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We search for 15 rare decays of D mesons to hadrons accompanied by an electron-positron pair
D — h(h")ete™, based on 20.3 fb~! of e*e™ collision data collected at the center-of-mass energy of
3.773 GeV with the BESIII detector at BEPCII. No significant signals are observed, and the corresponding
upper limits on the branching fractions at the 90% confidence level are determined. The sensitivities of the
results are at the level of 107% ~ 10~7. The upper limits on the branching fractions for the D* — pTete™,
Dt — K*Fete™, D - KOngJr , D% = 7%2%F e~ and D° — n/e+e‘ decay channels are measured for
the first time. For the D° — 7% *e™, D - pete™, D’ — wete™, D° —» K%eTe™, Dt — atalete,
Dt - Ktn%"e™, DT - 17Kl e™ and DT — K*K(S)e+ decay channels, the upper limits on the
branching fracnons are determined, with an improvement of at least a factor of four compared to previous
searches. The upper limits on the branching fractions for the D° — p®eTe™ and D° — ¢ete~ decay

channels are set at 0.7 x 107® and 4.6 x 107°, respectively.

DOI: 10.1103/1zvh-w47t

I. INTRODUCTION

In the Standard Model (SM), the flavor-changing-neu-
tral-current (FCNC) processes are strongly suppressed by
the Glashow-Iliopoulos-Maiani (GIM) mechanism [1] and
can only occur at loop level. Such processes have been
observed in K and B meson decays, e.g., the decays
K* — nutpu (2], and B® — K*%u*u~ [3], where heavy
virtual quarks, particularly the top quark, contribute sig-
nificantly in the loops. By contrast, in the charm sector
there is no heavy particle like the top quark in the loop
diagram ¢ — ul™I~ (I = e or u). Consequently, the GIM
suppression in charm FCNC decays is much stronger than
that in the corresponding processes of B and K mesons,
leading to a theoretically very small branching fraction
(BF) that would not exceed the level of 10~ [4-6].

On the other side, possible new physics (NP) can
significantly increase the decay rates of these short-distance
(SD) processes. Hence, they can serve as clean channels in
experiments to search for NP [4,5]. However, these decay
rates of D mesons also receive substantial contribution
from long distance (LD) effects through vector meson (V)
decays, like D — hV,V — [*t]~, where h is a hadron.
These LD effects can mimic the signal and typically yield
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branching fractions of order 107 [5,6], thereby overshad-
owing the SD component. To disentangle the SD effects, a
measurement of the angular dependence or CP asymmetry
[6] is essential. Moreover, comparing the electron and
muon channels in these decays provides a clean test of
lepton flavor universality, another key prediction of the
SM [6,7].

Comprehensive experimental measurements of other
three- and four-body decays to different hadronic final
states are still of great interest. Theoretically, potential NP
contributions can interfere with the hadronic interactions in
various forms and magnitudes thereby affecting the sensi-
tivity to relevant NP effects [8,9]. Recently, the LHCb
Collaboration reported the latest results on the search for
D° meson decays to 7t 7~ et e~ and KT K~ e* e~ final states
[10]. The results are consistent with the BFs of the
D° = gta ™ and D° - Kt K~ utpu~ decays [11] mea-
sured by the LHCb Collaboration, thereby verifying lepton
flavor universality at the current experimental precision.
The decay D° — zntz~e*e™ has been observed for the first
time where the e™e™ pair originates from the decay of a ¢
or p°/w meson [10]. However, no evidence is found for the
decay D° — KTK~e*e™ [10]. The same long-distance
resonant contributions p°/@ — eTe™ have been observed
in the decay D° — K~ nte*e™ by BABAR and Belle 11
Collaboration [12,13]. Based on the 2.93 fb~! dataset
collected at /s = 3.773 GeV, BESIII Collaboration has
performed a study of the D — h(h"))ete~ processes,
benefiting from the clean sample of charm-meson decays
and adopting the double-tag (DT) method [14], where A")
are hadrons. The most stringent upper limits have been set
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on the BFs for those involving neutral z°, 7 and K% mesons
in the final state [15]. More precise measurements for these
D — h(h"))ete~ decays based on the larger dataset at
BESIII would help to further drive theoretical progress and
bridge the current gaps in detailed theoretical calculations.

In this paper, with an integrated luminosity of 20.3 fb~!
[16] collected with the BESIII detector at /s = 3.773 GeV,
we search for 15 rare decays of D — h(h\))e*e~. Toreduce
possible bias, a blind analysis is carried out based on
Monte Carlo (MC) simulations to validate the analysis
strategy, and the results are obtained only after the analysis
strategy is fixed.

II. BESIII DETECTOR AND MONTE CARLO
SIMULATION

The BESII detector [17] records symmetric e'e”
collisions provided by the BEPCII storage ring [18] in
the center-of-mass energy range from 1.84 to 4.95 GeV,
with a peak luminosity of 1.1 x 103 cm™?s~! achieved at
\/s = 3.773 GeV. BESIII has collected large data samples
in this energy region [16,19-21]. The cylindrical core of the
BESIII detector covers 93% of the full solid angle and
consists of a helium-based multilayer drift chamber
(MDC), a time-of-flight system (TOF), and a CsI(TIl)
electromagnetic calorimeter (EMC), which are all enclosed
in a superconducting solenoidal magnet providing a 1.0 T
magnetic field. The solenoid is supported by an octagonal
flux-return yoke with resistive plate counter muon identi-
fication modules interleaved with steel. The charged-
particle momentum resolution at 1 GeV/c is 0.5%, and
the dE/dx resolution is 6% for electrons from Bhabha
scattering. The EMC measures photon energies with a
resolution of 2.5% (5%) at 1 GeV in the barrel (end cap)
region. The time resolution in the plastic scintillator TOF
barrel region is 68 ps, while that in the end cap region was
110 ps. The end cap TOF system was upgraded in 2015
using multigap resistive plate chamber technology, provid-
ing a time resolution of 60 ps, which benefits 85% of the
data used in this analysis [22].

Simulated event samples produced with the GEANT4-
based [23] MC package which includes the geometric
description of the BESIII detector and the detector response
are used to determine the detection efficiency and estimate
the backgrounds. The simulation includes the beam-energy
spread and initial-state radiation (ISR) in the e*e™ anni-
hilations modeled with the generator KKMC [24]. The
inclusive MC sample includes the production of DD pairs
(including quantum coherence for the neutral D channels),
the non-DD decays of the y(3770), the ISR production of
the J/y and y(3686) states, and the continuum processes
incorporated in KKMC [24]. All particle decays are modeled
with EVTGEN [25] using the BFs either taken from the
Particle Data Group [26], when available, or otherwise
estimated with LUNDCHARM [27]. Final-state radiation

(FSR) from charged particles is incorporated with the
PHOTOS package [28]. Signal MC simulation is utilized
for the study of detection efficiency. The signal simulation
incorporates both the primary LD contribution from the
h(h"))w,w — e*e~ process and the SD contribution
described by a phase space (PHSP) model across different
e e” mass regions.

1. METHOD

The DT method is used in this work [14]. At
V/s =3.773 GeV, the D°D® or DD~ meson pairs are
produced from w(3770) decays without accompanying
hadrons, which provides an ideal opportunity to study rare
decays of D mesons. In the first step, the single-tag (ST) D°
mesons are reconstructed via the hadronic-decay modes of
D - K*tzn~, Ktz 2% and K*z~z~z*t; while the ST D~
mesons are reconstructed via the decays D™ — Ktz n~,
Kgﬂ'_, Ktr n 7Y, Kgﬂ'_ﬂo, ngﬂ+ﬂ_7t_, and K*K— 7.
Then the signal D candidates are reconstructed with the
remaining tracks which have not been used in the ST selection.
The event, in which the rare decay D — h(h())ete~
is reconstructed in the system recoiling against the ST D
meson, is called a DT event [14]. The BFs of the
D — h(h"))ete™ decays are determined by

B— nsig,tag ‘ ) ( 1)
Zi niag : %
Here, i denotes the different ST modes of hadronic decays, and
Niye i the yield of the D meson of ST tag mode i. ngg 1y, is the
number of D rare decay signal events in which an ST D meson
is detected. Finally, e{;, and €, ,,, are the corresponding ST
and DT detection efficiencies. Note that in this paper, charge
conjugated modes are always implied.

IV. SINGLE TAG SELECTION

Charged tracks detected in the MDC (except for those
used for K g reconstruction) are required to be within a polar
angle (0) range of | cos 8] < 0.93, where 0 is defined with
respect to the z axis, which is the symmetry axis of the
MDC. The distance of closest approach to the interaction
point (IP) along the z axis, |V,|, must be less than 10 cm,
and in the transverse plane, |V,[, less than 1 cm.
Charged kaons and pions are identified using likelihoods
L(h)(h = K, m) constructed from measurements of specific
ionization energy loss (dE£/dx) in the MDC and flight time
in the TOF. A track is assigned as a kaon if £(K) > L(x),
and as a pion if L(z) > L(K).

Each K candidate is reconstructed from two oppositely
charged tracks satisfying |V.| < 20 cm. The two charged
tracks are assigned as 7"z~ without imposing PID criteria.
They are constrained to originate from a common vertex,
requiring an invariant mass within (0.487,0.511) GeV/c?.
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The decay length of the K% candidate is required to be
separated from the IP by more than twice the vertex
resolution, which encompasses both the primary and
secondary vertices. The quality of the vertex fits (pri-
mary-vertex fit and secondary-vertex fit) is ensured by
requiring x> < 100.

Photon candidates are identified using showers in the
EMC. The 7° candidates with both photons from the end
cap are rejected because of poor resolution. The deposited
energy of each shower must be more than 25 MeV in the
barrel region (| cos 8| < 0.80) and more than 50 MeV in the
end-cap region (0.86 < |cos@| < 0.92). Showers are
required to be separated from charged tracks by an angle
greater than 10° in order to eliminate activity induced by
charged particles. To suppress electronic noise and showers
unrelated to the event, the difference between the EMC
time and the event start time is required to be within [0,
700] ns. For z° candidates, the invariant mass of the photon
pair is required to be within (0.115,0.150) GeV/c?. To
improve the resolution, a kinematic fit is performed, where
the diphoton invariant mass is constrained to the known 7°
mass [26]. The y? of the fit is required to be less than 50.
The momenta obtained from the kinematic fit are used in
the subsequent analysis.

In the selection of D° — K*z~ events, cosmic rays and
Bhabha backgrounds are suppressed by applying the same
criteria described in Ref. [29]. The two charged tracks are
required to have a TOF time difference of less than 5 ns and
must not be identified as a muon—antimuon or electron—
positron pair. Furthermore, each event must contain either
at least one EMC shower with deposited energy exceeding
50 MeV, or at least one additional charged track detected in
the MDC.

To separate the ST D mesons from combina-
torial backgrounds, we define the energy difference
AE=Ep — Epan and the beam-constrained mass
Mgc = \/EL,,./c* = |Ppl>/c?, where Epeyy is the beam
energy, and Ej, and pj, are the total energy and momentum
of the D candidate in the eTe~ center-of-mass frame,
respectively. If there is more than one D candidate in a
given ST mode, the candidate with the smallest value of
|AE| is kept for the subsequent analysis. The AE require-
ments and ST efficiencies are listed in Table I.

The ST yields are extracted by performing unbinned
maximum likelihood fits to the corresponding My dis-
tribution. In the fit, the signal shape is derived from the
MC-simulated signal shape convolved with a double-
Gaussian function to compensate for the resolution differ-
ence between data and MC simulation. The background
shape is described by the ARGUS function [30], with the
endpoint parameter fixed at 1.8865 GeV/c? corresponding
to Epeam- Figure 1 shows the fits to the My distributions of
the accepted ST candidates in data for different ST modes.
The candidates with Myc within (1.859,1.873) GeV/c?

TABLE I. The AE requirements, the measured ST D yields in
the data (nfag), and the ST efficiencies (efag) for nine tag modes.
The uncertainties are statistical only.

AE (GeV)

0.027,0.027
0.062,0.049

Tag mode n{ag(x 10°) E{ag(%)

3725.7+£2.0 65.10+0.01
7422.3 £3.2 35.60 £ 0.00
4987.5 £2.5 40.94 £0.01
5552.8 £2.5 51.10£0.00
656.5+0.8 51.42+£0.01
17237 £ 1.8 24.404+0.00
1442.4 £1.5 26.45+0.00
7902+ 1.1 29.59+£0.01
481.4+£09 4091 =£0.01

DY - K*n~ (- )
DY - Ktz " (- )
D - Ktz za—n+ (—0.026,0.024)
D= Ktna  (=0.025,0.024)
D~ — K (=0.025,0.026)
D~ - Ktz a % (=0.057,0.046)
D™ — Kgﬂ_ﬂ'o (—0.062,0.049)
D™ — Kgﬂ'_ﬂ'_ﬂ' (—0.028,0.027)
D= K K-z~ (~0.024,0.023)

+

for D° tags and (1.863,1.877) GeV/c? for D™ tags are
kept for further analyses. Summing over the tag modes
gives the total yields of ST D° and D~ mesons to be
(1613.5 +0.5) x 10* and (1064.7 + 0.4) x 10*, where the
uncertainties are statistical only.

