1776
http://orcid.org/0000-0001-8797-012X
http://orcid.org/0000-0001-7839-9785
http://orcid.org/0000-0002-1325-7214
http://orcid.org/0000-0002-0375-6909

761 Page 34 of 41 Eur. Phys. J. C (2023) 83:761

C.J. Pottet?®, H.Pottl®, T. Poulsef®®, J.Poved#3®, M.E. Pozo Astigarrag&®, A. Prades Ibanéf3p,
M. M. Prapd®®, J.Pretel*®, D.Pricd%®, M. Primaverd®@®, M. A. Principe Martif®®, R. Privard®%m,
T. Procte?®®, M. L. Proffitt!38®,  N. Proklovd?®®, K. Prokofie®*s®, G. Protd®a7%0g, S, Protopopeséim,
J. Proudfodi®, M. Przybycief®3m, W. W. Przygod&P®, J. E. Puddefodt®m, D. Pudzhd’®, D. Pyatiizbyantsev®,
J. Qiart%p, D. Qiched®®, VY.Qin'%®, T. Qiwr?®, A.QuadP®>®, M. Queitsch-Maitlandl®, G. Quetar®m,
G. Rabanal Bolan&$®, D. Rafanohararfd®, F. Ragus&a’10p, J. L. Rainbof°®, J. A. Rainé%®, S. Rajagopaladi®,
E. Ramakofi’®, K.Rarf®14¢p, N.P. Rapheed9®, H.Rashee#®®, V.Raskind?’®, D.F. Rassloff*ap,
S.Ravé®p, B.Ravin&°®, |. RavinovicH®9®, M.Raymond®®, A.L.Read?®®, N.P.Readioff*%p,
D. M. Rebuzz{33730g),  G. Redlinge?®®, A.S.Reed®p, K.Reeved®®, J.A. Reidelsturyl®, D.Reikhet>lp),
A.Ref*lm, C.Rembseéf®, A.Renard®®, M.Rendd’®®, M.B.Rendel®, F. Rennet®, A.G.Renni€®,
S. Rescorii!d®, M. Ressegotfi’3°%g), E. D. Resseguiédnm, S. Rettig®®, J. G. Reyes Rivetd’®, B. Reynolds$!®,
E. Reynold$’3®m, M. Rezaei Estabraghl®, O.L.Rezanov¥®, P.Reznicek®3®, N. Ribarid'®, E. Ricci®a78,
R. Richtet10p, S. Richtef’247bg, E. Richter-Wa®P®, M. Ridel2’®, S. Ridouar®®, P. Rieck’®, P. Riedlef®p,
M. Rijssenbeek®®, A.Rimoldi’3373bp, M. Rimoldi*®®, L. Rinald?3323g, T.T. Rinrt%®, M. P. Rinnagel®p,
G. Ripellind®®l®, I Riul3®, P.Rivadenei®®, J.C.Rivera Vergaf®®, F. Rizatdinov®®, E.Rizvi®,
C.RizzP%®, B.A.Robert$®’®», B.R.Robert¥’3®, S.H.Robertso#*V@, M. Robirf8®, D. RobinsoR®,
C. M. Robles Gajards”’, M. Robles Manzan¥%®,  A. RobsoR®®, A.Rocchf®7®g — C. Rodd*a’4bg),
S. Rodriguez Bos€3®, Y. Rodriguez Garc®am, A. Rodriguez RodriguéZ@®, A. M. Rodriguez Ver®®p, S. Roé®,
J. T. Roeme®®p, A. R. Roepe-Giéf®m, J.Roggel’'®, O.Rghné®®p, R.A.Rojas®%p, C.P.A. Rolanffp,
J. Roloff%®, A. RomaniouR’®, E. Romané3373b%, M. Romand3®®, A. C. Romero Hernandé%%®, N. Rompoti§2®,
L. Roog?’®, S.Rosafi®d®, B.J.Rosséf®, E.Rosst?®m, E.Rossi?27?p, L. P.Rossi’’®, L.Rossinfép,
R. Rosteh®®, M. Rotar#’’®, B. RottleP*®, C.Rougiet®%®, D.Roussedif®, D.Roussé’®, A.Roy%%p,
S. Roy-GarantP®®, A.Rozanow’%®, Y.Rozed*®, X.Ruarf®9®, A.RubioJimene®3®, A.J. Ruby?®,
V. H. Ruelas River®®, T. A. Ruggert®, A. Ruggierd?8®, A. Ruiz-Martine23®, A. Rummlef®®, Z. Rurikov@*®,
N. A. RusakovicR®®, H. L. Russeft®>®, G.Russé®27%p, J. P. Rutherfoort®, S. Rutherford Colmenarép,
K. Ryback?’, M. Rybaf33®m, E.B.Ryé?®®pm, A.Ryzho?’®, J.A. Sabater Iglesia®m, P. Sabatif®3p,
L. Sabettd®27%%%),  H.F-W. Sadrozinskf®®, F. Safai TehrarfPa®, B. Safarzadeh Samdfif®, M. Safdarf*3®,
S. Sah&®, M. Sahinsoy'%®», M. Saimpert®®®, M. Saitd®3p, T. Saitd>3®, D. Salamari®®, A. Salniko*3p,
J. Salt%3p, A. Salvador Salds®, D. Salvator&33435g  F. Salvator&®®®, A. Salzburge®®, D. Samméel*®,
D. Sampsonidi®?¢®, D. Sampsonidotf3®, J. Sanché?3@m, A. Sanchez Pined®, V. Sanchez Sebastifii®),
H. Sandakér®®, C.O.Sandéf®, J. A. Sandesat®®®, M. Sandhoft’l®, C. Sandoval®®, D.P.C. Sankel?‘m,
T. San8’®, A. Sanson®®, L. Santf*37%g) C. Santorfi®®, H. Santo$3931308g S, N. Santpdrap, A. Santra®9%p,
K. A. Saouch&®®, J. G. Saraive?130dg  J. Sardaifi®, O. Sasal®®, K. Satd®’®, C. Sauet®, F. Sauerburgéf®,
E. Sauvaf®, P. SavartP>2p, R. Sawad®3m, C. Sawyelm, L. Sawyef’®, |. Sayago Galval?®, C. Sharrd®p,
A. Sbrizz#33230g T, Scanlofi®®, J. Schaarschmit®®, P. Schachf%», D.Schaefei®®, U. Schafet®p,
A. C. Schaffe?®44@®, D. Schailé®®, R. D. Schambergét®®, C. Schart®®, M. M. Schefet®®, V. A. Schegelsky’®,
D. Scheirich33®, F. Schenck®, M. Schernalf’®, C. ScheuletP®, C.Schia#’2>"p, E. J. Schiopp@a’%gp,
M. Schiopp43343bs), B. Schlag*3®, K. E. Schleichet’®, S. Schlenké¥®, J. Schmeiny'l®, M. A. Schmidt’'p,
K. Schmiedef®p, C.Schmitt®p, S.Schmitt®®, L. Schoeffel’>®, A. Schoenin®®®, P.G. Scholétp,
E. Schopt?®®, M. Schott®m, J. Schovancov&®, S.Schramif@, F. Schroedérl®, H.-C. Schultz-Coulo??ap,
M. Schumacheéf®, B. A. Schumm®6®, Ph. Schunt°®, A. J. Schuy3®®, H. R. Schwartz®%®), A. Schwartzmat3p,
T. A. Schwar2%@, Ph. Schwemlin}°®, R. Schwienhordf’®, A. Sciandrd®®, G. Scioll#%®, F. Scurl*ap,
C. D. Sebastiaff®, K. Sedlaczek!®p), P. Seem®¥®, S. C. Seidéll%®, A. Seided®5p, B. D. SeidlitZ1®, C. Seit#%n,
J. M. Seixa®p, G. Sekhniaidz&4p, S.J. Sekulf®, L. Selent%®, N.Semprini-Cesaf??23%p, D. Senguptz®,
V. Senthilkumat®3®, L. Serirf8®, L. Serkirf926%g, M. Sess&2760g,  H. Severint?%®, F. Sforz&72%"p),
A. Sfyrla®®@®, E. Shabalin?®, R.Shaheel*®, J.D. Shahiniatt®®, D.Shaked Renod®®, L. Y. Shart*dp,
M. Shapird’3m, A. Sharmd®®, A.S. Sharm¥®*®, P. Sharm®®, S. Sharm#¥®, P. B. Shatalo¥®, K. Shawp),
S. M. Shaw%®, A. Shcherbako®, Q. Shefi2%°®), P. Sherwootf®, L. Shi*®®, X. Shi*3m, C. O. Shimmin’%m,
Y. Shimogam&®8®, J. D. ShinneP®, 1. P. J. Shipse}®m, S. Shirabe®"@, M. Shiyakova®®, J. Shlomi9p,
M. J. Shoché®®, J. Shojait®®®, D. R. Shop&?°®, S. Shresthd2a @, E. M. Shriff39m, M. J. Shroff65p®, P. Sichd®lp,
A. M. Sickles'52p), E. Sideras Hadd&&®, A. Sidot?3®®, F. Siege®®, Dj. Sijacki®®, R. Sikord%dm, F. Sili¥%@,
J. M. Silv&%®, M. V. Silva Oliveird®®, S.B. Silversteif’a®m, S. Simio%, R. Simonielld®®, E. L. Simpsof®®,
H. SimpsoA*®, L. R. SimpsoA%®, N. D. Simpsof®, S. Simsek!d®, S. Sindh@®®, P. Sinervé®®®, S. Singh>®,

