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Measurements of Born cross sections for e*e™ — A/ A.(2595) +c.c.
and ete™ — AFA,(2625)" +c.c. at \/s=4918.0 and 4950.9 MeV
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Using e™ e~ collision data collected with the BESIII detector operating at the BEPCII collider, the Born
cross sections of e*e™ — AFA.(2595)" +c.c. and ete™ = AFA.(2625)7 + c.c. are measured for the
first time at center-of-mass energies of 1/s = 4918.0 and 4950.9 MeV. Nonzero cross sections are observed
very close to the production threshold. The measured Born cross sections of ete™ — AFA,(2625)™ + c.c.
are about 2-3 times greater than those of e*e™ — AFA.(2595)~ + c.c., providing the similar behavior as
semileptonic decays of A), but different behavior from that in the hadronic decays of AY. The Born cross
sections are 15.64+ 3.1 £0.9 pb and 29.4 +3.7+2.7 pb for ete” — AFA.(2595)" 4 c.c., and are
434+40+4.1pb and 76.8 £6.5+ 42 pb for eTe” — ATA.(2625)" +c.c. at /s =4918.0 and
4950.9 MeV, respectively. Based on the polar angle distributions of the A.(2625)~ and A.(2625)7,
the form-factor ratios \/|Gg|* + 3|Gy|*/|G¢| are determined for e*e™ — AfA.(2625)" + c.c. for the
first time, which are 5.95 £4.07 £0.15 and 0.94 +0.32 +0.02 at /s = 4918.0 and 4950.9 MeV,

respectively. All of these first uncertainties are statistical and second systematic.
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Since the discovery of the ground state AJ [1,2],
abundant excited charmed baryons have been reported in
experiment [3]. Studies of their spectroscopy and internal
structures provide important information for the under-
standing of the chiral symmetry breaking and the heavy
quark symmetry [4]. The first two excited states of Al are
A.(2595)" and A.(2625)" [5-8]. Under the prediction of
the quark model, they correspond to the degenerate pair of
P-wave excited states, with spin-parity 1/2~ and 3/27,
respectively. In recent years, their exotic properties have
attracted much attention in both theory and experiment.

The CDF Collaboration reported the production of
A.(2595)" and A.(2625)" in the semileptonic decays of
AY [9]. The measured decay rate of A) — A (2625)"u"D,
is about twice that of A.(2595)"u"7,, which contradicts
the calculation of lattice QCD (LQCD) in the larger g?
region [10,11]. Based on the conventional quark configu-
ration, LQCD calculation gives a much lower differential
decay rate of A — A(2625)" u~v,. Because the measured
mass of A.(2595)7 lies just on the threshold of X.(2455)x
within a few MeV [3], the exotic structure of A.(2595)"
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was proposed to interpret the contradiction, e.g., the
dynamically generated meson-baryon states [12,13] that
is analogous to the reverse problem of A(1405) [14] and
A(1520) [15]. The LHCb Collaboration reported the
production of A.(2595)" and A.(2625)" in the hadronic
decays of AY [16]. The measured decay rates of A) —
A.(2625)T7~ and A9 — A.(2595)" 7~ are equivalent,
which provides different behavior from that in the semi-
leptonic decays. So far, the nature of A.(2595)" and
A.(2625)" is still mysterious and experimental results
are limited. The study of baryon-pair production via
et e annihilation is an effective and crucial approach to
disentangle the structure information which is always
involved in the theoretical calculation for the interaction
vertex between virtual photon and baryons. At the moment,
there are no such experimental results for these two excited
charmed baryons. Therefore, the measurements of the
production cross sections for the processes involving these
excited charmed baryons are essential to disentangle differ-
ent interpretations.

In the center-of-mass energy range from 2.0 to 4.95 GeV,
BESIII has already performed a series of measurements, not
only production cross sections of baryon pairs, but also their
electromagnetic form factors (EMFFs) [17-26]. Above
4.9 GeV, the production of A.(2595)* or A.(2625)"
accompanied by the ground state A; is allowed. The data
samples above 4.9 GeV [27] provide an ideal opportunity to
study the production of ete™ — AFA.(2595) +c.c.
and eTe™ — ATA,(2625)" +c.c.

Published by the American Physical Society



M. ABLIKIM et al.

PHYS. REV. D 109, L071104 (2024)

In this article, we report the measurements of the Born
cross sections of the processes e*e™ — AFA.(2595) +c.c.
and e*e” — AFA(2625) + c.c. processes at the two
center-of-mass (c.m.) energies of /s =4918.0 and
4950.9 MeV for the first time. The integrated luminosities
at these energy points are 207.8 4= 1.1 and 159.3 4 0.9 pb~!
[27], respectively. Additionally, we analyze the polar angle
distributions of A.(2625)~ and its antiparticle, A,(2625)%,

to determine the form-factor ratios v/|Gg|?> + 3|Gy /|G|
for the first time near the production threshold of ete™ —
AFA(2625)" +c.c.

A detailed description of the design and performance
of the BESIII detector can be found in Refs. [28,29].
Simulated events, which are produced with the Geant4-based
[30] Monte Carlo (MC) simulation programs implementing
the geometric description [31] of the BESIII detector and
detector response, are used to determine detection efficien-
cies and to estimate backgrounds. The signal MC samples
of the eTe™ — AFA.(2595)" and ete™ — AFA(2625)"
processes, where A directly from e'e~ annihilation
decays into pK~zt and A.(2595)7/A.(2625)" decays
generically, are simulated at individual c.m. energies using
the KkMC generator [32]. The software package BesEvtGen
[33] handles the procedure of subsequent decays after
the productions of e*e™ — AFA.(2595) and ete” —
AFA.(2625)". These samples are denoted as the S,,
contribution in this analysis. Meanwhile, another signal
MC samples for the processes ete™ — AZA,(2595)" and
ete” — A7A.(2625)F are also produced, where the A
decaying into pK~zt comes from the excited charmed
baryon decays, i.e, A.(2595)% and A.(2625)*, while A7
decays generically. These samples are denoted as S;,,.. The
charge-conjugate processes are also generated and included
in S,, and Sj,. The A.(2595)" and A.(2625)" eventually
decay to the final states of A7 7"z~ and Al 7°2°, and the
ratio between A7z~ and Af 7%z is 2:1 as the expect-
ation under isospin assumption [34]. But as reported in
the Particle Data Group (PDG) [3], the indirect determi-
nation this ratio [35] can violate the naive expectation.
For all these signal MC samples, the initial-state radiation
(ISR) [36] and the beam energy spread [37] are imple-
mented during the generation process. In addition, the c.m.
energy-dependent Born cross sections, measured and para-
metrized in this work, are inputs in the KKMC generator
iteratively. To achieve a better simulation, the polar angle
() distributions of A,(2595)~ and A,(2625)~ are consid-
ered in the generator via a parametrization of f(cos @) «
(1 + ay cos?d). For the ete™ — AfA.(2625)~ produc-
tion, the value of a,_is assigned as the one measured by
this analysis, while for e"e™ — AFA.(2595)7, ay, = 1 is
used, and possible deviation from it is considered as a
source of systematic uncertainty. The angular distributions
are also taken into account in the generator for the
charge-conjugate processes. To study the background,

the inclusive MC samples, including the e*e™ — AFA;
events, the ete™ — £7¢~ (¢ = e, u, and 7) events, the Dy,
production, the ISR return to lower-mass y states, and the
continuum processes ete™ = qg (¢ = u, d, s), are pro-
duced. The final-state radiation of charged final-state
particles is simulated using the pPHOTOS [38] package.
All these inclusive background MC samples, except for
the ete™ — £T¢~ events, are combined according to the
corresponding observed cross sections and referred to as
the gg process hereafter. Unless explicitly stated, the
charge-conjugate processes are implied in the following
description of selecting signal candidates.

