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Using (10087 & 44) x 10° J/y events collected with the BESIII detector, we study the semileptonic

decay &~ — Ae~ v, for the first time at an electron-positron collider. The absolute branching fraction is
determined for the first time to be (3.60 + 0.40,, + 0.1055,5[) x 107*, which is 3.9 standard deviations
below the world average. In addition, using an 11-dimensional angular analysis, the axial-vector to vector
coupling g,, is determined to be 0.18 & 0.07, & 0.01. These results are used to test various SU(3)-
flavor effective models. Under the SU(3)-flavor symmetry limit, the axial charge is found to be
g =0.22 £ 0.08, + 0.024y. Despite using only 5% of the statistics of previous experiments, this
analysis achieves a comparable precision for the axial charge.
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The axial charge of a hyperon, ¢f, is a fundamental
observable in hadronic physics. Defined as the axial form
factor at zero momentum transfer in hyperon semileptonic
decay (HSD), it serves as an excellent probe for quantifying
SU@3)-flavor symmetry breaking. It is also critical for
determining the quark spin content of the proton, providing
an important supplement to polarized deep inelastic scat-
tering experiments [1]. Over six decades ago, Cabibbo
introduced an SU(3)-flavor symmetry model for weak
hadronic currents [2], which universally parametrizes
baryon axial charges via two coupling constants [3], F
and D. Remarkably, this framework has remained in good
agreement with experimental data for decades, implying
that SU(3) symmetry-breaking effects in HSD are
intriguingly small. This unusually small breaking effect
has fueled extensive theoretical efforts. Predictions of axial
charges have used the quark model [4-8], the large N,
expansion [9,10], heavy baryon chiral perturbation theory
[11], chiral soliton models [12], and baryon chiral pertur-
bation theory [13], alongside lattice quantum chromody-
namics computations [14].

Despite extensive theoretical studies of axial charges,
experimental measurements remain scarce. Experimental
measurements of ¢ rely on the axial-vector to vector
coupling ratio in HSD, ¢/ = g,, - f1, where f| is the vector
form factor at zero momentum transfer, which is protected
from leading order SU(3)-breaking effects by the
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Ademollo-Gatto theorem [3]. Precise measurements of
g,y are challenging because of the limited hyperon samples
and the low branching fractions (BFs) of HSDs.

The BESIII experiment has recently accumulated a data
sample of (10087 +44) x 10° J/y events from e'e”
collisions [15]. The J/w meson can decay into hyperon-
antihyperon pairs with relatively large decay BFs of order
~1073, offering a new platform to study the properties of
hyperon decays [16]. Compared with traditional fixed-
target experiments [17], the hyperon pairs produced in the
J/w decays exhibit spin entanglement and polarization.
Furthermore, benefiting from fully reconstructible decay
chains and the joint angular distribution analysis method
[18], both the precision and sensitivity of such measure-
ments are significantly improved.

In this Letter, we present a measurement of the decay
E™ —> Ae D,, based on a sample of (10087 4 44) x
10° J/y events [15] collected by the BESIII detector.
The corresponding absolute BF and the axial charge are
reported. Throughout this Letter, the A hyperon is recon-
structed via its charged decay mode A — pz~, and charge
conjugation is implied unless stated otherwise.

Details of the design and performance of the BESIII
detector are provided in Ref. [19]. Simulated signal and
background samples produced with a Geantd-based [20]
Monte Carlo (MC) software package are used to determine
the detection efficiencies and estimate background contri-
butions. The simulation models the beam energy spread
and initial state radiation in the e e~ annihilations with the
generator KKMC [21]. The signal decay 2~ — Ae™ 7, and
the dominant background decay =~ — Az~ are modeled
according to Refs. [18,22], with decay parameters fixed to
the latest measurements [3,22]. The inclusive MC sample
includes both J/y resonance production and continuum
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processes incorporated in KKMC [21]. All particle decays
are simulated using EVTGEN [23] with branching fractions
taken from the Particle Data Group (PDG) [24] when
available, or otherwise modeled with LUNDCHARM [25].
Final state radiation from charged final state particles is
incorporated using the PHOTOS package [26].