@ Springer


http://orcid.org/0000-0002-9815-5208
http://orcid.org/0000-0002-0800-9902
http://orcid.org/0000-0001-7207-6029
http://orcid.org/0000-0001-8144-1964
http://orcid.org/0000-0002-3069-3077
http://orcid.org/0000-0003-1418-2012
http://orcid.org/0000-0001-6778-9403
http://orcid.org/0000-0001-7385-8874
http://orcid.org/0000-0003-2750-9977
http://orcid.org/0000-0002-6866-3818
http://orcid.org/0000-0002-5085-2717
http://orcid.org/0000-0002-2239-0586
http://orcid.org/0000-0002-6534-9153
http://orcid.org/0000-0003-0323-8252
http://orcid.org/0000-0002-5237-0201
http://orcid.org/0000-0002-2177-6401
http://orcid.org/0000-0002-3069-7297
http://orcid.org/0000-0001-7432-8242
http://orcid.org/0000-0003-1032-9945
http://orcid.org/0000-0002-9235-2649
http://orcid.org/0000-0003-0984-0754
http://orcid.org/0000-0001-9514-3597
http://orcid.org/0000-0002-7026-1412
http://orcid.org/0000-0002-6659-8506
http://orcid.org/0000-0003-4813-8167
http://orcid.org/0000-0002-0117-7831
http://orcid.org/0000-0002-6960-502X
http://orcid.org/0000-0001-5047-3031
http://orcid.org/0000-0002-0098-384X
http://orcid.org/0000-0003-4643-515X
http://orcid.org/0000-0002-2957-3449
http://orcid.org/0000-0003-1526-5848
http://orcid.org/0000-0002-7151-3343
http://orcid.org/0000-0002-4064-0489
http://orcid.org/0000-0001-7394-0464
http://orcid.org/0000-0002-5987-4648
http://orcid.org/0000-0001-6543-1520
http://orcid.org/0000-0003-4495-4335
http://orcid.org/0000-0003-3119-9924
http://orcid.org/0000-0001-8022-9697
http://orcid.org/0000-0001-9234-4465
http://orcid.org/0000-0002-5773-6380
http://orcid.org/0000-0002-5756-4558
http://orcid.org/0000-0002-0050-8053
http://orcid.org/0000-0002-1622-6640
http://orcid.org/0000-0001-9348-4363
http://orcid.org/0000-0001-8225-1142
http://orcid.org/0000-0002-5751-6636
http://orcid.org/0000-0002-3427-0688
http://orcid.org/0000-0003-4461-3880
http://orcid.org/0000-0002-6437-9991
http://orcid.org/0000-0002-4570-8673
http://orcid.org/0000-0003-3504-4882
http://orcid.org/0000-0001-8507-4065
http://orcid.org/0000-0001-5758-579X
http://orcid.org/0000-0002-5471-0118
http://orcid.org/0000-0001-6139-2210
http://orcid.org/0000-0003-4021-6482
http://orcid.org/0000-0002-0429-6959
http://orcid.org/0000-0002-9475-3075
http://orcid.org/0000-0002-8485-3734
http://orcid.org/0000-0003-2313-4020
http://orcid.org/0000-0002-6777-1761
http://orcid.org/0000-0002-7739-6176
http://orcid.org/0000-0002-7092-3893
http://orcid.org/0000-0001-8335-0505
http://orcid.org/0000-0002-1506-5750
http://orcid.org/0000-0002-3308-8067
http://orcid.org/0000-0001-7141-0304
http://orcid.org/0000-0003-4017-9829
http://orcid.org/0000-0003-3212-3681
http://orcid.org/0000-0002-4222-9976
http://orcid.org/0000-0001-8981-1966
http://orcid.org/0000-0001-6613-4448
http://orcid.org/0000-0002-3823-9039
http://orcid.org/0000-0002-2601-7420
http://orcid.org/0000-0002-9740-7549
http://orcid.org/0000-0003-0290-0566
http://orcid.org/0000-0002-4871-8543
http://orcid.org/0000-0002-3476-1575
http://orcid.org/0000-0003-3590-7908
http://orcid.org/0000-0003-1165-7940
http://orcid.org/0000-0001-9608-9940
http://orcid.org/0000-0002-1295-1538
http://orcid.org/0000-0003-4931-0459
http://orcid.org/0000-0002-4053-5144
http://orcid.org/0000-0002-3742-4582
http://orcid.org/0000-0002-7213-3844
http://orcid.org/0000-0002-8149-4561
http://orcid.org/0000-0002-2041-6236
http://orcid.org/0000-0001-9834-2671
http://orcid.org/0000-0001-6120-2325
http://orcid.org/0000-0001-5904-0582
http://orcid.org/0000-0001-5235-8256
http://orcid.org/0000-0003-4096-8393
http://orcid.org/0000-0002-1390-7141
http://orcid.org/0000-0001-6169-4868
http://orcid.org/0000-0001-7701-8864
http://orcid.org/0000-0002-1659-8284
http://orcid.org/0000-0002-3125-8333
http://orcid.org/0000-0002-3020-4114
http://orcid.org/0000-0002-4571-2509
http://orcid.org/0000-0003-2729-6086
http://orcid.org/0000-0002-1590-2352
http://orcid.org/0000-0002-9609-3306
http://orcid.org/0000-0002-8794-3209
http://orcid.org/0000-0001-5933-9357
http://orcid.org/0000-0002-5749-3876
http://orcid.org/0000-0001-7744-9584
http://orcid.org/0000-0002-6888-9462
http://orcid.org/0000-0003-2084-369X
http://orcid.org/0000-0001-6479-3079
http://orcid.org/0000-0001-9241-1189
http://orcid.org/0000-0003-3154-7386
http://orcid.org/0000-0002-6609-7250
http://orcid.org/0000-0001-9434-1380
http://orcid.org/0000-0003-2577-1875
http://orcid.org/0000-0001-7151-9983
http://orcid.org/0000-0003-0838-5980
http://orcid.org/0000-0001-7492-831X
http://orcid.org/0000-0002-2146-677X
http://orcid.org/0000-0001-9476-9854
http://orcid.org/0000-0003-3104-7971
http://orcid.org/0000-0003-0424-5729
http://orcid.org/0000-0002-9095-7142
http://orcid.org/0000-0003-4088-6275
http://orcid.org/0000-0002-6762-2213
http://orcid.org/0000-0002-9853-7468
http://orcid.org/0000-0001-7613-8063
http://orcid.org/0000-0003-1427-6668
http://orcid.org/0000-0002-0116-1012
http://orcid.org/0000-0002-1966-8567
http://orcid.org/0000-0003-0504-1453
http://orcid.org/0000-0001-6969-0634
http://orcid.org/0000-0001-5621-6677
http://orcid.org/0000-0001-9085-2175
http://orcid.org/0000-0002-6978-5964
http://orcid.org/0000-0002-2116-048X
http://orcid.org/0000-0001-9941-1966
http://orcid.org/0000-0001-6436-8814
http://orcid.org/0000-0002-5742-2541
http://orcid.org/0000-0001-8945-8760
http://orcid.org/0000-0003-3051-9607
http://orcid.org/0000-0003-1927-5322
http://orcid.org/0000-0003-4181-0678
http://orcid.org/0000-0002-5105-8021
http://orcid.org/0000-0002-4682-0667
http://orcid.org/0000-0001-8474-8531
http://orcid.org/0000-0002-6033-004X
http://orcid.org/0000-0001-7088-1745
http://orcid.org/0000-0002-0623-7426
http://orcid.org/0000-0003-2328-1952
http://orcid.org/0000-0003-0159-697X
http://orcid.org/0000-0002-0865-5891
http://orcid.org/0000-0003-0019-5410
http://orcid.org/0000-0001-7796-0120
http://orcid.org/0000-0002-0338-9707
http://orcid.org/0000-0001-8323-7318
http://orcid.org/0000-0001-9296-1498
http://orcid.org/0000-0002-7400-7286
http://orcid.org/0000-0002-3765-1320
http://orcid.org/0000-0001-5564-0935
http://orcid.org/0000-0003-2567-6392
http://orcid.org/0000-0002-8780-5885
http://orcid.org/0000-0002-3623-0161
http://orcid.org/0000-0003-4181-2788
http://orcid.org/0000-0001-5041-5659
http://orcid.org/0000-0002-8564-2373
http://orcid.org/0000-0002-3709-1554
http://orcid.org/0000-0001-6004-3510
http://orcid.org/0000-0003-4484-1410
http://orcid.org/0000-0002-9571-2304
http://orcid.org/0000-0003-0384-7672
http://orcid.org/0000-0001-9913-310X
http://orcid.org/0000-0001-8241-7835
http://orcid.org/0000-0002-4143-6201
http://orcid.org/0000-0001-5235-4095
http://orcid.org/0000-0003-2576-259X
http://orcid.org/0000-0002-6016-8011
http://orcid.org/0000-0002-7601-8528
http://orcid.org/0000-0003-1038-723X
http://orcid.org/0000-0003-0955-4213
http://orcid.org/0000-0001-8655-0609
http://orcid.org/0000-0002-9166-099X
http://orcid.org/0000-0003-1766-2791
http://orcid.org/0000-0002-1642-7186
http://orcid.org/0000-0003-1710-9291
http://orcid.org/0000-0001-6467-9970
http://orcid.org/0000-0003-4644-2579
http://orcid.org/0000-0001-9150-640X
http://orcid.org/0000-0002-7006-0864
http://orcid.org/0000-0002-6932-2804
http://orcid.org/0000-0002-2910-3906
http://orcid.org/0000-0001-8988-4065
http://orcid.org/0000-0001-8794-3228
http://orcid.org/0000-0003-1921-2647
http://orcid.org/0000-0001-5606-0107
http://orcid.org/0000-0002-2226-9874
http://orcid.org/0000-0002-2027-1428
http://orcid.org/0000-0001-8295-0605
http://orcid.org/0000-0002-8236-5251
http://orcid.org/0000-0002-1934-3041
http://orcid.org/0000-0002-2746-525X
http://orcid.org/0000-0002-0433-6439
http://orcid.org/0000-0002-7215-7977
http://orcid.org/0000-0002-8637-6134
http://orcid.org/0000-0003-4489-9145
http://orcid.org/0000-0002-2586-7554
http://orcid.org/0000-0001-7822-9663
http://orcid.org/0000-0003-1218-425X
http://orcid.org/0000-0002-0294-1205
http://orcid.org/0000-0002-8403-8924
http://orcid.org/0000-0003-1870-1967
http://orcid.org/0000-0001-6012-7191
http://orcid.org/0000-0001-8279-4753
http://orcid.org/0000-0002-0859-4312
http://orcid.org/0000-0002-9142-1948
http://orcid.org/0000-0003-0957-4994
http://orcid.org/0000-0002-1369-9944
http://orcid.org/0000-0003-0628-0579
http://orcid.org/0000-0002-1284-4169
http://orcid.org/0000-0002-2917-7032
http://orcid.org/0000-0001-5239-3609
http://orcid.org/0000-0002-2855-9549
http://orcid.org/0000-0002-4467-2461
http://orcid.org/0000-0003-1978-4928
http://orcid.org/0000-0003-1471-690X
http://orcid.org/0000-0001-8387-1853
http://orcid.org/0000-0002-8081-2353
http://orcid.org/0000-0002-4499-7215
http://orcid.org/0000-0003-2882-9796
http://orcid.org/0000-0002-9340-2214
http://orcid.org/0000-0002-4235-7265
http://orcid.org/0000-0003-0016-5246
http://orcid.org/0000-0001-9031-6751
http://orcid.org/0000-0002-7289-1186
http://orcid.org/0000-0002-0860-7240
http://orcid.org/0000-0002-1733-8388
http://orcid.org/0000-0002-5394-0317
http://orcid.org/0000-0002-3971-9595
http://orcid.org/0000-0003-1230-2842
http://orcid.org/0000-0002-5014-1245
http://orcid.org/0000-0002-6680-8366
http://orcid.org/0000-0001-5660-2690
http://orcid.org/0000-0003-0989-5675
http://orcid.org/0000-0001-6348-5410
http://orcid.org/0000-0001-7163-501X
http://orcid.org/0000-0002-8482-1775
http://orcid.org/0000-0001-9569-3089
http://orcid.org/0000-0003-1073-035X
http://orcid.org/0000-0003-2052-2386
http://orcid.org/0000-0002-3727-5636
http://orcid.org/0000-0002-1181-3061
http://orcid.org/0000-0003-4311-8597
http://orcid.org/0000-0002-4703-000X
http://orcid.org/0000-0003-4622-6091
http://orcid.org/0000-0001-5148-7363
http://orcid.org/0000-0002-4116-5309
http://orcid.org/0000-0002-3199-4699
http://orcid.org/0000-0002-8739-8554
http://orcid.org/0000-0002-3946-377X
http://orcid.org/0000-0003-2676-3498
http://orcid.org/0000-0001-9783-8878
http://orcid.org/0000-0003-3238-5382
http://orcid.org/0000-0003-4749-5250
http://orcid.org/0000-0002-1402-7525
http://orcid.org/0000-0003-3316-846X
http://orcid.org/0000-0002-4065-7352
http://orcid.org/0000-0002-3003-9905
http://orcid.org/0000-0003-4849-556X
http://orcid.org/0000-0002-2673-8527
http://orcid.org/0000-0002-1325-3432
http://orcid.org/0000-0002-5376-1546
http://orcid.org/0000-0001-9134-5925
http://orcid.org/0000-0001-8540-9654
http://orcid.org/0000-0002-5211-7177
http://orcid.org/0000-0003-2250-4181
http://orcid.org/0000-0002-3454-9558
http://orcid.org/0000-0002-0190-7558
http://orcid.org/0000-0001-7530-4162
http://orcid.org/0000-0001-9182-0634
http://orcid.org/0000-0002-8958-7826
http://orcid.org/0000-0002-5690-0521
http://orcid.org/0000-0002-4085-1227
http://orcid.org/0000-0002-6621-4111
http://orcid.org/0000-0001-9532-5075
http://orcid.org/0000-0001-9910-9345
http://orcid.org/0000-0002-2228-2251
http://orcid.org/0000-0003-3066-2788
http://orcid.org/0000-0002-3523-390X
http://orcid.org/0000-0003-4050-6420
http://orcid.org/0000-0002-3191-0061
http://orcid.org/0000-0002-4775-9669
http://orcid.org/0000-0002-2628-3470
http://orcid.org/0000-0002-3017-826X
http://orcid.org/0000-0002-9449-0412
http://orcid.org/0000-0002-9453-9415
http://orcid.org/0000-0001-7249-7456
http://orcid.org/0000-0001-8352-7227
http://orcid.org/0000-0002-0456-786X
http://orcid.org/0000-0002-5428-813X
http://orcid.org/0000-0002-3246-0330
http://orcid.org/0000-0002-3206-395X
http://orcid.org/0000-0002-3277-1999
http://orcid.org/0000-0002-2893-6412
http://orcid.org/0000-0002-5809-9424
http://orcid.org/0000-0001-5185-2367
http://orcid.org/0000-0001-6035-8109
http://orcid.org/0000-0002-5987-2984
http://orcid.org/0000-0003-2285-478X
http://orcid.org/0000-0001-7734-7617
http://orcid.org/0000-0003-2042-6394
http://orcid.org/0000-0002-9899-7413
http://orcid.org/0000-0003-3354-6088
http://orcid.org/0000-0002-4689-3903
http://orcid.org/0000-0002-9650-3846
http://orcid.org/0000-0003-1235-5178
http://orcid.org/0000-0002-5128-2373
http://orcid.org/0000-0001-5641-5713