V. SIGNAL SELECTION

Signal candidates of the 15 rare decays of D —
h(h"))ete~ are reconstructed in the remaining charged
tracks and showers recoiling against the ST D mesons. The
selection criteria for the charged tracks and neutral showers
are the same as those used in the ST event selection.
Positrons and electrons are identified using a combined
likelihood £’ constructed from MDC, TOF, and EMC
information. The likelihood is evaluated under electron,
pion, and kaon hypotheses. An electron (positron) candi-
date is required to satisfy L'(e) >0.001 and
L'(e) > L'(e)/(L'(e)+ L (x) + L/(K)) > 0.8. In addi-
tion, for the higher-momentum track in the pair, the ratio
of energy deposited in the EMC to momentum measured in
the MDC, E/p, must satisfy 0.8 < E/p < 1.2. Studies of
inclusive MC samples show that the selected e e~ pairs
predominantly arise from y conversions, with the photons
originating from decays of intermediate states and the
conversions occurring around the beam pipe and the inner
wall of the MDC. To suppress these backgrounds, the e e~
pair is required to originate from a vertex reconstructed
outside a cylindrical region of radius between 2.0 cm and
8.0 cm in the transverse plane.

For the K g candidate, in addition to the same criteria used
in the ST event selection, the candidate with the smallest y? is
retained under the requirement y?> < 20. The 5 and z° meson
candidates are reconstructed via their yy decay modes,
requiring the invariant mass M,, to be within (0.505,
0.570) and (0.115,0.150) GeV/c?. The two-pion decay
modes are used to reconstruct p° and p* candidates, with
requirements on the invariant mass set to the range (0.625,
0.925) and (0.64,0.89) GeV/c?, respectively. Similarly, the
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FIG. 1. Fits to the My distributions of the ST D candidates. In each plot, the points with error bars correspond to the data, the blue
curves are the best fits, and the dashed red curves describe the fitted combinatorial background shapes. The pair of black arrows indicate
the Mpyc signal window.

K*K~ and 777~ 7° decay modes are used to reconstruct ¢¢  for the K** and #' mesons are reconstructed via two decay
and o candidates, with requirements on the invariant mass ~ modes each. For the K**, the reconstruction requires the
set to (1.01, 1.03) and (0.720,0.840) GeV/c?. Candidates  invariant mass of the K*z° or z"K$§ to fall within

TABLEII. The AEg, requirements, the M Eé signal regions, the numbers of observed events n,, and the estimated background yields
Morgr and nyS) & oS, in the D¥ and DO signal modes.

Decays AE, (GeV) M3E (GeV/c?) Mobs nsP, S, + oS,
Dt - atadete (~0.060, 0.030) (1.864, 1.877) 11 2 109 +2.0
D - Kta%e*em (~0.063,0.037) (1.862, 1.877) 0 0 1.5+0.4
D' - ztKetem (~0.038,0.020) (1.865, 1.877) 4 0 35+ 1.0
Dt - KtKJete (~0.038,0.021) (1.865, 1.875) 0 0 02+0.1
D - ptetes (~0.060, 0.030) (1.864, 1.877) 4 0 43+13
Dt - K jete (~0.063,0.037) (1.862, 1.877) 0 0 0.4 +0.1
DY~ K fete (~0.038,0.020) (1.865, 1.877) 1 0 12407
D - zd¢tem (~0.094,0.031) (1.853, 1.877) 3 0 2.5+ 0.4
D — pete (~0.086.0.035) (1.854, 1.878) 1 0 1.8+03
D = KYetem (~0.043,0.020) (1.858, 1.873) 4 0 1.6+0.3
D’ - wete” (~0.076,0.035) (1.854, 1.878) 4 1 34406
D — K9KYetem (~0.056,0.041) (1.858, 1.873) 0 0 0.1£0.1
D - 792%" e~ (~0.113,0.067) (1.853, 1.879) 8 0 14.6 £ 6.0
D — pete (~0.044,0.015) (1.858, 1.872) 0 0 0.1+0.1
D - pletem (~0.053,0.020) (1.857, 1.873) 4 0 4.1+04
DO, ete (~0.050,0.039) (1.854, 1.878) 6 0 54+18
DOyl ete (~0.067,0.044) (1.854, 1.878) 0 0 02+0.1
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TABLE IIIl. MC-determined DT detection efficiencies of the
different D° decay modes (%). The uncertainties are all statistical.
Signal vs KTz~ Ktnn° Ktn~nnt
ndete” 26.94 +0.08 14.25 £0.04 15.54 £ 0.04
nete” 23.30 +0.07 12.48 +0.03 13.37 £0.03
KSete~ 14.98 +0.04 7.95 £0.02 8.65 £0.02
wete” 13.99 +£0.03 6.80 £ 0.02 7.45+0.02
K%KSete 2714001 1.37 £ 0.01 1.35 £0.01
297%* e~ 12.85 £ 0.04 6.12 £ 0.03 7.02 £0.03
pete” 4.14 +£0.02 2.24 +£0.01 2.274+0.01
plete” 24.34 +£0.08 12.60 £ 0.04 13.81 £ 0.04
nete™ 13.44 £ 0.05 6.57 £0.03 6.89 +0.03

(0.8,1.0) GeV/c?. For the 1/, the invariant masses of the
yrtx~ and nxt ™ are required to be in the ranges of (0.939,
0.974) or (0.943,0.972) GeV/c?, respectively.

Similar to the ST selection, AE and My for the signal
candidates of the rare D decays in DT events, denoted as
AEg, and My¢, are calculated. For each signal mode, AE,
is required to be within 3¢ of the nominal value, as listed in
Table II, and only the combination with the smallest |AE,|
is kept. A dominant background arises from 7° — ye*e~
and 5 — yete~ decays, where the photon escapes
reconstruction. For 7° decays, this background is sup-
pressed by requiring the invariant mass of the electron-
positron pair M,:,- > 0.2 GeV/c?, which reduces the
contribution to below 1% of its original level. For 5
decays, the background is vetoed by reconstructing the
missing photon from combinations of the e e~ pair with
any unused photon in the event. The combination
yielding an invariant mass closest to the nominal 7 mass
is retained; events falling within a +26 window of
(0.505,0.570) GeV/c? around the 5 peak are rejected.
This veto removes over 50% of the remaining background.
Furthermore, to veto the contribution from D — h(h"))¢,
¢ — et e decays, M+, is required to be outside of the ¢
mass region, defined as (0.935,1.053) GeV/c?.

After applying all the aforementioned selection
criteria, the backgrounds are separated into two categories:
events with an incorrectly reconstructed ST candidate, and

events with a correctly reconstructed ST candidate
but a wrong signal candidate. The former background
can be estimated with the surviving events in the ST
sideband (SB) region of Mys distribution, which is
defined as (1.830,1.855) GeV/c? for D° decays and
(1.830, 1.860) GeV/c? for D~ decays. The latter predomi-
nantly originate from the process where D — h(h"))zt 7z~
events are mis-reconstructed as D — h(h"))e* e~ and from
the D — h(h"))y,n — yete™ process. These two contri-
butions account for approximately 50% and 35% of the
background, respectively. The corresponding number of

incorrectly reconstructed ST background events, ny,, is

estimated with the number of events in the SB region npp,

normalized by a scale factor f, which is the ratio of the
integrated numbers of background events in the signal and
SB regions. The scale factors f are determined to be
0.466 = 0.001 and 0.611 £ 0.001 for the charged and
neutral D decays [15], respectively, where the uncertainties
are statistical only. The incorrectly reconstructed ST
background is expected to follow a Poisson (P) distribu-
tion with central value of nyp,, - f. The background from
mis-reconstructed signal, 7y, is estimated with the
D*D~ and D°D° events in the inclusive MC samples by
subtracting the incorrectly reconstructed ST events,
and the corresponding number of events is expected to
follow a Gaussian distribution (G). This Gaussian distri-
bution G is centered at n, with an uncertainty of oy,

where the uncertainty oy, includes both statistical

uncertainty and the uncertainty from BF of the dominant
backgrounds from decays D — h(h"))z*z~ and
D — h(h)p,n — yete.

The number of observed events n., and the estimated
background yields ny,;, are listed in Table II. The
detection efficiencies for the DT DY and D* decays are
provided in Tables III and IV, respectively. As shown in
Fig. 2, no significant excess over the expected backgrounds
is observed. The ULs of the BFs can be determined by
subtracting the background contributions from the
observed signal candidates n,,, and correcting the recon-
structed efficiencies. The systematic uncertainties, which
are described in the following, are also accounted for.

TABLE IV. MC-determined DT detection efficiencies of the different Dt decay modes (%). The uncertainties are all statistical.

Signal vs Ktz n~ Kn~ Ktn K%z~ z° Kdnnn* K"K n~

atnlete” 12.75£0.03 14.02 £ 0.04 5.34 £0.02 6.33 £0.02 7.45+0.03 10.52 £0.03
K*talete 10.12 +0.03 10.96 £ 0.03 3.84 +£0.01 5.17£0.02 6.01 £0.02 7.89 £ 0.02
ﬂ+K(§e+e— 7.74 £0.03 8.24 +0.03 3.17£0.01 3.66 £0.02 3.23 £0.01 6.02 +0.02
K*K(S)eJ“e_ 3.18 £ 0.01 3.39+0.01 1.22 £0.01 1.48 £0.01 1.37 £ 0.01 2.43 4+ 0.01
prete 10.56 = 0.04 12.27 £ 0.04 4.40 £0.02 5.19£0.02 6.05 £0.02 8.19 £ 0.04
K*tete™ 5.94 £ 0.04 7.65 £0.04 3.00 £0.02 3.50 £ 0.04 3.30+0.02 4.41£0.02
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FIG. 2. Distributions of M;% for the signal modes after applying all selection criteria. The solid histograms are data, the hatched ones
are the background events in the inclusive MC samples scaled to the luminosity of data. The black dashed lines denote the signal region.

VI. SYSTEMATIC UNCERTAINTY

With the DT technique, the systematic uncertainties in
the BF measurements due to the detection and
reconstruction of the ST D mesons mostly cancel, as
shown in Eq. (1). The uncertainty associated with the
ST yield N}, is assigned as 0.3% after varying the signal,
background shapes and floating the parameters of one
Gaussian in the fit.

For the signal side, the following sources of systematic
uncertainties, as summarized in Tables V and VI, are
considered. All of these contributions are added in

quadrature to obtain the total systematic uncertainties.
The uncertainties of tracking and PID for K* and z*
mesons are studied with control samples of DD favored
hadronic decay modes [31]. We assign an uncertainty of
0.3% per track for the tracking and 0.3% for the PID
uncertainties. The tracking, PID and E/p efficiency for
electron or positron detection is studied using radiative
Bhabha events. The corresponding systematic uncertainty,
evaluated by weighting according to the cos @ and trans-
verse momentum distributions of the e* tracks, ranges
from 0.5% to 3.4% for the various decay processes.
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TABLE V. Relative systematic uncertainties on the BFs of different D° decay modes (%).

Source detem  netem  wetem  Kietem  getem  pleter  KOKYeTem  anletem  yleten
Ng; 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
K* /7" tracking 0.6 0.6 0.6
Ki/r[iPID 0.6 0.6 0.6
e* tracking, PID and E/p 0.5 0.7 1.5 0.8 2.0 1.3 34 0.6 1.9
7° /5 reconstruction 2.0 1.2 2.0 e .. e . 4.0 e
KS%/w/p° /0 reconstruction 0.8 1.5 0.2 1.1 3.0 e 0.5
Veto of y conversion 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
MC modeling 1.0 2.1 2.3 2.7 54 3.5 2.9 3.6 2.8
Veto of 7° — yete~ 1.1 1.3 1.3 1.3 1.7 1.3 1.3 1.3 1.3
Veto of  — yeTe™ 1.1 1.3 1.3 1.3 1.7 1.3 1.3 1.3 1.3
Binter 0.1 0.5 0.8 0.1 1.0 0.1 0.1 0.1 1.2
Total 3.3 3.7 4.5 4.1 6.6 4.7 6.0 5.9 44
TABLE VI. Relative systematic uncertainties on the BFs of different D* decay modes (%).

Source atalete” Ktnlete™ ntK%ete™ KTK%eTe™ ptete” K*tete™
N§L 0.3 0.3 0.3 0.3 0.3 0.3
K*/n* tracking 0.3 0.3 0.3 0.3 e 0.3
K*/z* PID 0.3 0.3 0.3 0.3 0.3
e* tracking, PID and E/p 1.9 2.3 22 33 1.7 2.3
7Y reconstruction 2.0 2.0 e o . 20
KY/p* /K** reconstruction 1.5 1.5 1.1 0.1
Veto of y conversion 1.8 1.8 1.8 1.8 1.8 1.8
MC modeling 33 2.2 3.5 0.9 34 2.9
Veto of 7° — yeTe” 1.5 1.6 1.6 1.7 1.5 1.6
Veto of 5 — yete™ 1.5 1.6 1.6 1.7 1.5 1.6
Binter 0.1 0.1 0.1 0.1 0.1 0.1
Total 5.1 4.8 5.1 4.9 5.2 5.1

The uncertainties for vetoes of 7° — ye*e™ decays and
n — yete™ decays are also studied by using the control
sample of radiative Bhabha events. The e* momentum
resolution is determined from both data and MC in bins of
momentum, and the relative difference between them is
taken as a systematic uncertainty and assigned to the signal
efficiency. A 2.0% systematic uncertainty is assigned for 7°
meson reconstruction, based on control-sample studies of
D° — K=nt7° decays that compare the reconstruction
efficiency between data and MC. According to the momen-
tum dependent data-MC difference, the uncertainties of 7,
, and Kg meson reconstruction are studied using control
samples of DD events, with uncertainties of 1.5% for Kg,
0.8% for w, and 1.2% for x [15]. Similarly, an uncertainty
of 1.1% for p° and p* [32] mesons, 0.5% for ¢ and 7’ [33]
mesons and 0.1% for the K** [34] meson are assigned.
The y-conversion background is suppressed by a require-
ment on the distance from the reconstructed vertex of the
eT e pair to the IP. The uncertainty due to this requirement
is studied using a sample of J/y — 7tz 72° decays with

the 7 subsequently decaying to the ye™e™ final state [35].
The relative difference of the efficiency between data and
MC simulation is 1.8%, and is assigned as the uncertainty.