The A candidates are selected with the following
criteria: (i) the charged tracks detected in the helium-based
main drift chamber (MDC) must satisfy |cosf| < 0.93
where 0 is defined with respect to the z axis, which is the
symmetry axis of the MDC, and have a distance of closest
approach to the interaction point of less than 10 cm along
the z axis and less than 1 cm in the perpendicular plane;
(ii) the particle identification (PID) is implemented by
calculating the probability using the specific ionization
energy loss information provided by the MDC and the
time-of-flight information, and each charged track is
assigned a particle type hypothesis (p, K~, and z™) with
the highest probability. To avoid losing the signal events,
all the pK~ 7+ combinations are retained. The distributions
of the pK~z* invariant masses, M ,x-,+, after requiring
Mf; > 2.55 GeV/c?, are shown in Figs. 1(a) and 1(b),

where evident A} signals are observed at both energy
points. The M is the recoiling mass against the recon-

structed A in the c.m. system. After requiring M ,x-,+ €

(2.27,2.30) GeV/c?, clear A.(2595)" and A,(2625)~
signals are observed in the Mf{i spectra, as illustrated
in Figs. 2(a) and 2(b), which indicate the existence of
the processes ete™ — AFA,(2595)" +c.c. and ete™ —
AFA.(2625)7 + c.c. Studies based on the inclusive MC
samples show that the dominant background contamination
is from the gg process.

The Born cross sections (o) for individual signal proc-
esses are obtained with unbinned maximum-likelihood
fits to the Mjfﬁ distributions. In the fit, the total yield N,

takes

Nobs :Ngfg95+NfiGg25 +kag7 (1)
where N3° and N3» are the yields of the efe™ —

AFA(2595)" +cc. and efe” — ATA.(2625) +c.c.
processes, respectively, while Ny, is the number of total
residual background events. The signal yields for each
process are related with the Born cross sections ¢ by

Nsig = O-‘CfVPfISRB(eee + ginte)7 (2)
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FIG. 1. The M ,x-,+ distributions of the A} candidates at /s = (a) 4918.0 and (b) 4950.9 MeV, where the shaded histograms is the ¢g
contribution derived from the inclusive MC samples. The region between the blue arrows is the signal region, and the regions between

two neighbor green arrows are the sideband regions.
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FIG. 2. The recoiling mass distributions M of the A} candidates at /s = (a) 4918.0 and (b) 4950.9 MeV, where the shaded

A+

histograms are the events in the M, x- .+ sideband regions in data. The blue solid lines are the total fit curves, including the signal contri-
butions of ete™ — AFA.(2595)" +c.c. and e*e™ — AFA.(2625)” + c.c., and the background contributions of ¢g, e*e™ — X .2,
and eTe” — AfZ.z + c.c. The blue dashed lines are the contributions of eTe™ — AfZ.x + c.c. Other lines label individual ones.

where £ is the integrated luminosity, fisg is the ISR
correction factor derived from the QED theory [36] and
calculated by inputting the line shape of the Born cross
sections into the generator, fyp = 1.06 is the vacuum
polarization (VP) correction factor [39,40], and B =
(6.26 £0.29)% is the branching fraction of A} —
pK~mt [3]. The ¢,, stands for the detection efficiency of
S.. contributions and &;,, for S;,. contributions. There
should exist factor 1/2 in Eq. (2), accounting for the fact
that the reconstructed A7 — pK~z™ has been categorized
to be either directly from e* e~ collision or decayed particle
of the intermediate states, which is canceled due to the
fact that the charge-conjugate processes have been taken
into account. The charge-conjugate processes have been
assumed to have equal Born cross sections. The signal
shapes are derived from the signal MC samples, and those
of the S,, contributions are convolved with Gaussian
functions accounting for the differences between data and
MC simulation. The same Gaussian functions are shared
between the A.(2595) and A, (2625)" signals due to the

limited statistics. The gg contributions are described with
an ARGUS function [41], whose parameters are deter-
mined by fitting the events in the M k- ,+ sideband regions
of M,gx,+€(2.19,225) and (2.32,2.38) GeV/c?, as
indicated by the green arrows in Figs. 1(a) and 1(b).
Moreover, at both energy points, the eTe™ — X X, and
ete” - AfE . +ce (T, =20 IF, and TF) processes
potentially exist, as they have the same final state as the
signal processes. Both processes are taken into account
as additional background components, whose shapes are
modeled by the MC simulation. Due to the unknown
production cross sections of these two background proc-
esses, their normalization factors are free in the fit. The total
number of the background events, i.e., Nikgs includes the
contributions from the ¢g, ete” — X.Z,, and ete™ —
AFZ, 7+ c.c. processes. The fit results are illustrated in
Figs. 2(a) and 2(b) and listed in Table I. Because the yields
of process ete” — XX, are negligible at both energy
points, according to the fitting results, only the contribu-
tions of process e*e~ — AF X .z + c.c. are shown in Fig. 2.
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TABLE 1.

The Born cross sections of ete™ — AFA,(2595)” 4 c.c. and ete™ — AFA,(2625)” +c.c. at each energy point. The

angular distribution parameter a,_and the form-factor ratios \/|Gg|> + 3|Gy|*/|G¢| of e*e™ = AfA(2625) + c.c.

Signal process

ete” = AFA.(2595)" +c.c.

ete” = AFAL(2625)" +c.c.

V5 (MeV) 4918.0 4950.9 4918.0 4950.9

Ny, 148 + 29 216 + 27 311428 552 +47

o (pb) 156 £3.1 £0.9 29.4+£37+£24 434 +4.0+4.1 768 £6.5+£4.2

an, - - 0.82 £ 0.56 £ 0.02 ~0.60 £ 0.20 £ 0.01
1G22+ 31Gu /|Gl 5.95+£4.07 £0.15 0.94 £ 0.32 £+ 0.02

Since fsr and detection efficiencies depend on the input
Born cross sections line shape, an iterative approach is
employed to obtain stable figg and detection efficiencies.
A perturbative QCD-motivated energy power function
[42,43] is used to model the Born cross sections line
shape as

_Cp 2mm, c
0= e e ©

QCD

where the Coulomb factor C [23] parametrizes the
electromagnetic interaction between the outgoing baryon
and antibaryon. This leads to a nonzero cross section
near the threshold by canceling the velocity of the
baryon in the c.m. system, ie., p. It takes f=
V1=2(m*+m?)/s + (m> —m?)?/s*>, where m (m,)
denotes the nominal mass of the A (A.(2595)" or
A.(2625)7) baryon. The free parameter ¢ is the normali-
zation factor and ¢, indicates the contribution of potential
resonant state. The variable Agcp is the QCD scale and is
fixed to be 0.35 GeV. After a few iterations, the Born cross
sections converged, as tabulated in Table I and illustrated
in Fig. 3(a).