Eur. Phys. J. C (2023) 83:761 Page 35 of 41 761

S. Sinh&%®, S. Sinhd%®, M. Sioli233230g |, SiraP8®, E. Sitnikovd®®, S.Yu. Sivokloko¥” @, J. Sjlirf7347b
A. SkaP°®, E. Skordd®, P.Skubié?®m, M. Slawinsk&®, V. Smakhtid®, B.H.Smart®%®, J. Smieskd®
S.Yu. Smimov’®, Y. Smimo@’®, L. N.Smirnovd’3®, O. Smirnovd®®, A. C. Smittfl®, E. A. Smith®
H. A. Smitht?p, J. L. Smitt¥?@®, R. Smith43 M. Smizansk&'®, K. Smolek3%®, A. A. Snesare¥’®, S. R. Snider®®
H. L. SnoeR¥®, S.Snyde?®®, R.Sobié®>Vg, A. Soffet®l@®, C.A. Solans Sanché%®, E.Yu. Soldatoy”
U. Soldevild®3p, A. A. Solodko?’®, S. SolomoR®®, A. Soloshenkéf®, K. Soloviev&*®, O. V. Solovyanod®
V. Solovye¥’®, P.Sommef®, A. Sonay3®, W.Y.Sond®®%m, J.M. Sonnevelt4®, A. Sopczaks?2
A. L. Sopio®®, F. Sopkov&®®, V. Sothilingan$3@ S. Sottocorno®, R. Soualah®®®, Z. Soumaimi®s
D. Soutl®®, S. Spagnol@27%g, M. Spalldi®s, D. SperlicR*®, G.Spigd®®, M. Spind*®p, S. Spinalft
D. P. Spite?®®, M. Spoust&®3p, E.J.Staa®®, A. Stabile'd%p, R. StamefPan, M. Stamenkovié!
A. Stampeki€’®, M. Standké*®, E. Staneck¥®, M.V.Stangé®%», B. Stanislau¥’3®, M. M. Stanitzki*®
M. Stankaityté%%m), B. Stapf®®, E. A. Starchenkd/®, G. H. Stark36m, J. Stark%%m, D. M. Starkd>%, P. Starob&?
P. Starovoito®3®, S. Starz%%m, R. StaszewsRP®, G. Stavropould®®, J. Steentoffl®, P. Steinber§’
B. Stelzet*21%835) H. J. Stelze?®, O. Stelzer-Chiltor*%3m, H. Stenzel®®, T. J. Stevensdr®®, G. A. Stewart®
J. R. Stewatfl®, M. C. Stocktod®®, G. Stoiced’®®, M. Stolarski®%n, S. Stonjek%m, A. Straessnéf
J. Strandberf*®, S. Strandberf®*®@m, M. Strausd?%®, T. Streblet%p, P. Strizene®®®®, R. Strohmel®®
D. M. Stromt?3®, L. R. Stronf®®, R. Stroynowski*®, A. Strubid’®*’®®, S.A. Stucc®®, B. Stugd®
J. Stupak?®°®, N. A. Styled8®, D. SU*3p, S. SE%p, W. SF2p, X. SWP2a66g K. Sugizakt®®®, V. V. Sulin®’
M. J. Sullivar??®, D. M. S. Sultarf®@78bg, L. Sultanaliyevd’®, S. SultansoiP®, T.Sumid&’®, S.Sur%
S. Sud’%, O. Sunneborn Gudnadofft®, M. R. Suttort*®®, M. Svato$3i®, M. Swiatlowski>%3m, T. Swirski66
I. Sykor&®am, M. Sykord33m, T. Sykord33m, D. Ta%®, K. Tackmanf®Um, A. Taffard®%m, R. Tafirout62
J. S. Tafoya Varg&8®, R. Takashim#®, E.P.Takev®®, Y.Takubd3®, M. Talby'%%pm, A. A. Talyshev’
K.C. TanP*®®, N.M. Tamitt®l, A Tanakd®3p, J. Tanak&3®, R.Tanak&@®, M. Tanasint’3%%g, Z. Tad®4
S. Tapia Aray&®’'®,  S. Tapprogg¥’%», A. Tarek Abouelfadl Mohaméd’®, S. Tarem®®, K. Taricf20
G. Tarnd%227g) . G. F. Tartarelf13m, P. Tad33®, M. Tasevsky3l®, E. Tasst®3430p, A. C. Tatd®%p, G. Tatend®3
Y. Tayalatf®®V@®, G. N. Taylof%%®, W. Taylor®6hs, H. Teagl€?, A.S.Teé’®, R. Teixeira De Lim&*3
P. Teixeira-Dia®®, J. J. Teok®>m, K. Terasht®3m, J. Terrof%®, S. Terzd3®, M. Test&3®, R.J. Teuschér>W

A. Thaler®®, O. Theinet®®, N. Themistokleou®E®, T. Theveneaux-Pelz8¥®, O. ThielmanA’l®, D. W. Thoma&®,

J. P. Thoma&®®, E.A. Thompsoh’d®m, P.D. Thompsoff®, E.Thomsoh?8p, Y. Tiar®®, V. Tikhomirov?’2
Yu.A. Tikhono?’®, S. Timoshenk®, D. Timoshyrt33®, E. X. L. Ting!®, P. Tiptort’2®, S. H. Tlow39m, A. Tnourji*°
K. Todome3223bg, - S, Todorova-NovE3®, S. Tode?, M. Togawd3®, J. Tojd%®, S. Tokaf®ap, K. Tokushukd
O. Toldaief®®, R.Tombs2®m, M. Tomotd3l®, L. Tompkind43m, K. W. TopolnickP®, E. Torrencé?3

H. Torres%p, E. Torré Pastdf3®m, M. Toscani®®, C. Toscirf®®, M. Tostl®, D.R. Tovey%m, A. Traeetb,

I. S. Trandafit’’®, T. Trefzget®®m, A. Tricoli®®®, I. M. Triggert>%3p, S. Trincaz-Duvoi#®’®, D. A. Trischulk®
B. Trocmé%®m, C. Troncoril3m, L. Truong®%®, M. Trzebinskf®®, A. Trzupek®®, F. Tsat*®>m, M. Tsait®

A. Tsiamig®2€@, P. V. Tsiareshk¥, S. Tsigarida®%3m, A. Tsirigotist®2S@), V. Tsiskaridzé>>®, E. G. TskhadadZé°2
M. Tsopoulod®2€@, Y. Tsujikawd’®, . 1. Tsukermad’®, V. Tsulaid’3®, S. Tsun83%®, O.Tsut®0, K. Tsuritlg,

D. Tsybychev**®, Y. Tu®*®, A. Tudorachd®®, V. Tudoraché®®, A.N.Tuna®®, S. Turchikhif®
. Turk Cakir3®, R. Turrd3®, T. Turtuvshid® @, P. M. Tuté'®, S. Tzamaria®?¢®, P. Tzanig%®, E. Tzovara®
K. Uchida!®®,  F. Ukegaw®’®, P.A. Ulloa Poblete®’61378g  E.N. Umakd®®», G.UnaP’®», M. Unaltt
A. Undrug2®, G. Unelt®p), J. Urbar®®®, P. Urquijd®®, G. Usaf®, R. Ushioda®*®, M. Usmart®p), Z. Uysabld
L. Vacavant®p, V. Vacek32p, B. Vachort%m, K. O. H. Vadld?>p, T. Vafeiadis®®, A. Vaitkus’®@), C. Valderanis®®

E. Valdes Santurtf®4’s, M. Valentd®®@p,  S. Valentinetf3223bp,  A. Valerd®3®, E. Valiente Moren&3
A. Vallierl9%gs,  J. A, Valls Ferret®3®, D. R. Van Arnemabt¥®, T.R.Van Daalet*®®, A.Van Der Gradt®
P. Van Gemmeréi®, M. Van Rijnbach?536@, S, van Strou®®, 1. Van Vulperd*®, M. Vanadig®a76b
W. VandellFé®, M. VandenbrouckE®p, E. R. Vandewall?l®, D. Vannicold®p, L. VannolP7a57b

R. Vari’®a®, E.W.Varneé®, C.Varnt’ap, T.Varol*8p, D.Varoucha®®, L. Varriale!®3m, K. E. Varvell4’
M. E. Vasilé’™®, L. Vaslin®™®, G.A.Vasque?®®®, F. Vazeilld’®, T.Vazquez Schroed&m, J. VeatcR:
V. Vecchid%lp, M. J. Veed%p, I Veliscek?5p, L. M. Veloce®®, F. Velosd3%3130%s S, Veneziant3
A. Venturd%a7%g A Verbytskyt%m, M. Verducci*@™#bg,  C. Vergig*®, M. Verissimo De Arauj?®
W. Verkerké®, J. C. Vermeuleh*®, C. Verniert*3m, P. J. Verschuuréf®, M. Vesselld%3p, M. C. Vetterl42ac
A. Vgenopoulod®2€@, N. Viaux Maira3"'m, T. Vickey39®, O. E. Vickey Boerid®%m, G.H. A. Viehhauser®
L. Vigani®3®p, M. Villa23323bg M. Villaplana Pere¥3m, E. M. VillhaueP?, E. VilucchP3®, M. G. Vincter*

