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Abstract

The dissociation of quarkonium states with different binding energies produced in
heavy-ion collisions is a powerful probe for investigating the formation and properties
of the quark-gluon plasma. The ratio of production cross-sections of ψ(2S) and J/ψ
mesons times the ratio of their branching fractions into the dimuon final state is
measured as a function of centrality using data collected by the LHCb detector in
PbPb collisions at

√
sNN = 5.02 TeV. The measured ratio shows no dependence on

the collision centrality, and is compared to the latest theory predictions and to the
recent measurements in literature.
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1 Introduction

The production of charmonia, in particular of the J/ψ and ψ(2S) states, has long been
considered a key probe for understanding the properties of the quark-gluon plasma (QGP).
The idea that quarkonium suppression is an indicator of QGP formation was introduced by
T. Matsui and H. Satz, who proposed that in deconfined nuclear matter, cc pairs become
unbound under the effect of colour screening [1]. Following their theory, quarkonium states,
and in particular those that are loosely bound (Fig. 1), dissociate in the hot and dense
medium produced in heavy-ion collisions. Experimentally, the relative yields between
different quarkonium states are thus expected to change with the centrality of the collision,
the latter being closely related to the temperature of the medium.

Early results from the NA50 collaboration at the SPS showed J/ψ suppression in PbPb
collisions [2,3]. These results were extensively debated but were not a conclusive signature
of QGP formation as other competing mechanisms can also contribute to quarkonium
suppression, including cold nuclear matter (CNM) effects such as shadowing and nuclear
absorption, and final-state interactions with comoving particles. Further studies by the
E866 [4], PHENIX [5], ALICE [6], CMS [7] and LHCb [8, 9] experiments showed that
the suppression is observed even in smaller collision systems like proton-nucleus (pA),
known to be less prone to colour-screening effects. In particular, the suppression of
ψ(2S) production relative to that of J/ψ states in pA collisions suggests that comovers,
rather than QGP effects alone, are important in understanding quarkonium behaviour in
high-energy collisions. Theoretical models accounting for these effects have been developed
to provide a more comprehensive interpretation of the data [10].

In addition, J/ψ production in heavy-ion collisions was extensively studied by RHIC
and LHC experiments which played a crucial role in understanding quarkonium suppression
in a hot and dense medium. Results from the PHENIX [11] and STAR [12] experiments
demonstrated significant suppression of J/ψ yields in AuAu collisions, while also providing
insight into the competing effects of QGP formation and CNM contributions. These
findings were then complemented by the ALICE [13] and CMS [14] experiments which
studied charmonium production in a variety of collision systems including PbPb, and also
by the LHCb collaboration, which focused on the different production mechanisms [15].
Together, these studies have advanced the understanding of the interplay between cold
and hot nuclear matter effects, motivating new investigations of the properties of the
medium through the relative suppression of quarkonium states.

In this paper, the relative production of ψ(2S) to J/ψ states, both decaying to two
muons, is studied as a function of centrality using the 2018 PbPb collision data collected
at a nucleon-nucleon centre-of-mass energy of

√
sNN = 5.02 TeV by the LHCb experiment,

corresponding to an integrated luminosity of around 230µb−1 [18]. The ratio of cross-
sections (σ) of the two charmonium states multiplied by their branching fractions (B) in
the dimuon channel is measured as

B(ψ(2S) → µ+µ−)

B(J/ψ → µ+µ−)
· σ(ψ(2S))

σ(J/ψ)
=
N(ψ(2S))

N(J/ψ)
· εtot(J/ψ)

εtot(ψ(2S))
, (1)

where N and εtot are the signal yields and efficiencies, respectively.
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Figure 1: Binding energies of different quarkonium states taken from Ref. [16]. The hatched band
indicates the QGP temperature estimated from thermal photon yields [17] in PbPb collisions at√
sNN = 2.76 TeV. The symbol ψ′ stands for the ψ(2S) state.

2 The LHCb detector and data selection

The LHCb detector [19,20] is a single-arm forward spectrometer covering the pseudorapidity
range 2 < η < 5, designed for the study of particles containing b or c quarks. The detector
includes a high-precision tracking system consisting of a silicon-strip vertex detector
(VELO) surrounding the interaction region [21], a large-area silicon-strip detector located
upstream of a dipole magnet with a bending power of about 4 T m, and three stations of
silicon-strip detectors and straw drift tubes [22] placed downstream of the magnet. The
tracking system provides a measurement of the momentum, p, of charged particles with a
relative uncertainty that varies from 0.5% at low momentum to 1.0% at 200 GeV/c. The
minimum distance of a track to a primary vertex (PV), the impact parameter, is measured
with a resolution of (15 + 29/pT)µm, where pT is the component of the momentum
transverse to the beam, in GeV/c. Different types of charged hadrons are distinguished
using information from two ring-imaging Cherenkov detectors (RICH) [23]. Photons,
electrons and hadrons are identified by a calorimeter system consisting of scintillating-pad
and preshower detectors, an electromagnetic and a hadronic calorimeter (ECAL and
HCAL). Muons are identified by a system composed of alternating layers of iron and
multiwire proportional chambers [24].

The online event selection is performed by a trigger [25], which consists of a hardware
stage, based on information from the calorimeter and muon systems, followed by a software
stage, which applies a full event reconstruction. At the hardware level, events are required
to have a muon with high pT. Events are selected at software level if the number of
clusters in the VELO, Nc, satisfies 6000 < Nc < 10000 or if Nc < 6000 and two muons
with pT > 400 MeV/c are identified. Moreover, to suppress contamination from Pb-gas
interactions,1 a minimum of 15 VELO tracks in the backward direction, η < 0, is required,
along with the condition that the PV must be close to the beam collision point. The

1Neon gas was injected in the beam pipe near the interaction point, using the LHCb fixed-target SMOG
system [18], concurrently with PbPb collisions.
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J/ψ and ψ(2S) candidates are reconstructed in the dimuon final state, satisfying selection
requirements on transverse momentum, 0.3 < pT < 10 GeV/c, and rapidity, 2.0 < y < 4.5.
The two muons are both required to have pT greater then 900 MeV/c and to satisfy particle
identification (PID) requirements based on information from the RICH, calorimeter and
muon systems.

