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Abstract

A combined amplitude analysis is performed for the decays B0 ! D0D+
s ⇡

� and
B+ ! D�D+

s ⇡
+, which are related by isospin symmetry. The analysis is based on

data collected by the LHCb detector in proton-proton collisions at center-of-mass
energies of 7, 8 and 13 TeV. The full data sample corresponds to an integrated
luminosity of 9 fb�1. Two new resonant states with masses of 2.908 ± 0.011 ±
0.020GeV and widths of 0.136± 0.023± 0.013GeV are observed, which decay to
D+

s ⇡
+ and D+

s ⇡
� respectively. The former state indicates the first observation of

a doubly charged open-charm tetraquark state with minimal quark content [cs̄ud̄],
and the latter state is a neutral tetraquark composed of [cs̄ūd] quarks. Both states
are found to have spin-parity 0+, and their resonant parameters are consistent with
each other, which suggests that they belong to an isospin triplet.
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In the quark model, tetraquark hadrons are predicted in addition to the conventional
mesons and baryons [1]. States composed of four di↵erent quark types present unambigu-
ous evidence for tetraquarks [2] and have attracted great interest in studies of hadron
spectroscopy [3]. The discoveries of the D⇤

s0(2317)
+ [4] and Ds1(2460)+ [5] states prompted

speculation that they may have a tetraquark component [6,7], but no evidence for isospin
partners was found in explicit searches [8, 9]. The D0 collaboration claimed evidence
for an X(5568) state with quark configuration of [bs̄ud̄] in decays to B0

s⇡
± [10, 11]. Its

existence, however, has not been confirmed by other experiments [12–15].
In the open charm sector, it is natural to search for D+

s ⇡
± resonances, which would be

candidate tetraquark states with minimal quark content of [cs̄ud̄] and [cs̄ūd] as predicted
in the diquark-antidiquark model [16, 17]. In particular, an attractive potential in the
D+

s ⇡
+ channel facilitates searches for an open-charm tetraquark state according to lattice

QCD calculation [18].
In 2020, two new resonant structures, X0(2900) and X1(2900), were observed by the

LHCb collaboration in the D�K+ mass spectrum of the B+! D+D�K+ decay [19,20],
motivating theoretical speculation as to their nature [3]. Predictions of a doubly charged
tetraquark [cs̄ud̄] and its isospin partner [cs̄ūd] were made based on those observations [21–
26].

The decays B0 ! D0D+
s ⇡

� and B+ ! D�D+
s ⇡

+ are ideal channels in which to search
for possible exotic states decaying to Ds⇡. The only resonances expected to contribute
to the two decays are excited D⇤ resonances decaying to D0⇡� and D�⇡+ final states,
which have been extensively studied [6, 7, 27–29]. Any resonant structure that cannot
be described by the known D⇤ excited states (D0⇡� or D�⇡+) implies the existence of
potential exotic objects decaying into either Ds⇡ or DDs final states.1

A combined amplitude analysis of the B0 ! D0D+
s ⇡

� and B+ ! D�D+
s ⇡

+ decays
is performed, where the amplitudes in the two decay modes are related through isospin
symmetry. The analysis is based on proton-proton collision data collected with the LHCb
detector, corresponding to a total integrated luminosity of 9 fb�1 at center-of-mass energies
7, 8 and 13TeV.

The LHCb detector is a single-arm forward spectrometer covering the pseudorapidity
range 2 < ⌘ < 5, described in detail in Refs. [30, 31]. It is designed specifically for the
study of particles containing b or c quarks. Simulation is required to model the e↵ects of
the detector acceptance and the imposed selection requirements. The simulated samples
are generated with Pythia [32], EvtGen [33] and the Geant4 toolkits [34] as described
in Ref. [35].

A brief summary of the selections is given here and further details can be found in
Ref. [36]. Charmed mesons are reconstructed using the D0 ! K+⇡�, D0 ! K+⇡�⇡�⇡+,
D� ! K+⇡�⇡� and D+

s ! K+K�⇡+ decays. The invariant mass M of the D0⇡� pair is
required to be larger than 2050MeV (natural units with ~ = c = 1 are used throughout)
to veto the majority of the D⇤(2010)� contribution from the B0 ! D⇤�D+

s decay. A
multivariate classifier, based on a boosted decision tree (BDT) [37,38] algorithm in the
TMVA toolkit [39], is employed to reduce combinatorial backgrounds. In addition, non-
double-charm backgrounds are reduced by requirements on the D meson mass and by
requiring a significant flight distance of the reconstructed D candidates from the B decay
vertex.

1Charge conjugation is implied throughout this Letter.
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Figure 1: Dalitz plots of (a) B0 ! D0D+
s ⇡

� and (b) B+ ! D�D+
s ⇡

+ decays after the full
selection is applied.

After the above selections, 4009 B0 ! D0D+
s ⇡

� candidates and 3750 B+ ! D�D+
s ⇡

+

candidates are retained. Extended maximum likelihood fits are performed to the D0D+
s ⇡

�

and D�D+
s ⇡

+ invariant-mass distributions separately in order to extract signal yields, all
in the range [5230, 5630]MeV. The purities of the B0 ! D0D+

s ⇡
� and B+ ! D�D+

s ⇡
+

samples are 90.7% and 95.2%, respectively. Dalitz plots for the two decays, shown in
Fig. 1, show similar features as a result of the isospin symmetry of the decays, indicating
the feasibility of a combined treatment. The vertical band at M2(D⇡) ⇡ 6GeV2 corre-
sponds to the JP = 2+ state D⇤

2(2460) (D
⇤
2(2460)

� in B0 ! D0D+
s ⇡

� and D⇤
2(2460)

0 in
B+ ! D�D+

s ⇡
+ decays). Furthermore, a faint horizontal band at M2(D+

s ⇡) ⇡ 8.5GeV2

is visible in both plots.
The conventional contributions anticipated in the two decays include tails from

the D⇤(2010)� and D⇤(2007)0 resonances in B+ ! D�D+
s ⇡

+ and B0 ! D0D+
s ⇡

� de-
cays, respectively, in addition to the higher excited D⇤

2(2460), D⇤
1(2600), D⇤

3(2750),
D⇤

1(2760) and D(3000) states [6]. In previous measurements, only the neutral
D⇤

1(2600)
0, D⇤

1(2760)
0 and D(3000)0 mesons were observed, while their charged part-

ners were not. For the D⇡ S-wave components, a quasi-model-independent (QMI)
method [29] is applied where 11 spline points are chosen in the M(D⇡) spectrum, at
(1.9, 2.0, 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.9, 3.4)GeV. As isospin symmetry is imposed, these
excited D⇤ states are added in both channels before testing the exotic states decaying
either to the D+

s ⇡ or DD+
s final state.

