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Abstract: This study investigates the intrinsic electric dipole moment (EDM) of the 7 lepton, which is an important

quantity in the search for physics beyond the Standard Model (BSM). In ion for future at the
Super Tau-Charm Facility (STCF), we employ Monte Carlo simulations of the e*e~ — 77~ process and optimize
the analysis methodology for EDM extraction. Machine lea.mmg techniques are implemented to efficiently ldenhfy
signal events (7* — n*n%v;), which result in a signifi in signal-to-noise ratio. Our optimized event
unprecedented sensitivity. In this paper, we evaluate the precisions of the P-violating parameters and selection algorithm achieves 80.0% signal purity with 6. 3% efficiency. We develop an analytical approach for r
subsequently obtain the expected sensitivity of the CP-violating parameters in charmed baryon decays of lepton momentum reconstruction and derive the squared spin density matrix along with optimal observables, which
A} = pa®, pn, AK*, 2°K*, and £*KY, regarding to different polarization setups in STCF. The study the sensitivity to dr. The relationship between these observables and the EDM is established with the es-
timated sensitivity of |d,| < 3.89 x 10~'8¢-cm ata 68% confidence level. These results provide a foundation for fu-

‘Weak decays of the charmed baryons offer an ideal platform to study parity (P) and charge conjugation-
parity (CP) violation in the quark sector, to stringently test the Standard Model and search for new physics.
It is a key goal in the next-generation positron-electron collider, such as the Super Tau-Charm Facility
(STCPF). Thanks to the quant gled pair ion with i inosity and the possibility of

beam polarization, STCF provides a unique environment to pmbc such symmetry violations with
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suggests that the implementation of longitudinal beam polarization in STCF would greatly enhance the

experimental capability in studying P and CP violation.
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L. INTRODUCTION

The Standard Model (SM) of particle physi
remarkably successful theoretical framework that d S
the properties of elementary particles and their interactions.
However, it falls short of explaining several fundamental
questions, such as the origin of the matter-antimatter
asymmetry, the source of neutrino masses, and the nature
of dark matter and dark energy. Charge conjugation-parity
(CP) violation in baryons is considered one of the critical
factors in addressing the matter-antimatter asymmetry
problem [1]. To date, experimental observations of CP
violation have been confirmed in charm and bottom meson
systems, notably in B [2] and D mesons [3]. Recently,
LHCb recently reported the first observation of CP
violation in the bottom baryon sector [4], marking a
significant milestone in the field. However, it is well known
that the magnitude of CP violation predicted in the SM is
insufficient to account for the observed dominance of
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matter over antimatter in the Universe. Thus, probing
CP violation in baryons and searching for potential new
physics effects have become crucial to understanding the
evolution of the Universe.

Parity (P) refers to the transformation properties of
particles under spatial inversion. In 1956, Lee and Yang
proposed the concept of parity- vwlalmn obsuwdblu
specifically the p a, long
polarization of daughter baryons m baryon weak decays
[5]. Later that same year, a groundbreaking experiment
conducted by Wu er al. demonstrated that parity is not
conserved in weak decays [6], a finding that was sub-
sequently confirmed by numerous experiments. Nowadays,
parity violation has also been widely observed in the decays
of charmed baryons [7-11]. For the decay process
A} — BM, where B and M represent a baryon with
JP =1+ and a pseudoscalar meson with J” = 0", respec-
tively, parity-violating observables, agyy, fgp. and y gy, are
defined in terms of the s- and p-wave decay amplitudes,

agy =2Re(s*p)/(IsP* + |p?)
= 21m(s*p)/(|s” + |p|?).
ram = (IsP” = [pP)/(Is* + p)- Q)

Here, s and p repre:
amplitudes, respectively. In a nonrelati
these correspond to the L =0 (s-wave) and L =1
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ture experimental measurements of the 7 lepton EDM in STCF experiments.
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I INTRODUCTION
The electric dipole moment (EDM) is a physi

tially reveal new physics.
For stable particles such as neutrons and electrons,

quantity that characterizes the distribution of electric
charge within a system. Theoretically, the EDM of a
point-like particle is d to be zero. Within the
Standard Model (SM), due to charge-parity-conjugation
(CP) violation, the intrinsic EDM of the 7 lepton is pre-
dicted to be approximately 10~ ecm [1-3], far below the
experimental sensitivity. From the perspective of sym-
metry, a non-zero EDM signifies CP violation, which is a
crucial prerequisite for the observed matter-antimatter
asymmetry in the current observable universe. The CP vi-
olation predicted by the SM is minute and insufficient to
account for the observed asymmetry [4]. However, some
beyond the Standard Model (BSM) theories predict a sig-
nificantly larger value, around 10~"%ecm [5, 6], making it
feasible to the 7 EDM experimentally and poten-

Received 8 May 2025; Accepted 31 July 2025; Published online 1 August 2025

EDM typically employ precise experi-
mental methods based on the spin precession phenomen-
on in strong electric or magnetic fields [7, 8]. When a
particle with a non-zero EDM interacts with an electric
field, its spin direction will undergo a slight deflection,
which can be detected by highly sensitive experimental
apparatuses. To date, numerous experiments have set ex-
tremely stringent upper limits on the EDMs of neutrons
and electrons, further corroborating the predictions of the
SM while providing crucial experimental constraints for
new physics searches beyond the SM.

