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We present the first observation of the singly Cabibbo-suppressed decay AT — AKT7® with a signif-
icance of 5.7¢ and the first evidence of A7 — AKTntn~ decay with a significance of 3.1c, based on
ete” annihilation data recorded by the BESIII detector at the BEPCII collider. The data correspond to an
integrated luminosity of 6.4 fb~?, in the center-of-mass energy range from 4.600 GeV to 4.950 GeV. We

determine the branching fractions of A7 — AKT7°% and AT — AKT7nT7~ relative to their Cabibbo-

BAF—AKt=Y% 2 BAF—sAK rtz—)
m = (209 i0.395cac4 i0.075ysc4) X 10 and m =

(1.13£0.41gtat. £0.06syst.) X 1072, respectively. Moreover, by combining our measured result with the world
average of B(AY — AnT7°), we obtain the branching fraction B(AT — AKT7%) = (1.49 & 0.27stas. +
0.05syst. £0.08,c¢.) x 1073, This result significantly departs from theoretical predictions based on quark SU(3)

favored counterparts to be

flavor symmetry, which is underpinned by the presumption of meson pair S-wave amplitude dominance.

I. INTRODUCTION

Since its discovery in the 1970s [|I|, ], the AT charmed
baryon has remained a focal point of particle-physics research.
The A presents a unique opportunity to probe the dynam-
ics of light quarks within a three-body structure, coexisting
with a heavy c quark. Unlike charmed-meson decays, where
nonfactorizable effects are typically negligible, the decays of
A7 involve a more substantial contribution from internal W -
emission and W-exchange diagrams, as depicted in Fig. [
Consequently, the decay mechanisms of AT are more intri-
cate [3,4], and experimental studies of A" decays are of crit-
ical importance in testing various theoretical models and illu-
minating the underlying dynamics.

Despite their significance, singly Cabibbo-suppressed
(SCS) decays of Al have been less explored than Cabibbo-
favored (CF) decays, primarily due to their low branching
fractions (BFs) and the limited data samples available. Re-
cently, BESIII studied the two-body SCS decays AT —
nrt 5] and AF — AK™T [d]. The measured BF of AF —
nmT is twice larger than the predicted value (71, suggesting
that the nonfactorizable contribution in this decay is over-
estimated. However, the measured BF of AT — AK™ is
around 40% of the expectations derived from quark SU(3)
flavor symmetry (8], constituent quark models [9] or current

algebra (71, indicating that the nonfactorizable contribution in
this decay is poorly estimated. Experimental investigations of
additional SCS decays of AT are essential for improving our
understanding of the mechanisms responsible for the behavior
of this baryon.

To date, the decay A} — AKT7% has not been ob-
served in any experiment. Based on quark SU (3) flavor sym-
metry, the S-wave meson pair M M’ configurations, where
M (M) denotes the meson octets, are assumed to dominate
in the final state, and the BF of this decay is predicted to be
(4.5 4+ 0.8) x 1073 in Ref. (10] and (3.5 4+ 0.6) x 1073
in Ref. ], where the latter result incorporates an additional
constraint stemming from the magnitude of the S-wave and
P-wave interference term a[lﬂ]. In Ref. [@] the BaBar ex-
periment report a null search for AT — AKT7 7, in which
BAF—AKT7nta™)

B(AT —Art)
4.1 x 10~2 at the 90% confidence level.

In this paper, we report the first observation of AT —
AK* 79 and evidence of the decay AT — AK w7~ using
ete™ collision data, at thirteen center-of-mass (c.m.) energies
ranging from 4.600GeV to 4.950GeV (14, [13] corresponding
to an integral luminosity of 6.4 fb~!, collected with the BE-
SIII detector at the BEPCII collider. Their BFs are measured
by normalizing to those of the CF decays A} — Arxtx
and Af — Art7rtr, respectively. Charge conjugation is

an upper limit on the BF ratio is set to be
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FIG. 1. Typical Feynman diagrams for A7 — AK'7% (a) and
(b) W-exchange diagrams, (c) internal W -emission diagram, and (d)
external I/ -emission diagram.

always implied throughout this paper unless explicitly men-
tioned.