3 Yields in centrality intervals

The charmonium yields are determined in intervals of the collision centrality. Centrality
intervals are defined as percentiles of the total inelastic hadronic PbPb cross-section and
are associated with the impact parameter of the colliding particles and the mean number
of participating nucleons, ⟨Npart⟩ [26]. A higher centrality percentile corresponds to more
peripheral collisions with a larger impact parameter, while a lower centrality percentile
corresponds to more central collisions with a smaller impact parameter. To estimate
these geometric quantities, the Glauber Monte Carlo (GMC) model adapted to LHCb
conditions is used [26, 27]. The impact parameter cannot be measured directly and is
instead estimated using the total energy deposited in the ECAL, with which it scales
linearly. The method is based on a binned fit of the total ECAL energy in simulated
minimum-bias PbPb interactions where the GMC model is used and the experimental
conditions of the signal sample are reproduced. This fit establishes a per-event dependence
of ⟨Npart⟩ and the collision centrality in terms of the energy deposited in the ECAL. The
centrality intervals used are defined in Table 1. The data used to determine the ratio are
limited to centrality values down to about 65 % due to the inability of the detector to
cope with the increasing occupancy.

The charmonium yields, N(ψ(2S)) and N(J/ψ), are extracted by an unbinned
maximum-likelihood fit to the dimuon invariant-mass distribution in each centrality
interval where the J/ψ signal is modelled by a Crystal Ball function [28] with tail param-
eters fixed from simulation. A Gaussian function is used to describe the ψ(2S) signal;
the difference between the peak positions of the J/ψ and ψ(2S) signals is fixed to the
difference of the known masses of the two states [29]. The background is described by
an exponential function. Figure 2 shows the dimuon invariant-mass distribution in each
centrality interval compared to the fit results. The J/ψ and ψ(2S) yields extracted by the
fit are shown in Table 1.

Table 1: Range for the number of participating nucleons ⟨Npart⟩ and signal yields in each
centrality interval.

Centrality (%) 90–100 80–90 70–80 60–70
⟨Npart⟩ 2.4–5.5 5.5–13.0 13.0–26.5 26.5–48.0
N(J/ψ) 596 ± 28 2099 ± 52 3320 ± 74 2221 ± 77
N(ψ(2S)) 13 ± 5 53 ± 14 68 ± 26 85 ± 36
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Figure 2: Dimuon invariant-mass distributions in each centrality interval after all selection
requirements are applied, compared to the fit results.

4 Simulation and efficiencies

The total signal selection efficiencies εtot in Eq. 1 are determined using simulation. The
simulated decays are reconstructed and analysed using the same software tools as those
used to process the data. In the simulation, J/ψ and ψ(2S) particles are generated
using Pythia [30] and embedded into minimum-bias PbPb collisions from the EPOS
event generator [31]. The decays of unstable particles are described by EvtGen [32],
in which final-state radiation is generated using PHOTOS [33]. The interaction of the
generated particles with the detector and its response are implemented using the GEANT4
toolkit [34, 35] adapted to LHCb [36]. After reconstruction, the simulated events are
weighted to improve agreement with data. The correction weights are obtained as a
function of pT and Nc from the background-subtracted data and simulation sample of J/ψ
candidates. The total efficiencies include the geometric acceptance of the detector, the
candidate reconstruction and selection, the particle identification and the effect of the
trigger, which are estimated in each centrality interval, using the weighted simulation.

The acceptance efficiency, defined as the fraction of J/ψ →µ+µ− decays with both
muons entering the acceptance of the LHCb spectrometer, is determined using a simulation
sample produced without any requirement on the kinematics of the decay products. This
efficiency is found to be independent of centrality. The combined reconstruction and
selection efficiency is calculated as the fraction of generated events in the acceptance that
pass the selection requirements other than those related to PID and the trigger. The PID
efficiency for the two muons is estimated from dedicated pp calibration data samples, and
computed as a function of the muon kinematics. Specifically, the muon PID efficiency
is determined in intervals of muon pT and Nc, showing a smooth dependence up to the
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Table 2: Range of the relative systematic uncertainty contributions for the ratio measurement
across the four centrality intervals.

Source Uncertainty (%)
Signal fit model 0.5–2.2
Background fit model 0.5–6.3
Weighting procedure 0.1–0.2
PID efficiency extrapolation 0.1–2.8
Simulation sample size 0.5–1.0
Trigger efficiency estimation < 0.1

edge of the multiplicity region at Nc = 5000. In each muon pT bin, it is then extrapolated
via a quadratic fit function to Nc values up to 10000, to cover the multiplicity region of
the measurement reported here using PbPb collisions. Finally, the trigger efficiency is
computed as the fraction of simulated signal particles that pass the trigger requirement.

5 Systematic uncertainties

Several sources of systematic uncertainty associated with the determination of the signal
and background yields and with the evaluation of the efficiencies are considered.

The systematic uncertainty arising from the signal parametrisation consists of two
contributions. The first is associated with the choice of the fixed parameters of the J/ψ
signal fit function. It is estimated by varying the parameters within their uncertainties
obtained in simulation. The second contribution is estimated by repeating the signal yield
extraction with an alternative parametrisation of the J/ψ signal using the convolution of a
Crystal Ball and a Gaussian function where both widths are free to vary. Compared to the
large statistical uncertainty affecting the ψ(2S) yield, the systematic uncertainty arising
from the ψ(2S) fit model is negligibly small and ignored. The uncertainty in background
modelling is assessed by comparing the results from the baseline fit to those obtained
using a second-order polynomial instead of the exponential function.

The systematic uncertainty arising from the evaluation of the efficiencies consists
of different contributions. The first contribution is related to the weighting procedure
applied to the simulation, and is taken into consideration by randomly varying each weight
within its uncertainty and estimating the total efficiencies again. Using 50 different sets
of generated weights, the uncertainty considered is the relative variation of the obtained
efficiencies. Another contribution pertains to the estimation of the PID efficiency. An
alternative approach is used, where the extrapolation to the high-multiplicity region that
is not covered by the pp calibration sample is performed with a linear function instead of
a second-order polynomial. The limited size of the simulation sample used to determine
the efficiencies is also a source of systematic uncertainty, and is taken into account using
the statistical uncertainties of the efficiencies determined from simulation. Finally, a
systematic uncertainty due to the trigger efficiency is assigned by using a data-driven
method where the efficiency is determined from events triggered independently of the
signal muons [37]. The total systematic uncertainty is computed as the sum in quadrature
of each contribution shown in Table 2.
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6 Results

The results in different centrality intervals are listed in Table 3 and are presented as a
function of the number of participating nucleons ⟨Npart⟩ in Figs. 3 and 4, where they are
compared with some of the recently published measurements and with theory predictions,
respectively. In particular, Fig. 3 compares these results to the ALICE measurement [38],
performed in PbPb collisions at the same centre-of-mass energy and at similar rapidities
and transverse momenta but covering different centrality region. The two measurements
are in agreement within uncertainties in the overlapping region, showing no dependency
on ⟨Npart⟩. The LHCb pp [39] and pPb [40] measurements are reported in the same figure
showing also agreement with the results reported here. The ratio measured in these studies
is integrated over the kinematic range, and is associated with a number of participating
nucleons of ⟨Npart⟩ = 2 (8) for the pp (pPb) measurement, as estimated using the GMC
model [27].