The estimated signal detection efficiencies are derived
from MC simulations and computed as a weighted average
of the efficiencies from the LD and SD samples. The
weighting is based on the theoretically predicted BFs of
the LD and SD processes [6]. The difference between the
signal and LD efficiencies is assigned as a systematic
uncertainty. The uncertainties from the BFs of the inter-
mediate states decays of the neutral mesons, B, are
assigned according to the PDG values [26].

VII. RESULTS

After applying all selection criteria to the data, no
significant signals are observed. The signal yields are
consistent with the background estimates obtained from
MC simulations. To calculate the ULs on the BFs for the
signal decays, we use a maximum likelihood estimator,
extended from the profile likelihood method [36].
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FIG. 3.

The number of observed events n,,, and the number of
background events estimated with the sideband ny,y, are
expected to follow a Poisson distribution. The detection
efficiency and the number of background events estimated
with MC simulation ny,; are expected to follow a
Gaussian distribution. The joint likelihood function is
expressed as

= P(nobs|ntag -B- Esig + Npkgl + nbng)
X g(glgi/[gcksigvgls\idgc ' GEAC)
XP(”gEgl 'f‘nbkgl)

x g(”g/ll((ézmbkgzﬁ%fg:z)- (2)

‘c(nbkgl » kg2 Esigs B)

Here B denotes the BF of the signal decay and ny,, is the

total number of ST events n,, = ) n{ag. The parameter

MC

et~ 1s therefore the averaged signal efficiency over differ-

sig
ent ST modes. It can be calculated as el = (3°; nfy, -
efggg/ e{g}glc) /Ny according to Eq. (1). The relative stat-

istical uncertainties listed in Tables III and IV, and the
systematic uncertainties as given in Tables V and VI are
included through 6MC¢. The likelihood function £ is

0 2 4 6 8 10

BFs (x 10°%)

Likelihood curves as a function of the signal BFs. The arrows point to the position of the ULs at the 90% C.L.

maximized in the parameter space 6, = (pkg1s Mpkg2s
&sg» B) to determine L. For each value of B, the
likelihood function can also be maximized in the space of
the nuisance parameters (1,1, Mhke2s Esig) t0 determine L.

TABLE VII. The ULs on the BFs of each signal decay obtained
in this work, and the comparison with the PDG values.

Process B(x1079) PDG [26] (x107%)
Dt = ztalete <24 <1.4
Dt = Ktalete™ <1.1 <1.5
Dt > a7 Klete™ <4.8 <2.6
D" — KTKJeTe~ <37 <l.1
DT = ptete <2.1

Dt —» K*Tete™ <25

DO = 7%te <0.7 <0.4
D% — pete <14 <0.3
D = wete <1.6 <0.8
D° > Kdete™ <2.6 <1.2
D’ - K%K%ete™ <7.8

DY — 7%72%* e <1.9 e
DO = pete <4.6 <52
DO — plete <0.7 <10.0
DY = plete <2.5 e
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The resultant curves of the £/L,, versus the 5 for all
signal modes are shown in Fig. 3. The ULs on the signal
BFs at the 90% CL are estimated by integrating the
likelihood curves in the physical region of B > 0, as listed
in Table VII. We have also measured the ULs on the BFs
without including systematic uncertainties. The difference
between the ULs obtained with and without systematic
uncertainties is less than 0.1%. This analysis improves the
ULs on the BFs for eight decay channels listed in the PDG,
which are primarily based on BESIII [15] and CLEO
measurements. This analysis updates the upper limits on
the branching fractions for ten decay channels listed in the
PDG, of which eight are primarily based on previous
measurements from BESIII [15]. Compared to previous
measurements, the dataset used in this work is larger and
the selection is further optimized to suppress backgrounds
and enhance detection efficiency.

VIII. SUMMARY

We search for 15 rare decays of h(h"))e*e™ based on
the DT analysis using 20.3 fb~! of e*e™ collision data
collected at the center-of-mass energy of 3.773 GeV
with the BESIII detector. No significant signals are
observed, and the corresponding ULs on the BFs are
reported to be at 107~ 1077 level at the 90% C.L.
In this work, the ULs on the BFs of Dt — ptete™,
D' > K*fete™, D' > KYKSete™, D - 7%2%*t e~ and
D° — yete” decay channels are measured for the first
time, which are between 2.1 x 107% and 7.8 x 107°. For the
D — pl¢te™ and D° — ¢peTe™ decays, the ULs on
the BFs are 0.7 x 107 and 4.6 x 1075, respectively. For
the remaining eight decay channels, the ULs on the BFs
have been improved by a factor of 4 to 14 compared to the
previous PDG values. These results provide crucial input
for more stringent tests of the SM predictions of lepton
flavor universality.

ACKNOWLEDGMENTS

The BESIII Collaboration thanks the staff of BEPCII
([37]) 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. 2023YFA1606000, No. 2023YFA1606704; National
Natural Science Foundation of China (NSFC) under
Contracts No. 11635010, No. 11935015, No. 11935016,

No. 11935018, 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, No. 12342502,

No. 12361141819; the Chinese Academy of Sciences
(CAS) Large-Scale Scientific Facility Program; the
Strategic ~ Priority Research Program of Chinese
Academy of Sciences under Contract No. XDA(0480600;
CAS under Contract No. YSBR-101; 100 Talents Program
of CAS; The Institute of Nuclear and Particle Physics
(INPAC) and Shanghai Key Laboratory for Particle Physics
and Cosmology; ERC under Contract No. 758462; German
Research Foundation DFG under Contract No. FOR5327;
Istituto Nazionale di Fisica Nucleare, Italy; Knut and Alice
Wallenberg Foundation under Contracts No. 2021.0174,
No. 2021.0299, No. 2023.0315; 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; Polish National Science
Centre under Contract No. 2024/53/B/ST2/00975; STFC
(United Kingdom); Swedish Research Council under
Contract No. 2019.04595; U.S. Department of Energy
under Contract No. DE-FG02-05ER41374.

DATA AVAILABILITY

The data are not publicly available. The data are
available from the authors upon reasonable request.

[1] S. L. Glashow, J. lliopoulos, and L. Maiani, Phys. Rev. D 2,
1285 (1970).

[2] J.R. Batley et al. (NA48/2 Collaboration), Phys. Lett. B
697, 107 (2011).

[3] R. Aaij et al. (LHCb Collaboration), J. High Energy Phys.
08 (2013) 131.

[4] S. Fajfer, S. Prelovsek, and P. Singer, Phys. Rev. D 64,
114009 (2001).

[51 A. Paul, I.I. Bigi, and S. Recksiegel, Phys. Rev. D 83,
114006 (2011).

[6] L. Cappiello, O. Cata, and G. D’ Ambrosio, J. High Energy
Phys. 04 (2013) 135.

[7] H. Gisbert, M. Golz, and D. S. Mitzel, Mod. Phys. Lett. A
36, 2130002 (2021).

[8] S. De Boer and G. Hiller, Phys. Rev. D 98, 035041
(2018).

[9] H. Gisbert, G. Hiller, and D. Suelmann, J. High Energy
Phys. 12 (2024) 102.

[10] R. Aaij et al. (LHCb Collaboration), Phys. Rev. D 111,
L091101 (2025).

[11] R. Aaij et al. (LHCb Collaboration), Phys. Rev. Lett. 119,
181805 (2017).

[12] J.P. Lees et al. (BABAR Collaboration), Phys. Rev. Lett.
122, 081802 (2019).

092010-9


https://doi.org/10.1103/PhysRevD.2.1285
https://doi.org/10.1103/PhysRevD.2.1285
https://doi.org/10.1016/j.physletb.2011.01.042
https://doi.org/10.1016/j.physletb.2011.01.042
https://doi.org/10.1007/JHEP08(2013)131
https://doi.org/10.1007/JHEP08(2013)131
https://doi.org/10.1103/PhysRevD.64.114009
https://doi.org/10.1103/PhysRevD.64.114009
https://doi.org/10.1103/PhysRevD.83.114006
https://doi.org/10.1103/PhysRevD.83.114006
https://doi.org/10.1007/JHEP04(2013)135
https://doi.org/10.1007/JHEP04(2013)135
https://doi.org/10.1142/S0217732321300020
https://doi.org/10.1142/S0217732321300020
https://doi.org/10.1103/PhysRevD.98.035041
https://doi.org/10.1103/PhysRevD.98.035041
https://doi.org/10.1007/JHEP12(2024)102
https://doi.org/10.1007/JHEP12(2024)102
https://doi.org/10.1103/PhysRevD.111.L091101
https://doi.org/10.1103/PhysRevD.111.L091101
https://doi.org/10.1103/PhysRevLett.119.181805
https://doi.org/10.1103/PhysRevLett.119.181805
https://doi.org/10.1103/PhysRevLett.122.081802
https://doi.org/10.1103/PhysRevLett.122.081802

M. ABLIKIM et al.

PHYS. REV. D 113, 092010 (2026)

[13] I. Adachi er al. (Belle Collaboration and Belle II Collabo-
ration), Phys. Rev. D 112, LO71101 (2025).

[14] R. M. Baltrusaitis et al. (MARK-III Collaboration), Phys.
Rev. Lett. 56, 2140 (1986); J. Adler et al. (MARK-III
Collaboration), Phys. Rev. Lett. 60, 89 (1988).

[15] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. D 97,
072015 (2018).

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

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

[18] C. Yu et al., in Proceedings of IPAC2016, Busan, Korea
(2016), 10.18429/JACoW-IPAC2016-TUYAOL.

[19] J. Lu, Y. Xiao, and X. Ji, Radiat. Detect. Technol. Methods
4, 337 (2020).

[20] J. W. Zhang et al., Radiat. Detect. Technol. Methods 6, 289
(2022).

[21] M. H. Liao et al., Nucl. Sci. Tech. 36, 218 (2025).

[22] X. Li et al., Radiat. Detect. Technol. Methods 1, 13 (2017);
Y. X. Guo et al., Radiat. Detect. Technol. Methods 1, 15
(2017); P. Cao et al., Nucl. Instrum. Methods Phys. Res.,
Sect. A 953, 163053 (2020).

[23] S. Agostinelli et al. (GEANT4 Collaboration), Nucl. Ins-
trum. Methods Phys. Res., Sect. A 506, 250 (2003).

[24] S. Jadach, B.F.L. Ward, and Z. Was, Comput. Phys.
Commun. 130, 260 (2000); Phys. Rev. D 63, 113009 (2001).

[25] D.J. Lange, Nucl. Instrum. Methods Phys. Res., Sect. A
462, 152 (2001); R.G. Ping, Chin. Phys. C 32, 599
(2008).

[26] S. Navas et al. (Particle Data Group), Phys. Rev. D 110,
030001 (2024).

[27] J.C. Chen, G.S. Huang, X.R. Qi, D. H. Zhang, and Y. S.
Zhu, Phys. Rev. D 62, 034003 (2000).

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

[29] M. Ablikim et al. (BESIII Collaboration), Phys. Lett. B 734,
227 (2014).

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

[31] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. D 97,
072004 (2018).

[32] S. Dobbs et al. (CLEO Collaboration), Phys. Rev. Lett. 110,
131802 (2013).

[33] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. D 105,
092010 (2022).

[34] M. Ablikim et al. (BESIII Collaboration), J. High Energy
Phys. 12 (2024) 206.

[35] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. D 92,
012001 (2015).

[36] W. A. Rolke, A. M. Lopez, and J. Conrad, Nucl. Instrum.
Methods Phys. Res., Sect. A 551, 493 (2005).

[37] https://cstr.cn/31109.02.BEPC.