II. DETECTOR AND SIMULATION

The BESIII detector [@] records symmetric eTe™ colli-
sions provided by the BEPCII storage ring [17) in the c.m.
energy range from 2.0GeV to 4.95GeV, with a peak lumi-
nosity of 1 x 1033 cm™2?s~! achieved at /s = 3.77GeV.
BESIII has collected large data samples in these energy re-
gions [18-21]. 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 plastic scintillator
time-of-flight system (TOF), and a CsI(Tl) electromagnetic
calorimeter (EMC), which are all enclosed in a supercon-
ducting solenoidal magnet providing a 1.0 T magnetic field.
The solenoid is supported by an octagonal flux-return yoke
with resistive plate counter muon identification modules in-
terleaved with steel. The charged-particle momentum resolu-
tion at 1 GeV/c is 0.5%, and the dE'/dz resolution is 6% for
electrons from Bhabha scattering. The EMC measures pho-
ton energies with a resolution of 2.5% (5%) at 1GeV in the
barrel (end-cap) region. The time resolution in the TOF barrel
region is 68 ps, while that in the end-cap region is 60 ps 22].

Monte Carlo (MC) simulation is performed with GEANT4
based software [23], which contains a description of the ge-
ometry and response of the BESIII detector 24]. To esti-
mate detection efficiency, the KKMC generator (23] is used
to generate signal MC samples. This generator includes the
effects of initial-state radiation (ISR) and the beam-energy
spread, and incorporates the Born cross section line shape of
ete™ — A}A; measured by BESIII [26]. In these signal
MC samples, the A is set to decay via the exclusive modes,
AF = AKH70 AY — AKTrtr—, AY — ArTnY and
A} — Antatr—, while the A decays inclusively accord-

5

ing to BFs taken from the Particle Data Group (PDG) [ﬂ].
The simulation samples for the A7 — AKT7¥ and A} —
AK* 7T~ decays are produced with a phase-space model.
The resonance structures in the decays A} — AnT7% and
AT — Artatr~ are modeled according to the observed de-
cay patterns in data. Exclusive MC samples of A7 — 20K,
A 5 AKTK2, A - 2 KTt and AT — E(1530)K*
decays are generated for background studies, together with
an inclusive MC sample, consisting of Aj/‘x;, QED related
and hadron production [28]. The subsequent decays of all the
intermediate states in the MC samples are simulated by EVT-
GEN [@], using BFs either taken from the PDG [ﬂ], when
available, or otherwise estimated with LUNDCHARM [@, @].
Final-state radiation from charged final state particles is incor-
porated using PHOTOS 132].

III. EVENT SELECTION

The majority of the dataset used in the analysis is situated
near the A} A threshold, where the production of AFA;
pairs without associated hadrons is prevalent. This environ-
ment lends itself to the adoption of the single-tag method,
where only one Aj is reconstructed within an event, with no
condition on the recoil side. This approach is favored for its
efficiency, thereby enabling the retention of a greater number
of A candidates.

Charged tracks detected in the MDC are required to be
within a polar angle () range of |cosf| < 0.93, where 6
is defined with respect to the z axis, which is the symmetry
axis of the MDC. For charged tracks not originating from A
decays, the nearest distance between tracks to the eTe™ in-
teraction point (IP) must be no more than 10 cm along the z
axis, |V2|, and less than 1 cm in the transverse plane, |V, |.
Particle identification (PID) is implemented by combining in-
formation on the specific ionization energy loss in the MDC
(dE/dz) and the flight time in the TOF to form the likeli-
hoods L(h) (b = p,w, K) for each hadron h hypothesis.
Tracks are identified as protons when the proton hypothesis
satisfies the requirements £(p) > L(w) and L(p) > L(K).
Charged pions and kaons are discriminated based on compar-
ing the likelihoods for the hypotheses, £(w) > L(K) and
L(K) > L(m), respectively. The A candidates are recon-
structed from a pair of oppositely charged proton and pion
candidates, identified with relatively loose PID requirements.
In this case, the charged tracks must have a closest distance
to the IP within 20 cm, with no transverse distance require-
ment imposed. The daughter tracks are constrained to origi-
nate from the same decay vertex with a x? value less than 100,
and this vertex is required to be displaced from the IP by a dis-
tance at least twice larger than the measurement uncertainty. It
is demanded that the A candidates have a pr~ invariant mass
within 1.111 < M- < 1.121 GeV /c?, which corresponds
to three standard deviations of the reconstruction resolution
around the known A mass [27].