The complex amplitude Ai(x;⇥i) for the decay through each intermediate state i is
constructed using the helicity formalism, where x denotes variables calculated from the
four-momenta of the final-state particles in each event, and ⇥ is a set of model parameters.
A relativistic Breit–Wigner function is used to describe the lineshape of the resonant states,
where the resonant parameters are fixed to their known values [6]. The total amplitude
A(x;⇥) is the sum of the complex amplitudes for each contribution. The spin-parity of
the D(3000)0 state is currently unknown. The 4+ spin-parity assignment is found to be
the most likely [36] and is used in the default model here. In the QMI component, the
amplitudes of the first and last spline points are fixed to 0.

A negative-log-likelihood, �
PN

j lnP (xj;⇥), is minimized to determine the fit pa-
rameters, where N denotes the number of B meson candidates. The probability density
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Figure 2: Distributions of (a) M(D0⇡�); (b) M(D+
s ⇡

�); (c) M(D0D+
s ) for the D⇡ components

of the B0 ! D0D+
s ⇡

� candidates; and (d) M(D�⇡+); (e) M(D+
s ⇡

+); (f) M(D�D+
s ) of the

B+ ! D�D+
s ⇡

+ candidates. The data are overlaid with the results of the fits.

function, PDF, is defined as

P (x;⇥) = fsig · P norm
sig (x;⇥) + fbkg · P norm

bkg (x), (1)

where the fractions are determined from the fit to the invariant mass distribution of B
candidates. The normalized PDF for the signal is expressed as

P norm
sig (x;⇥) =

✏(x)|A (x;⇥) |2

Isig (⇥)
. (2)

The factor Isig(⇥) is the signal PDF normalisation, obtained using a simulated sample
generated uniformly over the phase space. The e�ciency map, ✏(x), is the signal e�ciency
derived from the simulated samples after applying all the selection criteria, and smoothed
using a kernel density estimation method [40]. The background PDF is obtained from
the Dalitz plot distribution of data in the ranges [5400, 5700]MeV for B+ decays, and
[5500, 5700]MeV for B0 decays to avoid tails from B0

s ! D0D+
s ⇡

� decays. The extrapola-
tion into the signal region of |M(B)�m(B)| < 20MeV is based on a Gaussian process [41].
Here M(B) and m(B) are the candidate mass and known mass [6] of B0 or B+ mesons.

A simultaneous fit is performed to the two decay samples, where all parameters are
shared except the masses, widths and complex parameters of di↵erent excited D⇤(2007)0

and D⇤(2010)� states. The projections of the fit results are shown in Fig. 2, only taking
D⇡ components into account. The models describe the data well in the di↵erent invariant
mass projections, except for the M(D+

s ⇡) distributions, where peaking structures near
2.9GeV in the data cannot be attributed to any D⇡ component. Additional fits are
attempted where new D⇤ states with di↵erent spin-parities are added, allowing their
masses and widths to vary freely, but no satisfactory description of this region is found.
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(a) (b)

Figure 3: Distributions of (a) M(D+
s ⇡

�) of B0 ! D0D+
s ⇡

� decays; and (b) M(D+
s ⇡

+) for the
B+ ! D�D+

s ⇡
+ sample. The data are overlaid with the fit results with the inclusion of the new

0+ D+
s ⇡ resonant states.

Two D+
s ⇡ states are introduced and, under isospin symmetry, they share the following

resonance parameters: the complex amplitude factor, the mass and the width of the
states. The M(D+

s ⇡) distributions of the fit results are shown in Fig. 3, while the other
projections are shown in Fig. S1 of the Supplemental Material [42]. Figure S2 of the
Supplemental Material [42] shows the fit projection onto M(D+

s ⇡) with and without
the additional D+

s ⇡ states in the region of M(D⇡) > 2.7GeV, where most of the D⇤⇤

contributions are suppressed. The peaks in the M(D+
s ⇡) distribution near 2.9GeV, as

well as the dip near 3.0GeV, are better described.
Di↵erent spin-parity scenarios are tested. The result with JP = 0+ D+

s ⇡ states
produces the best likelihood, and is taken as the default fit result. The mass and width
are determined to be 2.909± 0.010GeV and 0.134± 0.019GeV, respectively. The other
parameters of the result are given in Table S1 of the Supplemental Material [42]. Following
the convention in Ref. [43], the new states are named T a

cs̄0(2900)
0 and T a

cs̄0(2900)
++. The

M(Ds⇡) mass resolution is estimated to be approximately 4MeV near the T a
cs̄0(2900)

measured mass, which is much smaller than the width of the T a
cs̄0(2900) state, and

is therefore neglected. When using separate parameters for the T a
cs̄0(2900)

0 state in
B0 ! D0D+

s ⇡
� decays and the T a

cs̄0(2900)
++ state in B+ ! D�D+

s ⇡
+ decays, without

changing the treatment of the other states, the masses and widths are found to be
2.894± 0.011GeV and 0.121± 0.020GeV for the T a

cs̄0(2900)
0 state, and 2.922± 0.012GeV

and 0.138± 0.029GeV for the T a
cs̄0(2900)

++ state. The fit parameters are consistent with
the earlier result, as expected given the isospin symmetry of the decays.

To estimate the significance of the new T a
cs̄0(2900) state, pseudoexperiments are

generated without the state, and fitted both with and without the T a
cs̄0(2900) state. The

sample size of each pseudoexperiment is Poisson-fluctuated around the number of the
observed candidates. Events are generated in the six channels separately, modeled by their
individual background and e�ciency maps. The doubled di↵erence of the log-likelihood
2�LL of the two fit results should follow a �2 distribution, where the number of degrees
of freedom Ndf is a fit parameter. Using 500 pseudoexperiments, Ndf is determined to
be 6.99 ± 0.17. In the obtained �2 distribution, the value of 2�LL from collision data
corresponds to a significance greater than 9 standard deviations (�).

Among other tested JP hypotheses beyond the default 0+, only the 1� D+
s ⇡ state
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Figure 4: Spin analysis for the JP = 0+ hypothesis over JP = 1�. The solid blue and black
dashed histograms are the distributions of the 2�LL of the pseudoexperiments based on the fit
results with the 0+ and 1+ hypotheses, respectively. The purple vertical line shows the 2�LL of
the data fitted with the new D+

s ⇡ exotic state under the JP = 0+ and JP = 1� hypotheses. The
red curve shows the result of a fit with the Gaussian function to the black dashed histogram.

leads to a large significance of 6.3 � (Ndf = 6.99), while the other cases are not significant.
A test of the hypothesis with the simultaneous presence of a 0+ T a

cs̄0(2900) state and a
1� D+

s ⇡ state yields a significance of 1.3 � (Ndf = 6.99), suggesting there is no need in
this analysis to include it. Additional D⇡, D+

s ⇡ and DD+
s resonances with spin-parity

hypotheses up to 4+ are tested with and without the T a
cs̄0(2900) exotic states. In all

cases the additional contributions are disfavored, while the T a
cs̄0(2900) significance remains

above 5 � with mass and width parameters consistent with the default results.
Pseudoexperiments are performed to confirm the spin-parity of the T a

cs̄0(2900) state.
A set of 500 pseudoexperiments is generated from the default fit results, another 500
pseudoexperiments are generated from the fit results with a 1� D+

s ⇡ exotic state included.
Each pseudoexperiment distribution is fitted both under the JP = 0+ hypothesis and
JP = 1� hypothesis, and the 2�LL are evaluated, shown in Fig. 4. The 2�LL value in
data corresponds to a significance of about 7.5 �. This demonstrates that the JP = 0+

hypothesis for the T a
cs̄0(2900) state is favored with a high significance.