M. Ablikim®,' M. N. Achasov®,** P. Adlarson®,* X. C. Ai®,*® C.S. Akondi®,”"*" R. Aliberti®,” A. Amoroso®,*'**'¢
Q. An,”**** Y. H. An®,*® Y. Bai®,” 0. Bakina®,” H.R. Bao®,” X.L. Bao®,* M. Barbagiovanni®,®'°

V. Batozskaya S K Begzsuren,35 N. Berger ¥ M. Berlowski®,*® M. B. Bertani®,’” D. Bettoni®,’'* F. Bianchi®,?'8!°

E. Bianco,'*¥!¢ A. Bortone® 381 . Boyko 22 R.A. Briere®,’ A. Brueggemann ,° D. Cabiati®,*'*8'° H. Cai®,®
M. H. Cai®,*™" X. Cai®,"** A. Calcaterra®,*® G.F. Cao®,"”" N. Cao®,"™ S. A. Cetin®,** X. Y. Chai®,™"
J.F. Chang®,"® T.T. Chang®,”” G.R. Che®," Y.Z. Che®,"**"" C.H. Chen®,"° Chao Chen®,' G. Chen®,'
H.S. Chen®,"”" H. Y. Chen®,” M. L. Chen®,"**’° S.J. Chen®,"® S. M. Chen®.,”” T. Chen®,"® W. Chen®,*

X.R. Chen ,34’70 X.T. Chen ,]’70 X.Y. Chen ,12,i Y. B. Chen ,]’64 Y. Q. Chen ,16 Z.K. Chen ,65 J. Cheng ,49
L.N. Cheng®,"”” S.K. Choi®,"" X. Chu®,"*' G. Cibinetto®,*"* F. Cossio®,*'° J. Cottee-Meldrum®,” H. L. Dai®,"**

J.P. Dai®,* X. C. Dai®,” A. Dbeyssi,19 R.E. de Boer®,” D. Dedovich®, C. Q. Deng 7. Deng LA Denig 9
I. Denisenko®,*” M. Destefanis®,*'**'° E. De Mori®,*'**' E. Di Fiore®,”'**'* X. X. Ding®,”" Y. Ding®,* Y. X. Ding®,*
Yi. Ding®,*® J. Dong®,"* L. Y. Dong®,"”° M. Y. Dong®,"**™ X. Dong®,** Z.J. Dong®,”> M. C. Du®,' S.X. Du®,*
Shaoxu Du ,12’1 X.L. Du ’12,i Y. Q. Du ,83 Y. Y. Duan ,60 Z.H. Duan ,46 P. Egorov ,40’° G.F. Fan ,46 J.J. Fan®,”

b

B

B

]

Y. H. Fan®,* J. Fang®,"® Jin Fang®,” S. S. Fang®,""® W. X. Fang®,' Y. Q. Fang®,"*** L. Fava®,*'*"° . Feldbauer®,’
G. Felici®,”™ C. Q. Feng®,”® J. H. Feng®,'® L. Feng®,”*™" Q. X. Feng®,"*™" Y. T. Feng®, ®* M. Fritsch®,’
C.D. Fu®,' I.L. Fu®,”” Y. W. Fu®,"" H. Gao®,” Xu Gao®,” Y. Gao®,”* Y.N. Gao®,” Y. Y. Gao®,”
Yunong Gao®,”’ Z. Gao®,"” S. Garbolino®,*"° I. Garzia®,*'**'* L. Ge®,”* P. T. Ge®,* Z. W. Ge®,*® C. Geng®,*”
E. M. Gersabeck ,74 A. Gilman ,76 K. Goetzen ,13 J. Gollub ,3 J.B. Gong ,1’70 J.D. Gong ,38 L. Gong ,44
W. X. Gong®,"** W. Gradl®,” S. Gramigna®,*'**"® M. Greco®,*'**!* M. D. Gu®,” M. H. Gu®,"** C. Y. Guan®,""
A.Q. Guo®,” H. Guo®,”* J.N. Guo®,"”' L. B. Guo®,” M.J. Guo®,” R.P. Guo®,” X. Guo®,”* Y. P. Guo®,'>’
Z. Guo ,78’64 A. Guskov ,4O’C J. Gutierrez ,29 J.Y. Han ,78’64 T.T. Han ,1 X. Han ,78’64 F. Hanisch ,3 K.D. Hao ,78’64
X. Q. Hao®,” F. A. Harris®,”' C.Z. He®,”” K. K. He®,'*® K. L. He®,"”° F. H. Heinsius®,® C. H. Heinz®,”

Y. K. Heng ,1’64’70 C. Herold ,66 P. C. Hong ,38 G.Y. Hou ,1’70 X.T. Hou ,1’70 Y.R. Hou ,70 Z.L. Hou ,1
H.M. Hu®,"” J.E Hu®,""' Q.P. Hu®,”** S.L. Hu®,'” T. Hu®,"**"° Y. Hue,' Y. X. Hu®,* Z. M. Huo,”

092010-10


https://doi.org/10.1103/mkx8-cl23
https://doi.org/10.1103/PhysRevLett.56.2140
https://doi.org/10.1103/PhysRevLett.56.2140
https://doi.org/10.1103/PhysRevLett.60.89
https://doi.org/10.1103/PhysRevD.97.072015
https://doi.org/10.1103/PhysRevD.97.072015
https://doi.org/10.1088/1674-1137/44/4/040001
https://doi.org/10.1088/1674-1137/44/4/040001
https://doi.org/10.1016/j.nima.2009.12.050
https://doi.org/10.1016/j.nima.2009.12.050
https://doi.org/10.18429/JACoW-IPAC2016-TUYA01
https://doi.org/10.1007/s41605-020-00188-8
https://doi.org/10.1007/s41605-020-00188-8
https://doi.org/10.1007/s41605-022-00331-7
https://doi.org/10.1007/s41605-022-00331-7
https://doi.org/10.1007/s41365-025-01789-y
https://doi.org/10.1007/s41605-017-0014-2
https://doi.org/10.1007/s41605-017-0012-4
https://doi.org/10.1007/s41605-017-0012-4
https://doi.org/10.1016/j.nima.2019.163053
https://doi.org/10.1016/j.nima.2019.163053
https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1016/S0010-4655(00)00048-5
https://doi.org/10.1016/S0010-4655(00)00048-5
https://doi.org/10.1103/PhysRevD.63.113009
https://doi.org/10.1016/S0168-9002(01)00089-4
https://doi.org/10.1016/S0168-9002(01)00089-4
https://doi.org/10.1088/1674-1137/32/8/001
https://doi.org/10.1088/1674-1137/32/8/001
https://doi.org/10.1103/PhysRevD.110.030001
https://doi.org/10.1103/PhysRevD.110.030001
https://doi.org/10.1103/PhysRevD.62.034003
https://doi.org/10.1016/0370-2693(93)90062-M
https://doi.org/10.1016/j.physletb.2014.05.071
https://doi.org/10.1016/j.physletb.2014.05.071
https://doi.org/10.1016/0370-2693(90)91293-K
https://doi.org/10.1016/0370-2693(90)91293-K
https://doi.org/10.1103/PhysRevD.97.072004
https://doi.org/10.1103/PhysRevD.97.072004
https://doi.org/10.1103/PhysRevLett.110.131802
https://doi.org/10.1103/PhysRevLett.110.131802
https://doi.org/10.1103/PhysRevD.105.092010
https://doi.org/10.1103/PhysRevD.105.092010
https://doi.org/10.1007/JHEP12(2024)206
https://doi.org/10.1007/JHEP12(2024)206
https://doi.org/10.1103/PhysRevD.92.012001
https://doi.org/10.1103/PhysRevD.92.012001
https://doi.org/10.1016/j.nima.2005.05.068
https://doi.org/10.1016/j.nima.2005.05.068
https://cstr.cn/31109.02.BEPC
https://cstr.cn/31109.02.BEPC
https://cstr.cn/31109.02.BEPC
https://cstr.cn/31109.02.BEPC
https://orcid.org/0000-0002-3935-619X
https://orcid.org/0000-0002-9400-8622
https://orcid.org/0000-0001-6280-3851
https://orcid.org/0000-0003-3856-2415
https://orcid.org/0000-0001-6303-5217
https://orcid.org/0000-0003-3500-4012
https://orcid.org/0000-0002-3095-8610
https://orcid.org/0009-0008-3419-0849
https://orcid.org/0000-0001-6593-5665
https://orcid.org/0009-0005-0719-7461
https://orcid.org/0009-0002-7027-021X
https://orcid.org/0009-0000-3355-8359
https://orcid.org/0009-0009-5356-3169
https://orcid.org/0000-0003-1089-9200
https://orcid.org/0000-0002-9659-8507
https://orcid.org/0000-0002-0080-6157
https://orcid.org/0000-0002-1836-502X
https://orcid.org/0000-0003-1042-8791
https://orcid.org/0000-0002-1524-6236
https://orcid.org/0000-0003-1577-5004
https://orcid.org/0000-0002-3355-4662
https://orcid.org/0000-0001-5229-1039
https://orcid.org/0009-0006-5224-894X
https://orcid.org/0009-0004-3608-7969
https://orcid.org/0000-0003-0898-3673
https://orcid.org/0009-0004-2953-8629
https://orcid.org/0000-0003-2244-0392
https://orcid.org/0000-0003-2670-4826
https://orcid.org/0000-0003-3714-3665
https://orcid.org/0000-0002-6540-217X
https://orcid.org/0000-0001-5050-8441
https://orcid.org/0000-0003-1919-360X
https://orcid.org/0000-0003-3328-3214
https://orcid.org/0009-0000-8361-147X
https://orcid.org/0000-0003-0158-2746
https://orcid.org/0009-0008-4382-8736
https://orcid.org/0009-0008-8029-3240
https://orcid.org/0009-0000-3090-4148
https://orcid.org/0000-0003-3058-0547
https://orcid.org/0000-0001-8672-8227
https://orcid.org/0009-0009-2165-7910
https://orcid.org/0000-0002-2725-6036
https://orcid.org/0000-0003-0447-5348
https://orcid.org/0000-0002-2376-8413
https://orcid.org/0009-0001-9273-6140
https://orcid.org/0009-0002-6999-080X
https://orcid.org/0000-0001-8288-3983
https://orcid.org/0009-0003-3359-110X
https://orcid.org/0009-0000-6210-1825
https://orcid.org/0000-0001-9135-7723
https://orcid.org/0009-0008-0048-4849
https://orcid.org/0009-0001-9690-0673
https://orcid.org/0000-0001-8250-770X
https://orcid.org/0009-0003-1019-5294
https://orcid.org/0000-0003-2747-8277
https://orcid.org/0009-0003-3025-1150
https://orcid.org/0000-0002-3491-6231
https://orcid.org/0000-0003-0454-3144
https://orcid.org/0009-0009-3900-6905
https://orcid.org/0000-0003-1770-3848
https://orcid.org/0000-0003-4802-4485
https://orcid.org/0000-0003-3395-7151
https://orcid.org/0000-0001-5846-2206
https://orcid.org/0009-0009-1517-6504
https://orcid.org/0009-0004-6810-2836
https://orcid.org/0000-0003-0440-3870
https://orcid.org/0000-0001-7974-5854
https://orcid.org/0000-0002-4408-1565
https://orcid.org/0000-0003-1997-6751
https://orcid.org/0000-0002-3951-272X
https://orcid.org/0009-0003-1978-9072
https://orcid.org/0009-0007-2024-4087
https://orcid.org/0009-0004-6383-6929
https://orcid.org/0009-0000-9984-266X
https://orcid.org/0009-0000-6838-7916
https://orcid.org/0000-0001-5761-0158
https://orcid.org/0000-0002-4773-5050
https://orcid.org/0000-0002-4359-3091
https://orcid.org/0009-0004-3851-2674
https://orcid.org/0009-0005-0928-1341
https://orcid.org/0000-0001-6975-2428
https://orcid.org/0009-0002-4693-5429
https://orcid.org/0009-0002-5682-0414
https://orcid.org/0009-0004-4202-2539
https://orcid.org/0009-0001-2521-6700
https://orcid.org/0009-0004-2164-7089
https://orcid.org/0009-0002-2501-9851
https://orcid.org/0009-0002-4804-3811
https://orcid.org/0009-0009-1445-4832
https://orcid.org/0009-0008-5248-9748
https://orcid.org/0009-0009-4437-3742
https://orcid.org/0000-0002-9906-296X
https://orcid.org/0009-0007-1724-4764
https://orcid.org/0000-0001-5731-4113
https://orcid.org/0000-0002-5247-3833
https://orcid.org/0000-0001-8630-6585
https://orcid.org/0000-0002-3650-5778
https://orcid.org/0009-0002-4244-0541
https://orcid.org/0000-0001-8783-6115
https://orcid.org/0000-0001-7859-7896
https://orcid.org/0009-0002-0732-4166
https://orcid.org/0009-0005-1768-7755
https://orcid.org/0009-0000-9769-0711
https://orcid.org/0009-0003-6207-7804
https://orcid.org/0000-0002-6463-8295
https://orcid.org/0000-0002-1155-6819
https://orcid.org/0000-0003-3177-2700
https://orcid.org/0009-0004-4626-2505
https://orcid.org/0000-0002-6025-6193
https://orcid.org/0009-0005-2271-6987
https://orcid.org/0000-0002-5047-4162
https://orcid.org/0000-0003-1484-0943
https://orcid.org/0009-0003-5977-9274
https://orcid.org/0009-0004-7033-0889
https://orcid.org/0009-0008-0493-0666
https://orcid.org/0000-0001-5604-1395
https://orcid.org/0000-0002-0412-4161
https://orcid.org/0009-0001-6992-7328
https://orcid.org/0000-0001-7803-6351
https://orcid.org/0009-0008-9170-0091
https://orcid.org/0000-0001-6014-8419
https://orcid.org/0000-0002-2860-6528
https://orcid.org/0000-0001-5934-7541
https://orcid.org/0000-0002-0782-3806
https://orcid.org/0009-0005-8569-0016
https://orcid.org/0009-0001-9232-5456
https://orcid.org/0009-0003-1463-168X
https://orcid.org/0000-0002-7265-3831
https://orcid.org/0000-0002-1557-4379
https://orcid.org/0000-0002-9974-8320
https://orcid.org/0000-0001-9500-8192
https://orcid.org/0000-0002-7299-7829
https://orcid.org/0009-0007-8773-366X
https://orcid.org/0000-0002-1823-9496
https://orcid.org/0000-0002-7179-1298
https://orcid.org/0000-0002-2430-7512
https://orcid.org/0009-0006-8891-7252
https://orcid.org/0009-0007-4905-2126
https://orcid.org/0000-0002-1282-5136
https://orcid.org/0009-0000-3374-1217
https://orcid.org/0000-0003-3785-2859
https://orcid.org/0009-0002-2363-6880
https://orcid.org/0000-0003-2185-9714
https://orcid.org/0009-0006-4663-5230
https://orcid.org/0000-0001-8532-1900
https://orcid.org/0009-0007-6774-6949
https://orcid.org/0000-0002-1008-0943
https://orcid.org/0000-0001-6487-0281
https://orcid.org/0009-0007-2373-7784
https://orcid.org/0009-0002-3770-1655
https://orcid.org/0009-0007-1855-9725
https://orcid.org/0000-0003-1736-1235
https://orcid.org/0000-0002-0661-9301
https://orcid.org/0009-0002-1500-3629
https://orcid.org/0000-0003-2824-988X
https://orcid.org/0000-0001-8930-4825
https://orcid.org/0000-0002-9545-5117
https://orcid.org/0009-0008-2654-3034
https://orcid.org/0000-0002-8483-690X
https://orcid.org/0000-0002-0315-6823
https://orcid.org/0000-0003-4827-0301
https://orcid.org/0009-0005-0413-3825
https://orcid.org/0009-0008-0470-2102
https://orcid.org/0000-0001-6454-278X
https://orcid.org/0000-0001-7144-2234
https://orcid.org/0000-0002-9958-379X
https://orcid.org/0000-0002-8227-4544
https://orcid.org/0000-0002-9705-7518
https://orcid.org/0009-0009-4340-077X
https://orcid.org/0000-0003-1620-983X
https://orcid.org/0000-0002-2033-381X
https://orcid.org/0009-0002-9349-0813
https://orcid.org/0009-0008-4432-4492