Electromagnetic showers produced in the EMC, not asso-
ciated with any charged tracks, are identified as photon can-
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didates. The deposited energy is required to be greater than
25 MeV in the barrel region (|cos 8| < 0.80) and greater than
50 MeV in the end-cap region (0.86 < |cosf| < 0.92). To
further suppress background from beam and electronic noise,
the difference of EMC time with respect to the collision time
is required to be within 700 ns. Showers are required to be
separated from other charged tracks by an angle greater than
10° in order to eliminate activity induced by tracks. Then, the
7V candidates are reconstructed from photon pairs with invari-
ant mass within 0.115 < M., < 0.150 GeV /c2. To improve
the 7° momentum resolution, the mass of the 7° candidate is
constrained to the PDG value [27)] via a one-constraint kine-
matic fit. Combinations satisfying x? < 200 are preserved,
and the refined momenta are utilized for subsequent studies.

By analyzing the inclusive MC samples with the tool
TOPOANA [33], we find several processes with the same
final states as the signals contaminate the selection. For
AF — AK*7°% we veto events where the invariant mass of
the A7¥ pair satisfies 1.290 < Mpro < 1.340 GeV/c? to
suppress background from A} — Z°K* decays. For A} —
AK*nT 7™, we reject candidates with 1.310 < My, <
1.330 GeV/c? and 0.490 < M .- < 0.505GeV/c? to

suppress contamination from AT — ETKTrt, AT —
E(1530)K " and A} — AKTKY decays. In the selec-
tion of AT — AxTxtn™, events with 0.480 < M +,- <
0.520 GeV /c? are discarded to suppress the background from
AF — pK2mT ™ decays.

To further mitigate the effects of combinatorial background,
two kinematic variables are employed: AF and the beam-
constrained mass, Mpc. The variable AE is defined as
E.._ AF Eyeam, where E A+ Tepresents the energy of
the reconstructed Aj and Epeam is the beam energy. The
beam-constrained mass, Mpc, is a crucial parameter used
for determining signal yields. It is defined as Mpc =

2 4|y (22
\/Ebcam/c — |Py+|?/c?, where p,+ denotes the momen-

tum of the reconstructed A}. In cases where multiple com-
binations exist, the one with the minimum |AE)| is selected.
For Af — AK*7% and AT — Arx*7, candidates are re-
quired to satisfy AE € [—0.023,0.007]GeV. Meanwhile, for
Af - AKtntn~ and Af — Antatn, the requirement
is AE € [-0.015,0.003]GeV. These requirements have
been optimized by maximizing the figure-of-merit, FOM =
S/V/'S + B, where S is the expected signal yield in the sig-
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FIG. 3. Combined simultaneous fit results to the distributions of
Mgc for (a) AT — AKT#% and (b) A} — AK 7tn~ at thir-
teen energy points.

nal region Mpc € [2.282,2.291] GeV /c? and B is the back-
ground yield in the same region estimated from the inclusive
MC sample. The number of S(B) is normalized to the inte-
grated luminosity of the data sample.

IV. RELATIVE BF MEASUREMENT

Figure [l shows the Mpc spectra of accepted events of
Af — AK*T7% and A} — AKTnt7n~, and Fig. @ shows
the corresponding distribution for A7 — An 7% and A} —
AnTrTn~ events. Signal peaks are evident for the SCS
modes above the distributions of background events. To min-
imize systematic uncertainty, the BF of each signal decay is
measured relative to its CF counterpart by
Bsig NSe . 61.rcf
= B (1)

(2 3

where 7 represents each energy point, N is the observed signal
yield in data and € denotes the detection efficiency obtained
from signal MC. To determine R, an unbinned maximum like-

TABLE I. Relative detection efficiencies for AT — AKT7° (A)
referring to AT — AnTn% (A) and AT — AKTntn™ (B) re-
ferring to AY — AnTxt ™ (B’), and signal yields for reference
modes at different energy points. Uncertainties are statistical only.