Figure 4 shows a comparison of these results with two recent theoretical calculations.
In the statistical hadronization model (SHMc) [41,42], it is assumed that, near the phase
boundary between the QGP at high temperatures and the confined hadronic matter at
lower temperatures, a fireball is formed during collisions, which is near thermal equilibrium.
The TAMU model [43, 44] is a transport model developed in a nonperturbative hydro-
Langevin-RRM framework that includes collisional energy loss and heavy-quark diffusion
in the medium. When compared to the data reported in this article, the SHMc model,
although showing no dependency of the ratio on the centrality, generally underestimates its
value. On the other hand, the TAMU model predictions are in better agreement with the
experimental result, especially in the lower multiplicity intervals. A slight disagreement is
observed in the highest multiplicity interval, where the data differ from the two theoretical
predictions and the ALICE measurement by approximately 1.5 standard deviations.

Table 3: Cross-section times branching fraction ratio between ψ(2S) and J/ψ states in intervals
of centrality and corresponding number of participating nucleons ⟨Npart⟩. The first uncertainties
are statistical and the second are systematic.

Centrality (%) ⟨Npart⟩
B(ψ(2S) → µ+µ−)

B(J/ψ → µ+µ−)
· σ(ψ(2S))

σ(J/ψ)
90–100 2.40–5.50 0.018 ± 0.007 ± 0.001
80–90 5.50–13.0 0.020 ± 0.005 ± 0.001
70–80 13.0–26.5 0.016 ± 0.006 ± 0.001
60–70 26.5–48.0 0.027 ± 0.011 ± 0.001
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7 Conclusions

The ψ(2S) to J/ψ production cross-section ratio in PbPb collisions at a centre-of-mass
energy of 5.02 TeV corresponding to an integrated luminosity of around 230µb−1 is
measured as a function of event centrality. No significant dependence on the centrality is
found. The results are also compared to the latest theory predictions, with which they
agree within 1.5 standard deviations or better, with a slight tension in the lowest centrality
interval. The SHMc calculations tend to underestimate the data over the whole range; the
TAMU model achieves a better description. However, the current experimental precision
precludes any firm conclusion. This study is a first step towards a deeper understanding
of quarkonium production in PbPb collisions at midcentrality that can be achieved by
additional measurements with the upgraded LHCb detector in Run 3 [45].
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E. Aslanides13 , R. Atáıde Da Silva50 , M. Atzeni65 , B. Audurier12 , D. Bacher64 ,
I. Bachiller Perea10 , S. Bachmann22 , M. Bachmayer50 , J.J. Back57 ,
P. Baladron Rodriguez47 , V. Balagura15 , A. Balboni26 , W. Baldini26 , L. Balzani19 ,
H. Bao7 , J. Baptista de Souza Leite61 , C. Barbero Pretel47,12 , M. Barbetti27 , I.
R. Barbosa70 , R.J. Barlow63 , M. Barnyakov25 , S. Barsuk14 , W. Barter59 ,
M. Bartolini56 , J. Bartz69 , J.M. Basels17 , S. Bashir40 , G. Bassi35,q , B. Batsukh5 ,
P. B. Battista14, A. Bay50 , A. Beck57 , M. Becker19 , F. Bedeschi35 , I.B. Bediaga2 ,
N. A. Behling19 , S. Belin47 , K. Belous44 , I. Belov29 , I. Belyaev36 , G. Benane13 ,
G. Bencivenni28 , E. Ben-Haim16 , A. Berezhnoy44 , R. Bernet51 , S. Bernet Andres45 ,
A. Bertolin33 , C. Betancourt51 , F. Betti59 , J. Bex56 , Ia. Bezshyiko51 , J. Bhom41 ,
M.S. Bieker19 , N.V. Biesuz26 , P. Billoir16 , A. Biolchini38 , M. Birch62 ,
F.C.R. Bishop10 , A. Bitadze63 , A. Bizzeti , T. Blake57 , F. Blanc50 , J.E. Blank19 ,
S. Blusk69 , V. Bocharnikov44 , J.A. Boelhauve19 , O. Boente Garcia15 ,
T. Boettcher66 , A. Bohare59 , A. Boldyrev44 , C.S. Bolognani79 , R. Bolzonella26,k ,
R. B. Bonacci1 , N. Bondar44 , A. Bordelius49 , F. Borgato33,o , S. Borghi63 ,
M. Borsato31,n , J.T. Borsuk41 , S.A. Bouchiba50 , M. Bovill64 , T.J.V. Bowcock61 ,
A. Boyer49 , C. Bozzi26 , A. Brea Rodriguez50 , N. Breer19 , J. Brodzicka41 ,
A. Brossa Gonzalo47,† , J. Brown61 , D. Brundu32 , E. Buchanan59, A. Buonaura51 ,
L. Buonincontri33,o , A.T. Burke63 , C. Burr49 , J.S. Butter56 , J. Buytaert49 ,
W. Byczynski49 , S. Cadeddu32 , H. Cai74, A. C. Caillet16, R. Calabrese26,k ,
S. Calderon Ramirez9 , L. Calefice46 , S. Cali28 , M. Calvi31,n , M. Calvo Gomez45 ,
P. Camargo Magalhaes2,x , J. I. Cambon Bouzas47 , P. Campana28 ,
D.H. Campora Perez79 , A.F. Campoverde Quezada7 , S. Capelli31 , L. Capriotti26 ,
R. Caravaca-Mora9 , A. Carbone25,i , L. Carcedo Salgado47 , R. Cardinale29,l ,
A. Cardini32 , P. Carniti31,n , L. Carus22, A. Casais Vidal65 , R. Caspary22 ,
G. Casse61 , M. Cattaneo49 , G. Cavallero26,49 , V. Cavallini26,k , S. Celani22 ,
D. Cervenkov64 , S. Cesare30,m , A.J. Chadwick61 , I. Chahrour83 , M. Charles16 ,
Ph. Charpentier49 , E. Chatzianagnostou38 , M. Chefdeville10 , C. Chen13 , S. Chen5 ,
Z. Chen7 , A. Chernov41 , S. Chernyshenko53 , X. Chiotopoulos79 , V. Chobanova81 ,
S. Cholak50 , M. Chrzaszcz41 , A. Chubykin44 , V. Chulikov28 , P. Ciambrone28 ,
X. Cid Vidal47 , G. Ciezarek49 , P. Cifra49 , P.E.L. Clarke59 , M. Clemencic49 ,
H.V. Cliff56 , J. Closier49 , C. Cocha Toapaxi22 , V. Coco49 , J. Cogan13 ,
E. Cogneras11 , L. Cojocariu43 , S. Collaviti50 , P. Collins49 , T. Colombo49 , M. C.
Colonna19 , A. Comerma-Montells46 , L. Congedo24 , A. Contu32 , N. Cooke60 ,
I. Corredoira 47 , A. Correia16 , G. Corti49 , J.J. Cottee Meldrum55, B. Couturier49 ,
D.C. Craik51 , M. Cruz Torres2,f , E. Curras Rivera50 , R. Currie59 , C.L. Da Silva68 ,
S. Dadabaev44 , L. Dai71 , X. Dai6 , E. Dall’Occo49 , J. Dalseno47 ,
C. D’Ambrosio49 , J. Daniel11 , A. Danilina44 , P. d’Argent24 , G. Darze3, A.
Davidson57 , J.E. Davies63 , A. Davis63 , O. De Aguiar Francisco63 , C. De Angelis32,j ,
F. De Benedetti49 , J. de Boer38 , K. De Bruyn78 , S. De Capua63 , M. De Cian22 ,