The Argand diagram [6] of the T a
cs̄0(2900) state, which is expected to have a circular

form, is shown in Fig. 5. An additional fit, in which the Breit–Wigner lineshape of the
T a
cs̄0(2900) state is replaced by seven spline points on M(D+

s ⇡), is performed. The complex
factor associated to each point is free to vary. The lineshape of the D+

s ⇡ spline model,
also shown in Fig. 5, is consistent with the Breit–Wigner lineshape, and further supports
the resonant character of the T a

cs̄0(2900) state.
The sources of systematic uncertainty in the amplitude analysis fall into four categories:

the B meson signal yields, the background model, the e�ciency map, and the fixed
parameters in the fit. The dominant systematic uncertainties arise from the fixed Blatt-
Weisskopf radius and D⇤ resonant parameters. Systematic uncertainties due to the Blatt-
Weisskopf radius are estimated by varying the parameter from 3.0GeV�1 to 1.5GeV�1 and
4.5GeV�1. Systematic uncertainties associated with the fixed D⇤ parameters include those
related to the masses and widths of the D⇤ resonances, which are allowed to vary but are

5



Figure 5: Argand diagram for the T a
cs̄0(2900) exotic state. The green star and black dots show

the start point and phase variation for a T a
cs̄0(2900) Breit–Wigner function. The red solid line

shows the fitted spline function used to model the JP = 0+ D+
s ⇡ component in the T a

cs̄0(2900)
mass region, and the blue error bars show the uncertainties on the values of the spline at the
knots.

constrained to their measured values according to their uncertainties. The spline points
are shifted by ±10MeV, and the number of spline points is varied by ±1 to explore their
impact. The JP hypothesis of the D(3000) state is changed to 2+, the next most probable
JP hypothesis, in the systematic uncertainty study. The total systematic uncertainty is
determined by combining all contributions in quadrature. The minimal significance during
the variation of the sources of systematic uncertainties is taken as the final significance of
the resonance. Possible biases of fit parameters are studied with pseudoexperiments. A set
of 500 pseudoexperiments is generated with the default fit results, and fitted with the same
model. The distribution of each fit parameter is fitted with a Gaussian function. Both the
residual (µpseudo � µdefault) and pull distributions (µpseudo � µdefault)/�pseudo are obtained
from the pseudoexperiments, and used to correct the mean values and uncertainties of
the fit results.

In summary, a combined amplitude analysis of the B0 ! D0D+
s ⇡

� and B+ ! D�D+
s ⇡

+

decays is performed, under the assumption of isospin symmetry, to determine the con-
tributions of intermediate states in the decays. Considering only resonant contributions
of D⇤ mesons, the M(D⇡) distributions in the two B decay channels are well modelled,
but in the M(Ds⇡) projection of each channel, peaking structures near 2.9GeV are not
well described. Two new Ds⇡ exotic resonances are included in the fit model. Assuming
the neutral D+

s ⇡
� resonance and the doubly charged D+

s ⇡
+ resonance belong to the same

isospin triplet, the common mass and width are determined to be

M = 2.908± 0.011± 0.020GeV,

� = 0.136± 0.023± 0.013GeV,

where the first and second uncertainties are statistical and systematic, respectively. The

6



spin-parity is determined to be 0+ with a significance of about 7.5 � with respect to the
1� hypothesis. After considering the systematic uncertainties, the significance of the
T a
cs̄0(2900) state is estimated to be greater than 9�, taking into account the look-elsewhere

e↵ect. Meanwhile, amplitude fits with separate T a
cs̄0(2900)

0 and T a
cs̄0(2900)

++ resonance
parameters are also performed. The masses and widths of the two resonances are

T a
cs̄0(2900)

0 : M = 2.892± 0.014± 0.015GeV,

� = 0.119± 0.026± 0.013GeV,

T a
cs̄0(2900)

++ : M = 2.921± 0.017± 0.020GeV,

� = 0.137± 0.032± 0.017GeV,

which are in good agreement. The significance of the two resonances is found to be
8.0 � (Ndf = 7.29) for the T a

cs̄0(2900)
0 state and 6.5 � (Ndf = 8.53) for the T a

cs̄0(2900)
++

state, including systematic e↵ects. The additional details are described in Ref. [36]. This
is the first observation of a doubly charged tetraquark candidate, T a

cs̄0(2900)
++([cs̄ud̄]),

and of its neutral isospin partner, T a
cs̄0(2900)

0([cs̄ūd]). They belong to a new type of
open-charm tetraquark states with c and s̄ quarks. The obtained mass of the T a

cs̄0(2900)
state is consistent with that of another 0+ open-charm tetraquark, the X0(2900)0([csūd̄])
state discovered in the D+K� final state [19, 20], but their widths and flavor contents
are di↵erent. The observation of the T a

cs̄0(2900) states is a significant step in the study of
exotic hadron spectroscopy.
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S. Mokhnenko38 , T. Mombächer40 , M. Monk50,63 , I.A. Monroy69 , S. Monteil9 ,
M. Morandin28 , G. Morello23 , M.J. Morello29,q , J. Moron34 , A.B. Morris70 ,
A.G. Morris50 , R. Mountain62 , H. Mu3 , E. Muhammad50 , F. Muheim52 ,
M. Mulder73 , K. Müller44 , C.H. Murphy57 , D. Murray56 , R. Murta55 ,
P. Muzzetto27,h , P. Naik48 , T. Nakada43 , R. Nandakumar51 , T. Nanut42 ,
I. Nasteva2 , M. Needham52 , N. Neri25,l , S. Neubert70 , N. Neufeld42 , P. Neustroev38,
R. Newcombe55, J. Nicolini15,11 , E.M. Niel43 , S. Nieswand14, N. Nikitin38 ,
N.S. Nolte58 , C. Normand8,h,27 , J. Novoa Fernandez40 , C. Nunez78 ,
A. Oblakowska-Mucha34 , V. Obraztsov38 , T. Oeser14 , D.P. O’Hanlon48 ,
S. Okamura21,i , R. Oldeman27,h , F. Oliva52 , C.J.G. Onderwater73 , R.H. O’Neil52 ,
J.M. Otalora Goicochea2 , T. Ovsiannikova38 , P. Owen44 , A. Oyanguren41 ,
O. Ozcelik52 , K.O. Padeken70 , B. Pagare50 , P.R. Pais42 , T. Pajero57 ,
A. Palano19 , M. Palutan23 , Y. Pan56 , G. Panshin38 , L. Paolucci50 ,
A. Papanestis51 , M. Pappagallo19,f , L.L. Pappalardo21,i , C. Pappenheimer59 ,
W. Parker60 , C. Parkes56 , B. Passalacqua21,i , G. Passaleva22 , A. Pastore19 ,
M. Patel55 , C. Patrignani20,g , C.J. Pawley74 , A. Pearce42 , A. Pellegrino32 ,
M. Pepe Altarelli42 , S. Perazzini20 , D. Pereima38 , A. Pereiro Castro40 , P. Perret9 ,
M. Petric53, K. Petridis48 , A. Petrolini24,k , A. Petrov38, S. Petrucci52 , M. Petruzzo25 ,
H. Pham62 , A. Philippov38 , R. Piandani6 , L. Pica29,q , M. Piccini72 , B. Pietrzyk8 ,
G. Pietrzyk11 , M. Pili57 , D. Pinci30 , F. Pisani42 , M. Pizzichemi26,m,42 ,
V. Placinta37 , J. Plews47 , M. Plo Casasus40 , F. Polci13,42 , M. Poli Lener23 ,
M. Poliakova62, A. Poluektov10 , N. Polukhina38 , I. Polyakov42 , E. Polycarpo2 ,