Va(GeV) 107 107 ZE NA NE

4599 723405 61.94+0.6 1229.6+38.3 517.3+£24.8
4612 728405 61.040.6 194.0+16.2 98.5+10.7
4628 727405 614406 96844357 39824224
4641 727405 620406 1117.5+38.6 453.6+£24.0
4661 729405 62.7+0.6 95244357 449.8+23.5
4682  T35+05 624406 3013.0+63.4 1446.7+£42.2
4699 739405 62.7+0.6 846.9+£33.8 447.2+23.1
4740  73.8405 66.14+0.7 31224203 191.4+15.3
4750  TAT+0.6 66.0+0.7 59594285 314.0+19.7
4781  75.840.6 66.9+0.7 839.4+33.7 398.0+£22.2
4843  76.6+06 68.8+0.8 587.0+28.8 321.4+204
4918  77.840.7 725409 262.9+188 167.4+14.4
4950 802407 728410 166.1+152 107.4+11.5

lihood fit is performed on these Mpc spectra, in which R is a
common fit parameter between the energy points. Table [ lists
the relative detection efficiencies and the signal yields of the
reference modes.

To extract the signal yield of each mode, the simultaneous
fit is performed on the Mpc distributions at different energy
points. In the fit, the signal shapes of the four modes are de-
scribed with the MC-simulated signal shapes convoluted with
a Gaussian function that is used to compensate for the resolu-
tion difference between data and MC simulation. To obtain a
pure signal, we employ the truth-match method. This method
involves comparing the reconstructed tracks of two photons
in the 7° and the charged tracks K* and 7% with their cor-
responding truth information. The angle 6,1, is defined as
the opening angle between each reconstructed and the corre-
sponding simulated tracks. The signal shape is derived from
the events with @t < 20° for all tracks. For the signal
decay modes, the parameters of the Gaussian functions are
shared with those of the corresponding reference decay modes
due to low number of events in the signal peaks.

For the signal decay modes, the background shapes con-
sist of an ARGUS function [@] to describe the combinatorial
components, a shape extracted from exclusive MC to describe
the remaining peaking background and a shape extracted from
signal MC to describe the wrongly reconstructed events. The
peaking backgrounds arise from the following specific decay
processes: A7 — ZCKT for the AT — AKT7Y channel,
and AT — AKTKY for the AT — AKT7wTn~ channel.
The corresponding yields of these peaking backgrounds are
determined using exclusive MC samples. As there are no sig-
nificant sources of peaking contamination for the reference
modes, here the background is described with only an AR-
GUS function and the un-matched background shape. The
ARGUS function has an endpoint fixed at Eie,y, and a float-
ing slope parameter shared between signal modes and refer-
ence modes for better precision. Un-matched events, stud-
ied through the signal MC samples, shows a distribution that
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FIG. 4. Combined simultaneous fit results to the distributions of
Mgc for (a) AT — Antz® and (b) AT — Antatn™ at thir-
teen energy points.

is not smooth. In the simultaneous fit, the determination of
yields associated with these un-matched events relies on eval-
uating the ratio between matched signal yields and unmatched
background yields.

By maximizing the likelihood of the simultaneous fit, we
obtain

Ropseino = BALZAKTTY (9 09 4 0.39) x 102

B(AS —An+m0)
and

Rstin- = BADAITIT) (1 134 0.41) x 1072,

B(AS = Antmtr—)

where the uncertainties are statistical only.

V. SYSTEMATIC UNCERTAINTY

The significant sources of systematic uncertainty in the R
measurement comprise those associated with the tracking and
PID of charged tracks, the 7° reconstruction, the A E require-
ment, the simultaneous fit, MC modeling, the understanding

TABLE II. Systematic uncertainty in the relative BF measurements
(in %).