12

https://orcid.org/0000-0003-0533-1952
https://orcid.org/0000-0001-7905-0542
https://orcid.org/0000-0002-6737-3528
https://orcid.org/0000-0002-5951-3498
https://orcid.org/0000-0003-2448-1550
https://orcid.org/0000-0001-9756-3712
https://orcid.org/0000-0002-1326-1264
https://orcid.org/0000-0001-6280-3851
https://orcid.org/0000-0002-2368-0147
https://orcid.org/0000-0001-9540-4988
https://orcid.org/0000-0003-0288-9694
https://orcid.org/0000-0002-6736-471X
https://orcid.org/0000-0001-6430-1038
https://orcid.org/0000-0001-8636-1621
https://orcid.org/0000-0001-5317-1098
https://orcid.org/0000-0002-8148-2392
https://orcid.org/0000-0003-0897-4160
https://orcid.org/0000-0003-1652-2834
https://orcid.org/0000-0003-4595-2729
https://orcid.org/0000-0002-3277-0662
https://orcid.org/0000-0002-2597-3808
https://orcid.org/0000-0003-4282-1512
https://orcid.org/0000-0002-3274-5627
https://orcid.org/0000-0001-6808-2418
https://orcid.org/0000-0003-3594-9163
https://orcid.org/0000-0002-6273-0506
https://orcid.org/0000-0002-3923-431X
https://orcid.org/0000-0003-2918-1311
https://orcid.org/0000-0001-6288-0558
https://orcid.org/0000-0002-6191-934X
https://orcid.org/0000-0003-1647-4238
https://orcid.org/0000-0002-1779-6813
https://orcid.org/0009-0006-3169-0077
https://orcid.org/0000-0003-4234-7005
https://orcid.org/0000-0002-2785-2233
https://orcid.org/0000-0002-5991-7273
https://orcid.org/0000-0003-3286-683X
https://orcid.org/0009-0005-1667-2666
https://orcid.org/0000-0002-3208-3336
https://orcid.org/0000-0001-9090-4254
https://orcid.org/0000-0002-1249-367X
https://orcid.org/0000-0002-3721-4876
https://orcid.org/0000-0002-1186-3894
https://orcid.org/0000-0001-5996-2747
https://orcid.org/0000-0001-7791-4490
https://orcid.org/0000-0003-4240-2094
https://orcid.org/0000-0002-1611-7188
https://orcid.org/0009-0003-8872-976X
https://orcid.org/0000-0001-7658-8777
https://orcid.org/0009-0006-5241-1452
https://orcid.org/0009-0002-7027-021X
https://orcid.org/0000-0002-4442-5372
https://orcid.org/0009-0001-1805-6219
https://orcid.org/0000-0002-6704-6914
https://orcid.org/0000-0002-3226-8672
https://orcid.org/0000-0002-8295-8612
https://orcid.org/0009-0000-0102-0482
https://orcid.org/0000-0002-0898-6551
https://orcid.org/0000-0002-9264-4799
https://orcid.org/0000-0002-8479-5802
https://orcid.org/0000-0002-2646-4124
https://orcid.org/0000-0001-5860-8770
https://orcid.org/0000-0001-9861-8922
https://orcid.org/0000-0002-2145-3805
https://orcid.org/0000-0003-1020-2549
https://orcid.org/0000-0002-4862-9399
https://orcid.org/0000-0003-4872-1213
https://orcid.org/0000-0002-7972-8760
https://orcid.org/0000-0002-8315-2119
https://orcid.org/0000-0001-7806-5283
https://orcid.org/0000-0003-4750-7872
https://orcid.org/0000-0001-7154-1304
https://orcid.org/0000-0003-0014-2589
https://orcid.org/0000-0003-1699-9202
https://orcid.org/0000-0002-7458-7030
https://orcid.org/0000-0002-8176-8315
https://orcid.org/0000-0002-5107-0610
https://orcid.org/0000-0002-9510-8414
https://orcid.org/0000-0002-4431-7582
https://orcid.org/0000-0002-4856-8063
https://orcid.org/0000-0002-4515-7541
https://orcid.org/0000-0003-1393-4315
https://orcid.org/0000-0001-9886-7427
https://orcid.org/0000-0002-2395-235X
https://orcid.org/0000-0002-2856-8074
https://orcid.org/0000-0002-4315-6414
https://orcid.org/0000-0002-9709-903X
https://orcid.org/0000-0001-7113-7862
https://orcid.org/0000-0003-3004-0946
https://orcid.org/0000-0001-5433-9876
https://orcid.org/0000-0001-6064-9993
https://orcid.org/0000-0001-9157-4461
https://orcid.org/0000-0002-0023-3897
https://orcid.org/0000-0001-7979-1092
https://orcid.org/0000-0001-5729-5530
https://orcid.org/0000-0002-0259-5891
https://orcid.org/0000-0001-5775-3132
https://orcid.org/0000-0002-6546-5605
https://orcid.org/0000-0001-9170-684X
https://orcid.org/0000-0003-1048-7732
https://orcid.org/0000-0002-3543-9959
https://orcid.org/0000-0003-0261-8085
https://orcid.org/0000-0002-2439-9955
https://orcid.org/0000-0003-1077-8046
https://orcid.org/0000-0002-7872-6819
https://orcid.org/0000-0003-3752-6789
https://orcid.org/0000-0002-0055-0577
https://orcid.org/0009-0004-1871-2417
https://orcid.org/0000-0003-2714-9879
https://orcid.org/0009-0002-3529-8524
https://orcid.org/0000-0002-3149-6710
https://orcid.org/0000-0001-5135-1511
https://orcid.org/0000-0001-5760-2924
https://orcid.org/0000-0002-9065-9030
https://orcid.org/0000-0002-0044-6470
https://orcid.org/0009-0006-2494-8287
https://orcid.org/0000-0002-3505-6915
https://orcid.org/0000-0002-9909-0186
https://orcid.org/0000-0001-6782-3982
https://orcid.org/0000-0001-5650-445X
https://orcid.org/0000-0003-0307-3662
https://orcid.org/0000-0002-8556-0597
https://orcid.org/0000-0002-4442-1048
https://orcid.org/0000-0001-9846-9672
https://orcid.org/0000-0003-4457-5896
https://orcid.org/0000-0003-4907-6463
https://orcid.org/0000-0002-1480-454X
https://orcid.org/0000-0003-0243-0517
https://orcid.org/0000-0002-5155-1094
https://orcid.org/0000-0002-1816-536X
https://orcid.org/0000-0002-7958-6790
https://orcid.org/0009-0008-0187-3395
https://orcid.org/0000-0002-7763-500X
https://orcid.org/0000-0002-1354-5400
https://orcid.org/0000-0001-9993-4388
https://orcid.org/0000-0001-6401-1583
https://orcid.org/0000-0001-9056-0711
https://orcid.org/0000-0002-8797-1357
https://orcid.org/0000-0001-5588-1448
https://orcid.org/0000-0003-3641-8110
https://orcid.org/0000-0002-2952-3118
https://orcid.org/0000-0001-8233-1951
https://orcid.org/0000-0001-8998-9975
https://orcid.org/0000-0003-1968-1216
https://orcid.org/0000-0002-8444-4498
https://orcid.org/0000-0003-4899-0587
https://orcid.org/0000-0001-8010-0447
https://orcid.org/0000-0002-7045-2243
https://orcid.org/0000-0003-3101-3528
https://orcid.org/0000-0002-7835-7638
https://orcid.org/0000-0002-6649-0298
https://orcid.org/0000-0002-7820-2732
https://orcid.org/0000-0003-0469-2588
https://orcid.org/0000-0002-1449-1619
https://orcid.org/0000-0002-8516-237X
https://orcid.org/0000-0001-7707-169X
https://orcid.org/0000-0002-8342-7047
https://orcid.org/0000-0001-7601-129X
https://orcid.org/0000-0003-4715-7622
https://orcid.org/0000-0002-1865-741X
https://orcid.org/0000-0003-0886-7111
https://orcid.org/0000-0003-3537-9404
https://orcid.org/0000-0002-1472-0987
https://orcid.org/0000-0003-4795-498X
https://orcid.org/0000-0001-9295-8635
https://orcid.org/0009-0009-3781-1820
https://orcid.org/0000-0002-6553-6493
https://orcid.org/0000-0002-3400-5489
https://orcid.org/0000-0002-8647-1828
https://orcid.org/0000-0002-0215-7269
https://orcid.org/0000-0003-0232-6808
https://orcid.org/0000-0002-2546-6080
https://orcid.org/0009-0006-5762-6559
https://orcid.org/0000-0002-1353-6002
https://orcid.org/0000-0001-8091-4766
https://orcid.org/0000-0001-7901-8710
https://orcid.org/0000-0003-1061-9643
https://orcid.org/0000-0002-7767-9117
https://orcid.org/0000-0003-0253-9846
https://orcid.org/0000-0002-0468-541X
https://orcid.org/0000-0003-1002-8368
https://orcid.org/0000-0003-3068-7029
https://orcid.org/0000-0003-3746-0732
https://orcid.org/0000-0003-1710-6824
https://orcid.org/0000-0003-0531-0916
https://orcid.org/0000-0002-0228-9130
https://orcid.org/0000-0001-5812-8611
https://orcid.org/0000-0002-5310-6808
https://orcid.org/0000-0001-7194-7566
https://orcid.org/0000-0002-8933-9427
https://orcid.org/0000-0002-1281-5923
https://orcid.org/0009-0003-7280-8236
https://orcid.org/0000-0003-1437-4022
https://orcid.org/0000-0002-9617-9687
https://orcid.org/0009-0000-1704-4139
https://orcid.org/0000-0002-8980-6048
https://orcid.org/0000-0003-4536-4644
https://orcid.org/0000-0002-3545-2969
https://orcid.org/0000-0002-4179-3700
https://orcid.org/0000-0002-6089-0899
https://orcid.org/0000-0002-6483-8596
https://orcid.org/0000-0003-2857-4471
https://orcid.org/0000-0001-6749-1033
https://orcid.org/0000-0002-3684-1560
https://orcid.org/0000-0003-2607-131X
https://orcid.org/0000-0002-6555-0340
https://orcid.org/0000-0002-0166-9529
https://orcid.org/0000-0003-4106-8258
https://orcid.org/0000-0002-0093-3244
https://orcid.org/0000-0002-4070-4729
https://orcid.org/0000-0003-3395-7151
https://orcid.org/0000-0001-9313-4021
https://orcid.org/0000-0003-3288-4683
https://orcid.org/0000-0003-4344-9994
https://orcid.org/0000-0002-9022-4264
https://orcid.org/0000-0003-3121-2164
https://orcid.org/0000-0003-2380-8355
https://orcid.org/0009-0002-0647-2028
https://orcid.org/0000-0002-5382-8683
https://orcid.org/0000-0001-9458-5115
https://orcid.org/0000-0003-2735-678X
https://orcid.org/0009-0005-5033-5866
https://orcid.org/0000-0002-7960-3116
https://orcid.org/0000-0002-6084-4294
https://orcid.org/0000-0002-0615-4399
https://orcid.org/0000-0002-6285-9596
https://orcid.org/0000-0002-1268-9621