@ Springer


http://orcid.org/0000-0002-3600-2804
http://orcid.org/0000-0002-2438-3785
http://orcid.org/0000-0002-0912-9121
http://orcid.org/0000-0003-4554-1831
http://orcid.org/0000-0003-3745-0454
http://orcid.org/0000-0003-0868-8164
http://orcid.org/0000-0002-5285-8995
http://orcid.org/0000-0003-3614-026X
http://orcid.org/0000-0003-3973-9382
http://orcid.org/0000-0001-6342-9283
http://orcid.org/0000-0002-9386-9092
http://orcid.org/0000-0002-7192-4097
http://orcid.org/0000-0003-3725-2984
http://orcid.org/0000-0002-6778-073X
http://orcid.org/0000-0002-2891-0781
http://orcid.org/0000-0002-0447-2975
http://orcid.org/0000-0003-2517-531X
http://orcid.org/0000-0002-2488-407X
http://orcid.org/0000-0001-6480-6829
http://orcid.org/0000-0003-2799-6672
http://orcid.org/0000-0003-4231-6241
http://orcid.org/0000-0002-3777-4734
http://orcid.org/0000-0002-5996-7000
http://orcid.org/0000-0002-9067-8362
http://orcid.org/0000-0002-1857-1835
http://orcid.org/0000-0003-4579-2120
http://orcid.org/0000-0001-8610-8423
http://orcid.org/0000-0001-7430-7599
http://orcid.org/0000-0002-0749-2146
http://orcid.org/0000-0002-0518-4086
http://orcid.org/0000-0003-0694-3272
http://orcid.org/0000-0002-7674-7878
http://orcid.org/0000-0002-2737-8674
http://orcid.org/0000-0002-7378-4454
http://orcid.org/0000-0001-9946-8188
http://orcid.org/0000-0003-2168-9137
http://orcid.org/0000-0002-2598-5657
http://orcid.org/0000-0002-9402-6329
http://orcid.org/0000-0003-1703-7304
http://orcid.org/0000-0003-4435-4962
http://orcid.org/0000-0003-1338-2741
http://orcid.org/0000-0001-8362-4414
http://orcid.org/0000-0001-6981-0544
http://orcid.org/0000-0001-9116-880X
http://orcid.org/0000-0002-6171-1119
http://orcid.org/0000-0002-1430-5994
http://orcid.org/0000-0003-0124-3410
http://orcid.org/0000-0002-8120-478X
http://orcid.org/0000-0002-0786-6304
http://orcid.org/0000-0001-7482-6348
http://orcid.org/0000-0001-5813-1693
http://orcid.org/0000-0003-4454-6999
http://orcid.org/0000-0003-4183-2594
http://orcid.org/0000-0002-0418-4199
http://orcid.org/0000-0001-9469-1583
http://orcid.org/0000-0002-9226-2539
http://orcid.org/0000-0001-5644-9526
http://orcid.org/0000-0002-6719-9726
http://orcid.org/0000-0002-6868-8329
http://orcid.org/0000-0001-7282-949X
http://orcid.org/0000-0003-2251-0610
http://orcid.org/0000-0002-7666-7544
http://orcid.org/0000-0002-2610-9608
http://orcid.org/0000-0003-2546-0516
http://orcid.org/0000-0003-4132-7205
http://orcid.org/0000-0001-9007-7658
http://orcid.org/0000-0002-7561-1960
http://orcid.org/0000-0002-2224-719X
http://orcid.org/0000-0001-5374-6402
http://orcid.org/0000-0002-8495-0630
http://orcid.org/0000-0001-6616-3433
http://orcid.org/0000-0002-1217-672X
http://orcid.org/0000-0001-6009-6321
http://orcid.org/0000-0003-1990-0992
http://orcid.org/0000-0002-2908-3909
http://orcid.org/0000-0001-7708-9259
http://orcid.org/0000-0002-8549-6855
http://orcid.org/0000-0001-5999-9769
http://orcid.org/0000-0002-5349-8370
http://orcid.org/0000-0003-4091-1784
http://orcid.org/0000-0003-0690-8573
http://orcid.org/0000-0002-0791-9728
http://orcid.org/0000-0002-4185-6484
http://orcid.org/0000-0003-2399-8945
http://orcid.org/0000-0003-0182-7088
http://orcid.org/0000-0002-8649-1917
http://orcid.org/0000-0001-9679-0323
http://orcid.org/0000-0002-7511-4614
http://orcid.org/0000-0003-0276-8059
http://orcid.org/0000-0001-7582-6227
http://orcid.org/0000-0003-2460-6659
http://orcid.org/0000-0002-8913-0981
http://orcid.org/0000-0001-7253-7497
http://orcid.org/0000-0002-0465-5472
http://orcid.org/0000-0002-6972-7473
http://orcid.org/0000-0003-0958-7656
http://orcid.org/0000-0002-0062-2438
http://orcid.org/0000-0002-8302-386X
http://orcid.org/0000-0002-4496-1626
http://orcid.org/0000-0002-7863-3778
http://orcid.org/0000-0002-2382-6951
http://orcid.org/0000-0002-1639-4484
http://orcid.org/0000-0002-1728-9272
http://orcid.org/0000-0001-9610-0783
http://orcid.org/0000-0001-6976-9457
http://orcid.org/0000-0001-6980-0215
http://orcid.org/0000-0002-7356-4961
http://orcid.org/0000-0001-7755-5280
http://orcid.org/0000-0001-9155-3898
http://orcid.org/0000-0003-4364-006X
http://orcid.org/0000-0003-3943-2495
http://orcid.org/0000-0002-4807-6448
http://orcid.org/0000-0003-2925-279X
http://orcid.org/0000-0002-0059-0165
http://orcid.org/0000-0003-2340-748X
http://orcid.org/0000-0002-2685-6187
http://orcid.org/0000-0001-8802-7184
http://orcid.org/0000-0001-5295-6563
http://orcid.org/0000-0002-6277-1877
http://orcid.org/0000-0003-4893-8041
http://orcid.org/0000-0002-7199-3383
http://orcid.org/0000-0001-7287-0468
http://orcid.org/0000-0002-4679-6767
http://orcid.org/0000-0003-3447-5621
http://orcid.org/0000-0003-4422-6493
http://orcid.org/0000-0001-9585-7215
http://orcid.org/0000-0002-0918-9175
http://orcid.org/0000-0003-3917-3761
http://orcid.org/0000-0002-5800-4798
http://orcid.org/0000-0003-3425-794X
http://orcid.org/0000-0002-0703-4452
http://orcid.org/0000-0003-1466-6869
http://orcid.org/0000-0003-3142-030X
http://orcid.org/0000-0002-3143-8510
http://orcid.org/0000-0001-9985-6033
http://orcid.org/0000-0001-8560-3756
http://orcid.org/0000-0002-1433-2140
http://orcid.org/0000-0002-9166-7083
http://orcid.org/0000-0001-9994-5802
http://orcid.org/0000-0002-9929-1797
http://orcid.org/0000-0002-6313-4175
http://orcid.org/0000-0003-0362-8795
http://orcid.org/0000-0002-3659-7270
http://orcid.org/0000-0003-1251-3332
http://orcid.org/0000-0002-9252-7605
http://orcid.org/0000-0002-9296-7272
http://orcid.org/0000-0002-0584-8700
http://orcid.org/0000-0002-5060-2208
http://orcid.org/0000-0002-4244-502X
http://orcid.org/0000-0001-5785-7548
http://orcid.org/0000-0002-1535-9732
http://orcid.org/0000-0002-3335-6500
http://orcid.org/0000-0003-1583-2611
http://orcid.org/0000-0003-3348-0234
http://orcid.org/0000-0001-8760-7259
http://orcid.org/0000-0002-1831-4871
http://orcid.org/0000-0002-6596-9125
http://orcid.org/0000-0003-3587-187X
http://orcid.org/0000-0001-5545-6513
http://orcid.org/0000-0001-9977-3836
http://orcid.org/0000-0003-4803-5213
http://orcid.org/0000-0001-6520-8070
http://orcid.org/0000-0003-0132-5723
http://orcid.org/0000-0003-3388-3906
http://orcid.org/0000-0003-1274-8967
http://orcid.org/0000-0002-8768-2272
http://orcid.org/0000-0003-0134-4377
http://orcid.org/0000-0002-6558-7311
http://orcid.org/0000-0003-1882-5572
http://orcid.org/0000-0002-9746-4172
http://orcid.org/0000-0001-9454-2481
http://orcid.org/0000-0001-6965-6604
http://orcid.org/0000-0001-7050-8203
http://orcid.org/0000-0002-6239-7715
http://orcid.org/0000-0001-6031-2768
http://orcid.org/0000-0001-8739-9250
http://orcid.org/0000-0002-9634-0581
http://orcid.org/0000-0002-8023-6448
http://orcid.org/0000-0003-0439-9795
http://orcid.org/0000-0002-5886-6339
http://orcid.org/0000-0002-3698-3585
http://orcid.org/0000-0002-4934-1661
http://orcid.org/0000-0003-2674-9274
http://orcid.org/0000-0003-2445-1132
http://orcid.org/0000-0003-2433-231X
http://orcid.org/0000-0002-1128-4200
http://orcid.org/0000-0003-4666-3208
http://orcid.org/0000-0001-8777-0590
http://orcid.org/0000-0002-8262-1577
http://orcid.org/0000-0002-8286-8780
http://orcid.org/0000-0002-1824-034X
http://orcid.org/0000-0002-4603-2070
http://orcid.org/0000-0001-8127-9653
http://orcid.org/0000-0002-9312-1842
http://orcid.org/0000-0003-2911-8910
http://orcid.org/0000-0003-0822-1206
http://orcid.org/0000-0002-5507-7924
http://orcid.org/0000-0001-9898-480X
http://orcid.org/0000-0001-6485-2227
http://orcid.org/0000-0002-1647-4329
http://orcid.org/0000-0001-5543-6192
http://orcid.org/0000-0003-1094-6409
http://orcid.org/0000-0002-9820-1729
http://orcid.org/0000-0002-8224-6105
http://orcid.org/0000-0002-6127-5847
http://orcid.org/0000-0001-5913-0828
http://orcid.org/0000-0001-6204-4445
http://orcid.org/0000-0001-9500-2487
http://orcid.org/0000-0002-7997-8524
http://orcid.org/0000-0001-8249-7150
http://orcid.org/0000-0002-5151-7101
http://orcid.org/0000-0001-6938-5867
http://orcid.org/0000-0001-7878-6435
http://orcid.org/0000-0002-4728-9150
http://orcid.org/0000-0002-8761-4632
http://orcid.org/0000-0002-6393-2302
http://orcid.org/0000-0002-6632-0440
http://orcid.org/0000-0002-2119-8875
http://orcid.org/0000-0002-9104-2884
http://orcid.org/0000-0002-8784-5684
http://orcid.org/0000-0002-8965-6676
http://orcid.org/0000-0001-8157-6711
http://orcid.org/0000-0002-2055-4364
http://orcid.org/0000-0001-8212-6894
http://orcid.org/0000-0002-5865-183X
http://orcid.org/0000-0001-6307-1437
http://orcid.org/0000-0001-5384-3843
http://orcid.org/0000-0002-7672-7754
http://orcid.org/0000-0001-6506-3123
http://orcid.org/0000-0002-0726-5648
http://orcid.org/0000-0001-8740-796X
http://orcid.org/0000-0001-9471-8627
http://orcid.org/0000-0001-6131-5725
http://orcid.org/0000-0002-8363-1072
http://orcid.org/0000-0001-6828-1599
http://orcid.org/0000-0002-0410-0055
http://orcid.org/0000-0002-9813-7931
http://orcid.org/0000-0002-0789-7581
http://orcid.org/0000-0001-7725-8227
http://orcid.org/0000-0001-8130-7423
http://orcid.org/0000-0002-1646-0621
http://orcid.org/0000-0002-1384-286X
http://orcid.org/0000-0002-3274-6531
http://orcid.org/0000-0002-7633-8441
http://orcid.org/0000-0002-0887-7953
http://orcid.org/0000-0001-5032-7907
http://orcid.org/0000-0002-4241-8937
http://orcid.org/0000-0003-1950-0307
http://orcid.org/0000-0002-7110-8065
http://orcid.org/0000-0001-8964-0327
http://orcid.org/0000-0001-9584-0392
http://orcid.org/0000-0001-8703-6978
http://orcid.org/0000-0001-6729-1584
http://orcid.org/0000-0003-1492-5007
http://orcid.org/0000-0002-0393-666X
http://orcid.org/0000-0001-9362-8451
http://orcid.org/0000-0001-9931-2896
http://orcid.org/0000-0002-0486-9569
http://orcid.org/0000-0003-2044-6539
http://orcid.org/0000-0002-9776-5880
http://orcid.org/0000-0002-9784-5477
http://orcid.org/0000-0002-5496-349X
http://orcid.org/0000-0002-3953-3117
http://orcid.org/0000-0002-3895-8084
http://orcid.org/0000-0002-2254-125X
http://orcid.org/0000-0002-2854-3811
http://orcid.org/0000-0002-7227-4006
http://orcid.org/0000-0003-3728-5102
http://orcid.org/0000-0002-7969-0301
http://orcid.org/0000-0001-7074-5655
http://orcid.org/0000-0003-2684-276X
http://orcid.org/0000-0001-6581-9410
http://orcid.org/0000-0001-9055-4020
http://orcid.org/0000-0003-3453-6156
http://orcid.org/0000-0001-6814-4674
http://orcid.org/0000-0002-9866-6040
http://orcid.org/0000-0002-2814-1337
http://orcid.org/0000-0001-7820-9144
http://orcid.org/0000-0001-6733-4310
http://orcid.org/0000-0002-0697-5808
http://orcid.org/0000-0002-0734-4442
http://orcid.org/0000-0003-4375-5190
http://orcid.org/0000-0003-1017-1295
http://orcid.org/0000-0001-8415-0759
http://orcid.org/0000-0002-3285-7004
http://orcid.org/0000-0003-1631-2714
http://orcid.org/0000-0002-9780-099X
http://orcid.org/0000-0003-0855-0958
http://orcid.org/0000-0002-1351-6757
http://orcid.org/0000-0001-5284-2451
http://orcid.org/0000-0003-2432-3309
http://orcid.org/0000-0003-1827-2955
http://orcid.org/0000-0002-5956-4244
http://orcid.org/0000-0002-2598-2659
http://orcid.org/0000-0002-3368-3413
http://orcid.org/0000-0002-3713-8033
http://orcid.org/0000-0001-8209-4757
http://orcid.org/0000-0002-3228-6715
http://orcid.org/0000-0001-8060-2228
http://orcid.org/0000-0001-5468-2025
http://orcid.org/0000-0003-4378-5736
http://orcid.org/0000-0002-0235-1053
http://orcid.org/0000-0002-4233-7563
http://orcid.org/0000-0001-8669-9139
http://orcid.org/0000-0002-7223-2965
http://orcid.org/0000-0002-7011-9432
http://orcid.org/0000-0002-5102-9140
http://orcid.org/0000-0002-1596-2611
http://orcid.org/0000-0002-6497-6809
http://orcid.org/0000-0002-0237-292X
http://orcid.org/0000-0002-6270-9176
http://orcid.org/0000-0002-9181-8048
http://orcid.org/0000-0002-0048-4602
http://orcid.org/0000-0002-4839-6281
http://orcid.org/0000-0002-5338-8972