Source R+ =0 RAK+n+n—

Tracking 0.2 1.2
PID 0.4 1.6

7° reconstruction 0.7 -
Mgy fit 1.2 3.7
AF requirement 0.1 0.1
MC model 1.8 0.1
Peaking background 1.3 2.6
Truth matching 2.1 0.1
Total 34 4.9

of the peaking backgrounds and the performance of the truth
matching. The uncertainties from the total number of ATA-
pairs and the BF of A — pm~ are canceled in the relative
measurement.

We study the uncertainty from the tracking with a con-
trol sample of ete™ — KTK w7~ events collected at
/s = 4.178GeV, where the tracking efficiency is measured
both in data and MC simulation. We re-weight the effi-
ciency for kaon and pion according to their transverse mo-
menta, and use the new efficiency to get the deviations in
the obtained value of R, which is 0.2% for A7 — AK 7"
and 1.2% for Af — AKTxTx~. Similarly, the uncer-
tainty associated with PID is studied with control samples of
ete” » KtKKtK—, KT K ntn, KT K—ntn 79,
atr~ntr~ and 7t w70 events at /s = 4.178GeV.
We determine the PID efficiencies of kaon and pion identi-
fication both in data and MC and re-weight the efficiencies
according to their momenta. In this way, the uncertainties for
Af — AK 7% and AY — AK+7tn~ are 0.4% and 1.6%,
respectively. The reconstruction efficiency of 7 is studied
through the D — K77® mode. Since the 7° momentum in
our signal and reference modes are not fully the same, we re-
weight them according to the 7° momentum and obtain the
associated uncertainty 0.8% for A} — AK*+70.

In the nominal fit, the parameters of the Gaussian function
are shared between the signal and reference modes, and the
uncertainty associated with these parameters is neglected due
to the clear signal in the reference modes. The uncertainty
related to the background shape is assessed by varying the
ARGUS endpoint by +0.15 MeV. The alternative fit results
in an uncertainty of 1.2% for AT — AK*™7" and 3.7% for
AT - AK o,

The uncertainty due to the fixed contribution of the peaking
background yields in the fit is investigated by varying the fixed
yields within =10 of the PDG BFs of individual background
sources. The largest differences observed in the fitted signal
yield are assigned as the systematic uncertainties, which are
1.3% for A7 — AK* 7% and 2.6% for AT — AK Tntn—.

The detection efficiency is determined after applying the
AF requirements to the signal MC samples. Possible differ-
ences between the data and MC samples in the AFE distribu-



tions are studied using the reference modes. The signal MC
samples are smeared according to data, and the BF difference
between nominal and smeared samples are assigned as the un-
certainties, which are 0.1% for AT — AK 7% and 0.1% for
AF - AK o,

The systematic uncertainties associated with MC mod-
eling are evaluated by generating alternative signal MC
samples. We add some possible resonances to the sig-
nal MC samples, for instance, A7 — AK*(892)% and
AF — 3(1385)°K*(892)F, in A} — AK*T7Y and A} —
AK* T, respectively. The efficiency differences obtained
with the nominal and alternative signal MC samples are as-
signed as the uncertainties, which are 1.8% and 0.1% for
A - AK 7% and A} — AK Yt

We investigate the uncertainty linked to the performance
of the truth matching by varying the 6,4, requirement by
20° £ 1° in the signal MC. The relative differences obtained
from these variations are then utilized to estimate the cor-
responding systematic uncertaintiesm which are assigned to
be 2.1% for A} — AKTn% decay and 0.1% for A} —
AK 7T~ decay.

The statistical significance of the signal is calculated by
S = /—2In(Ly/Lmax), Where Loy and Ly are the max-
imal likelihood of the fits with and without the signal contri-
bution, respectively. To account for additive systematic un-
certainties, which include the My fit, peaking background
and performance of truth matching, and under the assump-
tion of their independence, we obtain quadratic sums of 2.8%
for Rz x+ro0 and 4.5% for R g+ r+-- - Taking these system-
atic uncertainties into consideration, the signal significance is
found to be 5.70 for the AT — AK ™7 decay and 3.10 for
the AT — AKTnT 7~ decay.