13

https://orcid.org/0000-0001-8774-8270
https://orcid.org/0000-0002-2073-711X
https://orcid.org/0000-0003-4688-0050
https://orcid.org/0009-0000-2192-995X
https://orcid.org/0000-0003-4937-2270
https://orcid.org/0009-0005-6974-140X
https://orcid.org/0000-0003-0658-4919
https://orcid.org/0000-0003-1633-0496
https://orcid.org/0000-0002-5443-4870
https://orcid.org/0000-0003-1587-4555
https://orcid.org/0000-0001-5241-8642
https://orcid.org/0000-0002-5816-9488
https://orcid.org/0000-0002-2360-2392
https://orcid.org/0000-0002-9467-8001
https://orcid.org/0000-0002-3454-7261
https://orcid.org/0000-0002-0322-5550
https://orcid.org/0000-0003-2384-5973
https://orcid.org/0000-0002-7195-8537
https://orcid.org/0000-0002-3151-3453
https://orcid.org/0000-0002-4094-1273
https://orcid.org/0000-0002-7551-6971
https://orcid.org/0000-0003-3523-9479
https://orcid.org/0000-0002-6917-6210
https://orcid.org/0000-0001-9619-6666
https://orcid.org/0000-0003-3192-6175
https://orcid.org/0000-0003-3509-1240
https://orcid.org/0000-0002-2589-240X
https://orcid.org/0000-0002-3966-2998
https://orcid.org/0000-0001-6640-7274
https://orcid.org/0000-0001-5012-6013
https://orcid.org/0000-0002-2366-9554
https://orcid.org/0000-0002-2243-8412
https://orcid.org/0000-0003-2740-9765
https://orcid.org/0000-0002-1603-3646
https://orcid.org/0000-0001-5455-3768
https://orcid.org/0000-0002-5241-2555
https://orcid.org/0000-0002-5723-0961
https://orcid.org/0000-0003-2043-4669
https://orcid.org/0000-0003-0755-8413
https://orcid.org/0000-0002-5277-9103
https://orcid.org/0000-0001-7587-3365
https://orcid.org/0000-0001-6052-8243
https://orcid.org/0000-0002-5541-6500
https://orcid.org/0000-0003-4451-214X
https://orcid.org/0000-0002-4234-435X
https://orcid.org/0000-0001-5961-6588
https://orcid.org/0000-0001-6658-1993
https://orcid.org/0000-0003-4658-6361
https://orcid.org/0000-0002-6919-227X
https://orcid.org/0000-0002-6842-7348
https://orcid.org/0000-0002-2375-9509
https://orcid.org/0000-0003-4176-1503
https://orcid.org/0000-0003-3898-7464
https://orcid.org/0000-0003-1874-8407
https://orcid.org/0000-0003-1168-9547
https://orcid.org/0000-0002-6323-5582
https://orcid.org/0000-0001-9892-5113
https://orcid.org/0000-0002-9433-054X
https://orcid.org/0000-0003-4416-6961
https://orcid.org/0000-0002-8196-1828
https://orcid.org/0000-0003-4937-7637
https://orcid.org/0000-0002-3697-8129
https://orcid.org/0000-0001-6823-2607
https://orcid.org/0000-0002-0630-5185
https://orcid.org/0009-0001-8755-2937
https://orcid.org/0000-0003-0312-3914
https://orcid.org/0000-0002-1072-5633
https://orcid.org/0000-0002-6876-3288
https://orcid.org/0000-0002-7053-4951
https://orcid.org/0000-0001-5689-9578
https://orcid.org/0009-0004-5695-8274
https://orcid.org/0000-0002-0152-2412
https://orcid.org/0000-0002-9571-7535
https://orcid.org/0000-0002-4644-5916
https://orcid.org/0000-0001-6651-9436
https://orcid.org/0000-0003-0171-7890
https://orcid.org/0009-0003-8228-0404
https://orcid.org/0009-0007-6216-7155
https://orcid.org/0000-0002-9390-8821
https://orcid.org/0000-0003-1652-8005
https://orcid.org/0000-0001-5704-3499
https://orcid.org/0000-0003-2744-3656
https://orcid.org/0000-0002-8179-0707
https://orcid.org/0000-0003-0062-1985
https://orcid.org/0000-0002-3731-9977
https://orcid.org/0000-0002-2120-5633
https://orcid.org/0000-0003-1960-4413
https://orcid.org/0000-0003-1144-3678
https://orcid.org/0000-0002-2490-435X
https://orcid.org/0000-0002-9915-6587
https://orcid.org/0000-0001-8114-3078
https://orcid.org/0000-0001-9099-4878
https://orcid.org/0000-0002-4111-0797
https://orcid.org/0000-0002-5055-7224
https://orcid.org/0000-0002-7298-3101
https://orcid.org/0000-0003-0529-6982
https://orcid.org/0000-0002-2867-722X
https://orcid.org/0000-0002-9863-4954
https://orcid.org/0000-0002-6150-3168
https://orcid.org/0000-0002-8663-9037
https://orcid.org/0000-0002-8996-795X
https://orcid.org/0000-0003-4792-9178
https://orcid.org/0000-0002-6438-4483
https://orcid.org/0000-0001-6841-6035
https://orcid.org/0000-0002-3264-3401
https://orcid.org/0000-0002-7380-6190
https://orcid.org/0000-0001-8713-6119
https://orcid.org/0000-0002-9428-4715
https://orcid.org/0000-0003-4665-5451
https://orcid.org/0000-0002-4047-4521
https://orcid.org/0000-0003-2222-7727
https://orcid.org/0000-0003-1664-8963
https://orcid.org/0000-0002-7366-4364
https://orcid.org/0000-0002-9331-1363
https://orcid.org/0000-0002-3687-9630
https://orcid.org/0000-0002-3038-7301
https://orcid.org/0009-0004-7045-2181
https://orcid.org/0000-0001-8993-3234
https://orcid.org/0000-0002-5477-3995
https://orcid.org/0000-0001-5023-2086
https://orcid.org/0000-0001-7144-0175
https://orcid.org/0000-0003-0875-2533