Due to the limited statistics of the
AFA(2595)7 + c.c. signal yields, the angular distribution
study is only performed for the eTe™ — A} A (2625)™ +c.c.
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process. Assuming that one-photon exchange dominates
this process, the corresponding differential Born cross
section is parametrized by three EMFFs, |G|, |G|, and
|G| (referred to as electric, magnetic, and Coulombic form
factors, respectively) [44.,45]. It is written as

do
dcos@

(14 cos?0)(|Gg|* + 3|Gyl?) + 7+ |G¢|?sin®0,
(4)

where 7 = s/m? with m, is the mass of A.(2625)" and 0 is
the polar angle of the produced charmed baryon. Since both
energy points are close to the kinematic threshold, the
effects from the ISR returned ete™ — AFA.(2625)” +c.c.
events are negligible and the polar angle of the baryon is
defined in the c.m. frame. After parametrizing the polar angle
distributions of the outgoing A.(2625)" and A,(2625)*
baryons with the function f(cos @) « (1 + a,, cos®6), the
shape parameter a, connects the EMFFs via

|Gel* 4 3|Gy|? _
|Gc[?

To determine a,,_, the cos @ distributions of the A.(2625)~

and A, (2625)* polar angles are sliced into six and eight bins
at /s = 4918.0 and 4950.9 MeV, respectively. The yields in
each cos @ bin is determined with the same fit strategy to the
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FIG. 3. (a) The Born cross sections of ete™ = ATA,(2595)" + c.c. and ete™ — A} A.(2625)” + c.c. and the fits using Eq. (3).
(b) The efficiency-corrected polar angle distributions of e*e™ — A} A.(2625)~ + c.c. and the fits with the f(cos ) function.
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M’S: spectrum as in the Born cross section measurement.
c

A bin-by-bin detection efficiency matrix, which takes into
account the migration effect among different cos @ bins, is
used to correct the signal yields to the ones corresponding to
generation level. After that, @, is extracted by fitting the
obtained polar angle distributions with the f(cos 6) function,
and the resultant fit curves are presented in Fig. 3(b). Table I
lists the obtained a, and EMFF ratios.

The systematic uncertainties in the Born cross section
measurements mainly arise from the tracking and PID
efficiencies, fisr, fvp, £, B, the signal MC modeling,
and background descriptions. The uncertainties from the
tracking and PID efficiencies of the charged particles are
investigated using the control samples of J/w — pprta~
[46] and J/y — K3K*nT [47], and 2.4% is assigned for
both c.m. energies. The uncertainty in figg is investigated
using the approach described in Ref. [23], which contains
four aspects: different calculation algorithms [48];
alternative input Born cross sections line shapes for the
KKMC generator; the uncertainties in c.m. energy [27]
and energy spread [49]. The total uncertainties in figg at
Vs =4918.0(4950.9) MeV are 2.2% (3.5%) for ete™ —
AFA(2595)" +cc. and 7.8% (1.3%) for ete™ —
AFA,(2625)" +c.c. The uncertainty of fyp is 0.5% at
both c.m. energies [39,40]. The uncertainty from the
integrated luminosity is 0.5% at both c.m. energies, by
studying the large-angle Bhabha scattering events [27]. The
uncertainty of 3 quoted from the PDG is 4.7% [3]. Since
the decay A] — pK~z™" is well understood, the effect due
to its MC modeling on the signal efficiency is negligible. To
estimate the uncertainty due to the signal MC modeling, the
alternative signal MC samples are generated, in which the
decay branching fractions of A.(2595)" and A.(2625)"
and the input a,  values are varied separately according to
their total uncertainties. In this procedure, the uncertainties
in the decay branching fractions of A.(2595)" and
A.(2625)" are quoted from PDG, and the ratio between
branching fraction of decay modes A7z~ and A z°7° is
varied between 1.5:1 and 5:1. The uncertainty in @, for
ete” — AFA,(2625)" + c.c. is measured by this analysis,
while for ete™ - AFA.(2595)" 4 c.c., ay, =0 is used
to produce the alternative signal MC sample. After com-
paring the Born cross sections given by the alternative
and nominal signal MC samples, the associated uncer-
tainties at /s = 4918.0(4950.9) MeV are 1.6% (5.2%)
for efe” = AFA.(2595)” +c.c. and 0.4% (0.6%) for
ete” - AFA.(2625)" +c.c. The uncertainties in the
background descriptions are studied by varying the back-
ground components and shapes, where the components
ete” — X X, are removed and shape parameters of argus
functions are obtained by fitting the inclusive MC samples,
which are 0.9% (0.1%) for eTe™ — AFA.(2595)" +c.c.
and 0.7% (0.8%) for ete™ — AFA.(2625)" +c.c. at
/s =4918.0(4950.9) MeV. The total uncertainties in

the Born cross sections measurements at /s =
4918.0(4950.9) MeV are obtained by summing the indi-
vidual contributions in quadrature, which are 6.0% (8.2%)
for ete”™ = AFA.(2595)" +c.c. and 9.4% (5.5%) for
ete” - AFA(2625)" +c.c.

The systematic uncertainties in the measurement of a,_
arise from the binning effect, the efficiency correction, the
signal MC modeling, and the background descriptions. The
systematic uncertainties arising from the binning effect are
evaluated by analyzing the signal MC samples under the
five-bin and ten-bin schemes. The maximum differences of
the resultant @, from the ones obtained with the nominal
binning schemes, which are 2.5% and 0.7% at /s =
4918.0 and 4950.9 MeV, respectively, are assigned as
individual systematic uncertainties. The uncertainty asso-
ciated with the tracking and PID efficiencies are studied
with the control samples mentioned above. The corrected
efficiency matrices are used to reevaluate a, and the
resultant differences are taken as the systematic uncertain-
ties, which are 0.1% and 0.7% at \/E —=4918.0 and
4950.9 MeV, respectively. A similar approach, as used in
addressing the systematic uncertainties of Born cross
sections, is applied to estimate the systematic uncertainties
of a,_ due to the signal MC modeling (the background
descriptions), which are 0.4% (0.1%) and 0.6% (0.6%) at
Vs =4918.0 and 4950.9 MeV, respectively. The total
uncertainties of @, are obtained by summing the individual
contributions in quadrature, which are 2.6% and 1.3% at
/s = 4918.0 and 4950.9 MeV, respectively. Accordingly,
the uncertainties of the form-factor ratios, i.e.,
V|Gg|* + 3|Gul? /|G|, are determined via the uncertainty
propagation implied in Eq. (5).