VI. SUMMARY

In this paper, we report the first observation of the SCS de-
cay A} — AK 70 with a significance of 5.7¢ and the first
evidence of AT — AK ™77~ with a significance of 3.10.
The BFs are measured relative to their CF counterparts, which

B SAKTT) (9 090,300, £0.07syst.) X 102 and

B(AF = Artn0)

BAARTAIn) (113 4 041440, + 0.065yst.) X 1072,

BATSArtata)
By combining our measurements with the B(AT — Ant70)
and B(AF — AxT7tx™) from the PDG [27], we obtain the
BFs B(AY — AK*+70) = (1.49 £ 0.27qar, & 0.055ys. +
0.08rr) x 1073 and B(A} — AK*atn—) = (4.13 +
1.484tat. £0.205ys;. £0.331er.) X 10~%. Two recent theoretical
works which are based on the quark SU(3) flavor symmetr

predict the B(A} — AKT7%) to be (4.5 +0.8) x 1073 [lﬁ],
and (3.5 + 0.6) x 1073 [11]. Our measured value deviates
from these predictions by 3.50 and 3.00, respectively. Our
result of B(A7 — AKtntn™) is consistent with the mea-
surement by the BaBar experiment (13]. The precision of
both B(A} — AK*™7Y) and B(A} — AK*nt7~) mea-
surements is currently dominated by the statistical uncertainty.

are

Improved precision for these two SCS decays will be achiev-
able from the larger datasets that are expected to be collected
in the near future, following the upgrade of the BEPCII col-
lider [[19, [35]. These improved measurements will provide
valuable insights into the properties of these decays and help
in refining our understanding of charmed baryon decays.

ACKNOWLEDGMENTS

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 Nos. 2020YFA 0406400, 2020YFA0406300;
National Natural Science Foundation of China (NSFC) under
Contracts Nos. 11635010, 11735014, 11835012, 11935015,
11935016, 11935018, 11961141012, 12025502, 12035009,
12035013, 12061131003, 12192260, 12192261, 12192262,
12192263, 12192264, 12192265, 12205141, 12221005,
12225509, 12235017; the Chinese Academy of Sciences
(CAS) Large-Scale Scientific Facility Program; the CAS Cen-
ter for Excellence in Particle Physics (CCEPP); Joint Large-
Scale Scientific Facility Funds of the NSFC and CAS un-
der Contract No. U1832207; CAS Key Research Program
of Frontier Sciences under Contracts Nos. QYZDJ-SSW-
SLH003, QYZDJ-SSW-SLH040; 100 Talents Program of
CAS; The Institute of Nuclear and Particle Physics (IN-
PAC) 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 Re-
search Foundation DFG under Contracts Nos. 455635585,
Collaborative Research Center CRC 1044, FOR5327, GRK
2149; Istituto Nazionale di Fisica Nucleare, Italy; Ministry
of Development of Turkey under Contract No. DPT2006K-
120470; National Research Foundation of Korea under Con-
tract 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;
U. S. Department of Energy under Contract No. DE-FG02-
05ER41374.



10

[1] A. M. Cnops, P. L. Connolly, S. A. Kahn, H. G. Kirk, M. J.
Murtagh, R. B. Palmer, N. P. Samios, and M. Tanaka, Ob-
servation of the kaonic decay of the AJ charmed baryon,
Phys. Rev. Lett. 42, 197 (1979).

[2] G.S. Abrams, M. S. Alam, C. A. Blocker, A. Boyarski, M. Brei-
denbach, D. L. Burke, W. C. Carithers, W. Chinowsky, M. W.
Coles, S. Cooper, et al., Observation of charmed baryon pro-
duction in et e~ annihilation, Phys. Rev. Lett. 44, 10 (1980).

[3] L. L. Chau and H. Y. Cheng, Quark-diagram analysis of two-
body charm decays, Phys. Rev. Lett. 56, 1655 (1986).

[4] Y. Kohara, Quark-diagram analysis of charmed-baryon decays,
Phys. Rev. D 44, 2799 (1991).

[5] M. Ablikim et al. (BESIII Collaboration), Observation
of the singly cabibbo suppressed decay AY — nnT,
Phys. Rev. Lett. 128, 142001 (2022).