U. De Freitas Carneiro Da Graca2,a , E. De Lucia28 , J.M. De Miranda2 , L. De Paula3 ,
M. De Serio24,g , P. De Simone28 , F. De Vellis19 , J.A. de Vries79 , F. Debernardis24 ,
D. Decamp10 , V. Dedu13 , S. Dekkers1 , L. Del Buono16 , B. Delaney65 ,
H.-P. Dembinski19 , J. Deng8 , V. Denysenko51 , O. Deschamps11 , F. Dettori32,j ,
B. Dey77 , P. Di Nezza28 , I. Diachkov44 , S. Didenko44 , S. Ding69 , L. Dittmann22 ,
V. Dobishuk53 , A. D. Docheva60 , C. Dong4,b , A.M. Donohoe23 , F. Dordei32 ,
A.C. dos Reis2 , A. D. Dowling69 , W. Duan72 , P. Duda80 , M.W. Dudek41 ,
L. Dufour49 , V. Duk34 , P. Durante49 , M. M. Duras80 , J.M. Durham68 , O. D.
Durmus77 , A. Dziurda41 , A. Dzyuba44 , S. Easo58 , E. Eckstein18, U. Egede1 ,
A. Egorychev44 , V. Egorychev44 , S. Eisenhardt59 , E. Ejopu63 , L. Eklund82 ,
M. Elashri66 , J. Ellbracht19 , S. Ely62 , A. Ene43 , J. Eschle69 , S. Esen22 ,
T. Evans63 , F. Fabiano32,j , L.N. Falcao2 , Y. Fan7 , B. Fang7 , L. Fantini34,p,49 ,
M. Faria50 , K. Farmer59 , D. Fazzini31,n , L. Felkowski80 , M. Feng5,7 , M. Feo19 ,
A. Fernandez Casani48 , M. Fernandez Gomez47 , A.D. Fernez67 , F. Ferrari25 ,
F. Ferreira Rodrigues3 , M. Ferrillo51 , M. Ferro-Luzzi49 , S. Filippov44 , R.A. Fini24 ,
M. Fiorini26,k , M. Firlej40 , K.L. Fischer64 , D.S. Fitzgerald83 , C. Fitzpatrick63 ,
T. Fiutowski40 , F. Fleuret15 , M. Fontana25 , L. F. Foreman63 , R. Forty49 ,
D. Foulds-Holt56 , V. Franco Lima3 , M. Franco Sevilla67 , M. Frank49 ,
E. Franzoso26,k , G. Frau63 , C. Frei49 , D.A. Friday63 , J. Fu7 , Q. Fuehring19,56 ,
Y. Fujii1 , T. Fulghesu16 , E. Gabriel38 , G. Galati24 , M.D. Galati38 ,
A. Gallas Torreira47 , D. Galli25,i , S. Gambetta59 , M. Gandelman3 , P. Gandini30 , B.
Ganie63 , H. Gao7 , R. Gao64 , T.Q. Gao56 , Y. Gao8 , Y. Gao6 , Y. Gao8,
L.M. Garcia Martin50 , P. Garcia Moreno46 , J. Garćıa Pardiñas49 , P. Gardner67 , K. G.
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A. Golutvin62,44,49 , S. Gomez Fernandez46 , W. Gomulka40, F. Goncalves Abrantes64 ,
M. Goncerz41 , G. Gong4,b , J. A. Gooding19 , I.V. Gorelov44 , C. Gotti31 ,
J.P. Grabowski18 , L.A. Granado Cardoso49 , E. Graugés46 , E. Graverini50,r ,
L. Grazette57 , G. Graziani , A. T. Grecu43 , L.M. Greeven38 , N.A. Grieser66 ,
L. Grillo60 , S. Gromov44 , C. Gu15 , M. Guarise26 , L. Guerry11 , M. Guittiere14 ,
V. Guliaeva44 , P. A. Günther22 , A.-K. Guseinov50 , E. Gushchin44 , Y. Guz6,44,49 ,
T. Gys49 , K. Habermann18 , T. Hadavizadeh1 , C. Hadjivasiliou67 , G. Haefeli50 ,
C. Haen49 , M. Hajheidari49, G. Hallett57 , M.M. Halvorsen49 , P.M. Hamilton67 ,
J. Hammerich61 , Q. Han8 , X. Han22,49 , S. Hansmann-Menzemer22 , L. Hao7 ,
N. Harnew64 , T. H. Harris1 , M. Hartmann14 , S. Hashmi40 , J. He7,c ,
F. Hemmer49 , C. Henderson66 , R.D.L. Henderson1,57 , A.M. Hennequin49 ,
K. Hennessy61 , L. Henry50 , J. Herd62 , P. Herrero Gascon22 , J. Heuel17 ,
A. Hicheur3 , G. Hijano Mendizabal51, J. Horswill63 , R. Hou8 , Y. Hou11 ,
N. Howarth61, J. Hu72 , W. Hu6 , X. Hu4,b , W. Huang7 , W. Hulsbergen38 ,
R.J. Hunter57 , M. Hushchyn44 , D. Hutchcroft61 , M. Idzik40 , D. Ilin44 , P. Ilten66 ,
A. Inglessi44 , A. Iniukhin44 , A. Ishteev44 , K. Ivshin44 , R. Jacobsson49 , H. Jage17 ,
S.J. Jaimes Elles75,49,48 , S. Jakobsen49 , E. Jans38 , B.K. Jashal48 , A. Jawahery67,49 ,
V. Jevtic19 , E. Jiang67 , X. Jiang5,7 , Y. Jiang7 , Y. J. Jiang6 , M. John64 , A.
John Rubesh Rajan23 , D. Johnson54 , C.R. Jones56 , T.P. Jones57 , S. Joshi42 ,
B. Jost49 , J. Juan Castella56 , N. Jurik49 , I. Juszczak41 , D. Kaminaris50 ,
S. Kandybei52 , M. Kane59 , Y. Kang4,b , C. Kar11 , M. Karacson49 ,