In summary, the Born cross sections of the ete™ —
AFAL(2595)" +cc. and eTe” — AFA.(2625) +c.c.
processes are measured for the first time at /s = 4918.0
and 4950.9 MeV, by using e e~ collision data collected
with the BESIII detector. Nonzero cross sections very close
to the production threshold are observed. The measured
Born cross sections of eTe™ — AFA,(2625)” + c.c. above
its production threshold are about 2-3 times greater than
those of e*e™ — AfA.(2595)~ + c.c., providing the sim-
ilar behavior as semileptonic decays of Ag [9], but different
behavior from that in the hadronic decays of Ag. The
improved measurements on both of the decays in Ag
to A.(2595)" and A.(2625)" and the productions via
the electron-positron annihilation are expected in future,
which could help us further understand the dynamics in
the formation of the excited baryons A.(2595)" and
A.(2625)" from which it is possible to gain hints on
the nature for these states. In addition, the angular dis-
tribution of the outgoing A.(2625)~ and A.(2625)" in
the c.m. system is determined with the f(cos@) o (1 +
ap, cos? §) parameterization. The sign of a A, flips between
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these two energy points near the production thresh-
old of AJA.(2625)" +c.c. The form-factor ratio

V|Ge[* +3|Gy[*/|Gcl is derived based on the a,_values
for the first time. This work opens a new window to explore
the internal structure of the excited charmed baryons. In the
future, their internal structure is expected to be compre-
hensively understood via a fine scan of this energy region at
eTe™ collider with higher luminosity [29].

The BESIII Collaboration thanks the staff of BEPCII and
the IHEP computing center for their strong support. This
work is supported in part by National Key R&D Program
of China under Contracts No. 2020YFA0406300 and

No. 2020YFA0406400; National Natural Science
Foundation of China (NSFC) wunder Contracts
No. 11635010, No. 11735014, No. 11835012,
No. 11935015, No. 11935016, No. 11935018,
No. 11961141012, No. 12025502, No. 12035009,
No. 12035013, No. 12061131003, No. 12192260,
No. 12192261, No. 12192262, No. 12192263,
No. 12192264, No. 12192265, No. 12221005,

No. 12225509, No. 12235017 and No. 12005311; China
Postdoctoral ~ Science Foundation under Contracts
No. 2019M662152, and No. 2020T130636; the
Fundamental Research Funds for the Central
Universities, University of Science and Technology of
China under Contract No. WK2030000053; the Chinese

Academy of Sciences (CAS) Large-Scale Scientific Facility
Program; the CAS Center for Excellence in Particle Physics
(CCEPP); Joint Large-Scale Scientific Facility Funds of the
NSFC and CAS under Contract No. U1832207; CAS Key
Research Program of Frontier Sciences under Contracts
No. QYZDJ-SSW-SLH003 and No. QYZDJ-SSW-
SLHO040; 100 Talents Program of CAS; The Institute of
Nuclear and Particle Physics (INPAC) and Shanghai Key
Laboratory for Particle Physics and Cosmology; European
Union’s Horizon 2020 research and innovation programme
under Marie Sklodowska-Curie grant agreement under
Contract No. 894790; German Research Foundation
DFG under Contracts No. 455635585, Collaborative
Research Center Grants No. CRC 1044, No. FOR5327
and No. GRK 2149; Istituto Nazionale di Fisica Nucleare,
Italy; Ministry of Development of Turkey under Contract
No. DPT2006K-120470; National Research Foundation of
Korea under Contract No. NRF-2022R1A2C1092335;
National Science and Technology fund of Mongolia;
National Science Research and Innovation Fund (NSRF)
via the Program Management Unit for Human Resources &
Institutional Development, Research and Innovation of
Thailand under Contract No. B16F640076; Polish
National Science Centre under Contract No. 2019/35/0/
ST2/02907; The Swedish Research Council; and U.S.
Department of Energy under Contract No. DE-FG02-
05ER41374.

[1] B. Knapp, W. Y. Lee et al., Phys. Rev. Lett. 37, 882 (1976).
[2] Y. Yan, X. Hu, Y. Wu, H. Huang, J. Ping, and Y. Yang, Eur.
Phys. J. C 83, 524 (2023).
[3] R.L. Workman et al. (Particle Data Group), Prog. Theor.
Exp. Phys. 2022, 083C01 (2022).
[4] H. Y. Cheng, Chin. J. Phys. (Taipei) 78, 324 (2022).
[5] H. Albrecht et al. (ARGUS Collaboration), Phys. Lett. B
317, 227 (1993).
[6] H. Albrecht et al. (ARGUS Collaboration), Phys. Lett. B
402, 207 (1997).
[7] K. W. Edwards et al. (CLEO Collaboration), Phys. Rev.
Lett. 74, 3331 (1995).
[8] P.L. Frabetti et al. (E687 Collaboration), Phys. Rev. Lett.
72, 961 (1994).
[9] T. Aaltonen et al. (CDF Collaboration), Phys. Rev. D 79,
032001 (2009).
[10] S. Meinel and G. Rendon, Phys. Rev. D 103, 094516
(2021).
[11] S. Meinel and G. Rendon, Phys. Rev. D 105, 054511
(2022).
[12] J.-X. Lu, Y. Zhou, H.-X. Chen, J.-J. Xie, and L.-S. Geng,
Phys. Rev. D 92, 014036 (2015).
[13] J. Nieves and R. Pavao, Phys. Rev. D 101, 014018 (2020).
[14] K. Moriya et al., Phys. Rev. Lett. 112, 082004 (2014).

[15] H. Kamano, S. X. Nakamura, T.-S. H. Lee, and T. Sato,
Phys. Rev. C 92, 025205 (2015); 95, 049903(E) (2017).

[16] R. Aaij et al. (LHCb Collaboration), Phys. Rev. D 85,
092001 (2012).

[17] G. Huang, and Rinaldo Baldini Ferroli (BESIII Collabora-
tion), Natl. Sci. Rev. 8, nwab187 (2021).

[18] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. Lett.
124, 042001 (2020).

[19] M. Ablikim et al. (BESIII Collaboration), Nat. Phys. 17,
1200 (2021).

[20] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. D 107,
072005 (2023).

[21] M. Ablikim et al. (BESIII Collaboration), Phys. Lett. B 814,
136110 (2021).

[22] M. Ablikim et al. (BESIII Collaboration), Phys. Lett. B 831,
137187 (2022).

[23] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. Lett.
120, 132001 (2018).

[24] M. Ablikim et al. (BESIII Collaboration), J. High Energy
Phys. 11 (2023) 228.

[25] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. D 107,
052003 (2023).

[26] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. Lett.
131, 191901 (2023).

LO71104-6



MEASUREMENTS OF BORN CROSS SECTIONS FOR ...