761 Page 36 of 41 Eur. Phys. J. C (2023) 83:761

G. S. Virde€%, A. Vishwakarma2m, C. Vittori®®@, 1. Vivarelli1*8g, V. Vladimirovi®?, E. Voevodindl%p, F. Vogel%%p,
P. Vokad®%®, J. Von Ahnef®®, E. Von Toerné*®, B. Vormwald®®, V. Vorobel33p, K. Vorobe’®, M. Vost®3p,
K. Voss'*l®, J.H. Vossebeff®, M. Vozak®, L.Vozdecky*®, N.Vranjes®®, M. Vranjes Milosavljevié®®,
M. Vreeswijk!4®, R. Vuillerme®®®, O. Wujinovict®pm, 1. Vukotic®®®, S. Wada®’®, C. Wagnet®3, J. M. Wagnet’ap,
W. Wagnet’l®, S. Wahdah’'@, H. Wahlberd®®, R. Wakas#’®, M. Wakida'®, J. Waldet3*®, R. Walket%%p,
W. Walkowiak'*l®, A.Wallt?8p, T. Wamorkaf®, A.Z.Wand’®®», C.Wand®®, C.Wand?®, H.Wand’ap,
J. Wan§*3m, R.-J. Wand®®, R. Wand®, R. Wand®, S. M. Wand*8m, S. Wan§?’®, T. Wand?3m, W. T. Wand’®,
X. Wand%®, X.Wand®%m, X. Wand?®, Y. Wand?d®, Y.Wand“‘®, Z.Wand%p, Z.Wangl62662dg,
Z. Wand%g, A. Warburtot®®, R. J. Ward’®, N. Warrack%®, A. T. Watsort®®, H. WatsoR®®, M. F. Watsor’m,
G. Wattd38p, B. M. Waugl?®, C.Webef?®, H.A. Webet8®, M.S.Webel®, S.M.Webef3dn, C.wef22
Y. Weil2%m, A. R. Weidberd?%m, E. J. Weikl’®m, J. WeingartefP®, M. Weirich!®p, C. Weise?*®, C. J. Welléép,
T. Wenaud®®, B. Wendland®®, T. Wenglef®®, N.S. Wenkél® N.Wermeé*®, M. Wessel€3p, K. Whalerd?3p,
A. M. Whartor?l®, A.S. Whitél®, A. White®?®, M. J. Whitd®, D. Whitesot®%®, L. Wickremasingh¥*m,
W. Wiedenmanh%®, C.WieP°®, M. Wielers®*®, C. Wigleswortf2@m, D. J. Wilberd?®,  H. G. Wilkens®®,
D. M. Williams*'@®, H. H. Williams'?8, S. Williams*®, S. Willocqt%3m, B. J. Wilsot®i®, P. J. Windischhoféf@,
F. I. WinkeP°®), F. Winkimeiet?3®, B. T. WinteP*®, J. K. Wintet%%®, M. Wittgen'*3, M. WobiscH’®, Z. Wolffs!14p),
R. Wolker?5p,  J. Wollrati, M. W. Wolte®@,  H. Wolterg393130¢s, - A F. Wonget®®, S.D. Wornf®p,
B. K. Wosiel%®, K.W.Woznialké®®, S. Wozniewskd®®, K. Wraighf®®, C. Wilm, J. wud4al4en, M. Wub*ap,
M. Wull3p, S. L. Wit 0%, X. Wub8@, Y. Wub2ap), Z. Wul3c®, J. Wuerzingefl%p, T. R. Wyatt9l®, B. M. Wynné2p),
S. Xelld?®, L. Xial*%®, M. Xial®?, J. Xiand*%®, X. Xiaol%p, M. Xie®23p, X. Xieb23p, S. Xint4314ep J. Xiond "3,
D. Xuldp, H.Xub%p, L. Xu®2pm, R.Xu8p, T.Xul%m, Y. Xulp, z. Xu2@, Z. Xul%dm, B. Yabsley*’®,
S. YacooB®®, N.Yamaguchi®®, VY. Yamagucht®®®, E.Yamashit®3®, H.Yamaucht®’®, T.Yamazaki’3m,
Y. Yamazak¥*®, J. Yarf2, S. Yar?6p, Z. Yar?®®, H.J. Yan§?62d5, H. T. Yand?3p, S. Yand?3p, T. Yand*%®,
X. Yand®?3p, X.Yang“dm, Y.Yand“®, Y.Yand?® Z. Yand?dm, W-M.Yao'’3m, Y.C.Yag®®, H.Yel*p,
H. Ye%@, J. Yé“®, S. YEm, X. Ye®23p, Y. Yeh®@, I. Yeletskik*8®, B. K. Yeo'’3m, M. R. Yexley’%®, P. Yirtlp,
K. Yorital®®, S.Younad™®®, C.J.S.Youn#f®, C.Yound*3®, Y.Yu®8p, M.Yuan%p, R.Yuarf?ke,
L. Yue®®®, M. Zaazou&3m, B. Zabinsk?®®, E.Zaid?, T.Zakareishvilt*®®®, N. Zakharchuk*®, S.Zambit8%p,
J. A. Zamora Sd&’4137b5 3. Zang®3®, D. ZanzP*®, O. ZaplatileR32p, C. Zeitnit2"®, H. Zend“*a®, J. C. Zendf2m,
D.T. Zenger #®, O.Zenit’®, T.Zeni®®p, S.zen?*®, S.Zerrad®dpm, D.Zerwas®®, M. Zhait*al4ep),
B. Zhand*’®», D.F.zZhand*®, J.zhan§?*®», J.zZhan§®, K.Zhand*?14¢p, L.Zhand*%®, P.Zhang*314€
R. Zhand"®®, S. Zhand%®, T. Zhand®3®, X. Zhand?%®), X. Zhand?’®, Y. Zhand?*°®, Y. Zhand®®, Z. Zhand"3p,
Z. Zhan§®®, H. Zhad®8p, P. Zhab'®, T. Zhad?’®, Y. Zhad3%p), Z. Zhad?3m, A. Zhemchugo®®, K. Zhend®%m,
X. Zhend?3®, Z.Zhend*3m, D.Zhond%%m, B.Zhou%, H.Zhoud®, N.Zholf%%®, Y.Zhou, C.G.Zh§% p,
J. Zhd%g), Y. ZhiP2%p), Y. Zhf23p, X. Zhuand*a®, K. Zhuko’®, V. Zhulano?’®, N. I. Zimine3@), J. ZinssePm,
M. Ziolkowskil*®, L. Zivkovic®™®®, A. ZoccolP33230g, K. ZockP®®, T. G. Zorbasdm, O. Zormpd®m, W. Zoulp,
L. Zwalinski3®

1 Department of Physics, University of Adelaide, Adelaide, Australia

2 Department of Physics, University of Alberta, Edmonton, AB, Canada

3 @Department of Physics, Ankara University, Ankara, Turki§&ivision of Physics, TOBB University of Economics
and Technology, Ankara, Turkiye