For short-lived particles such as heavy quarks and
leptons, direct EDM measurements face significant chal-
lenges because of their extremely short lifetimes, which
generally preclude traditional spin precession experi-
ments [9]. Consequently, indirect approaches are adopted,
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Abstract We report a feasibility study of the hyperon
semileptonic decay A — pe™ Ve by using a fast si

researchers to s\udy semlleplomc and hadronic decays of A
with

software package at STCF. With an anticipated integrated
luminosity of 3.4 trillion J /Y per year at a center-of-mass
energy of 3.097 GeV, the statistical sensitivity of the branch-
ing fraction is determined to be 0.15%. The statistical sen-
sitivities of form factors gay and gy, are determined to be
0.4% and 2.15%, respectively. The projected sensitivity of
| Vus| is obtained by combining lhls result with g(0) from
Lattice QCD, to be 0.9%, i the ic uncer-

Currently, the |Vys| = 0.2243 £ 0.0008 adopted by
the Particle Data Group (PDG) is extracted from the kaon
decay [2]. Combining this | Vys| result and the independently
measured |Vy4| and |Vyp|, the equation can be obtained
[Vua|? + |Vus? + |Vup|? = 0.99848 £ 0.00070. There is
a 2.3 tension with unitarity, leading to poor consistency
of the Standard Model global fit. Moreover, with the result

tainty from the LQCD input and the statistical uncertainties
of input branching fraction and form factors. The precise
measurement to be obtained at STCF will provide a rigorous
test of the Standard Model.

1 Introduction

The proposed Super Tau-Charm Facility (STCF) [ 1] in China
is a symmetric electron-positron collider that will provide
e*e™ annihilation at center-of- (c.m. gies /5 rang-
ing from 2.0 to 7.0 GeV. Its peak luminosity is expected to be
0.5 x 103 cm=25~" at /s =4.0 GeV and it will accumu-
late an integrated luminosity of more than 1 ab~! per year.
As expected, approximately 3.4 on J /Y events atac.m.
energy of 3.097 GeV will be obtained with a one-year data
collection, corresponding to 10 AA pairs. This will enable
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d from the T decay [3], the equation can be obtained
Vual? + Vus|® + [Vun]* = 0.99687 % 0.00087, indicat-
ing a 3.60 tension with CKM matrix unitarity. Besides, the
hyperon semileptonic decay A — pe~ 7, also provides a
window to determine the value of |Vys|. If the most precise
measurement of | V| = 0.2250 = 0.0027 from the hyperon
decay is used [4], the equation |Vug|? + |Vus|? + [Vas |2 =
0.99879 £ 0.00136 is obtained, thus in good agreement with
unitarity. Although a considerable amount of relevant theo-
retical work has been recently updated [5,6], the result of the
hyperon semileptonic decay experiment is very outdated and
scarce and shows a high statistical uncertainty compared to
the results of the kaon decay and t decay [3,4,7]. Therefore,
precise measurements of | Vys | through hyperon semileptonic
decays are imperative for rigorously testing the unitarity of
the CKM matrix.

For the hyperon semileptonic decays B — By + £+ 7y,
using M) and M7 to denote the masses of By and By, the
total decay rate for the electronic mode without radiative
correction in the Standard Model, neglecting electron mass
and setting g2(0) = 0 [4,8], is given by

4\ Springer
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Abstract

Charge-parity (CP) violation in the tau-charm energy region is a promis-
ing area for sensitive tests of Standard Model (SM) predictions and searches
for new, beyond the SM physics. A future Tau-Charm Facility that operates
at center-of-mass energies between 2.0 and 7.0 GeV, with a peak luminosity of
0.5 x 10* em 2s ', would provide huge numbers of hadrons and tau (7) lep-
tons that are produced in low-background environments and with well understood
kinematic properties. In this report, prospects for unique studies of CP violation
in the decay of charmed hadrons, and in the production and decay of hyperons
and 7 leptons at a next-generation tau-charm facility are discussed. In addition,
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