SEARCH FOR THE RARE DECAYS OF ... PHYS. REV. D 113, 092010 (2026)

G. S. Huang TR KX Huang SL. Q. Huang 2470p, Huang X Huang > Y.P Huang LY. Huang 5
T. Hussain ,80 N. Hiisken ,39 N. in der Wiesche ,75 J. Jackson ,29 Q. I ,1 Q.P I ,20 W. Ji ,1‘70 X.B. Ii ,1’70
X.L.Jie,"* Y. Y. Jie," L.K. Jia®,” X. Q. Jia®,** D. Jiang®,"’® H. B. Jiang®,*’ S.7J. Jiang®,'’ X.S. Jiang®,"**"°

Y. Jiang®, J. B. Jiao®,** J. K. Jiao®,*® Z. Jiao®,® L.C.L. Jin®,' S. Jin®,*® Y. Jin®,”* M. Q. Jing®,"”* X. M. Jing®,”
T. Johansson ,82 S. Kabana ,36 X.L. Kang ,10 X.S. Kang ,44 B.C. Ke ,88 V. Khachatryan ,29 A. Khoukaz ,75

0. B. Kolcu ,6sa B. Kopf ,3 L. Kroger ,75 L. Kriimmel,3 Y. Y. Kuang ,79 M. Kuessner ,3 X. Kui ,1’70 N. Kumar ,28

A. Kupsc®,*# W. Kiihn®,*' Q. Lan®,” W.N. Lan®,” T. T. Lei®,”*** M. Lellmann®,”® T. Lenz®,” C. Li®,”!
p
C.H. Li®,* C.K. Li®,” Chunkai Li®,” Cong Li®," D.M. Li®,*® E Li®,"** G. Li®,! H.B. Li®,""" H.J. Li®,*

H.L.Li®,® H.N. Li®,*' H. P. Li®,” Hui Li®,* J.N. Li®,*?J. S. Li®,* J. W. Li®,** K. Li®,' K. L. Li®,**™" L. J. Li®,""°

Lei Li®,* M. H. Li®,” M.R. Li®,""° M. T. Li®,** P.L. Li®,” P.R. Li®,*™ Q.M. Li®,"”’ Q. X. Li®,** R. Li®,"®*
S. Lio,® 8. X. Li®,*® S.Y. Li®,*® Shanshan Li®,””* T. Li®,* T. Y. Li®,* W.D. Lie,"” W. G. Li®,"* X. Lie,""
X.H. Li®,** X K. Li®,”” X. L. Li®,* X. Y. Lie,"”’ X.Z. Lie,® Y. Lie,” Y.C. Li®,” Y.G. Li®,” Y.P. Li®,*®

Z.H.Li®,* Z.J. Lie,” Z.L. Li®,*®* . X. Lie," Z.Y. Li®,* C. Liang®,*® H. Liang®,”** Y. F. Liang®,”
Y. T. Liang®,**”° Z.Z. Liang®,” G.R. Liao®,'* L. B. Liao®,” M. H. Liao®,” Y. P. Liao®,"" J. Libby®,*
A. Limphirat®,” C. C. Lin®,” C. X. Lin®,* D. X. Lin®,** T. Lin®,' B.J. Liu®,' B. X. Liu®,* C. Liu®,”® C. X. Liu®,'
F. Liu®,' F. H. Liu®,”® Feng Liu®,® G. M. Liu®,°"' H. Liu®,**™ H.B. Liu®,"” H. M. Liu®," Huihui Liu®,*
g
J.B. Liu®,”*** J.J. Liu®,”' K. Liu®,”*™ K. Y. Liu®,* Ke Liu®,” Kun Liu®,” L. Liu®,*” L.C. Liu®," Lu Liu®,”
M. H. Liu®,”® P.L. Liu®,** Q. Liu®,”° S.B. Liu®,”®* T. Liu®,! W.M. Liu®,”*** W.T. Liu®,” X. Liu®,*™"

X.K. Liu®,*™" X L. Liu®,"”™ X.P. Liu®,"* X. Y. Liu®,* Y. Liu®,"*™ Y. B. Liu®,"” Yi Liu®,*® Z. A. Liu®," %™
Z.D. Liue* Z. L. Liu®,” Z. Q. Liu®,”* Z. X. Liu®,' Z.Y. Liu®,” X.C. Lou®,"**" H.J. Lue,” J. G. Lu®,"*

16 7 1,70 1,64 1,70 45 65 1,70 87
X.L.Lu®,” Y. Lu®,” Y.H. Lu®,”" Y.P. Lu®, "™ Z.H. Lu®,”"” C.L. Luo®,” J.R. Luo®,” J. S. Luo®, " M. X. Luo,
T. Luo®,'* X. L. Luo®,"* Z.Y. Lve,” X.R. Lyu®,”™ Y.F. Lyu®," Y. H. Lyu®,*® F.C. Ma®,* H.L. Ma®,'
Heng Ma®,”"* J.L. Ma®,"”° L.L. Ma®,”* L.R. Ma®,”> Q.M. Ma®,' R. Q. Ma®,"”" R. Y. Ma®,” T. Ma®,”*%*
X.T.Ma®,""" X. Y. Ma®,"* Y. M. Ma®,* F. E. Maas®,"” I. MacKay ®,”° M. Maggiora®,"'**'* S. Maity®,** S. Malde®,”
Q. A. Malik®,* H. X. Mao®,”*™" Y. J. Mao®,”™ Z. P. Mao®,' S. Marcello®,*'**!¢ A. Marshall®,” F. M. Melendi®,*'**"®
Y. H. Meng®,” Z. X. Meng®,”” G. Mezzadri®,”"* H. Miao®,"™ T.J. Min®,"® R. E. Mitchell®,” X. H. Mo®,"%*"
B. Moses ,29 N. Yu. Muchnoi ,4’6 J. Muskalla ,39 Y. Nefedov ,40 F. Nerling ,19"g H. Neuwirth ,75 Z. Ning ,1’64
S. Nisar,”>” Q. L. Niu®,”™" W.D. Niu®,"* Y. Niu®,”* C. Normand®,” S.L. Olsen®,'"® Q. Ouyang®,"**™

yang
S. Pacetti®,’** Y. Pan®,%® A. Pathak®,'" Y. P. Pei®,”®® M. Pelizacus®,’ G.L. Peng®,’* H.P. Peng®,**
X.J. Peng Arma vy Peng A2mn g Peters®,3¢ K. Petridis®,” J. L. Ping P R.G. Ping L0, Plura®,”

V. Prasad®,” L. Popping®,’ F. Z. Qi®,' H.R. Qi®,”” M. Qi®,* S. Qian®,"** W. B. Qian®,”® C. F. Qiao®,”® J. H. Qiao®,”
J.J. Qin®,” J.L. Qin®,* L. Q. Qin®," L. Y. Qin®,®* P.B. Qin®,” X.P. Qin®,* X.S. Qin®,”* Z.H. Qin®,"**
J.F. Qiu®,' Z.H. Qu®,” J. Rademacker®,” K. Ravindran®,” C.F. Redmer®,” A. Rivetti®,*'° M. Rolo® '

1,70 1,70 s 30b,30c 19 1,64 48,5 40,f
G. Rong®,”"™ S. S. Rong®, """ F. Rosini®, Ch. Rosner®, ” M. Q. Ruan®, > N. Salone®,™” A. Sarantsev®,
Y. Schelhaas®,*® M. Schernau®,* K. Schoenning®,*”> M. Scodeggio®,’'* W. Shan®,?® X. Y. Shan®,”*%* Z. J. Shang®,*>™"
g g g
J. F. Shangguan ,17 L. G. Shao ,1’70 M. Shao ,78’64 C.P. Shen ,12" H. F. Shen ,1’9 W. H. Shen ,70 X.Y. Shen ,1’70
B. A. Shi®,”” Ch.Y. Shi®,**® H. Shi®,”®* J.L. Shi®,*" J. Y. Shi®,' M. H. Shi®,*® S.Y. Shi®,” X. Shi®,"*
H.L. Song BT Song 2 M.H. Song Rt WA Song WM. Song 2y.x Song [Jode Zirong Song Tk

S. Sosio®,*"*¥¢ S Spataro®,*'**!¢ S. Stansilaus®,”® F. Stieler®,” M. Stolte®,’ S.S. Su,** G.B. Sun®,* G.X. Sun®,'
H. Sun®,”” H. K. Sun®,' J.F. Sun®,” K. Sun®,”” L. Sun®,* R. Sun®,”® S.S. Sun®,"”* T. Sun®,”*" W.Y. Sun®,”

Y.C. Sun®,* Y. H. Sun®,” Y.J. Sun®,”** Y. Z. Sun®,' Z. Q. Sun®,"”* Z. T. Sun®,”* H. Tabaharizato®,' C.J. Tang,”
G.Y. Tang®,' J. Tang®,% J.J. Tang®,”*** L.F. Tang®,” Y. A. Tang®.*® Z. H. Tang®,"’® L. Y. Tao®,” M. Tat®,’

g g g g g g
J. X. Teng ,78’64 J. Y. Tian ,78’64 W. H. Tian ,65 Y. Tian ,34 Z.F. Tian ,83 1. Uman ,68b E. van der Smagt ,3 B. Wang ,65
Bin Wang®,' Bo Wang®,”®% C. Wang®,”*™" Chao Wang®,” Cong Wang®,” D.Y. Wang®,” F. K. Wang®,*
H.J. Wang®,">™ H.R. Wang®,* J. Wang®,'"” J.J. Wang®,* J.P. Wang®,”” K. Wang®,"* L.L. Wang®,'

L. W. Wang®,”® M. Wang®,”* Mi Wang®,”*** N. Y. Wang®,” S. Wang®,**™" Shun Wang®,” T. Wang®,'*' W. Wang®,®
W. P. Wang®,” X.F. Wang®,"*™ X.L. Wang®,'> X.N. Wang®,""® Xin Wang®,””* Y. Wang®,' Y.D. Wang®,*”
Y.F. Wang®,"””° Y. H. Wang®,"*™" Y. J. Wang®,”*** Y. L. Wang®,”* Y. N. Wang®," Yanning Wang B
Yagian Wang 2 yi Wang % Yuan Wang Rl A Wang Sz L. Wang 2 Z.Q. Wang S 7Y Wang 70