PHYS. REV. D 109, L071104 (2024)

[27] M. Ablikim et al. (BESIII Collaboration), Chin. Phys. C 46,
113003 (2022).

[28] M. Ablikim et al. (BESIII Collaboration), Nucl. Instrum.
Methods Phys. Res., Sect. A 614, 345 (2010).

[29] M. Ablikim et al. (BESIII Collaboration), Chin. Phys. C 44,
040001 (2020).

[30] S. Agostinelli ef al. (Geant4 Collaboration), Nucl. Instrum.
Methods Phys. Res., Sect. A 506, 250 (2003).

[31] K. X. Huang et al., Nucl. Sci. Tech. 33, 142 (2022).

[32] S. Jadach, B.F.L. Ward, and Z. Was, Comput. Phys.
Commun. 130, 260 (2000).

[33] R. G. Ping, Chin. Phys. C 32, 599 (2008).

[34] H. Albrecht et al. (ARGUS Collaboration), Phys. Lett. B
317, 227 (1993).

[35] T. Aaltonen et al. (CDF Collaboration), Phys. Rev. D 84,
012003 (2011).

[36] S. Jadach, B.F.L. Ward, and Z. Was, Phys. Rev. D 63,
113009 (2001).

[37] S.J. Brodsky and R. F. Lebed, Phys. Rev. Lett. 102, 213401
(2009).

[38] E. Richter-Was, Phys. Lett. B 303, 163 (1993).

[39] F. Jegerlehner, Z. Phys. C 32, 195 (1986).

[40] S. Actis et al. (Working Group on Radiative Corrections,
Monte Carlo Generators for Low Energies Collaboration),
Eur. Phys. J. C 66, 585 (2010).

[41] H. Albrecht et al. (ARGUS Collaboration), Phys. Lett. B
241, 278 (1990).

[42] S. Pacetti, R. Baldini Ferroli, and E. Tomasi-Gustafsson,
Phys. Rep. 550-551, 1 (2015).

[43] G.P. Lepage and S.J. Brodsky, Phys. Rev. D 22, 2157
(1980).

[44] J. G. Korner and M. Kuroda, Phys. Rev. D 16, 2165 (1977).

[45] R. C.E. Devenish, T. S. Eisenschitz, and J. G. Korner, Phys.
Rev. D 14, 3063 (1976).

[46] W.L. Yuan, X. C. Ai, S.-J. Chen, Y. Zhang, L.-H. Wu, L.-L.
Wang, and Y. Yuan, Chin. Phys. C 40, 026201 (2016).

[47] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. Lett.
117, 232002 (2016).

[48] R. G. Ping, X. A. Xiong et al., Chin. Phys. C 40, 113002
(2016).

[49] D. Liu, W.P. Wang, R.B. Ferroli, and G.S. Huang,
J. Instrum. 13, P12017 (2018).

M. Ablikim," M. N. Achasov,*” P. Adlarson,” O. Afedulidis,” X. C. Ai,*® R. Aliberti,”> A. Amoroso,”**’* Q. An,’"®
Y. Bai,57 0. Bakina,36 I Balossino,29a Y. Ban,46’g H.-R. Bao,63 V. Batozskaya,l‘44 K. Begzsuren,3 ZN. Berger,3 3
M. Berlowski,** M. Bertani,”®* D. Bettoni,”** F. Bianchi,”**’* E. Bianco, **™* A. Bortone,**7* 1. Boyko,36 R. A. Briere,’
A. Brueggemann,68 H. Cai,76 X. Cai,l’58 A. Calcaterra,zg?l G.F. Cao,l’63 N. Cao,l’63 S.A. Cetin,6221 J.F Chang,l’58
W.L. Chang,"® G.R. Che,” G. Chelkov,”®* C. Chen,” C.H. Chen,” Chao Chen,” G. Chen,' H.S. Chen,"*

M. L. Chen,"**% S.J. Chen,”” S.L. Chen,” S. M. Chen,”' T. Chen,"* X.R. Chen,*"** X.T. Chen,"* Y. B. Chen,'®
Y. Q. Chen,** Z.J. Chen,”" Z. Y. Chen,"* S. K. Choi,'’ X. Chu,” G. Cibinetto,”* F. Cossio, * J.J. Cui,”® H. L. Dai,"®
J.P. Dai,”® A. Dbeyssi,'"® R.E. de Boer,” D. Dedovich,”® C. Q. Deng,”* Z. Y. Deng,' A. Denig,” I. Denysenko,*®
M. Destefanis, **’* F. De Mori, **’* B. Ding,ﬁé’1 X. X. Ding,46’g Y. Ding,34 Y. Ding,40 J. Dong,l’58 LY. Dong,l‘63
M. Y. Dong,"**® X. Dong,”® M. C. Du,' S. X. Du,*® Z. H. Duan,*”* P. Egorov,”®* Y. H. Fan,” J. Fang,"”® J. Fang,”
S.S.Fang,"” W. X. Fang,' Y. Fang,' Y. Q. Fang,'*® R. Farinelli,”” L. Fava,”**’* E. Feldbauer,’ G. Felici,”® C. Q. Feng,”"™®
J.H. Feng,” Y.T. Feng,”"™® K. Fischer,”” M. Fritsch,> C.D. Fu,' J.L. Fu,”” Y. W. Fu,' H. Gao,”® Y. N. Gao,**¢
Yang Gao,”‘58 S. Garbolino,74c I Garzia,zga’29b P.T. Ge,76 Z.W. Ge,42 C. Geng ,59 E. M. Gersabeck,67 A. Gilman,69
K. Goetzen,” L. Gong,"” W. X. Gong,'”® W. Gradl,” S. Gramigna,”****® M. Greco,”"*"* M. H. Gu,"”® Y. T. Gu,"”
C.Y. Guan,l’63 Z.L. Guan,22 A.Q. Gu0,31’63 L.B. Guo,41 M. . Guo,50 R.P. Guo,49 Y.P. Guo,lz’f A. Gusl<0v,36‘a
J. Gutierrez,27 K. L. Han,63 T.T. Han,1 X. Q. Hao,19 F A. Harris,65 K. K. He,55 K. L. He,]’63 F. H. Heinsius,3 C.H. Heinz,35
Y. K. Heng,l’s&63 C. Herold,60 T. Holtmann,3 P.C. Hong,m‘f G.Y. Hou,l’63 X.T. Hou,l’63 Y.R. Hou,(’3 Z.L. Hou,l B.Y. Hu,59
H.M. Hu,"* J.F. Hu,”™ T. Hu,"”** Y. Hu,' G.S. Huang,”"”® K. X. Huang,” L. Q. Huang,”"* X.T. Huang,”