13

https://orcid.org/0000-0003-0451-4028
https://orcid.org/0000-0003-0793-0844
https://orcid.org/0009-0003-2505-7337
https://orcid.org/0000-0002-4984-7734
https://orcid.org/0000-0003-4915-7933
https://orcid.org/0000-0001-9392-2079
https://orcid.org/0000-0001-7596-5091
https://orcid.org/0000-0003-4712-9816
https://orcid.org/0009-0001-5383-4899
https://orcid.org/0000-0001-9643-6762
https://orcid.org/0000-0001-5672-8672
https://orcid.org/0000-0001-9598-875X
https://orcid.org/0000-0003-4774-2194
https://orcid.org/0009-0007-6371-8035
https://orcid.org/0000-0003-3337-3850
https://orcid.org/0000-0002-4395-3616
https://orcid.org/0000-0002-0455-5404
https://orcid.org/0000-0002-7047-6042
https://orcid.org/0000-0003-0256-8663
https://orcid.org/0000-0002-4563-5806
https://orcid.org/0000-0003-4894-6762
https://orcid.org/0000-0001-5222-5293
https://orcid.org/0000-0001-5671-5863
https://orcid.org/0000-0002-5946-581X
https://orcid.org/0009-0000-0510-0252
https://orcid.org/0000-0001-9004-3255
https://orcid.org/0000-0002-7680-4043
https://orcid.org/0000-0003-3259-6323
https://orcid.org/0000-0002-4438-3950
https://orcid.org/0000-0002-2571-5067
https://orcid.org/0000-0001-7517-8418
https://orcid.org/0009-0007-1406-3343
https://orcid.org/0000-0003-1765-9939
https://orcid.org/0000-0003-4043-7963
https://orcid.org/0000-0003-3939-3262
https://orcid.org/0000-0002-3924-2774
https://orcid.org/0000-0001-6440-0087
https://orcid.org/0000-0002-1204-2270
https://orcid.org/0000-0002-4153-5293
https://orcid.org/0000-0002-5831-3398
https://orcid.org/0000-0002-8161-7832
https://orcid.org/0000-0003-4338-7156
https://orcid.org/0000-0003-3612-3195
https://orcid.org/0000-0002-4027-7333
https://orcid.org/0000-0001-5493-0762
https://orcid.org/0000-0001-5555-8982
https://orcid.org/0000-0002-2539-673X
https://orcid.org/0000-0002-4860-6779
https://orcid.org/0000-0003-3711-7547
https://orcid.org/0000-0002-2014-3864
https://orcid.org/0000-0001-9398-953X
https://orcid.org/0000-0003-1231-6347
https://orcid.org/0000-0003-1618-3617
https://orcid.org/0000-0001-5513-0927
https://orcid.org/0000-0002-7312-3699
https://orcid.org/0000-0003-2437-8078
https://orcid.org/0000-0003-3016-1879
https://orcid.org/0000-0001-6915-9923
https://orcid.org/0000-0003-3441-583X
https://orcid.org/0000-0002-3153-430X
https://orcid.org/0000-0003-0030-3813
https://orcid.org/0000-0002-2351-3998
https://orcid.org/0000-0002-4675-4209
https://orcid.org/0000-0003-2364-2877
https://orcid.org/0000-0002-5938-4286
https://orcid.org/0000-0002-0196-910X
https://orcid.org/0000-0002-6308-5078
https://orcid.org/0000-0001-5266-2442
https://orcid.org/0000-0003-1394-509X
https://orcid.org/0000-0003-1984-4759
https://orcid.org/0000-0001-9900-6514
https://orcid.org/0000-0002-3721-4585
https://orcid.org/0000-0002-4274-5583
https://orcid.org/0000-0003-1052-2198
https://orcid.org/0009-0008-1868-2165
https://orcid.org/0000-0003-3900-3914
https://orcid.org/0000-0002-3821-3998
https://orcid.org/0000-0001-6559-2084
https://orcid.org/0000-0002-1084-0084
https://orcid.org/0009-0000-8700-9910
https://orcid.org/0000-0001-6862-6876
https://orcid.org/0000-0003-3674-0812
https://orcid.org/0000-0003-2342-8854
https://orcid.org/0000-0002-2430-782X
https://orcid.org/0000-0003-4727-831X
https://orcid.org/0000-0002-2741-9966
https://orcid.org/0000-0003-2103-7577
https://orcid.org/0000-0001-9921-687X
https://orcid.org/0000-0002-3761-209X
https://orcid.org/0000-0002-5250-2948
https://orcid.org/0000-0002-4625-559X
https://orcid.org/0000-0003-2130-1593
https://orcid.org/0000-0003-3160-482X
https://orcid.org/0000-0001-5501-5611
https://orcid.org/0000-0001-9400-3322
https://orcid.org/0000-0003-3177-2700
https://orcid.org/0000-0003-3179-2525
https://orcid.org/0000-0002-0813-3065
https://orcid.org/0000-0001-9391-8619
https://orcid.org/0000-0001-8300-5939
https://orcid.org/0000-0001-7348-3312
https://orcid.org/0000-0002-8716-4440
https://orcid.org/0000-0002-2745-7954
https://orcid.org/0000-0003-2375-6030
https://orcid.org/0000-0003-2420-0501
https://orcid.org/0000-0001-8192-8377
https://orcid.org/0000-0001-7267-6008
https://orcid.org/0009-0008-7115-3940
https://orcid.org/0000-0002-6025-6193
https://orcid.org/0009-0004-1782-7642
https://orcid.org/0000-0001-7933-0835
https://orcid.org/0000-0002-6069-8995
https://orcid.org/0000-0003-1484-0943
https://orcid.org/0000-0003-0714-8991
https://orcid.org/0000-0002-3612-1651
https://orcid.org/0000-0003-2316-8829
https://orcid.org/0000-0002-8090-563X
https://orcid.org/0000-0002-8512-8219
https://orcid.org/0000-0001-8883-6539
https://orcid.org/0000-0002-8009-1509
https://orcid.org/0000-0001-6829-7777
https://orcid.org/0000-0002-6769-3679