https://orcid.org/0000-0002-1947-8034
https://orcid.org/0000-0002-4266-1726
https://orcid.org/0000-0003-1667-7115
https://orcid.org/0000-0003-1836-0189
https://orcid.org/0000-0003-0818-4695
https://orcid.org/0000-0002-0374-5310
https://orcid.org/0000-0002-2622-8551
https://orcid.org/0000-0003-4232-5615
https://orcid.org/0000-0002-6969-2063
https://orcid.org/0000-0001-7450-1121
https://orcid.org/0000-0003-1580-0898
https://orcid.org/0000-0002-0091-5177
https://orcid.org/0000-0002-4018-1454
https://orcid.org/0000-0002-7956-054X
https://orcid.org/0000-0002-1697-4999
https://orcid.org/0000-0003-3650-2689
https://orcid.org/0009-0009-9185-4901
https://orcid.org/0000-0002-3718-4144
https://orcid.org/0000-0002-5662-8804
https://orcid.org/0000-0002-1849-1472
https://orcid.org/0000-0002-5612-979X
https://orcid.org/0000-0003-0484-0157
https://orcid.org/0000-0001-8742-0531
https://orcid.org/0000-0001-5015-3353
https://orcid.org/0000-0003-4708-4240
https://orcid.org/0000-0002-6180-3697
https://orcid.org/0000-0003-4190-1078
https://orcid.org/0000-0002-1857-1675
https://orcid.org/0000-0002-0832-9199
https://orcid.org/0000-0001-6644-9888
https://orcid.org/0000-0003-1908-4219
https://orcid.org/0000-0001-9720-7507
https://orcid.org/0000-0001-7413-5862
https://orcid.org/0000-0002-1131-8909
https://orcid.org/0000-0001-6867-8166
https://orcid.org/0000-0002-5105-1305
https://orcid.org/0000-0002-6441-075X
https://orcid.org/0000-0002-5729-8675
https://orcid.org/0000-0002-6915-8370
https://orcid.org/0000-0003-3109-3695
https://orcid.org/0000-0001-6977-2971
https://orcid.org/0009-0000-6210-6861
https://orcid.org/0000-0002-6813-6794
https://orcid.org/0000-0002-5728-9867
https://orcid.org/0000-0001-7115-7214
https://orcid.org/0000-0002-8297-6714
https://orcid.org/0000-0002-6106-3756
https://orcid.org/0000-0002-0706-1944
https://orcid.org/0000-0003-2298-0102
https://orcid.org/0000-0001-9034-3637
https://orcid.org/0000-0002-6587-4695
https://orcid.org/0000-0003-0215-1091
https://orcid.org/0000-0003-2536-4209
https://orcid.org/0000-0001-5055-7710
https://orcid.org/0000-0002-1819-1381
https://orcid.org/0000-0002-2521-9346
https://orcid.org/0000-0003-1328-0534
https://orcid.org/0000-0002-0994-3641
https://orcid.org/0000-0001-7792-4082
https://orcid.org/0000-0002-3001-6690
https://orcid.org/0000-0003-1229-3093
https://orcid.org/0000-0001-6902-0710
https://orcid.org/0000-0001-7025-3407
https://orcid.org/0000-0002-2310-4166
https://orcid.org/0000-0002-9797-8464
https://orcid.org/0000-0002-9584-8500
https://orcid.org/0000-0002-3890-9426
https://orcid.org/0000-0002-4161-9147
https://orcid.org/0000-0002-8240-7300
https://orcid.org/0000-0003-3227-9248
https://orcid.org/0000-0001-7251-9125
https://orcid.org/0000-0003-3184-1622
https://orcid.org/0009-0005-9758-742X
https://orcid.org/0000-0001-9630-2000
https://orcid.org/0000-0002-6095-9593
https://orcid.org/0000-0001-7052-1360
https://orcid.org/0000-0002-4110-7299
https://orcid.org/0000-0001-9163-2051
https://orcid.org/0000-0003-0465-2893
https://orcid.org/0000-0002-5405-2901
https://orcid.org/0000-0001-7601-5602
https://orcid.org/0000-0002-0876-3163
https://orcid.org/0000-0003-0738-3668
https://orcid.org/0000-0001-9479-1285
https://orcid.org/0000-0003-4174-1334
https://orcid.org/0000-0003-3643-7469
https://orcid.org/0000-0002-8077-8378
https://orcid.org/0000-0002-5024-3495
https://orcid.org/0000-0003-3871-5602
https://orcid.org/0000-0002-5882-1747
https://orcid.org/0000-0001-9112-3724
https://orcid.org/0000-0002-9719-1522
https://orcid.org/0000-0002-7884-345X
https://orcid.org/0000-0002-1642-4030
https://orcid.org/0000-0002-1862-7122
https://orcid.org/0000-0002-7008-8082
https://orcid.org/0000-0001-9721-3325
https://orcid.org/0000-0002-5732-4343
https://orcid.org/0000-0001-7871-5119
https://orcid.org/0000-0003-0222-7594
https://orcid.org/0000-0001-8312-4268
https://orcid.org/0000-0001-8377-149X
https://orcid.org/0000-0003-2995-1953
https://orcid.org/0000-0002-5103-8880
https://orcid.org/0000-0003-2226-8924
https://orcid.org/0000-0001-9837-6556
https://orcid.org/0000-0001-8659-4409
https://orcid.org/0000-0003-1836-7233
https://orcid.org/0000-0001-9622-820X
https://orcid.org/0000-0002-7599-4666
https://orcid.org/0000-0002-7224-9708
https://orcid.org/0000-0002-7763-252X
https://orcid.org/0000-0001-5189-230X
https://orcid.org/0000-0003-4465-2441
https://orcid.org/0009-0009-8213-7265
https://orcid.org/0000-0002-2289-918X
https://orcid.org/0000-0001-8058-0436
https://orcid.org/0000-0001-7867-1232
https://orcid.org/0000-0003-2222-9925
https://orcid.org/0000-0001-5942-1772
https://orcid.org/0000-0002-6855-7783
https://orcid.org/0000-0002-4298-5309