Y. P Huang,1 T. Hussain,73 F. Hélzken,3 N. Hl'jsken,y’35 N. in der Wiesche,68 M. Irshad,71’58 J. Jackson,27 S. Janchiv,32
J.H. Jeong,'” Q. Ji,) Q.P. 1i,"” W. Ji,"® X.B. Ji,"® X.L. Ji,"® Y. Y. Ji,° X. Q. Jia,® Z.K. Jia,”"*® D. Jiang,"®
H.B. Jiang,”® P.C. Jiang,"*¢ S.S. Jiang,” T.J. Jiang,'® X.S. Jiang,"”** Y. Jiang,*’ J. B. Jiao,” J. K. Jiao,”* Z. Jiao,”
S. Jin,42 Y. Jin,66 M. Q. Jing,l’63 X. M. Jing,63 T. Johansson,75 S. Kabana,33 N. Kalantar—Nayestanaki,64 X. L. Kang,9
X.S. Kang,40 M. Kavatsyuk,64 B.C. Ke,80 V. Khachatryan,27 A. Khoukaz,(’8 R. Kiuchi,1 O.B. Kolcu,62*l B. Kopf,3
M. Kuessner,” X. Kui,"*®* A. Kupsc,**” W. Kiihn,”’ J.J. Lane,” P. Larin,'® L. Lavezzi,”**"* T.T. Lei,”"”® Z. H. Lei, "™
H. Leithoff,” M. Lellmann,” T. Lenz,” C. Li,*’ C. L, C. H. Li,”® Cheng Li,”"”* D.M. Li,*" E. Li,"*® G. Li," H. Li,”"*®
H.B. Li,"® H.J. Li," H.N. Li,”® Hui Li,” J.R. Li,®" J.S. Li,” Ke Li,' L.J. Li,"® L. K. Li,' Lei Li,” M. H. Li,*
P.R.Li** Q.M. Li,"” Q. X. Li,° R. Li,"*' S. X. Li,”” T. L3, W.D. Li,"® W. G. Li,! X. Li,"®* X. H. Li,"*® X. L. Li,”
Xiaoyu Li,"® Y. G. Li,"*¢ Z.J. Li,”” Z. X. Li,"” C. Liang,"* H. Liang,”"*® H. Liang,"*® Y. F. Liang,* Y. T. Liang,*"®
G.R. Liao," L. Z. Liao,” Y. P. Liao,"® J. Libby,*® A. Limphirat,”” D. X. Lin,”"* T. Lin,' B.J. Liu,' B. X. Liu,”® C. Liu,**