4 LAPP, Univ. Savoie Mont Blanc, CNRS/IN2P3, Annecy, France

5 APC, Université Paris Cité, CNRS/IN2P3, Paris, France

6 High Energy Physics Division, Argonne National Laboratory, Argonne, IL, USA

" Department of Physics, University of Arizona, Tucson, AZ, USA

8 Department of Physics, University of Texas at Arlington, Arlington, TX, USA

9 Physics Department, National and Kapodistrian University of Athens, Athens, Greece

10 physics Department, National Technical University of Athens, Zografou, Greece

11 Department of Physics, University of Texas at Austin, Austin, TX, USA

12 |nstitute of Physics, Azerbaijan Academy of Sciences, Baku, Azerbaijan

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

14 @ |nstitute of High Energy Physics, Chinese Academy of Sciences, Beijing, CRiRaysics Department, Tsinghua
University, Beijing, China!® Department of Physics, Nanjing University, Nanjing, ChiféSchool of Science,

@ Springer


http://orcid.org/0000-0002-6779-5595
http://orcid.org/0000-0001-8832-0313
http://orcid.org/0000-0001-9156-970X
http://orcid.org/0000-0003-0097-123X
http://orcid.org/0000-0003-2987-3772
http://orcid.org/0000-0001-8891-8606
http://orcid.org/0000-0002-3429-4778
http://orcid.org/0000-0003-4032-0079
http://orcid.org/0000-0001-8899-4027
http://orcid.org/0000-0003-2607-7287
http://orcid.org/0000-0001-8757-2180
http://orcid.org/0000-0002-7110-8516
http://orcid.org/0000-0001-8474-5357
http://orcid.org/0000-0002-4157-0996
http://orcid.org/0000-0001-8178-8503
http://orcid.org/0000-0002-7561-204X
http://orcid.org/0000-0003-2541-4827
http://orcid.org/0000-0001-5415-5225
http://orcid.org/0000-0003-4477-9733
http://orcid.org/0000-0001-8083-0001
http://orcid.org/0000-0003-3208-9209
http://orcid.org/0000-0003-3473-7038
http://orcid.org/0000-0003-0472-3516
http://orcid.org/0000-0002-8600-9799
http://orcid.org/0000-0002-5588-0020
http://orcid.org/0000-0002-9198-5911
http://orcid.org/0000-0002-6324-8551
http://orcid.org/0000-0003-0616-7330
http://orcid.org/0000-0002-8438-7753
http://orcid.org/0000-0002-5808-6228
http://orcid.org/0000-0002-9039-8758
http://orcid.org/0000-0001-8535-4809
http://orcid.org/0000-0002-0385-3784
http://orcid.org/0000-0002-7867-7922
http://orcid.org/0000-0001-5551-5456
http://orcid.org/0000-0003-2482-711X
http://orcid.org/0000-0001-9116-055X
http://orcid.org/0000-0002-8487-8480
http://orcid.org/0000-0003-3952-8139
http://orcid.org/0000-0002-5246-5497
http://orcid.org/0000-0002-5059-8456
http://orcid.org/0000-0001-9839-608X
http://orcid.org/0000-0001-8530-6487
http://orcid.org/0000-0002-5821-4875
http://orcid.org/0000-0001-6681-8014
http://orcid.org/0000-0002-1152-2221
http://orcid.org/0000-0002-7184-9891
http://orcid.org/0000-0002-6229-1945
http://orcid.org/0000-0002-2411-7399
http://orcid.org/0000-0001-5173-2234
http://orcid.org/0000-0003-2693-3442
http://orcid.org/0000-0003-4693-5365
http://orcid.org/0000-0002-0928-2070
http://orcid.org/0000-0002-9862-3091
http://orcid.org/0000-0003-0756-0206
http://orcid.org/0000-0002-2298-7315
http://orcid.org/0000-0001-5530-9919
http://orcid.org/0000-0002-8268-8325
http://orcid.org/0000-0001-7052-7973
http://orcid.org/0000-0003-3704-5782
http://orcid.org/0000-0002-9724-2684
http://orcid.org/0000-0002-0753-7308
http://orcid.org/0000-0003-0872-8920
http://orcid.org/0000-0002-8659-5767
http://orcid.org/0000-0002-5074-0539
http://orcid.org/0000-0002-2770-9031
http://orcid.org/0000-0002-2841-1616
http://orcid.org/0000-0001-9725-2316
http://orcid.org/0000-0002-5158-307X
http://orcid.org/0000-0003-4563-2346
http://orcid.org/0000-0003-2165-871X
http://orcid.org/0000-0002-5129-872X
http://orcid.org/0000-0002-6456-6834
http://orcid.org/0000-0002-5450-2511
http://orcid.org/0000-0002-8678-893X
http://orcid.org/0000-0003-1623-3899
http://orcid.org/0000-0002-4375-5265
http://orcid.org/0000-0001-9971-0077
http://orcid.org/0000-0002-8192-8999
http://orcid.org/0000-0002-9383-8763
http://orcid.org/0000-0002-9507-1869
http://orcid.org/0000-0003-0714-1466
http://orcid.org/0000-0001-8315-9778
http://orcid.org/0000-0001-5474-4580
http://orcid.org/0000-0002-2005-3113
http://orcid.org/0000-0002-2711-4820
http://orcid.org/0000-0003-3605-3633
http://orcid.org/0000-0003-1995-9185
http://orcid.org/0000-0001-9232-4827
http://orcid.org/0000-0001-6219-8946
http://orcid.org/0000-0002-8483-9502
http://orcid.org/0000-0002-5646-1856
http://orcid.org/0000-0001-6174-401X
http://orcid.org/0000-0002-4120-1453
http://orcid.org/0000-0002-7811-7474
http://orcid.org/0000-0001-5038-1399
http://orcid.org/0000-0003-1532-6399
http://orcid.org/0000-0001-8290-3200
http://orcid.org/0000-0001-9606-7688
http://orcid.org/0000-0002-6166-6979
http://orcid.org/0000-0002-0688-3380
http://orcid.org/0000-0001-5100-2522
http://orcid.org/0000-0002-7402-369X
http://orcid.org/0000-0001-9184-2921
http://orcid.org/0000-0002-9588-1773
http://orcid.org/0000-0002-6620-6277
http://orcid.org/0000-0002-3865-4996
http://orcid.org/0000-0003-4273-6334
http://orcid.org/0000-0003-1171-0887
http://orcid.org/0000-0001-8563-0412
http://orcid.org/0000-0002-3298-4900
http://orcid.org/0000-0003-3700-8818
http://orcid.org/0000-0002-3173-0802
http://orcid.org/0000-0001-5283-4080
http://orcid.org/0000-0002-5252-2375
http://orcid.org/0000-0001-5866-1504
http://orcid.org/0000-0001-7655-389X
http://orcid.org/0000-0002-1528-4865
http://orcid.org/0000-0002-5392-902X
http://orcid.org/0000-0002-4055-218X
http://orcid.org/0000-0001-9690-2997
http://orcid.org/0000-0001-9895-4475
http://orcid.org/0000-0002-0988-1655
http://orcid.org/0000-0003-3073-3662
http://orcid.org/0000-0002-7684-8257
http://orcid.org/0000-0002-1344-8723
http://orcid.org/0000-0001-6707-5590
http://orcid.org/0000-0001-6473-7886
http://orcid.org/0000-0002-7153-4750
http://orcid.org/0000-0002-4853-7558
http://orcid.org/0000-0001-6355-2767
http://orcid.org/0000-0001-6110-2172
http://orcid.org/0000-0001-8997-3199
http://orcid.org/0000-0002-1928-1717
http://orcid.org/0000-0002-0215-6151
http://orcid.org/0000-0001-9563-4804
http://orcid.org/0000-0001-9571-3131
http://orcid.org/0000-0001-9602-4901
http://orcid.org/0000-0002-2680-0474
http://orcid.org/0000-0001-6977-3456
http://orcid.org/0000-0002-6885-282X
http://orcid.org/0000-0002-3725-4800
http://orcid.org/0000-0003-1721-2176
http://orcid.org/0000-0003-2123-5311
http://orcid.org/0000-0003-0411-3590
http://orcid.org/0000-0003-3710-6995
http://orcid.org/0000-0002-1512-5506
http://orcid.org/0000-0002-2483-4937
http://orcid.org/0000-0001-7367-1380
http://orcid.org/0000-0003-3554-7113
http://orcid.org/0000-0002-0204-984X
http://orcid.org/0000-0002-4996-1924
http://orcid.org/0000-0002-1452-9824
http://orcid.org/0000-0002-9201-0972
http://orcid.org/0000-0001-8524-1855
http://orcid.org/0000-0002-7374-2334
http://orcid.org/0000-0002-3335-1988
http://orcid.org/0000-0001-8939-666X
http://orcid.org/0000-0002-4886-9851
http://orcid.org/0000-0003-0552-5490
http://orcid.org/0000-0001-9274-707X
http://orcid.org/0000-0002-7864-4282
http://orcid.org/0000-0002-3245-7676
http://orcid.org/0000-0002-8484-9655
http://orcid.org/0000-0003-0586-7052
http://orcid.org/0000-0002-3372-2590
http://orcid.org/0000-0002-1827-9201
http://orcid.org/0000-0003-2174-807X
http://orcid.org/0000-0003-1988-8401
http://orcid.org/0000-0001-8253-9517
http://orcid.org/0000-0001-5858-6639
http://orcid.org/0000-0003-3268-3486
http://orcid.org/0000-0003-4762-8201
http://orcid.org/0000-0002-0991-5026
http://orcid.org/0000-0002-8452-0315
http://orcid.org/0000-0001-6470-4662
http://orcid.org/0000-0002-4105-2988
http://orcid.org/0000-0001-5626-0993
http://orcid.org/0000-0001-7909-4772
http://orcid.org/0000-0002-4963-8836
http://orcid.org/0000-0002-4499-2545
http://orcid.org/0000-0002-5030-7516
http://orcid.org/0000-0003-2770-1387
http://orcid.org/0000-0002-1222-7937
http://orcid.org/0000-0002-4687-3662
http://orcid.org/0000-0003-2280-8636
http://orcid.org/0000-0002-2032-442X
http://orcid.org/0000-0002-2029-2659
http://orcid.org/0000-0002-4867-3138
http://orcid.org/0000-0002-5447-1989
http://orcid.org/0000-0001-8265-6916
http://orcid.org/0000-0002-9720-1794
http://orcid.org/0000-0001-9101-3226
http://orcid.org/0000-0002-4198-3029
http://orcid.org/0000-0003-0524-1914
http://orcid.org/0000-0002-9726-6707
http://orcid.org/0000-0001-7335-4983
http://orcid.org/0000-0002-4380-1655
http://orcid.org/0000-0002-9907-838X
http://orcid.org/0000-0002-9778-9209
http://orcid.org/0000-0002-9336-9338
http://orcid.org/0000-0002-8265-474X
http://orcid.org/0000-0001-9039-9809
http://orcid.org/0000-0001-7729-085X
http://orcid.org/0000-0003-4731-0754
http://orcid.org/0000-0003-4341-1603
http://orcid.org/0000-0001-6274-7714
http://orcid.org/0000-0001-7287-9091
http://orcid.org/0000-0002-1630-0986
http://orcid.org/0000-0002-7853-9079
http://orcid.org/0000-0002-6638-847X
http://orcid.org/0000-0003-0054-8749
http://orcid.org/0000-0002-6427-0806
http://orcid.org/0000-0003-0494-6728
http://orcid.org/0000-0001-6758-3974
http://orcid.org/0000-0002-3360-4965
http://orcid.org/0009-0006-9951-2090
http://orcid.org/0000-0002-2079-996X
http://orcid.org/0000-0002-8323-7753
http://orcid.org/0000-0001-9377-650X
http://orcid.org/0000-0002-7986-9045
http://orcid.org/0000-0002-1775-2511
http://orcid.org/0000-0001-8015-3901
http://orcid.org/0000-0002-5278-2855
http://orcid.org/0000-0001-7964-0091
http://orcid.org/0000-0002-7306-1053
http://orcid.org/0000-0003-0996-3279
http://orcid.org/0000-0003-2468-9634
http://orcid.org/0000-0002-0306-9199
http://orcid.org/0000-0003-0277-4870
http://orcid.org/0000-0002-5117-4671
http://orcid.org/0000-0002-2891-8812
http://orcid.org/0000-0003-4236-8930
http://orcid.org/0000-0002-0993-6185
http://orcid.org/0000-0003-2138-6187
http://orcid.org/0000-0003-2073-4901
http://orcid.org/0000-0003-3177-903X
http://orcid.org/0000-0002-0779-8815
http://orcid.org/0000-0002-9397-2313