S. Ponce42 , D. Popov6,42 , S. Popov38 , S. Poslavskii38 , K. Prasanth35 ,
L. Promberger17 , C. Prouve40 , V. Pugatch46 , V. Puill11 , G. Punzi29,r , H.R. Qi3 ,
W. Qian6 , N. Qin3 , S. Qu3 , R. Quagliani43 , N.V. Raab18 , R.I. Rabadan Trejo6 ,
B. Rachwal34 , J.H. Rademacker48 , R. Rajagopalan62, M. Rama29 , M. Ramos Pernas50 ,
M.S. Rangel2 , F. Ratnikov38 , G. Raven33,42 , M. Rebollo De Miguel41 , F. Redi42 ,
J. Reich48 , F. Reiss56 , C. Remon Alepuz41, Z. Ren3 , P.K. Resmi10 , R. Ribatti29,q ,
A.M. Ricci27 , S. Ricciardi51 , K. Richardson58 , M. Richardson-Slipper52 ,
K. Rinnert54 , P. Robbe11 , G. Robertson52 , A.B. Rodrigues43 , E. Rodrigues54 ,
E. Rodriguez Fernandez40 , J.A. Rodriguez Lopez69 , E. Rodriguez Rodriguez40 ,
D.L. Rolf42 , A. Rollings57 , P. Rolo↵42 , V. Romanovskiy38 , M. Romero Lamas40 ,
A. Romero Vidal40 , J.D. Roth78,†, M. Rotondo23 , M.S. Rudolph62 , T. Ruf42 ,
R.A. Ruiz Fernandez40 , J. Ruiz Vidal41, A. Ryzhikov38 , J. Ryzka34 ,
J.J. Saborido Silva40 , N. Sagidova38 , N. Sahoo47 , B. Saitta27,h , M. Salomoni42 ,
C. Sanchez Gras32 , I. Sanderswood41 , R. Santacesaria30 , C. Santamarina Rios40 ,
M. Santimaria23 , E. Santovetti31,t , D. Saranin38 , G. Sarpis14 , M. Sarpis70 ,
A. Sarti30 , C. Satriano30,s , A. Satta31 , M. Saur15 , D. Savrina38 , H. Sazak9 ,
L.G. Scantlebury Smead57 , A. Scarabotto13 , S. Schael14 , S. Scherl54 , M. Schiller53 ,
H. Schindler42 , M. Schmelling16 , B. Schmidt42 , S. Schmitt14 , O. Schneider43 ,
A. Schopper42 , M. Schubiger32 , S. Schulte43 , M.H. Schune11 , R. Schwemmer42 ,
B. Sciascia23,42 , A. Sciuccati42 , S. Sellam40 , A. Semennikov38 , M. Senghi Soares33 ,
A. Sergi24,k , N. Serra44 , L. Sestini28 , A. Seuthe15 , Y. Shang5 , D.M. Shangase78 ,
M. Shapkin38 , I. Shchemerov38 , L. Shchutska43 , T. Shears54 , L. Shekhtman38 ,
Z. Shen5 , S. Sheng4,6 , V. Shevchenko38 , B. Shi6 , E.B. Shields26,m , Y. Shimizu11 ,
E. Shmanin38 , R. Shorkin38 , J.D. Shupperd62 , B.G. Siddi21,i , R. Silva Coutinho62 ,
G. Simi28 , S. Simone19,f , M. Singla63 , N. Skidmore56 , R. Skuza17 ,
T. Skwarnicki62 , M.W. Slater47 , J.C. Smallwood57 , J.G. Smeaton49 , E. Smith44 ,
K. Smith61 , M. Smith55 , A. Snoch32 , L. Soares Lavra9 , M.D. Sokolo↵59 ,
F.J.P. Soler53 , A. Solomin38,48 , A. Solovev38 , I. Solovyev38 , R. Song63 ,
F.L. Souza De Almeida2 , B. Souza De Paula2 , B. Spaan15,†, E. Spadaro Norella25,l ,
E. Spedicato20 , E. Spiridenkov38, P. Spradlin53 , V. Sriskaran42 , F. Stagni42 ,
M. Stahl42 , S. Stahl42 , S. Stanislaus57 , E.N. Stein42 , O. Steinkamp44 ,
O. Stenyakin38, H. Stevens15 , S. Stone62,† , D. Strekalina38 , F. Suljik57 , J. Sun27 ,
L. Sun68 , Y. Sun60 , P. Svihra56 , P.N. Swallow47 , K. Swientek34 , A. Szabelski36 ,
T. Szumlak34 , M. Szymanski42 , Y. Tan3 , S. Taneja56 , A.R. Tanner48, M.D. Tat57 ,
A. Terentev38 , F. Teubert42 , E. Thomas42 , D.J.D. Thompson47 , K.A. Thomson54 ,
H. Tilquin55 , V. Tisserand9 , S. T’Jampens8 , M. Tobin4 , L. Tomassetti21,i ,
G. Tonani25,l , X. Tong5 , D. Torres Machado1 , D.Y. Tou3 , S.M. Trilov48 ,
C. Trippl43 , G. Tuci6 , A. Tully43 , N. Tuning32 , A. Ukleja36 , D.J. Unverzagt17 ,
A. Usachov32 , A. Ustyuzhanin38 , U. Uwer17 , A. Vagner38, V. Vagnoni20 ,
A. Valassi42 , G. Valenti20 , N. Valls Canudas76 , M. van Beuzekom32 , M. Van Dijk43 ,
H. Van Hecke61 , E. van Herwijnen55 , C.B. Van Hulse40,w , M. van Veghel73 ,
R. Vazquez Gomez39 , P. Vazquez Regueiro40 , C. Vázquez Sierra42 , S. Vecchi21 ,
J.J. Velthuis48 , M. Veltri22,v , A. Venkateswaran43 , M. Veronesi32 , M. Vesterinen50 ,
D. Vieira59 , M. Vieites Diaz43 , X. Vilasis-Cardona76 , E. Vilella Figueras54 ,
A. Villa20 , P. Vincent13 , F.C. Volle11 , D. vom Bruch10 , A. Vorobyev38, V. Vorobyev38,
N. Voropaev38 , K. Vos74 , C. Vrahas52 , R. Waldi17 , J. Walsh29 , G. Wan5 ,
C. Wang17 , G. Wang7 , J. Wang5 , J. Wang4 , J. Wang3 , J. Wang68 , M. Wang5 ,
R. Wang48 , X. Wang66 , Y. Wang7 , Z. Wang44 , Z. Wang3 , Z. Wang6 ,
J.A. Ward50,63 , N.K. Watson47 , D. Websdale55 , Y. Wei5 , C. Weisser58,
B.D.C. Westhenry48 , D.J. White56 , M. Whitehead53 , A.R. Wiederhold50 ,