https://orcid.org/0000-0002-2860-6528
https://orcid.org/0000-0002-0075-8669
https://orcid.org/0000-0002-3183-5065
https://orcid.org/0000-0002-5170-0635
https://orcid.org/0000-0003-0622-1069
https://orcid.org/0000-0002-6661-1192
https://orcid.org/0000-0003-2597-8796
https://orcid.org/0000-0001-5934-7541
https://orcid.org/0000-0003-2135-9568
https://orcid.org/0000-0001-5399-326X
https://orcid.org/0000-0002-8254-7274
https://orcid.org/0000-0001-5603-4750
https://orcid.org/0000-0002-6159-4557
https://orcid.org/0000-0002-0805-1561
https://orcid.org/0000-0002-2132-2071
https://orcid.org/0000-0001-8416-5416
https://orcid.org/0000-0002-8189-8267
https://orcid.org/0000-0003-0523-495X
https://orcid.org/0000-0001-8080-0769
https://orcid.org/0000-0001-6216-1596
https://orcid.org/0000-0003-2500-8247
https://orcid.org/0000-0002-3064-9834
https://orcid.org/0000-0002-7318-482X
https://orcid.org/0000-0002-9224-914X
https://orcid.org/0000-0002-7822-3947
https://orcid.org/0000-0003-3353-9750
https://orcid.org/0000-0001-5570-0133
https://orcid.org/0000-0003-2501-9608
https://orcid.org/0000-0001-8461-8382
https://orcid.org/0000-0003-2868-2173
https://orcid.org/0000-0001-6571-4096
https://orcid.org/0000-0003-4647-6429
https://orcid.org/0000-0001-7907-4261
https://orcid.org/0000-0001-8212-846X
https://orcid.org/0000-0002-7770-1839
https://orcid.org/0000-0001-5813-7972
https://orcid.org/0000-0003-0386-4923
https://orcid.org/0000-0001-5360-0091
https://orcid.org/0000-0002-8967-3644
https://orcid.org/0000-0001-5635-6063
https://orcid.org/0000-0001-8829-9681
https://orcid.org/0009-0004-8932-4024
https://orcid.org/0000-0002-2916-7184
https://orcid.org/0000-0003-3676-5040
https://orcid.org/0000-0002-4057-4274
https://orcid.org/0000-0002-5115-0581
https://orcid.org/0000-0001-8857-1665
https://orcid.org/0000-0001-7552-400X
https://orcid.org/0000-0002-6825-6497
https://orcid.org/0009-0002-6342-5965
https://orcid.org/0000-0001-5730-8434
https://orcid.org/0000-0002-2234-0001
https://orcid.org/0000-0002-9257-839X
https://orcid.org/0000-0002-4947-2928
https://orcid.org/0009-0005-1427-6520
https://orcid.org/0000-0003-0959-3853
https://orcid.org/0000-0002-2231-1374
https://orcid.org/0000-0002-5556-1775
https://orcid.org/0000-0002-7958-2917
https://orcid.org/0000-0001-7641-7505
https://orcid.org/0000-0002-3804-8734
https://orcid.org/0000-0001-8162-4277
https://orcid.org/0000-0001-9616-6651
https://orcid.org/0009-0000-1763-6759
https://orcid.org/0009-0005-8756-0960
https://orcid.org/0000-0003-2714-2706
https://orcid.org/0000-0002-1465-0077
https://orcid.org/0000-0001-8177-0856
https://orcid.org/0000-0002-6986-9404
https://orcid.org/0000-0001-6445-4907
https://orcid.org/0009-0008-7974-3785
https://orcid.org/0000-0002-1529-8087
https://orcid.org/0000-0003-3605-832X
https://orcid.org/0000-0001-7828-3694
https://orcid.org/0000-0001-6265-8412
https://orcid.org/0000-0001-9384-6926
https://orcid.org/0000-0002-3712-7318
https://orcid.org/0000-0002-9199-8616
https://orcid.org/0000-0002-3139-3332
https://orcid.org/0000-0001-6454-278X
https://orcid.org/0000-0002-8227-4544
https://orcid.org/0000-0002-2855-0544
https://orcid.org/0000-0002-5924-2683
https://orcid.org/0000-0002-1407-1729
https://orcid.org/0000-0003-3018-5707
https://orcid.org/0000-0001-7894-8799
https://orcid.org/0000-0002-8894-6292
https://orcid.org/0000-0002-4174-6509
https://orcid.org/0000-0001-6349-0033
https://orcid.org/0000-0001-8771-3115
https://orcid.org/0000-0001-5534-1732
https://orcid.org/0000-0002-2522-6722
https://orcid.org/0000-0002-1940-6276
https://orcid.org/0000-0003-1409-1428
https://orcid.org/0000-0001-8403-0706
https://orcid.org/0000-0003-4971-7160
https://orcid.org/0000-0002-8096-3792
https://orcid.org/0000-0003-0182-8638
https://orcid.org/0000-0002-6564-040X
https://orcid.org/0000-0002-5438-9176
https://orcid.org/0000-0002-0025-4663
https://orcid.org/0000-0003-3719-119X
https://orcid.org/0000-0001-6427-4746
https://orcid.org/0000-0003-1728-8525
https://orcid.org/0000-0001-8120-3296
https://orcid.org/0000-0002-8964-5109
https://orcid.org/0000-0002-0656-8647
https://orcid.org/0000-0002-8579-844X
https://orcid.org/0000-0002-9850-4965
https://orcid.org/0000-0003-3272-6001
https://orcid.org/0000-0003-1699-8816
https://orcid.org/0000-0001-5706-7255
https://orcid.org/0000-0002-5821-1674
https://orcid.org/0009-0005-4053-1222
https://orcid.org/0009-0009-5577-1308
https://orcid.org/0000-0002-6066-7232
https://orcid.org/0000-0002-1285-3911
https://orcid.org/0000-0002-8912-4653
https://orcid.org/0000-0003-3598-0427
https://orcid.org/ 0009-0006-5064-966X
https://orcid.org/0000-0002-6528-8178
https://orcid.org/0000-0002-6407-6974
https://orcid.org/0009-0006-1867-9674