LO71104-7



M. ABLIKIM et al. PHYS. REV. D 109, L071104 (2024)

C.X. Liu,' F. H. Liv,” Fang Liu," Feng Liu,® G. M. Liu,”*" H. Liv,™"* H. B. Liu,"> H. M. Liu,"* Huanhuan Liu,"
Huihui Liu,” J. B. Liu,”®* J. Y. Liu,"** K. Liu,”** K. Y. Liu,* Ke Liv,”? L. Liu,”"”* L. C. Liv,* Lu Liv,* M. H. Liu,"*'
P.L. Liu,' Q. Liv,” S.B. Liu,”"® T. Liu,"*" W. K. Liu,”> W.M. Liu,”"** X. Liv,®** X. Liv,” Y. Liv,”** Y. Lin,*
Y.B. Liuv,” Z. A. Liu,"”** Z.D. Liv,’ Z. Q. Liv,” X. C. Lou,"”*® E X. Lu,” H.J. Lu,” J. G. Lu,"”® X. L. Lu,' Y. Lu,’
Y.P. Lu,"** Z.H. Lu,"* C.L. Luo," M. X. Luo,” T. Luo,'*' X. L. Luo,"”® X.R. Lyu,” Y.F. Lyu,* F.C. Ma,” H. Ma,”®
H.L.Ma,' J.L. Ma,"* L. L. Ma,” M. M. Ma,"® Q. M. Ma,' R. Q. Ma,"* X. T. Ma,"®* X. Y. Ma,"® Y. Ma,**¢ Y. M. Ma,”’
F.E. Maas,'® M. Maggiora,”**"* S. Malde,”” A. Mangoni,®* Y.J. Mao,**¢ Z.P. Mao,' S. Marcello,”**"* 7. X. Meng,66
J.G. Messchendorp,13’64 G. Mezzadri,29a H. Miao,l’63 T.J. Min,42 R.E. Mitchell,27 X. H. Mo,l’sg’63 B. Moses,27
N. Yu. Muchnoi,“’b J. Muskalla,35 Y. Nefedov,36 F. Nerling,lg’d 1. B. Nikolaev,“’b Z. Ning,l’58 S. Nisar,“‘] Q.L. Niu,38’j’k
W.D. Niu,” Y. Niu,”® S. L. Olsen,”® Q. Ouyang,'”** S. Pacetti,”**** X. Pan,” Y. Pan,”’ A. Pathak,* P. Patteri,”™
Y.P. Pei,ﬂ’58 M. Pelizaeus,3 H.P. Peng,ﬂ’58 Y. Y. Peng,38’j’k K. Pe:t(=,rs,13’(1 J.L. Ping,41 R.G. Ping,l’63 S. Plura,35 V. Prasad,33
F.Z Qi,' H. Qi,/"® H.R. Qi.®’ M. Qi,” T Y. Qi,"*" S. Qian,"”® W. B. Qian,** C.F. Qia0,” J.J. Qin,”* L. Q. Qin,"
X.S. Qin,” Z.H. Qin,"® J.F. Qiu,' S. Q. Qu,°" Z. H. Qu,”* C.F. Redmer,” K.J. Ren,”” A. Rivetti,”* M. Rolo,”*
G. Rong,l’63 Ch. Rosner,18 S.N. Ruan,43 N. Salone,44 A. Saralntse:V,36’C Y. Schelhaas,35 K. Schoenning,75 M. Scodeggio,zg"1
K.Y. Shan,lz’f W. Shan,24 X.Y. Shan,”"™® J.F. Shangguan,55 L.G. Shao,l’63 M. Sha0,7l’58 C.P. Shen,lz‘f H.F Shen,l’8
W. H. Shen,”” X. Y. Shen,"® B. A. Shi,”* H. C. Shi,”"** J. L. Shi,"*J. Y. Shi,' Q. Q. Shi,” R. S. Shi,"** S. Y. Shi,”* X. Shi,"®
J.J. Song,” T.Z. Song,”” W.M. Song,**' Y.J. Song,"* Y. X. Song,***™ S. Sosio,”**’* S. Spataro,”** F. Stieler,”
Y.J.Su,® G.B. Sun,”* G. X. Sun,' H. Sun,”” H. K. Sun,' J. F. Sun,"’ K. Sun,”’ L. Sun,”® S. S. Sun,"® T. Sun,”"* W. Y. Sun,**
Y. Sun,” Y.J. Sun,”"*®* Y. Z. Sun,' Z. Q. Sun,"* Z. T. Sun,”® C.J. Tang,”* G. Y. Tang,' J. Tang,” Y. A. Tang,”® L. Y. Tao,”
QT Tao,25’h M. Tat,69 J. X. Teng,71’58 V. Thoren,75 W. H. Tian,59 Y. Tian,31’63 Z.F Tian,76 1. Uman,62'3 Y. Wan,55
S.J. Wang,50 B. Wang,1 B.L. Wang,63 Bo Wang,”’58 D.Y. Wang,46‘g F. Wang,72 H.J. Wang,SS’j‘k J.P. Wang,50 K. Wang,l’58
L.L. Wang,l M. Wang,50 Meng Wang,l’63 N.Y. Wang,63 S. Wang,38’j’k S. Wang,lz’f T. Wang,u’f T.J. Wang,43 W. Wang,59
W. Wang,72 W.P. Wamg,35’18’71’58 X. Wang,%’g X.F. Wzalngg,38’J"k X.J. Wang,39 X.L. Wang,lz’f X.N. Wang,1 Y. Wang,61
Y.D. Wang,” Y.E. Wang,"”*® Y. L. Wang,"” Y. N. Wang,* Y. Q. Wang,' Yaqian Wang,'” Yi Wang,”' Z. Wang,"®
Z.L. Wang,”* Z. Y. Wang,"® Ziyi Wang,” D. Wei,”” D. H. Wei,'* E. Weidner,” S.P. Wen,' Y.R. Wen,”” U. Wiedner,’
G. Wilkinson,” M. Wolke,” L. Wollenberg,” C. Wu,”* J.F. Wu,"® L. H. Wu,' L. J. Wu,"® X. Wu,'*' X. H. Wu,** Y. Wu,”
Y.H. Wu, P Y.J. Wu,' Z. Wu,"*® L. Xia,”"*® X. M. Xian,” B. H. Xiang,"® T. Xiang,’*¢ D. Xiao,”*’* G. Y. Xiao,"
X. Xiao,” S. Y. Xiao,' Y. L. Xiao,'*" Z.J. Xiao,*' C. Xie,”* X. H. Xie,"*¢ Y. Xie,” Y. G. Xie,"”® Y. H. Xie,® Z. P. Xie,”"™®
T.Y. Xing,"® C.F. Xu,"” C.J. Xu,” G.F. Xu,' H. Y. Xu,”® Q.J. Xu,'® Q.N. Xu,*® W. Xu,' W.L. Xu,®® X.P. Xu,”
Y.C. Xu,” Z.P. Xu,? Z.S. Xu,” F. Yan,'"*" L. Yan,'"*" W. B. Yan,”"*® W. C. Yan,** X. Q. Yan,' H.J. Yang,”"* H. L. Yang,*
H. X. Yang,l Tao Yang,1 Y. Yang,lz’r Y.F Yang,43 Y. X. Yang,l’63 Yifan Yang,l’63 Z.W. Yang,%’j’k Z.P. Yao,”” M. Ye,"®
M.H. Ye.* I.H. Yin,' Z. Y. You,” B.X. Yu,"*® C.X. Yu.,”* G. Yu,"® 1.S. Yu,”" T. Yu,”” X. D. Yu,"*¢ C.Z. Yuan,"*
J. Yuan,* L. Yuan,> S.C. Yuan," Y. Yuan,"® Z.Y. Yuan,”® C.X. Yue,” A. A. Zafar,” F.R. Zeng,”® S. H. Zeng,”
X. Zeng,lz’f Y. Zeng,zs’h Y. J. Zeng,59 Y. J. Zeng,l’63 X. Y. Zhai,** Y. C. Zhai,”® Y. H. Zhan,” A. Q. Zhang,l’63 B.L. Zhang,l’63
B.X. Zhang,' D. H. Zhang,43 G Y Zhang,19 H. Zhang,71 H.C. Zhang,l’sg’63 H.H. Zhang,34 H.H. Zhang,59
H. Q. Zhang,l’sg’63 H.Y. Zhang,l’58 J. Zhang,59 J. Zhang,go J.J. Zhang,52 J.L. Zhang,20 J.Q. Zhang,41 J.W. Zhang,l’s&63
I.X. Zhang,38’j’k JY. Zhang,1 J1.7. Zhang,l’63 Jianyu Zhang,63 L. M. Zhang,61 Lei Zhang,42 P. Zhang,l’63 QY Zhang,”’80
Shuihan Zhang,]’63 Shulei Zhang,zs’h X.D. Zhang,45 X.M. Zhang," X.Y. Zhang,so Y. Zhang,72 Y. T. Zhang,80
Y. H. Zhang,"”® Y. M. Zhang,” Yan Zhang,”"”® Yao Zhang,' Z.D. Zhang,' Z. H. Zhang,' Z.L. Zhang,** Z. Y. Zhang,”
Z.Y. Zhang,76 G. Zhao,1 1Y Zhao,l’63 J.Z. Zhao,l’58 Lei Zhao,71’58 Ling Zhao,1 M. G. Zhao,43 R.P. Zhao,63 S.J. Zhao,80
Y. B. Zhao,l’58 Y. X. Zhao,31’63 Z.G. Zhao,”’58 A. Zhemchugov,%’a B. Zheng,72 J.P Zheng,l‘58 W. . Zheng,l’63
Y. H. Zheng,” B. Zhong,"' X. Zhong,”” H. Zhou,” J. Y. Zhou,”* L. P. Zhou,"®* X. Zhou,”® X. K. Zhou,® X. R. Zhou,”"”*
X.Y. Zhou,” Y. Z. Zhou,'*" J. Zhu,* K. Zhu,' K.J. Zhu,"**% L. Zhu,* L. X. Zhu,** S. H. Zhu,”’ S. Q. Zhu,* T. J. Zhu,'*"
W.J. Zhu,'*" Y. C. Zhu,”"® Z. A. Zhu,"® J.H. Zou,' and J. Zu""*®

(BESIII Collaboration)

nstitute of High Energy Physics, Beijing 100049, People’s Republic of China
2Beihang University, Beijing 100191, People’s Republic of China
*Bochum Ruhr-University, D-44780 Bochum, Germany

LO71104-8



MEASUREMENTS OF BORN CROSS SECTIONS FOR ... PHYS. REV. D 109, L071104 (2024)