092010-11


https://orcid.org/0000-0002-7510-3181
https://orcid.org/0000-0003-4459-3234
https://orcid.org/0000-0001-7517-6084
https://orcid.org/0009-0004-5394-2541
https://orcid.org/0000-0002-9455-1967
https://orcid.org/0000-0002-5972-2855
https://orcid.org/0000-0001-5188-6719
https://orcid.org/0000-0002-5641-1787
https://orcid.org/0000-0001-8971-9836
https://orcid.org/0009-0007-2605-820X
https://orcid.org/0009-0009-0959-3045
https://orcid.org/0000-0003-4391-4390
https://orcid.org/0000-0003-2963-2565
https://orcid.org/0009-0004-5704-4431
https://orcid.org/0000-0002-6337-5040
https://orcid.org/0000-0002-1913-1997
https://orcid.org/0000-0002-9782-1504
https://orcid.org/0009-0002-4671-4239
https://orcid.org/0009-0003-3348-2894
https://orcid.org/0009-0009-1865-6650
https://orcid.org/0000-0003-1415-6332
https://orcid.org/0009-0000-8448-1531
https://orcid.org/0000-0001-5685-4249
https://orcid.org/0000-0002-8964-5109
https://orcid.org/0000-0002-1940-7316
https://orcid.org/0009-0003-3115-0837
https://orcid.org/0009-0009-6288-7042
https://orcid.org/0009-0003-4413-3729
https://orcid.org/0000-0002-5076-7803
https://orcid.org/0000-0002-7067-8752
https://orcid.org/0000-0003-3769-0431
https://orcid.org/0009-0000-2778-9978
https://orcid.org/0000-0002-6945-716X
https://orcid.org/0000-0003-0568-5750
https://orcid.org/0000-0001-7809-6389
https://orcid.org/0000-0001-7293-7116
https://orcid.org/0000-0003-0397-1315
https://orcid.org/0000-0003-2567-2930
https://orcid.org/0000-0001-7108-895X
https://orcid.org/0000-0002-9177-1286
https://orcid.org/0000-0002-3103-2609
https://orcid.org/0009-0001-1656-4877
https://orcid.org/0009-0000-6659-1788
https://orcid.org/0000-0002-0028-0490
https://orcid.org/0009-0005-4654-2088
https://orcid.org/0009-0004-7845-2768
https://orcid.org/0000-0003-4937-2270
https://orcid.org/0000-0001-6018-9878
https://orcid.org/0009-0007-3215-4652
https://orcid.org/0000-0001-6607-772X
https://orcid.org/0009-0009-9880-7454
https://orcid.org/0000-0002-2154-9292
https://orcid.org/0000-0001-9751-1971
https://orcid.org/0000-0002-5827-5774
https://orcid.org/0000-0002-3240-4523
https://orcid.org/0009-0002-8974-8340
https://orcid.org/0009-0006-8904-6014
https://orcid.org/0009-0005-8620-6118
https://orcid.org/0000-0001-7632-3402
https://orcid.org/0000-0001-7427-0730
https://orcid.org/0000-0002-2207-8832
https://orcid.org/0000-0002-6940-8093
https://orcid.org/0000-0001-9275-4739
https://orcid.org/0009-0005-3866-283X
https://orcid.org/0000-0002-2366-9554
https://orcid.org/0009-0000-5604-8247
https://orcid.org/0009-0006-4455-2562
https://orcid.org/0009-0007-8610-1599
https://orcid.org/0000-0003-1781-4863
https://orcid.org/0000-0002-6158-6573
https://orcid.org/0000-0002-2545-0329
https://orcid.org/0009-0007-2120-4845
https://orcid.org/0009-0003-4636-9487
https://orcid.org/0000-0001-8282-932X
https://orcid.org/0009-0005-3701-8874
https://orcid.org/0009-0001-6378-5410
https://orcid.org/0009-0002-9555-3099
https://orcid.org/0000-0003-2740-9765
https://orcid.org/0000-0002-1603-3646
https://orcid.org/0009-0004-9425-2678
https://orcid.org/0000-0002-8520-279X
https://orcid.org/0009-0000-2684-0751
https://orcid.org/0009-0003-4518-1490
https://orcid.org/0000-0003-4669-1495
https://orcid.org/0009-0001-2358-8498
https://orcid.org/0009-0008-1459-1282
https://orcid.org/0000-0002-4208-5167
https://orcid.org/0009-0004-2481-1163
https://orcid.org/0000-0003-0633-4346
https://orcid.org/0000-0003-4836-712X
https://orcid.org/0009-0008-7455-3130
https://orcid.org/0000-0002-1569-1495
https://orcid.org/0009-0008-8476-3932
https://orcid.org/0000-0002-5597-7375
https://orcid.org/0000-0003-2280-1119
https://orcid.org/0009-0008-4569-0857
https://orcid.org/0009-0003-6785-3665
https://orcid.org/0009-0001-7662-7251
https://orcid.org/0000-0001-7922-256X
https://orcid.org/0009-0002-2401-9630
https://orcid.org/0009-0003-7638-4434
https://orcid.org/0000-0001-8377-8632
https://orcid.org/0009-0007-2014-5409
https://orcid.org/0009-0009-9684-362X
https://orcid.org/0009-0003-6948-1762
https://orcid.org/0009-0005-2251-7603
https://orcid.org/0009-0004-9489-550X
https://orcid.org/0009-0004-4540-8330
https://orcid.org/0000-0003-3442-4701
https://orcid.org/0009-0009-3207-7313
https://orcid.org/0000-0003-1356-3614
https://orcid.org/0009-0006-4900-0695
https://orcid.org/0009-0007-2478-0768
https://orcid.org/0009-0000-1981-0044
https://orcid.org/0000-0002-1219-3247
https://orcid.org/0000-0001-8915-0061
https://orcid.org/0009-0004-5837-7254
https://orcid.org/0000-0001-7587-3365
https://orcid.org/0000-0003-2943-9343
https://orcid.org/0000-0002-6450-9629
https://orcid.org/0000-0001-9664-5230
https://orcid.org/0009-0001-2423-1028
https://orcid.org/0009-0008-4691-9828
https://orcid.org/0000-0001-6781-148X
https://orcid.org/0000-0002-8072-0926
https://orcid.org/0000-0002-2261-6899
https://orcid.org/0009-0000-0891-7495
https://orcid.org/0000-0001-5961-6588
https://orcid.org/0000-0003-0271-2311
https://orcid.org/0000-0003-1695-3263
https://orcid.org/0000-0002-9975-2602
https://orcid.org/0009-0006-4263-0803
https://orcid.org/0000-0003-3259-8775
https://orcid.org/0009-0007-4347-5347
https://orcid.org/0000-0003-4529-3356
https://orcid.org/0000-0003-2126-3355
https://orcid.org/0000-0001-9812-4172
https://orcid.org/0009-0002-5071-5437
https://orcid.org/0009-0004-0089-1410
https://orcid.org/0000-0003-1285-1534
https://orcid.org/0000-0002-6942-1095
https://orcid.org/0000-0002-9376-1487
https://orcid.org/0000-0002-9815-8898
https://orcid.org/0000-0003-4658-6361
https://orcid.org/0000-0002-4969-9508
https://orcid.org/0000-0001-7696-1252
https://orcid.org/0000-0002-1492-6037
https://orcid.org/0009-0006-0947-7667
https://orcid.org/0000-0001-7481-4662
https://orcid.org/0009-0001-9001-5585
https://orcid.org/0000-0003-3946-9968
https://orcid.org/0009-0004-0128-1657
https://orcid.org/0009-0009-8546-9935
https://orcid.org/0009-0002-0885-5145
https://orcid.org/0009-0005-5206-3358
https://orcid.org/0000-0002-3576-7004
https://orcid.org/0000-0002-2896-1386
https://orcid.org/0009-0004-8155-4853
https://orcid.org/0009-0003-4972-574X
https://orcid.org/0000-0002-0290-3022
https://orcid.org/0009-0000-8525-3725
https://orcid.org/0009-0005-2139-5413
https://orcid.org/0000-0003-0867-2189
https://orcid.org/0009-0001-3763-7502
https://orcid.org/0000-0001-9566-5328
https://orcid.org/0009-0009-4532-4918
https://orcid.org/0000-0003-4416-6961
https://orcid.org/0009-0004-5631-2203
https://orcid.org/0000-0001-9070-5458
https://orcid.org/0000-0001-6172-1707
https://orcid.org/0000-0001-5305-5572
https://orcid.org/0009-0006-0852-3027
https://orcid.org/0009-0003-3355-2661
https://orcid.org/0000-0001-5139-5784
https://orcid.org/0000-0003-2126-2862
https://orcid.org/0009-0002-1047-5053
https://orcid.org/0000-0001-5689-9578
https://orcid.org/0000-0002-5653-9879
https://orcid.org/0009-0008-5792-6505
https://orcid.org/0000-0002-7080-0439
https://orcid.org/0000-0001-9771-2802
https://orcid.org/0009-0001-0655-6494
https://orcid.org/0009-0005-1351-3571
https://orcid.org/0000-0001-9717-1508
https://orcid.org/0009-0003-8455-9521
https://orcid.org/0000-0002-3829-7044
https://orcid.org/0000-0002-0852-3290
https://orcid.org/0009-0000-9401-4478
https://orcid.org/0009-0005-7739-2844
https://orcid.org/0000-0003-2636-9271
https://orcid.org/0000-0001-9113-1476
https://orcid.org/0000-0002-1640-3635
https://orcid.org/0000-0002-9271-1883
https://orcid.org/0000-0003-0171-7890
https://orcid.org/0000-0003-4143-9127
https://orcid.org/0000-0003-3076-9243
https://orcid.org/0000-0002-8179-0707
https://orcid.org/0000-0002-2181-1940
https://orcid.org/0009-0001-9937-5368
https://orcid.org/0009-0004-8518-3543
https://orcid.org/0009-0000-3419-8412
https://orcid.org/0000-0003-4144-863X
https://orcid.org/0000-0002-9863-4954
https://orcid.org/0009-0000-2378-1186
https://orcid.org/0009-0004-6853-2078
https://orcid.org/0000-0002-4462-7062
https://orcid.org/0000-0003-0838-9631
https://orcid.org/0000-0002-1936-5400
https://orcid.org/0000-0003-2016-4849
https://orcid.org/0000-0003-2248-4109
https://orcid.org/0000-0003-2543-7236
https://orcid.org/0009-0000-0942-8124
https://orcid.org/0000-0003-2936-0029
https://orcid.org/0009-0001-5006-370X
https://orcid.org/0000-0001-6168-5195
https://orcid.org/0000-0003-3581-7881
https://orcid.org/0009-0007-9628-0930
https://orcid.org/0000-0002-4884-5251
https://orcid.org/0009-0004-3290-2444
https://orcid.org/0009-0002-4360-3701
https://orcid.org/0009-0002-0611-2954
https://orcid.org/0000-0001-5055-7710
https://orcid.org/0000-0002-6388-9885
https://orcid.org/0000-0002-8186-0082
https://orcid.org/0000-0002-6385-3508
https://orcid.org/0009-0004-5760-1728
https://orcid.org/0000-0002-3185-5963
https://orcid.org/0009-0009-4782-2611
https://orcid.org/0009-0003-8021-7997
https://orcid.org/0009-0004-6946-5452
https://orcid.org/0000-0002-3461-0945
https://orcid.org/0009-0005-0889-8585
https://orcid.org/0009-0006-9266-4833
https://orcid.org/0000-0001-7133-0662
https://orcid.org/0000-0001-7871-5119
https://orcid.org/0000-0002-6120-9962
https://orcid.org/0000-0002-9577-4855
https://orcid.org/0000-0002-2048-7405
https://orcid.org/0000-0001-7395-2318
https://orcid.org/0009-0006-9365-8611
https://orcid.org/0000-0002-0448-2620
https://orcid.org/0000-0002-9325-2308
https://orcid.org/0000-0002-9221-0683
https://orcid.org/0000-0002-2683-9117
https://orcid.org/0000-0003-3932-7556
https://orcid.org/0000-0002-9174-7307
https://orcid.org/0009-0000-1724-961X
https://orcid.org/0009-0002-5613-4262
https://orcid.org/0009-0005-8119-711X
https://orcid.org/0000-0002-0195-3802
https://orcid.org/0009-0000-6452-571X
https://orcid.org/0009-0009-5078-1021
https://orcid.org/0000-0001-7584-4046
https://orcid.org/0000-0002-5357-2294
https://orcid.org/0000-0001-7946-5879
https://orcid.org/0000-0002-3395-9555
https://orcid.org/0009-0006-4695-4856
https://orcid.org/0000-0003-2599-7209
https://orcid.org/0000-0002-5584-2614
https://orcid.org/0000-0002-0845-1290
https://orcid.org/0000-0002-2628-5222
https://orcid.org/0000-0001-8518-3755
https://orcid.org/0000-0003-0363-0385
https://orcid.org/0009-0005-8952-0858
https://orcid.org/0009-0009-0080-9997
https://orcid.org/0000-0002-2301-2114
https://orcid.org/0000-0001-7553-9236
https://orcid.org/0000-0003-2365-8916
https://orcid.org/0000-0001-8072-4276
https://orcid.org/0009-0003-7259-1620
https://orcid.org/0000-0002-0859-4312
https://orcid.org/0000-0002-3490-9584
https://orcid.org/0000-0003-2064-050X
https://orcid.org/0000-0003-2811-2218
https://orcid.org/0000-0003-3176-4874
https://orcid.org/0000-0002-5819-128X
https://orcid.org/0000-0002-0785-1399
https://orcid.org/0009-0007-9950-8443
https://orcid.org/0000-0002-2268-5624
https://orcid.org/0000-0002-9012-4618
https://orcid.org/0009-0009-4406-1802
https://orcid.org/0009-0001-7101-8772
https://orcid.org/0000-0002-6087-5517
https://orcid.org/0000-0002-5781-8933
https://orcid.org/0009-0006-5622-315X
https://orcid.org/0009-0005-1170-1464
https://orcid.org/0009-0000-6832-523X
https://orcid.org/0000-0002-8890-9934
https://orcid.org/0009-0000-1549-4646
https://orcid.org/0009-0000-5735-8247
https://orcid.org/0000-0001-9910-9345
https://orcid.org/0009-0001-6303-7973
https://orcid.org/0000-0002-9936-2241
https://orcid.org/0009-0003-3762-4722
https://orcid.org/0009-0009-6536-5573
https://orcid.org/0000-0003-1376-2293
https://orcid.org/0000-0003-0256-4320
https://orcid.org/0009-0001-4016-040X
https://orcid.org/0009-0008-0883-2334
https://orcid.org/0000-0001-9601-405X
https://orcid.org/0000-0003-1776-0498
https://orcid.org/0009-0003-9301-4005
https://orcid.org/0009-0007-2957-0487
https://orcid.org/0009-0008-6654-0858
https://orcid.org/0000-0003-4771-3000
https://orcid.org/0009-0002-9774-3814
https://orcid.org/0000-0002-7850-9574
https://orcid.org/0000-0003-4742-4292
https://orcid.org/0009-0004-3493-2567
https://orcid.org/0000-0002-0034-2567
https://orcid.org/0009-0009-3641-0398
https://orcid.org/0000-0002-0453-7388
https://orcid.org/0000-0002-1602-1944
https://orcid.org/0000-0001-5807-6874
https://orcid.org/0009-0009-8756-8718
https://orcid.org/0009-0007-6070-0876
https://orcid.org/0000-0002-0249-5989
https://orcid.org/0000-0002-8505-1151
https://orcid.org/0009-0004-4660-1175
https://orcid.org/0000-0002-8270-8146
https://orcid.org/0000-0001-7653-4576
https://orcid.org/0000-0003-3616-1642
https://orcid.org/0000-0002-2926-2560
https://orcid.org/0009-0008-8708-015X
https://orcid.org/0009-0007-6829-1253
https://orcid.org/0000-0002-6558-6730
https://orcid.org/0009-0001-4590-2230
https://orcid.org/0009-0001-2631-7167
https://orcid.org/0000-0002-6866-7085
https://orcid.org/0009-0001-2424-6019
https://orcid.org/0009-0008-1298-3661
https://orcid.org/0000-0002-2379-104X
https://orcid.org/0009-0008-6030-4264
https://orcid.org/0009-0005-6874-4641
https://orcid.org/0000-0003-4722-0097
https://orcid.org/0009-0007-7776-8615
https://orcid.org/0009-0004-9986-354X
https://orcid.org/0000-0002-3581-1263
https://orcid.org/0009-0002-6995-6476
https://orcid.org/0009-0005-7413-441X
https://orcid.org/0009-0001-6130-541X
https://orcid.org/0009-0006-4543-5843
https://orcid.org/0000-0002-9013-1199
https://orcid.org/0009-0006-9376-8888
https://orcid.org/0009-0008-3130-0600
https://orcid.org/0009-0007-6297-7801
https://orcid.org/0009-0004-9986-2483
https://orcid.org/0009-0006-7593-3739
https://orcid.org/0009-0004-8987-2004
https://orcid.org/0000-0003-0548-6292
https://orcid.org/0000-0002-1476-6942
https://orcid.org/0009-0006-2932-1037
https://orcid.org/0000-0003-4067-1127
https://orcid.org/0009-0004-1473-3691
https://orcid.org/0000-0002-6915-6607
https://orcid.org/0000-0003-4624-0117
https://orcid.org/0000-0001-7683-101X
https://orcid.org/0009-0009-5598-6157
https://orcid.org/0000-0002-4728-6291
https://orcid.org/0000-0001-8479-8563
https://orcid.org/0000-0001-8612-8045
https://orcid.org/0000-0001-5805-1255
https://orcid.org/0009-0009-6121-3396
https://orcid.org/0009-0004-0203-6055
https://orcid.org/0009-0003-2251-239X
https://orcid.org/0000-0002-9907-133X
https://orcid.org/0000-0001-8331-6980
https://orcid.org/0000-0003-1988-4443
https://orcid.org/0009-0007-6868-2588
https://orcid.org/0000-0003-3979-4330
https://orcid.org/0009-0000-6235-5526
https://orcid.org/0009-0006-5473-9574
https://orcid.org/0000-0001-5060-1347
https://orcid.org/0009-0004-0665-5945
https://orcid.org/0009-0004-7290-3169
https://orcid.org/0000-0001-5802-6949
https://orcid.org/0009-0002-1524-043X
https://orcid.org/0009-0002-8685-595X
https://orcid.org/0000-0002-0245-3260