D. Karpenkov44 , A. Kauniskangas50 , J.W. Kautz66 , M.K. Kazanecki41, F. Keizer49 ,
M. Kenzie56 , T. Ketel38 , B. Khanji69 , A. Kharisova44 , S. Kholodenko35,49 ,
G. Khreich14 , T. Kirn17 , V.S. Kirsebom31,n , O. Kitouni65 , S. Klaver39 ,
N. Kleijne35,q , K. Klimaszewski42 , M.R. Kmiec42 , S. Koliiev53 , L. Kolk19 ,
A. Konoplyannikov44 , P. Kopciewicz40,49 , P. Koppenburg38 , M. Korolev44 ,
I. Kostiuk38 , O. Kot53, S. Kotriakhova , A. Kozachuk44 , P. Kravchenko44 ,
L. Kravchuk44 , M. Kreps57 , P. Krokovny44 , W. Krupa69 , W. Krzemien42 ,
O.K. Kshyvanskyi53, S. Kubis80 , M. Kucharczyk41 , V. Kudryavtsev44 , E. Kulikova44 ,
A. Kupsc82 , B. K. Kutsenko13 , D. Lacarrere49 , P. Laguarta Gonzalez46 , A. Lai32 ,
A. Lampis32 , D. Lancierini56 , C. Landesa Gomez47 , J.J. Lane1 , R. Lane55 ,
G. Lanfranchi28 , C. Langenbruch22 , J. Langer19 , O. Lantwin44 , T. Latham57 ,
F. Lazzari35,r , C. Lazzeroni54 , R. Le Gac13 , H. Lee61 , R. Lefèvre11 , A. Leflat44 ,
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F. Molina Cardenas83 , T. Mombächer49 , M. Monk57,1 , S. Monteil11 ,
A. Morcillo Gomez47 , G. Morello28 , M.J. Morello35,q , M.P. Morgenthaler22 ,
J. Moron40 , W. Morren38 , A.B. Morris49 , A.G. Morris13 , R. Mountain69 ,
H. Mu4,b , Z. M. Mu6 , E. Muhammad57 , F. Muheim59 , M. Mulder78 , K. Müller51 ,
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