*Budker Institute of Nuclear Physics SB RAS (BINP), Novosibirsk 630090, Russia
5Carngie Mellon University, Pittsburgh, Pennsylvania 15213, USA
®Central China Normal University, Wuhan 430079, People’s Republic of China
"Central South University, Changsha 410083, People’s Republic of China
8China Center of Advanced Science and Technology, Beijing 100190, People’s Republic of China
°China University of Geosciences, Wuhan 430074, People’s Republic of China
10Chung—Ang University, Seoul, 06974, Republic of Korea
"COMSATS University Islamabad, Lahore Campus, Defence Road, Off Raiwind Road,
54000 Lahore, Pakistan
“Fudan University, Shanghai 200433, People’s Republic of China
BGSI Helmholtzcentre for Heavy Ion Research GmbH, D-64291 Darmstadt, Germany
14Guangxi Normal University, Guilin 541004, People’s Republic of China
15Guangxi University, Nanning 530004, People’s Republic of China
16Homgzhou Normal University, Hangzhou 310036, People’s Republic of China
Y"Hebei University, Baoding 071002, People’s Republic of China
®Helmholtz Institute Mainz, Staudinger Weg 18, D-55099 Mainz, Germany
YHenan Normal University, Xinxiang 453007, People’s Republic of China
*Henan University, Kaifeng 475004, People’s Republic of China
*'Henan University of Science and Technology, Luoyang 471003, People’s Republic of China
Henan University of Technology, Zhengzhou 450001, People’s Republic of China
*Huangshan College, Huangshan 245000, People’s Republic of China
*Hunan Normal University, Changsha 410081, People’s Republic of China
»Hunan University, Changsha 410082, People’s Republic of China
*Indian Institute of Technology Madras, Chennai 600036, India
Y Indiana University, Bloomington, Indiana 47405, USA
BYUNFN Laboratori Nazionali di Frascati, 1-00044, Frascati, Italy
INFN Sezione di Perugia, 1-06100, Perugia, Italy
230Um'versity of Perugia, 1-06100, Perugia, Italy
PUNFEN Sezione di Ferrara, 1-44122, Ferrara, Italy
29bUniversity of Ferrara, 1-44122, Ferrara, Italy
Otnner Mongolia University, Hohhot 010021, People’s Republic of China
M nstitute of Modern Physics, Lanzhou 730000, People’s Republic of China
Istitute of Physics and Technology, Peace Avenue 54B, Ulaanbaatar 13330, Mongolia
Bnstituto de Alta Investigacion, Universidad de Tarapacd, Casilla 7D, Arica 1000000, Chile
3 Jilin University, Changchun 130012, People’s Republic of China
3 Johannes Gutenberg University of Mainz, Johann-Joachim-Becher-Weg 45, D-55099 Mainz, Germany
3 Joint Institute for Nuclear Research, 141980 Dubna, Moscow region, Russia
37Justus—Liebig—Universitaet Giessen, 1. Physikalisches Institut, Heinrich-Buff-Ring 16,
D-35392 Giessen, Germany
B Lanzhou University, Lanzhou 730000, People’s Republic of China
39Liaoning Normal University, Dalian 116029, People’s Republic of China
4OLiaoning University, Shenyang 110036, People’s Republic of China
41Nanjing Normal University, Nanjing 210023, People’s Republic of China
42Nanjing University, Nanjing 210093, People’s Republic of China
“Nankai University, Tianjin 300071, People’s Republic of China
*National Centre for Nuclear Research, Warsaw 02-093, Poland
®North China Electric Power University, Beijing 102206, People’s Republic of China
“Peking University, Beijing 100871, People’s Republic of China
47QuﬁA Normal University, Qufu 273165, People’s Republic of China
B Renmin University of China, Beijing 100872, People’s Republic of China
YShandong Normal University, Jinan 250014, People’s Republic of China
50Shandong University, Jinan 250100, People’s Republic of China
51;S’han(g'hai Jiao Tong University, Shanghai 200240, People’s Republic of China
2Shanxi Normal University, Linfen 041004, People’s Republic of China
>3 Shanxi University, Taiyuan 030006, People’s Republic of China
3 Sichuan University, Chengdu 610064, People’s Republic of China
»Soochow University, Suzhou 215006, People’s Republic of China
8South China Normal University, Guangzhou 510006, People’s Republic of China
SSoutheast University, Nanjing 211100, People’s Republic of China

L071104-9



M. ABLIKIM et al. PHYS. REV. D 109, L071104 (2024)

*State Key Laboratory of Particle Detection and Electronics, Beijing 100049, Hefei 230026,
People’s Republic of China
Sun Yat-Sen University, Guangzhou 510275, People’s Republic of China
OSuranaree University of Technology, University Avenue 111, Nakhon Ratchasima 30000, Thailand
61Tsinghua University, Beijing 100084, People’s Republic of China
9T yurkish Accelerator Center Particle Factory Group, Istinye University, 34010, Istanbul, Turkey
2 Near East University, Nicosia, North Cyprus, 99138, Mersin 10, Turkey
63University of Chinese Academy of Sciences, Beijing 100049, People’s Republic of China
64Universiz‘y of Groningen, NL-9747 AA Groningen, The Netherlands
University of Hawaii, Honolulu, Hawaii 96822, USA
6()Um'versity of Jinan, Jinan 250022, People’s Republic of China
67University of Manchester, Oxford Road, Manchester, M13 9PL, United Kingdom
68University of Muenster, Wilhelm-Klemm-Strasse 9, 48149 Muenster, Germany
69University of Oxford, Keble Road, Oxford OXI13RH, United Kingdom
University of Science and Technology Liaoning, Anshan 114051, People’s Republic of China
71Universiz‘y of Science and Technology of China, Hefei 230026, People’s Republic of China
72University of South China, Hengyang 421001, People’s Republic of China
73University of the Punjab, Lahore-54590, Pakistan
743University of Turin and INFN, University of Turin, I-10125, Turin, Italy
74bUm'versity of Eastern Piedmont, 1-15121, Alessandria, Italy
"INFN, I-10125, Turin, Italy
75Uppsala University, Box 516, SE-75120 Uppsala, Sweden
"Wuhan University, Wuhan 430072, People’s Republic of China
"Yantai University, Yantai 264005, People’s Republic of China
Yunnan University, Kunming 650500, People’s Republic of China
79Zhejiang University, Hangzhou 310027, People’s Republic of China
8 Zhengzhou University, Zhengzhou 450001, People’s Republic of China

*Also at the Moscow Institute of Physics and Technology, Moscow 141700, Russia.

®Also at the Novosibirsk State University, Novosibirsk, 630090, Russia.

“Also at the NRC “Kurchatov Institute,” PNPI, 188300, Gatchina, Russia.

4Also at Goethe University Frankfurt, 60323 Frankfurt am Main, Germany.

Also at Key Laboratory for Particle Physics, Astrophysics and Cosmology, Ministry of Education; Shanghai Key Laboratory for
Particle Physics and Cosmology; Institute of Nuclear and Particle Physics, Shanghai 200240, People’s Republic of China.
'Also at Key Laboratory of Nuclear Physics and Ion-beam Application (MOE) and Institute of Modern Physics, Fudan University,
Shanghai 200443, People’s Republic of China.

£Also at State Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing 100871, People’s Republic of China.
kTAlso at School of Physics and Electronics, Hunan University, Changsha 410082, China.

'Also at Guangdong Provincial Key Laboratory of Nuclear Science, Institute of Quantum Matter, South China Normal University,
‘Guangzhou 510006, China.

JAlso at MOE Frontiers Science Center for Rare Isotopes, Lanzhou University, Lanzhou 730000, People’s Republic of China.
“Also at Lanzhou Center for Theoretical Physics, Lanzhou University, Lanzhou 730000, People’s Republic of China.

'Also at the Department of Mathematical Sciences, IBA, Karachi 75270, Pakistan.

"Also at Ecole Polytechnique Federale de Lausanne (EPFL), CH-1015 Lausanne, Switzerland.

L071104-10