M. ABLIKIM et al. PHYS. REV. D 113, 092010 (2026)

Zhi Wang®,"” Ziyi Wang®,”® D. Wei®,” D.H. Wei®," D.J. Wei®,”” H.R. Wei®,"” F. Weidner®,” H.R. Wen®,*
S.P. Wen®,' U. Wiedner®,” G. Wilkinson®,”® M. Wolke,* J.F. Wu®,"? L. H. Wu®,' L.J. Wu®,” Lianjie Wu®,”
S.G. Wu®,"* S.M. Wu®,”” X. W. Wu®,” Z. Wu®,"* H.L. Xia®,** L. Xia®,”*** B. H. Xiang®,"™ D. Xiao®,*>™"
G. Y. Xiao®," H. Xiao®,” Y. L. Xiao®,'* Z.J. Xia0®,* C. Xie®," K. J. Xie®," " Y. Xie®,** Y. G. Xie®,"* Y. H. Xie®,’
Z.P. Xie®,”** T Y. Xing®,"” D.B. Xiong®,' G.F. Xu®,' H. Y. Xu®,> Q.J. Xu®,"” Q.N. Xu®,” T.D. Xu®,”
X.P. Xu®,” Y. Xu®,"™ Y.C. Xu®,* Z.S. Xu®,”” F. Yan®,” L. Yan®,'> W. B. Yan®,”*** W. C. Yan®,*® W. H. Yan®,°
W.P. Yan®,” X. Q. Yan®,'> Y. Y. Yan®,%° H.J. Yang®,**" H. L. Yang®,” H. X. Yang®,' J. H. Yang®,"* R.J. Yang®,*
X.Y. Yang®,” Y. Yang®,'">" Y. H. Yang®,” Y. M. Yang®,® Y. Q. Yang®,"’ Y.Z. Yang®,” Youhua Yang®,*
Z.Y. Yang®,” W.J. Yao®,° Z.P. Yao®,”* M. Ye®,"* M. H. Ye®,”* Z.J. Ye®,*"" Junhao Yin®,*”” Z. Y. You®,®
B.X. Yu®,"* C.X. Yu®,” G. Yyu®,” 1.S. Yu®,”* L. W. Yu®,"”” T. Yu®,” X.D. Yu®,” Y. C. Yu®,*
Yongchao Yu ,42 C.Z. Yuan ,1‘70 H. Yuan ,1’70 J. Yuan ,38 Jie Yuan ,49 L. Yuan ,2 M. K. Yuan ,12,i S. H. Yuan ,79
Y. Yuan ,1’70 C. X. Yue ,43 Ying Yue ,20 A. A. Zafar ,80 F.R. Zeng ,54 S.H. Zeng ,69 X. Zeng ’12,1 Y.J. Zeng ,]’70
Yujie Zeng ,65 Y. C. Zhai ,54 Y. H. Zhan ,65 B. L. Zhang ,1’70 B. X. Zhang ,l’a D. H. Zhang ,47 G.Y. Zhang ,20
Gengyuan Zhang JOH. Zhang JEMH. C Zhang SO0 H . Zhang 5 H. Q. Zhang SO0 H R, Zhang ool
H.Y. Zhang % Han Zhang B Zhang RN Zhang 2T L. Zhang 21Q. Zhang 2 I.s. Zhang S
J.W. Zhang®,"**"° J.X. Zhang®,"*™" J. Y. Zhang®,' J. Z. Zhang®,"” Jianyu Zhang®,” Jin Zhang®,”
Jiyuan Zhang®,'>' L. M. Zhang®,”” Lei Zhang®,*® N. Zhang®,” P. Zhang®,"” Q. Zhang®,” Q. Y. Zhang®,*®
Q.Z. Zhang JORY. Zhang Armng o Zhang RN\ Zhang 7% Shulei Zhang X M. Zhang !

X.Y. Zhang YT Zhang By H Zhang Y p. Zhang 8% Yao Zhang®,' Yu Zhang 7’ Yu Zhang 95
Z. Zhang 2 z.D. Zhang S Z.H. Zhang Sz L. Zhang 2 z.X Zhang 2z Zhang 5 7h. zn. Zhang 20
Zhilong Zhang 00 Ziyang Zhang e Ziyu Zhang 7 G. Zhao®," J.-P. Zhao®,” J. Y. Zhao®,"™ J.Z. Zhao®,"*
L. Zhao®,' Lei Zhao®,”% M. G. Zhao®,"”” R. P. Zhao®,” S.J. Zhao®,* Y. B. Zhao®,"** Y. L. Zhao®,” Y. P. Zhao®,*
Y. X. Zhao®,**"° Z. G. Zhao®,"*** A. Zhemchugov o<, Zheng J'B.M. Zheng 1P Zheng S wL Zheng 70
W. Q. Zheng®,"’ X.R. Zheng®,” Y. H. Zheng®,””? B. Zhong®,* C. Zhong®,” H. Zhou®,””*? J. Q. Zhou®,*

S. Zhou®,® X. Zhou®,* X. K. Zhou®,” X.R. Zhou®,”*** X.Y. Zhou®,” Y. X. Zhou®,*” Y.Z. Zhou®,** A.N. Zhu®,”
J. Zhue," K. Zhuo,' K.J. Zhu®,"**"° K. S. Zhue," L. X. Zhuo,” Lin Zhu©,* S.H. Zhue,” T.J. Zhue,'*!
W.D. Zhu®,'*' W.J. Zhu®,' W.Z. Zhu®,” Y. C. Zhu®,”** 7. A. Zhu®,"”° X. Y. Zhuang®,"” M. Zhuge®,”
J.H. Zou ,1 and J. Zu®*

(BESII Collaboration)

'Institute of High Energy Physics, Beijing 100049, People’s Republic of China
’Beihang University, Beijing 100191, People’s Republic of China
3Bochum Ruhr-University, D-44780 Bochum, Germany
*Budker Institute of Nuclear Physics SB RAS (BINP), Novosibirsk 630090, Russia
5Carnegie 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
¥Chengdu University of Technology, Chengdu 610059, People’s Republic of China
°China Center of Advanced Science and Technology, Beijing 100190, People’s Republic of China
China University of Geosciences, Wuhan 430074, People’s Republic of China
11Chung—Ang University, Seoul, 06974, Republic of Korea
“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
16Guangxi University of Science and Technology, Liuzhou 545006, People’s Republic of China
”Hcmgzhou Normal University, Hangzhou 310036, People’s Republic of China
Hebei University, Baoding 071002, People’s Republic of China
P Helmholtz Institute Mainz, Staudinger Weg 18, D-55099 Mainz, Germany
®Henan 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