14

https://orcid.org/0000-0002-1476-7056
https://orcid.org/0000-0002-8293-2922
https://orcid.org/0000-0003-2849-3233
https://orcid.org/0000-0003-3236-1452
https://orcid.org/0000-0001-9923-0938
https://orcid.org/0000-0003-0127-6255
https://orcid.org/0000-0003-2000-6306
https://orcid.org/0000-0002-5204-9821
https://orcid.org/0000-0003-0806-7149
https://orcid.org/0000-0002-8346-9052
https://orcid.org/0000-0002-9325-2308
https://orcid.org/0000-0003-3932-7556
https://orcid.org/0000-0001-8453-658X
https://orcid.org/0000-0002-7518-0961
https://orcid.org/0000-0002-3632-2453
https://orcid.org/0000-0002-3199-2968
https://orcid.org/0000-0002-9787-3910
https://orcid.org/0000-0002-0685-6497
https://orcid.org/0000-0003-2599-7209
https://orcid.org/0000-0003-3002-4719
https://orcid.org/0000-0003-1600-9432
https://orcid.org/0000-0002-8690-5198
https://orcid.org/0000-0003-0762-5583
https://orcid.org/0000-0002-2897-5323
https://orcid.org/0000-0002-4522-4863
https://orcid.org/0000-0001-9728-8984
https://orcid.org/0000-0002-2657-4040
https://orcid.org/0000-0002-8395-7654
https://orcid.org/0000-0001-9974-9350
https://orcid.org/0000-0001-9025-2225
https://orcid.org/0000-0003-1778-1213
https://orcid.org/0000-0002-8816-3626
https://orcid.org/0000-0002-4254-3658
https://orcid.org/0000-0002-6847-2835
https://orcid.org/0000-0002-2752-001X
https://orcid.org/0000-0001-9802-1122
https://orcid.org/0000-0002-0656-9033
https://orcid.org/0000-0002-7026-1383
https://orcid.org/0000-0002-1955-7541
https://orcid.org/0000-0003-2846-7625
https://orcid.org/0000-0002-3040-065X
https://orcid.org/0000-0003-1895-9319
https://orcid.org/0000-0002-7973-8061
https://orcid.org/0000-0001-7908-7214
https://orcid.org/0000-0002-5213-3783
https://orcid.org/0000-0001-7378-4350
https://orcid.org/0000-0003-0939-4272
https://orcid.org/0000-0002-1217-8418
https://orcid.org/0000-0002-8830-1486
https://orcid.org/0000-0001-5704-6163
https://orcid.org/0000-0002-0050-575X
https://orcid.org/0000-0002-8657-3576
https://orcid.org/0000-0002-5727-4454
https://orcid.org/0000-0002-3543-0313
https://orcid.org/0000-0003-4235-2445
https://orcid.org/0000-0002-6270-130X
https://orcid.org/0000-0002-2640-3794
https://orcid.org/0000-0001-9539-8370
https://orcid.org/0000-0003-3491-0232
https://orcid.org/0009-0007-9229-653X
https://orcid.org/0000-0002-7082-887X
https://orcid.org/0000-0001-7731-6757
https://orcid.org/0000-0003-3826-0329
https://orcid.org/0000-0002-9810-1816
https://orcid.org/0000-0002-8776-6759
https://orcid.org/0000-0002-5605-1662
https://orcid.org/0000-0002-9617-9986
https://orcid.org/0000-0003-1711-2044
https://orcid.org/0000-0002-6402-1674
https://orcid.org/0000-0001-5419-7951
https://orcid.org/0000-0002-4976-0460
https://orcid.org/0000-0003-2462-913X
https://orcid.org/0000-0001-8752-4293
https://orcid.org/0000-0001-8372-6031
https://orcid.org/0000-0003-2689-1123
https://orcid.org/0000-0001-8702-7991
https://orcid.org/0000-0003-2290-9672
https://orcid.org/0000-0003-4013-3468
https://orcid.org/0000-0003-0528-2724
https://orcid.org/0000-0001-8750-863X
https://orcid.org/0000-0002-1468-0479
https://orcid.org/0000-0003-3305-0576
https://orcid.org/0000-0002-8400-1566
https://orcid.org/0000-0002-6394-1081
https://orcid.org/0000-0002-6014-7552
https://orcid.org/0000-0002-8581-3312
https://orcid.org/0000-0001-9330-1440
https://orcid.org/0009-0001-8533-0783
https://orcid.org/0000-0002-3648-0830
https://orcid.org/0009-0005-5265-9792
https://orcid.org/0000-0003-0670-006X
https://orcid.org/0000-0002-8568-1487
https://orcid.org/0000-0003-0383-1451
https://orcid.org/0000-0003-1130-2197
https://orcid.org/0000-0001-9676-6059
https://orcid.org/0000-0001-9495-6115
https://orcid.org/0000-0002-5033-0580
https://orcid.org/0000-0002-1127-5144
https://orcid.org/0000-0002-0736-3061
https://orcid.org/0000-0001-7987-7558
https://orcid.org/0000-0002-0287-6124
https://orcid.org/0000-0002-4098-9592
https://orcid.org/0000-0001-9193-8106
https://orcid.org/0000-0003-0700-5448
https://orcid.org/0000-0002-2653-1366
https://orcid.org/0000-0003-1512-9715
https://orcid.org/0000-0003-1391-5384
https://orcid.org/0000-0002-1050-5649
https://orcid.org/0000-0003-3171-9125
https://orcid.org/0000-0002-5781-8933
https://orcid.org/0000-0001-5836-5211
https://orcid.org/0000-0002-4936-1152
https://orcid.org/0000-0002-8868-1730
https://orcid.org/0000-0001-8881-3943
https://orcid.org/0009-0006-8218-2566
https://orcid.org/0000-0002-3004-187X
https://orcid.org/0000-0002-1545-959X
https://orcid.org/0000-0001-6741-6199
https://orcid.org/0000-0003-3631-8398
https://orcid.org/0000-0003-3204-5847
https://orcid.org/0000-0003-3410-0731
https://orcid.org/0000-0001-6057-6018
https://orcid.org/0000-0002-9897-9506
https://orcid.org/0000-0002-2687-1950
https://orcid.org/0000-0003-2460-3327
https://orcid.org/0000-0002-8694-2853
https://orcid.org/0000-0002-9740-0574
https://orcid.org/0000-0002-1305-3377
https://orcid.org/0000-0002-3872-1917
https://orcid.org/0000-0001-6431-6360
https://orcid.org/0000-0002-2652-123X
https://orcid.org/0000-0001-6181-4583
https://orcid.org/0000-0002-4893-3729
https://orcid.org/0000-0003-0644-3227
https://orcid.org/0000-0003-4254-6012
https://orcid.org/0000-0003-4254-6012
https://orcid.org/0000-0002-8854-8905
https://orcid.org/0000-0001-7181-6785
https://orcid.org/0009-0003-3794-3408
https://orcid.org/0000-0002-1111-5597
https://orcid.org/0000-0002-4950-6665
https://orcid.org/0000-0002-5280-9464
https://orcid.org/0000-0002-9867-0453
https://orcid.org/0000-0002-7576-4019
https://orcid.org/0000-0001-8476-8188
https://orcid.org/0000-0002-8243-400X
https://orcid.org/0000-0003-1776-0498
https://orcid.org/0000-0001-5214-8865
https://orcid.org/0000-0001-7055-6467
https://orcid.org/0000-0002-9474-9332
https://orcid.org/0000-0002-2122-771X
https://orcid.org/0000-0003-3830-4889
https://orcid.org/0000-0001-6767-7698
https://orcid.org/0000-0002-6020-2304
https://orcid.org/0000-0002-0034-2567
https://orcid.org/0000-0003-4933-5058
https://orcid.org/0000-0002-7811-2147
https://orcid.org/0000-0003-2751-8515
https://orcid.org/0000-0001-6086-4116
https://orcid.org/0000-0002-6604-2938
https://orcid.org/0000-0002-2562-7163
https://orcid.org/0000-0002-9121-6629
https://orcid.org/0000-0003-3860-6545
https://orcid.org/0000-0001-8856-2777
https://orcid.org/0000-0002-6866-7085
https://orcid.org/0000-0003-2574-8560
https://orcid.org/0000-0003-3277-5268
https://orcid.org/0000-0003-0984-7593
https://orcid.org/0000-0003-1196-5943
https://orcid.org/0000-0003-3111-4003
https://orcid.org/0000-0003-4735-2014
https://orcid.org/0000-0003-4916-0446
https://orcid.org/0000-0003-4249-6641
https://orcid.org/0000-0002-2047-7020
https://orcid.org/0000-0003-4184-1335
https://orcid.org/0000-0001-7477-1148
https://orcid.org/0000-0002-5278-1203
https://orcid.org/0000-0001-7030-6468
https://orcid.org/0000-0002-4732-2408
https://orcid.org/0000-0003-0267-6402
https://orcid.org/0000-0003-3664-1240
https://orcid.org/0000-0002-0364-5758
https://orcid.org/0000-0002-8712-9055
https://orcid.org/0000-0003-2611-7840
https://orcid.org/0000-0003-0480-4850
https://orcid.org/0000-0002-1484-2546
https://orcid.org/0000-0002-5829-6284
https://orcid.org/0000-0001-7865-2357
https://orcid.org/0000-0002-8514-3777
https://orcid.org/0000-0003-2206-311X
https://orcid.org/0000-0001-9322-9565
https://orcid.org/0000-0002-6119-7535
https://orcid.org/0000-0001-8748-8448
https://orcid.org/0000-0002-0500-1286
https://orcid.org/0000-0003-2538-5798
https://orcid.org/0000-0001-7961-7190
https://orcid.org/0000-0001-8807-8811
https://orcid.org/0000-0002-5397-6782
https://orcid.org/0000-0001-6178-6623
https://orcid.org/0000-0001-5319-1128
https://orcid.org/0000-0002-0767-9736
https://orcid.org/0000-0002-5865-0677
https://orcid.org/0000-0002-4311-3166
https://orcid.org/0000-0002-4649-3221
https://orcid.org/0000-0001-7917-9661
https://orcid.org/0000-0001-6950-1477
https://orcid.org/0000-0002-1916-3884
https://orcid.org/0000-0001-7717-2765
https://orcid.org/0000-0001-9511-2846
https://orcid.org/0000-0002-0944-4340
https://orcid.org/0000-0002-1915-9543
https://orcid.org/0000-0002-7865-2856
https://orcid.org/0000-0002-9392-6157
https://orcid.org/0000-0002-9283-4541
https://orcid.org/0000-0003-1828-3881
https://orcid.org/0000-0001-9905-8031
https://orcid.org/0000-0002-2100-0726
https://orcid.org/0000-0002-4258-4062
https://orcid.org/0000-0001-6104-1496
https://orcid.org/0000-0002-4778-3642
https://orcid.org/0000-0002-7235-6976
https://orcid.org/0000-0003-0133-1664
https://orcid.org/0000-0002-5909-1379
https://orcid.org/0000-0001-6041-115X
https://orcid.org/0000-0001-7542-3073
https://orcid.org/0000-0002-6391-2205
https://orcid.org/0000-0002-3281-8136
https://orcid.org/0000-0001-6711-4465
https://orcid.org/0000-0003-4062-710X
https://orcid.org/0000-0002-2629-4735
https://orcid.org/0000-0002-2399-7646
https://orcid.org/0000-0003-3979-4330
https://orcid.org/0000-0002-5041-7651
https://orcid.org/0000-0003-0597-4878
https://orcid.org/0000-0003-4410-6889
https://orcid.org/0000-0003-4160-9333
https://orcid.org/0000-0002-8142-4678
https://orcid.org/0000-0002-4113-1539
https://orcid.org/0000-0001-6116-3944
https://orcid.org/0000-0002-4589-2626
https://orcid.org/0000-0002-5121-6923
https://orcid.org/0000-0002-2142-3673
https://orcid.org/0000-0002-1023-1086