Eur. Phys. J. C (2023) 83:761 Page 37 of 41 761

Shenzhen Campus of Sun Yat-sen University, Shenzhen, CHidajversity of Chinese Academy of Science (UCAS),
Beijing, China

15nstitute of Physics, University of Belgrade, Belgrade, Serbia

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

17 @physics Division, Lawrence Berkeley National Laboratory, Berkeley, CA, U8Rniversity of California, Berkeley,
CA, USA

18 |nstitut fir Physik, Humboldt Universitét zu Berlin, Berlin, Germany

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

20 school of Physics and Astronomy, University of Birmingham, Birmingham, UK

21 @pepartment of Physics, Bogazici University, Istanbul, Tirki§epartment of Physics Engineering, Gaziantep
University, Gaziantep, Tirkiyé® Department of Physics, Istanbul University, Istanbul, Tiirkiffstinye University,
Sariyer, Istanbul, Turkiye

22 @Facultad de Ciencias y Centro de Investigaciénes, Universidad Antonio Narifio, Bogota, Col8tbieipartamento
de Fisica, Universidad Nacional de Colombia, Bogota, ColonfBRontificia Universidad Javeriana, Bogota, Colombia

23 @Djpartimento di Fisica e Astronomia A. Righi, Universita di Bologna, Bologna, It8YNFN Sezione di Bologna,
Bologna, Italy

24 physikalisches Institut, Universitat Bonn, Bonn, Germany

25 Department of Physics, Boston University, Boston, MA, USA

26 Department of Physics, Brandeis University, Waltham, MA, USA

21 @Transilvania University of Brasov, Brasov, RomarnfHoria Hulubei National Institute of Physics and Nuclear
Engineering, Bucharest, Romani@Department of Physics, Alexandru loan Cuza University of lasi, lasi,
Romania{® Physics Department, National Institute for Research and Development of Isotopic and Molecular
Technologies, Cluj-Napoca, Romani@University Politehnica Bucharest, Bucharest, Romdhig/est University in
Timisoara, Timisoara, Romani& Faculty of Physics, University of Bucharest, Bucharest, Romania

28 (@ Faculty of Mathematics, Physics and Informatics, Comenius University, Bratislava, Slovak RefUbépartment of
Subnuclear Physics, Institute of Experimental Physics of the Slovak Academy of Sciences, Kosice, Slovak Republic

29 physics Department, Brookhaven National Laboratory, Upton, NY, USA

30 Departamento de Fisica, y CONICET, Facultad de Ciencias Exactas y Naturales, Instituto de Fisica de Buenos Aires
(IFIBA), Universidad de Buenos Aires, Buenos Aires, Argentina

31 california State University, Northridge, CA, USA

32 cavendish Laboratory, University of Cambridge, Cambridge, UK

33 @pepartment of Physics, University of Cape Town, Cape Town, South Affé&hemba Labs, Western Cape, South
Africa; © Department of Mechanical Engineering Science, University of Johannesburg, Johannesburg,
South Africa;¥ National Institute of Physics, University of the Philippines, Diliman, PhilippifBepartment of
Physics, University of South Africa, Pretoria, South Afri€aniversity of Zululand, KwaDlangezwa,
South Africa;@ School of Physics, University of the Witwatersrand, Johannesburg, South Africa

34 Department of Physics, Carleton University, Ottawa, ON, Canada

35 @Faculté des Sciences Ain Chock, Réseau Universitaire de Physique des Hautes Energies, Université Hassan II,
Casablanca, Morocct Faculté des Sciences, Université Ibn-Tofail, Kénitra, Morot2Baculté des Sciences
Semlalia, Université Cadi Ayyad, LPHEA-Marrakech, Moroc®d.PMR, Faculté des Sciences, Université Mohamed
Premier, Oujda, Moroccé®Faculté des sciences, Université Mohammed V, Rabat, Mordebwstitute of Applied
Physics, Mohammed VI Polytechnic University, Ben Guerir, Morocco

36 CERN, Geneva, Switzerland

37 Affiliated with an institute covered by a cooperation agreement with CERN, Geneva, Switzerland

38 Affiliated with an international laboratory covered by a cooperation agreement with CERN, Geneva, Switzerland

39 Enrico Fermi Institute, University of Chicago, Chicago, IL, USA

40LPC, Université Clermont Auvergne, CNRS/IN2P3, Clermont-Ferrand, France

41 Nevis Laboratory, Columbia University, Irvington, NY, USA

42 Niels Bohr Institute, University of Copenhagen, Copenhagen, Denmark

43 @Djpartimento di Fisica, Universita della Calabria, Rende, ItRYNFN Gruppo Collegato di Cosenza, Laboratori
Nazionali di Frascati, Frascati, Italy

44 Physics Department, Southern Methodist University, Dallas, TX, USA

@ Springer



761 Page 38 of 41 Eur. Phys. J. C (2023) 83:761

45 Physics Department, University of Texas at Dallas, Richardson, TX, USA

46 National Centre for Scientific Research “Demokritos”, Agia Paraskevi, Greece

47 @ pepartment of Physics, Stockholm University, Stockholm, Swe@dBskar Klein Centre, Stockholm, Sweden

48 Deutsches Elektronen-Synchrotron DESY, Hamburg and Zeuthen, Germany

49 Fakultat Physik , Technische Universitat Dortmund, Dortmund, Germany

50 |nstitut fiir Kern- und Teilchenphysik, Technische Universitat Dresden, Dresden, Germany

51 Department of Physics, Duke University, Durham, NC, USA

52 SUPA-School of Physics and Astronomy, University of Edinburgh, Edinburgh, UK

53INFN e Laboratori Nazionali di Frascati, Frascati, Italy

54 physikalisches Institut, Albert-Ludwigs-Universitat Freiburg, Freiburg, Germany

551, Physikalisches Institut, Georg-August-Universitat Géttingen, Géttingen, Germany

56 D¢partement de Physique Nucléaire et Corpusculaire, Université de Genéve, Geneva, Switzerland

ST @pipartimento di Fisica, Universita di Genova, Genoa, It4&}NFN Sezione di Genova, Genoa, Italy

581. Physikalisches Institut, Justus-Liebig-Universitat Giessen, Giessen, Germany

59 SUPA - School of Physics and Astronomy, University of Glasgow, Glasgow, UK

60PSC, Université Grenoble Alpes, CNRS/IN2P3, Grenoble INP, Grenoble, France

61| aboratory for Particle Physics and Cosmology, Harvard University, Cambridge, MA, USA

62 @ pepartment of Modern Physics and State Key Laboratory of Particle Detection and Electronics, University of Science
and Technology of China, Hefei, Chirf&Institute of Frontier and Interdisciplinary Science and Key Laboratory of
Particle Physics and Particle Irradiation (MOE), Shandong University, Qingdao, Ch&ehool of Physics and
Astronomy, Shanghai Jiao Tong University, Key Laboratory for Particle Astrophysics and Cosmology (MOE), SKLPPC,
Shanghai, Chind® Tsung-Dao Lee Institute, Shanghai, China

63 @Kirchhoff-Institut fiir Physik, Ruprecht-Karls-Universitét Heidelberg, Heidelberg, Germ&mhysikalisches Institut,
Ruprecht-Karls-Universitat Heidelberg, Heidelberg, Germany

64 @ pepartment of Physics, Chinese University of Hong Kong, Shatin, N.T., Hong Kong, Ghbapartment of Physics,
University of Hong Kong, Hong Kong, Chiné&? Department of Physics and Institute for Advanced Study, Hong Kong
University of Science and Technology, Clear Water Bay, Kowloon, Hong Kong, China

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

661JCLab, Université Paris-Saclay, CNRS/IN2P3, 91405 Orsay, France

67 Centro Nacional de Microelectronica (IMB-CNM-CSIC), Barcelona, Spain

68 Department of Physics, Indiana University, Bloomington, IN, USA

69 @|NFN Gruppo Collegato di Udine, Sezione di Trieste, Udine, It CTP, Trieste, Italy‘© Dipartimento Politecnico
di Ingegneria e Architettura, Universita di Udine, Udine, Italy

70(@|NFN Sezione di Lecce, Lecce, Italf¥ Dipartimento di Matematica e Fisica, Universita del Salento, Lecce, Italy

7L@INFN Sezione di Milano, Milan, Italy*® Dipartimento di Fisica, Universita di Milano, Milan, Italy

72@INFN Sezione di Napoli, Naples, Ital{?’ Dipartimento di Fisica, Universita di Napoli, Naples, Italy

73 @INFN Sezione di Pavia, Pavia, Ital{) Dipartimento di Fisica, Universita di Pavia, Pavia, Italy

74 (@|NFN Sezione di Pisa, Pisa, Ital{? Dipartimento di Fisica E. Fermi, Universita di Pisa, Pisa, Italy

75 (@|NFN Sezione di Roma, Rome, Italy¥ Dipartimento di Fisica, Sapienza Universita di Roma, Rome, Italy

76 @INFN Sezione di Roma Tor Vergata, Rome, ItdR/Dipartimento di Fisica, Universita di Roma Tor Vergata, Rome,
Italy

7T @INFN Sezione di Roma Tre, Rome, Ital§) Dipartimento di Matematica e Fisica, Universitd Roma Tre, Rome, ltaly

78 (@ |NFN-TIFPA, Povo, Italy:? Universita degli Studi di Trento, Trento, Italy

79 Department of Astro and Particle Physics, Universitat Innsbruck, Innsbruck, Austria

80 University of lowa, lowa City, IA, USA

81 Department of Physics and Astronomy, lowa State University, Ames, I1A, USA

82 (@pepartamento de Engenharia Elétrica, Universidade Federal de Juiz de Fora (UFJF), Juiz de Fora,
Brazil; ® Universidade Federal do Rio de Janeiro COPPE/EE/IF, Rio de Janeiro, BYazsitituto de Fisica,
Universidade de S&o Paulo, Sdo Paulo, Bré¥Rio de Janeiro State University, Rio de Janeiro, Brazil

83 KEK, High Energy Accelerator Research Organization, Tsukuba, Japan

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

85 @Faculty of Physics and Applied Computer Science, AGH University of Science and Technology, Krakow,
Poland:® Marian Smoluchowski Institute of Physics, Jagiellonian University, Krakow, Poland