092010-12


https://orcid.org/0009-0008-9923-0725
https://orcid.org/0000-0003-4410-6889
https://orcid.org/0009-0002-1740-9024
https://orcid.org/0009-0003-7746-6909
https://orcid.org/0009-0009-3220-8598
https://orcid.org/0009-0006-8774-1574
https://orcid.org/0009-0004-9159-9051
https://orcid.org/0009-0002-8440-9673
https://orcid.org/0000-0003-3521-5338
https://orcid.org/0000-0002-9002-6583
https://orcid.org/0000-0001-5255-0619
https://orcid.org/0000-0002-3173-0802
https://orcid.org/0000-0001-8613-084X
https://orcid.org/0000-0002-3171-2436
https://orcid.org/0009-0008-8865-4629
https://orcid.org/0000-0002-3176-1748
https://orcid.org/0000-0002-8658-9789
https://orcid.org/0000-0002-6757-3108
https://orcid.org/0000-0002-1796-8347
https://orcid.org/0009-0004-3053-481X
https://orcid.org/0000-0001-9757-8172
https://orcid.org/0009-0001-6156-1931
https://orcid.org/0000-0003-4319-1305
https://orcid.org/0009-0005-3803-9343
https://orcid.org/0000-0002-9258-2743
https://orcid.org/0009-0007-2825-3025
https://orcid.org/0000-0002-4879-209X
https://orcid.org/0009-0002-1574-0063
https://orcid.org/0009-0003-3537-5005
https://orcid.org/0000-0002-0170-2798
https://orcid.org/0000-0003-0365-4256
https://orcid.org/0000-0001-5012-4069
https://orcid.org/0009-0001-4042-1550
https://orcid.org/0009-0006-7038-0143
https://orcid.org/0009-0005-7047-3254
https://orcid.org/0000-0002-8281-7828
https://orcid.org/0009-0004-0193-4910
https://orcid.org/0009-0005-8152-7932
https://orcid.org/0000-0001-9893-8766
https://orcid.org/0009-0005-5343-1984
https://orcid.org/0000-0001-5096-1182
https://orcid.org/0009-0008-8011-2788
https://orcid.org/0000-0001-7412-9606
https://orcid.org/0000-0002-2511-4675
https://orcid.org/0000-0002-7930-0449
https://orcid.org/0000-0001-5930-4453
https://orcid.org/0000-0003-0713-0871
https://orcid.org/0000-0001-6721-9435
https://orcid.org/0009-0001-8001-6146
https://orcid.org/0009-0003-0397-3326
https://orcid.org/0009-0002-1018-1995
https://orcid.org/0000-0003-3584-496X
https://orcid.org/0000-0001-7367-1380
https://orcid.org/0009-0009-3039-8463
https://orcid.org/0000-0001-7549-7531
https://orcid.org/0009-0005-1571-3884
https://orcid.org/0009-0007-4468-7472
https://orcid.org/0009-0002-1551-2909
https://orcid.org/0009-0003-6793-5468
https://orcid.org/0009-0000-2161-1730
https://orcid.org/0009-0000-6910-5933
https://orcid.org/0009-0005-1876-4126
https://orcid.org/0009-0001-6192-9329
https://orcid.org/0000-0002-8917-2620
https://orcid.org/0009-0006-2975-0819
https://orcid.org/0009-0009-1365-7873
https://orcid.org/0009-0002-7340-7541
https://orcid.org/0000-0002-9437-1405
https://orcid.org/0000-0002-3496-0507
https://orcid.org/0009-0003-0269-718X
https://orcid.org/0000-0002-1479-9349
https://orcid.org/0000-0001-8324-3291
https://orcid.org/0000-0002-8331-0113
https://orcid.org/0000-0002-8919-2197
https://orcid.org/0000-0003-1987-9409
https://orcid.org/0000-0003-1230-3300
https://orcid.org/0009-0008-0188-8263
https://orcid.org/0000-0002-2566-3543
https://orcid.org/0009-0005-7617-7069
https://orcid.org/0009-0000-2408-1595
https://orcid.org/0009-0003-8469-2226
https://orcid.org/0000-0002-1652-6686
https://orcid.org/0009-0004-2685-8539
https://orcid.org/0009-0005-0799-1630
https://orcid.org/0009-0007-4538-5759
https://orcid.org/0000-0002-6719-5397
https://orcid.org/0000-0003-1539-3858
https://orcid.org/0009-0009-6977-3769
https://orcid.org/0000-0002-3414-9212
https://orcid.org/0000-0001-6783-7647
https://orcid.org/0009-0002-1847-2260
https://orcid.org/0009-0002-4344-1415
https://orcid.org/0009-0006-7104-7393
https://orcid.org/0000-0001-6106-7741
https://orcid.org/0000-0001-9701-3964
https://orcid.org/0009-0005-3279-0304
https://orcid.org/0009-0004-1932-6614
https://orcid.org/0009-0000-6572-4972
https://orcid.org/0009-0006-1368-1951
https://orcid.org/0009-0009-4236-6231
https://orcid.org/0000-0002-0331-1408
https://orcid.org/0009-0009-9084-2423
https://orcid.org/0000-0002-6431-8638
https://orcid.org/0009-0004-3574-1842
https://orcid.org/0009-0000-9245-3231
https://orcid.org/0009-0009-3882-878X
https://orcid.org/0009-0008-7393-0379
https://orcid.org/0000-0001-8843-5209
https://orcid.org/0009-0004-8730-6797
https://orcid.org/0000-0002-8333-9231
https://orcid.org/0009-0007-7049-7410
https://orcid.org/0000-0002-7752-8538
https://orcid.org/0009-0005-7841-2288
https://orcid.org/0000-0001-8592-2335
https://orcid.org/0000-0003-3314-2534
https://orcid.org/0009-0007-2607-3178
https://orcid.org/0000-0001-7794-7014
https://orcid.org/0000-0002-9567-7094
https://orcid.org/0000-0002-0533-4371
https://orcid.org/0000-0001-6535-0659
https://orcid.org/0000-0001-6010-8556
https://orcid.org/0009-0007-9530-6393
https://orcid.org/0009-0006-5120-3723
https://orcid.org/0000-0003-2279-8837
https://orcid.org/0000-0002-9336-9338
https://orcid.org/0009-0008-2807-3398
https://orcid.org/0000-0002-9177-6108
https://orcid.org/0009-0005-7906-051X
https://orcid.org/0009-0009-0048-8951
https://orcid.org/0009-0006-8950-1996
https://orcid.org/0000-0003-4099-7901
https://orcid.org/0009-0009-3608-0624
https://orcid.org/0000-0002-2385-0767
https://orcid.org/0000-0002-9794-4088
https://orcid.org/0000-0002-3604-2195
https://orcid.org/0000-0003-4341-1603
https://orcid.org/0000-0003-3780-6676
https://orcid.org/0000-0002-0893-2449
https://orcid.org/0009-0003-4638-9031
https://orcid.org/0000-0003-3310-6728
https://orcid.org/0000-0001-9956-4890
https://orcid.org/0009-0003-2312-1366
https://orcid.org/0000-0002-4532-8443
https://orcid.org/0000-0002-6542-052X
https://orcid.org/0009-0006-2313-5743
https://orcid.org/0009-0004-4305-7370
https://orcid.org/0009-0002-3134-4669
https://orcid.org/0000-0002-5942-0355
https://orcid.org/0009-0003-1283-6008
https://orcid.org/0009-0008-5731-3047
https://orcid.org/0009-0004-5140-2111
https://orcid.org/0009-0009-7477-5232
https://orcid.org/0000-0003-0234-3536
https://orcid.org/0009-0004-8816-0267
https://orcid.org/0000-0002-2028-7286
https://orcid.org/0000-0001-8365-7726
https://orcid.org/0000-0002-7152-1466
https://orcid.org/0000-0002-5421-6101
https://orcid.org/0000-0001-8785-6941
https://orcid.org/0009-0001-8221-5958
https://orcid.org/0000-0002-0160-9948
https://orcid.org/0000-0003-3954-3195
https://orcid.org/0009-0004-6038-201X
https://orcid.org/0009-0009-4363-3207
https://orcid.org/0000-0001-8684-9766
https://orcid.org/0000-0001-6758-3974
https://orcid.org/0000-0002-3360-4965
https://orcid.org/0000-0002-6544-429X
https://orcid.org/0009-0009-1601-4734
https://orcid.org/0000-0003-4308-3742
https://orcid.org/0009-0003-5182-5176
https://orcid.org/0009-0004-8203-6302
https://orcid.org/0009-0007-7002-7750
https://orcid.org/0000-0003-0322-9858
https://orcid.org/0000-0002-3474-8848
https://orcid.org/0009-0008-1207-9357
https://orcid.org/0000-0003-2060-0436
https://orcid.org/0009-0003-7889-3451
https://orcid.org/0009-0006-8729-3927
https://orcid.org/0000-0002-6908-683X
https://orcid.org/0009-0005-9485-9477
https://orcid.org/0000-0002-7671-7644
https://orcid.org/0000-0002-0299-4657
https://orcid.org/0000-0003-2035-3391
https://orcid.org/0000-0001-8500-9941
https://orcid.org/0000-0003-4050-5700
https://orcid.org/0009-0000-7562-3665
https://orcid.org/0000-0002-4365-8043
https://orcid.org/0000-0002-5473-235X
https://orcid.org/0000-0003-3413-8385
https://orcid.org/0000-0003-0609-6456
https://orcid.org/0009-0007-1127-5818
https://orcid.org/0000-0001-9731-4708
https://orcid.org/0009-0000-1863-7024
https://orcid.org/0009-0007-4406-1533
https://orcid.org/0000-0003-2618-0436
https://orcid.org/0009-0006-8147-6423
https://orcid.org/0000-0002-7306-1053
https://orcid.org/0000-0002-6229-5567
https://orcid.org/0009-0004-8990-7895
https://orcid.org/0009-0005-8564-9857
https://orcid.org/0000-0003-3581-2829
https://orcid.org/0009-0004-9248-4459

SEARCH FOR THE RARE DECAYS OF ... PHYS. REV. D 113, 092010 (2026)

“Henan University of Technology, Zhengzhou 450001, People’s Republic of China
24Hengyang Normal University, Hengyang 421001, People’s Republic of China
25Huangshan 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
PIndiana University, Bloomington, Indiana 47405, USA
YNFN Laboratori Nazionali di Frascati, 1-00044, Frascati, Italy
S INFN Sezione di Perugia, 1-06100, Perugia, Italy
% University of Perugia, 1-06100, Perugia, Italy
SYINFN Sezione di Ferrara, 1-44122, Ferrara, Italy
31bUniversity of Ferrara, 1-44122, Ferrara, Italy
2 Inner Mongolia University, Hohhot 010021, People’s Republic of China
B Institute of Business Administration, Karachi,

Hnstitute of Modern Physics, Lanzhou 730000, People’s Republic of China
S Institute of Physics and Technology, Mongolian Academy of Sciences,

Peace Avenue 54B, Ulaanbaatar 13330, Mongolia
O nstituto de Alta Investigacion, Universidad de Tarapacd, Casilla 7D, Arica 1000000, Chile
37Jiangsu Ocean University, Lianyungang 222000, People’s Republic of China
*Jilin University, Changchun 130012, People’s Republic of China
3 Johannes Gutenberg University of Mainz, Johann-Joachim-Becher-Weg 45, D-55099 Mainz, Germany
“Joint Institute for Nuclear Research, 141980 Dubna, Moscow region, Russia
* Justus-Liebig-Universitaet Giessen, II. Physikalisches Institut,
Heinrich-Buff-Ring 16, D-35392 Giessen, Germany
2Lanzhou University, Lanzhou 730000, People’s Republic of China
43Liaom’ng Normal University, Dalian 116029, People’s Republic of China
Liaoning University, Shenyang 110036, People’s Republic of China
45Nanjing Normal University, Nanjing 210023, People’s Republic of China
46Nanjing University, Nanjing 210093, People’s Republic of China
*'Nankai University, Tianjin 300071, People’s Republic of China
BNational Centre for Nuclear Research, Warsaw 02-093, Poland
“North China Electric Power University, Beijing 102206, People’s Republic of China
50Peking University, Beijing 100871, People’s Republic of China
51Qu]‘u Normal University, Qufu 273165, People’s Republic of China
2Renmin University of China, Beijing 100872, People’s Republic of China
53Shandong Normal University, Jinan 250014, People’s Republic of China
54Shcmdong University, Jinan 250100, People’s Republic of China
55Shandong University of Technology, Zibo 255000, People’s Republic of China
56'Shanghai Jiao Tong University, Shanghai 200240, People’s Republic of China
3 Shanxi Normal University, Linfen 041004, People’s Republic of China
8 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
1South China Normal University, Guangzhou 510006, People’s Republic of China
2Southeast University, Nanjing 211100, People’s Republic of China
3 Southwest University of Science and Technology, Mianyang 621010, People’s Republic of China
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
Suranaree University of Technology, University Avenue 111, Nakhon Ratchasima 30000, Thailand
8Tsinghua University, Beijing 100084, People’s Republic of China
S Turkish Accelerator Center Particle Factory Group, Istinye University, 34010, Istanbul, Turkey
8°Near East University, Nicosia, North Cyprus, 99138, Mersin 10, Turkey
69University of Bristol, H H Wills Physics Laboratory, Tyndall Avenue, Bristol, BS8 ITL, United Kingdom
70Um'versity of Chinese Academy of Sciences, Beijing 100049, People’s Republic of China
71University of Hawaii, Honolulu, Hawaii 96822, USA
University of Jinan, Jinan 250022, People’s Republic of China
73University of La Serena, Av. Raul Bitrdn 1305, La Serena, Chile
74University of Manchester, Oxford Road, Manchester, M13 9PL, United Kingdom
75University of Muenster, Wilhelm-Klemm-Strasse 9, 48149 Muenster, Germany

092010-13



M. ABLIKIM et al. PHYS. REV. D 113, 092010 (2026)

76University of Oxford, Keble Road, Oxford OX13RH, United Kingdom
77Um'versity of Science and Technology Liaoning, Anshan 114051, People’s Republic of China
78University of Science and Technology of China, Hefei 230026, People’s Republic of China
®University of South China, Hengyang 421001, People’s Republic of China
8OUniversity of the Punjab, Lahore-54590, Pakistan
SlaUniversity of Turin and INFN, University of Turin, I-10125, Turin, Italy
81bUniversity of Eastern Piedmont, 1-15121, Alessandria, Italy
SISINFN, 1-10125, Turin, Italy
82Uppsala University, Box 516, SE-75120 Uppsala, Sweden
SWuhan University, Wuhan 430072, People’s Republic of China
$Xi’an Jiaotong University, No.28 Xianning West Road, Xi’an,
Shaanxi 710049, People’s Republic of China
Yyantai University, Yantai 264005, People’s Republic of China
8Yunnan University, Kunming 650500, People’s Republic of China
87Zhejiung University, Hangzhou 310027, People’s Republic of China
88Zhengzhou University, Zhengzhou 450001, People’s Republic of China

“Deceased.

°Also at Bogazici University, 34342 Istanbul, Turkey.

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

9Also at the Functional Electronics Laboratory, Tomsk State University, Tomsk, 634050, Russia.

fAlso at the Novosibirsk State University, Novosibirsk, 630090, Russia.

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

€Also 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.

JAlso at State Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing 100871, People’s Republic of China.
XAlso 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.

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

PAlso at Helmholtz Institute Mainz, Staudinger Weg 18, D-55099 Mainz, Germany.

9Also at Hangzhou Institute for Advanced Study, University of Chinese Academy of Sciences, Hangzhou 310024, China.
"Also at Applied Nuclear Technology in Geosciences Key Laboratory of Sichuan Province, Chengdu University of Technology,
Chengdu 610059, People’s Republic of China.

*Currently at University of Silesia in Katowice, Institute of Physics, 75 Pulku Piechoty 1, 41-500 Chorzow, Poland.

092010-14


https://ror.org/03mqfn238

	Search for the rare decays of D&rarr;h(h(&prime;))e+e-
	I. INTRODUCTION
	II. BESIII DETECTOR AND MONTE CARLO SIMULATION
	III. METHOD
	IV. SINGLE TAG SELECTION
	V. SIGNAL SELECTION
	VI. SYSTEMATIC UNCERTAINTY
	VII. RESULTS
	VIII. SUMMARY
	ACKNOWLEDGMENTS
	DATA AVAILABILITY
	References