D. Wiedner15 , G. Wilkinson57 , M.K. Wilkinson59 , I. Williams49, M. Williams58 ,
M.R.J. Williams52 , R. Williams49 , F.F. Wilson51 , W. Wislicki36 , M. Witek35 ,
L. Witola17 , C.P. Wong61 , G. Wormser11 , S.A. Wotton49 , H. Wu62 , J. Wu7 ,
K. Wyllie42 , Z. Xiang6 , D. Xiao7 , Y. Xie7 , A. Xu5 , J. Xu6 , L. Xu3 , L. Xu3 ,
M. Xu50 , Q. Xu6, Z. Xu9 , Z. Xu6 , D. Yang3 , S. Yang6 , X. Yang5 , Y. Yang6 ,
Z. Yang5 , Z. Yang60 , L.E. Yeomans54 , V. Yeroshenko11 , H. Yeung56 , H. Yin7 ,
J. Yu65 , X. Yuan62 , E. Za↵aroni43 , M. Zavertyaev16 , M. Zdybal35 , O. Zenaiev42 ,
M. Zeng3 , C. Zhang5 , D. Zhang7 , L. Zhang3 , S. Zhang65 , S. Zhang5 ,
Y. Zhang5 , Y. Zhang57, A. Zharkova38 , A. Zhelezov17 , Y. Zheng6 , T. Zhou5 ,
X. Zhou6 , Y. Zhou6 , V. Zhovkovska11 , X. Zhu3 , X. Zhu7 , Z. Zhu6 ,
V. Zhukov14,38 , Q. Zou4,6 , S. Zucchelli20,g , D. Zuliani28 , G. Zunica56 .

1Centro Brasileiro de Pesquisas F́ısicas (CBPF), Rio de Janeiro, Brazil
2Universidade Federal do Rio de Janeiro (UFRJ), Rio de Janeiro, Brazil
3Center for High Energy Physics, Tsinghua University, Beijing, China
4Institute Of High Energy Physics (IHEP), Beijing, China
5School of Physics State Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing,
China
6University of Chinese Academy of Sciences, Beijing, China
7Institute of Particle Physics, Central China Normal University, Wuhan, Hubei, China
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hUniversità di Cagliari, Cagliari, Italy
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