[6] M. Ablikim et al. (BESIII Collaboration), Measurement of
the branching fraction of the singly cabibbo-suppressed decay
A} — AK™,[Phys. Rev. D 106, L111101 (2022)|

[7TH. Y. Cheng, X. W. Kang, and F R. Xu,
Singly cabibbo-suppressed hadronic  decays of A[,
Phys. Rev. D 97, 074028 (2018).

[8] K. K. Sharma and R. C. Verma, SU@B)aavor analy-
sis of two-body weak decays of charmed baryons,
Phys. Rev. D 55, 7067 (1997).

[9] T. Uppal, R. C. Verma, and M. P. Khanna, Constituent quark
model analysis of weak mesonic decays of charm baryons,
Phys. Rev. D 49, 3417 (1994).

[10] C. Q. Geng, Y. K. Hsiao, C. W. Liu, and T. H. Tsai, Three-
body charmed baryon decays with SU(3) flavor symmetry,
Phys. Rev. D 99, 073003 (2019).

[11] J. Y. Cen, C. Q. Geng, C. W. Liu, and T. H. Tsai, Up-
down asymmetries of charmed baryon three-body decays,
Eur. Phys. J. C79, 946 (2019).

[12] T.D. Lee and C. N. Yang, General Partial Wave Analysis of the
Decay of a Hyperon of Spin 1/2, Phys. Rev. 108, 1645 (1957).

[13] B. Aubert et al. (BaBar Collaboration), Measurements of A:.r
branching fractions of cabibbo-suppressed decay modes involv-
ing A and X%, [Phys. Rev. D 75, 052002 (2007),

[14] M. Ablikim et al. (BESII Collaboration), Measurement
of integrated luminosities at BESIII for data samples
at center-of-mass energies between 4.0 and 4.6 GeV,
Chin. Phys. C 46, 113002 (2022), arXiv:2203.03133 [hep-ex].

[15] M. Ablikim et al. (BESIII Collaboration), Luminosities and
energies of ete™ collision data taken between 4.61 GeV
and 4.95 GeV at BESIII, Chin. Phys. C 46, 113003 (2022),
arXiv:2205.04809 [hep-ex].

[16] M. Ablikim et al. (BESII
sign and  Construction of the
Nucl. Instrum. Meth. A 614, 345 (2010).

[17] C. Yu et al., BEPCII
Beam Dynamics Studies on
7th International Particle Accelerator Conference

Collaboration),  De-
BESIII  Detector,

Performance and
Luminosity, in
(2016)

p. TUYAOL.

[18] H. B. Li and X. R. Lyu, Study of the standard model
with weak decays of charmed hadrons at BESIII,
Natl. Sci. Rev. 8, nwab181 (2021), arXiv:2103.00908 [hep-ex].

[19] M. Ablikim et al. (BESIII Collaboration), Future Physics Pro-
gramme of BESIII, Chin. Phys. C 44, 040001 (2020).

[20] J. Lu, Y. Xiao, and X. Ji, Online monitoring of
the center-of-mass energy from real data at BESIII,
Radiat. Detect. Technol. Methods 4, 337 (2020).

[21] J. W. Zhang, Suppression of top-up injection back-
grounds with offline event filter in the BESIII experiment,
Radiat. Detect. Technol. Methods 6, 289 (2022).

[22] P. Cao et al., Design and construction of the new BE-
SII endcap Time-of-Flight system with MRPC Technology,
Nucl. Instrum. Meth. A 953, 163053 (2020).

[23] S. Agostinelli et al. (GEANT4 Collaboration), GEANT4-a
simulation toolkit, Nucl. Instrum. Meth. A 506, 250 (2003).

[24] K. X. Huang, Z. J. Li, Z. Qian, J. Zhu, H. Y. Li,
Y. M. Zhang, S. S. Sun, and Z. Y. You, Method for
detector description transformation to Unity and ap-
plication in  BESIII, Nucl. Sci. Tech. 33, 142 (2022),
arX1v:2206.10117 [physics.ins-det].