@ Springer



Eur. Phys. J. C (2023) 83:761 Page 39 of 41 761

86 |nstitute of Nuclear Physics Polish Academy of Sciences, Krakow, Poland

87 Faculty of Science, Kyoto University, Kyoto, Japan

88 Kyoto University of Education, Kyoto, Japan

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

90 |nstituto de Fisica La Plata, Universidad Nacional de La Plata and CONICET, La Plata, Argentina

91 physics Department, Lancaster University, Lancaster, UK

92 Oliver Lodge Laboratory, University of Liverpool, Liverpool, UK

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

94 School of Physics and Astronomy, Queen Mary University of London, London, UK

95 Department of Physics, Royal Holloway University of London, Egham, UK

96 Department of Physics and Astronomy, University College London, London, UK

97 Louisiana Tech University, Ruston, LA, USA

98 Fysiska institutionen, Lunds universitet, Lund, Sweden

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

100 nstitut fir Physik, Universitat Mainz, Mainz, Germany

101 5chool of Physics and Astronomy, University of Manchester, Manchester, UK

102cppM, Aix-Marseille Université, CNRS/IN2P3, Marseille, France

103 pepartment of Physics, University of Massachusetts, Amherst, MA, USA

104 pepartment of Physics, McGill University, Montreal, QC, Canada

105school of Physics, University of Melbourne, Victoria, Australia

106 pepartment of Physics, University of Michigan, Ann Arbor, MI, USA

107 pepartment of Physics and Astronomy, Michigan State University, East Lansing, MI, USA

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

109 Fakultat fur Physik, Ludwig-Maximilians-Universitat Miinchen, Munich, Germany

110 Max-Planck-Institut fiir Physik (Werner-Heisenberg-Institut), Munich, Germany

111 Graduate School of Science and Kobayashi-Maskawa Institute, Nagoya University, Nagoya, Japan

112 pepartment of Physics and Astronomy, University of New Mexico, Albuquerque, NM, USA

113 nstitute for Mathematics, Astrophysics and Particle Physics, Radboud University/Nikhef, Nijmegen, The Netherlands

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

115 pepartment of Physics, Northern lllinois University, DeKalb, IL, USA

116 @New York University Abu Dhabi, Abu Dhabi, United Arab Emirat&8University of Sharjah, Sharjah, United Arab
Emirates

117 Dpepartment of Physics, New York University, New York, NY, USA

118 Ochanomizu University, Otsuka, Bunkyo-ku, Tokyo, Japan

1190hio State University, Columbus, OH, USA

120 Homer L. Dodge Department of Physics and Astronomy, University of Oklahoma, Norman, OK, USA

121 pepartment of Physics, Oklahoma State University, Stillwater, OK, USA

122 palacky University, Joint Laboratory of Optics, Olomouc, Czech Republic

123|nstitute for Fundamental Science, University of Oregon, Eugene, OR, USA

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

125 Department of Physics, University of Oslo, Oslo, Norway

126 pepartment of Physics, Oxford University, Oxford, UK

127 PNHE, Sorbonne Université, Université Paris Cité, CNRS/IN2P3, Paris, France

128 pepartment of Physics, University of Pennsylvania, Philadelphia, PA, USA

129 pepartment of Physics and Astronomy, University of Pittsburgh, Pittsburgh, PA, USA

130@|_ghoratério de Instrumentacéo e Fisica Experimental de Particulas-LIP, Lisbon, PéPtigsdartamento de Fisica,
Faculdade de Ciéncias, Universidade de Lisboa, Lisbon, Port@gapartamento de Fisica, Universidade de Coimbra,
Coimbra, Portugal® Centro de Fisica Nuclear da Universidade de Lisboa, Lisbon, PortBidzpartamento de Fisica,
Universidade do Minho, Braga, PortugélDepartamento de Fisica Teérica y del Cosmos, Universidad de Granada,
Granada, Spain? Departamento de Fisica, Instituto Superior Técnico, Universidade de Lisboa, Lisbon, Portugal

131 Institute of Physics of the Czech Academy of Sciences, Prague, Czech Republic

132 czech Technical University in Prague, Prague, Czech Republic

@ Springer



761 Page 40 of 41 Eur. Phys. J. C (2023) 83:761

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

134 particle Physics Department, Rutherford Appleton Laboratory, Didcot, UK

135|RFU, CEA, Université Paris-Saclay, Gif-sur-Yvette, France

136 santa Cruz Institute for Particle Physics, University of California Santa Cruz, Santa Cruz, CA, USA

137@pepartamento de Fisica, Pontificia Universidad Catélica de Chile, Santiago, ©@Mi#pnnium Institute for
Subatomic Physics at High Energy Frontier (SAPHIR), Santiago, CRilestituto de Investigacion Multidisciplinario
en Ciencia y Tecnologia y Departamento de Fisica, Universidad de La Serena, La Serend) Déilartment of
Physics, Universidad Andres Bello, Santiago, CHfldnstituto de Alta Investigacion, Universidad de Tarapaca, Arica,
Chile; ¥ Departamento de Fisica, Universidad Técnica Federico Santa Maria, Valparaiso, Chile

138 Department of Physics, University of Washington, Seattle, WA, USA

139 pepartment of Physics and Astronomy, University of Sheffield, Sheffield, UK

140 pepartment of Physics, Shinshu University, Nagano, Japan

141 pepartment Physik, Universitat Siegen, Siegen, Germany

142 pepartment of Physics, Simon Fraser University, Burnaby, BC, Canada

1435 AC National Accelerator Laboratory, Stanford, CA, USA

144 Department of Physics, Royal Institute of Technology, Stockholm, Sweden

145 Departments of Physics and Astronomy, Stony Brook University, Stony Brook, NY, USA

146 Department of Physics and Astronomy, University of Sussex, Brighton, UK

147 school of Physics, University of Sydney, Sydney, Australia

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

149@E_ Andronikashvili Institute of Physics, Iv. Javakhishvili Thilisi State University, Thilisi, Geof8itigh Energy
Physics Institute, Thilisi State University, Thilisi, Geordi@dUniversity of Georgia, Thilisi, Georgia

150 pepartment of Physics, Technion, Israel Institute of Technology, Haifa, Israel

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

152 pepartment of Physics, Aristotle University of Thessaloniki, Thessaloniki, Greece

153 |nternational Center for Elementary Particle Physics and Department of Physics, University of Tokyo, Tokyo, Japan

154 Department of Physics, Tokyo Institute of Technology, Tokyo, Japan

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

156 @ TRIUMF, Vancouver, BC, Canad®’ Department of Physics and Astronomy, York University, Toronto, ON, Canada

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

158 Department of Physics and Astronomy, Tufts University, Medford, MA, USA

159 United Arab Emirates University, Al Ain, United Arab Emirates

160 pepartment of Physics and Astronomy, University of California Irvine, Irvine, CA, USA

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

162 Department of Physics, University of lllinois, Urbana, IL, USA

163 |nstituto de Fisica Corpuscular (IFIC), Centro Mixto Universidad de Valencia-CSIC, Valencia, Spain

164 Department of Physics, University of British Columbia, Vancouver, BC, Canada

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

166 Fakultat fir Physik und Astronomie, Julius-Maximilians-Universitat Wiirzburg, Wiirzburg, Germany

167 Department of Physics, University of Warwick, Coventry, UK

168\\/aseda University, Tokyo, Japan

169 Department of Particle Physics and Astrophysics, Weizmann Institute of Science, Rehovot, Israel

170 pepartment of Physics, University of Wisconsin, Madison, W1, USA

171 Fakultat fir Mathematik und Naturwissenschaften, Fachgruppe Physik, Bergische Universitat Wuppertal, Wuppertal,
Germany

172 pepartment of Physics, Yale University, New Haven, CT, USA

aAlso at Also Affiliated with an institute covered by a cooperation agreement with CERN, Geneva, Switzerland
b Also at APC, Université Paris Cité, CNRS/IN2P3, Paris, France

¢ Also at Borough of Manhattan Community College, City University of New York, New York, NY, USA

d Also at Center for High Energy Physics, Peking University, Beijing, China

€ Also at Center for Interdisciplinary Research and Innovation (CIRI-AUTH), Thessaloniki , Greece

@ Springer



Eur. Phys. J. C (2023) 83:761 Page 41 of 41 761

f Also at Centro Studi e Ricerche Enrico Fermi, Rome, Italy

9 Also at CERN, Geneva, Switzerland

h Also at Département de Physique Nucléaire et Corpusculaire, Université de Genéve, Geneva, Switzerland
I Also at Departament de Fisica de la Universitat Autonoma de Barcelona, Barcelona, Spain

I Also at Department of Financial and Management Engineering, University of the Aegean, Chios, Greece
kK Also at Department of Physics and Astronomy, Michigan State University, East Lansing, MI, USA
I Also at Department of Physics and Astronomy, University of Victoria, Victoria, BC, Canada

M Also at Department of Physics, California State University, Sacramento, USA

" Also at Department of Physics, King’s College London, London, UK

© Also at Department of Physics, Royal Holloway University of London, Egham, UK

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

9 Also at Department of Physics, University of Thessaly, Thessaly, Greece

" Also at Department of Physics, Westmont College, Santa Barbara, USA

S Also at Hellenic Open University, Patras, Greece

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

Y Also at Institut fiir Experimentalphysik, Universitat Hamburg, Hamburg, Germany

V' Also at Institute of Applied Physics, Mohammed VI Polytechnic University, Ben Guerir, Morocco
W Also at Institute of Particle Physics (IPP), Toronto, Canada

X Also at Institute of Physics and Technology, Ulaanbaatar, Mongolia

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

Z Also at Institute of Theoretical Physics, llia State University, Thilisi, Georgia

43 Also at Lawrence Livermore National Laboratory, Livermore, USA
ab Also at The Collaborative Innovation Center of Quantum Matter (CICQM), Beijing, China

aCAlso at TRIUMF, Vancouver, BC, Canada
ad Also at Universita di Napoli Parthenope, Naples, Italy

@€ Also at Department of Physics, University of Colorado Boulder, Boulder, CO, USA

af Also at Washington College, Chestertown, MD, USA

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

* Deceased

@ Springer



	New techniques for jet calibration with the ATLAS detector
	Abstract 
	1 Introduction
	2 The ATLAS detector
	3 Data samples and simulated events
	3.1 Data samples
	3.2 Monte Carlo simulation
	3.3 Jet reconstruction

	4 The simulation-based calibration
	4.1 Event selection
	4.2 Estimating the median pT density and the pile-up density correction
	4.3 Residual pile-up correction
	4.3.1 The 1D residual pile-up correction
	4.3.2 The 3D residual pile-up correction
	4.3.3 Comparison of the different residual pile-up corrections

	4.4 The jet energy scale and η calibration
	4.4.1 Polynomial fits
	4.4.2 Penalised splines
	4.4.3 Comparison of calibrations
	4.4.4 Absolute MC jet η calibration

	4.5 The global property calibration
	4.5.1 The global sequential calibration
	4.5.2 The global neural network calibration
	4.5.3 Comparison of the methods
	4.5.4 Flavour uncertainties


	5 In situ analysis
	5.1 η-intercalibration
	5.2 Z/γ+jet balance
	5.3 b-quark jet energy scale in γ+jet balance

	6 Conclusion
	Acknowledgements
	References