[25] S. Jadach, B. E. L. Ward, and Z. Was, Coherent exclu-
sive exponentiation for precision Monte Carlo calculations,
Phys. Rev. D 63, 113009 (2001)\

[26] M. Ablikim ef al. (BESIII Collaboration), Measurement of the
energy-dependent electromagnetic form factors of a charmed
baryon, arXiv e-prints (2023), arXiv:2307.07316 [hep-ex]}

[27] R. L. Workman er al. (Particle Data Group), Review of Particle
Physics, PTEP 2022, 083C01 (2022).

[28] R. G. Ping et al., Tuning and validation of hadronic event
generator for R value measurements in the tau-charm region,
Chin. Phys. C 40, 113002 (2016), [arXiv:1605.09208 [hep-ex].

[29] S. Jadach, B. E. L. Ward, and Z. Was, The Precision Monte
Carlo event generator K K for two fermion final states in e™e™
collisions, Comput. Phys. Commun. 130, 260 (2000).

[30] J. C. Chen, G. S. Huang, X. R. Qi, D. H. Zhang, and
Y. S. Zhu, Event generator for .J/i¢ and (2S) decay,
Phys. Rev. D 62, 034003 (2000).

[31] R. L. Yang, R. G. Ping, and H. Chen, Tuning and
Validation of the Lundcharm Model with J/1 Decays,
Chin. Phys. Lett. 31, 061301 (2014),

[32] E. Richter Was, QED bremsstrahlung in semileptonic B and
leptonic tau decays, Phys. Lett. B 303, 163 (1993).

[33] X. Zhou, S. Du, G. Li, and C. Shen, TopoAna: A
generic tool for the event type analysis of inclusive
Monte-Carlo samples in high energy physics experiments,
Comput. Phys. Commun. 258, 107540 (2021).

[34] H. Albrecht et al. (ARGUS), Search for Hadronic b — u De-
cays, Phys. Lett. B 241, 278 (1990),

[35] H. Geng, J. Xing, C. Yu, and Y. Zhang, An Alternative Design
for BEPCII Upgrade, JACoW IPAC2022, WEOXGD3 (2022).


https://doi.org/10.1103/PhysRevLett.42.197
https://doi.org/10.1103/PhysRevLett.44.10
https://doi.org/10.1103/PhysRevLett.56.1655
https://doi.org/10.1103/PhysRevD.44.2799
https://doi.org/10.1103/PhysRevLett.128.142001
https://doi.org/10.1103/PhysRevD.106.L111101
https://doi.org/10.1103/PhysRevD.97.074028
https://doi.org/10.1103/PhysRevD.55.7067
https://doi.org/10.1103/PhysRevD.49.3417
https://doi.org/10.1103/PhysRevD.99.073003
https://doi.org/10.1140/epjc/s10052-019-7467-z
https://doi.org/10.1103/PhysRev.108.1645
https://doi.org/10.1103/PhysRevD.75.052002
https://doi.org/10.1088/1674-1137/ac80b4
https://arxiv.org/abs/2203.03133
https://doi.org/10.1088/1674-1137/ac84cc
https://arxiv.org/abs/2205.04809
https://doi.org/10.1016/j.nima.2009.12.050
https://doi.org/10.18429/JACoW-IPAC2016-TUYA01
https://doi.org/10.1093/nsr/nwab181
https://arxiv.org/abs/2103.00908
https://doi.org/10.1088/1674-1137/44/4/040001
https://doi.org/10.1007/s41605-020-00188-8
https://doi.org/10.1007/s41605-022-00331-7
https://doi.org/10.1016/j.nima.2019.163053
https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1007/s41365-022-01133-8
https://arxiv.org/abs/2206.10117
https://doi.org/10.1103/PhysRevD.63.113009
https://arxiv.org/abs/2307.07316
https://doi.org/10.1093/ptep/ptac097
https://doi.org/10.1088/1674-1137/40/11/113002
https://arxiv.org/abs/1605.09208
https://doi.org/10.1016/S0010-4655(00)00048-5
https://doi.org/10.1103/PhysRevD.62.034003
https://doi.org/10.1088/0256-307X/31/6/061301
https://doi.org/10.1016/0370-2693(93)90062-M
https://doi.org/10.1016/j.cpc.2020.107540
https://doi.org/10.1016/0370-2693(90)91293-K
https://doi.org/10.18429/JACoW-IPAC2022-WEOXGD3