To measure the BF of the decay 2~ — Ae™7,, a double-
tag (DT) technique is employed. In this method, J/y —
E-E" events are first selected by fully reconstructing a 2+
via its dominant decay mode =+ — Az*. Such events are
referred to as single-tag (ST) candidates. The signal decay
8™ - Ae7 7, is then searched for in the system recoiling
against the tagged =*. Events in which both sides are
successfully reconstructed are classified as DT candidates.
The BF of E= — Ae~ 7, decay is obtained using

7NDT€S_T 1

B(E~ - Ae™1,) = ,
(B" = Aere) Nsr epr B(A — pr™)

(1)

where Npr and Ngr are the DT and ST yields in data,
respectively, ept and egy are the corresponding detection
efficiencies, and B(A — pz~) is the BF of A — pz~
quoted from PDG [24].

For the cascade decay J/w — Z-Et = Ae 0,Axt,
with subsequent decays A — pz~ and A — pzt, the
event is characterized by eleven helicity angles &=
(05’7 9A7 ¢A7 ee’a ¢e’7 6]77 ¢p’ 9[\7 ¢A7 9[’77 ¢ﬁ)’ defined in
the reference frame described in Ref. [18], along with
the squared momentum transfer g> of the intermediate W
boson. The joint angular amplitude of the cascade decay
chain is given by

3.3 3 3 o
Waw) =) > > > CuBAnATL AN, (2)

where @ denotes a vector of nine global parameters
0= (Of\y, AD, ag, ¢z, AR, Gays Gw» Gavas aA)' Here, ay and
A® are production parameters of J/y — E"EF, while az,
aj, and a, are the decay asymmetry parameters of the
corresponding hyperon nonleptonic decay. The parameters
Gavs Gw»> and g, are the axial-vector to vector coupling,
weak-magnetic coupling and weak-electric coupling of
HSD, respectively. Similar to g,, g, is defined as
f2/f1, and g,, is defined as g,/ f,, where f, and g, are
the weak-magnetism form factor and the weak-electricity
form factor at zero momentum transfer, respectively. The
formalism of the joint angular distribution, along with the
definition of symbols in Eq. (2) (C,,, A}, and B}), is
detailed in Ref. [18].

To select events, good charged tracks detected in the
main drift chamber (MDC) must satisfy |cos@| < 0.93,
where 6 is the polar angle with respect to the e™ beam
direction. Because of the kinematic separation between
the protons and pions (electrons), charged tracks with

momentum greater than 0.32 GeV/c¢ are identified as
(anti-)protons, while those with momentum less than
0.30 GeV/c are assigned as pions for ST, or as pions or
electrons for DT. In the ST selection, to improve the purity,
an additional particle identification (PID) is applied for
anti-proton candidates. The PID likelihoods, £,, £, and
Ly, are calculated by combining the energy loss (dE/dx)
information from the MDC and the time-of-flight mea-
surements. The antiproton candidates are required to satisfy
L, > L, and L, > L. Events with at least an anti-proton
and two positively charged pions are selected. The sequen-
tial decay 2% — Az — patat is reconstructed by a
vertex fit [22,27], which takes into account the flight
paths of the hyperons. If there are multiple combinations,
the one with the smallest (Mj,+ — mj)*/ 63—\ + (Mpgipr =
mz:)?/o%, is retained, where M.+ (;,+) denotes the
invariant mass of pz*z"(pn") obtained from the vertex
fit, mz+ (4 refers to the nominal mass of E+(A) quoted
from PDG [24], and oz 3 represents the corresponding
mass resolution. The candidate events are further required
to satisfy [M;,+ —mz| <6 MeV/c? and |Mpyi e — mz-|
< 8 MeV/c?. The decay lengths of the =+ and A, obtained
from the vertex fit, are required to be positive. Detailed MC
studies indicate that the probability for a z to be assigned
to the wrong A or Z* decay is less than 0.1%, and thus is
negligible.

Finally, the ST yield is obtained from the mass distri-
bution recoiling against the reconstructed =+, defined as

Mo =\ (Eem — Exe 2= Baec ' (3)

where E_, is the center-of-mass energy of the e'e~
system, and Ej,+ and pj,+ are the energy and momentum
of the selected Z* candidate in the center-of-mass system,
respectively. The M. distributions of the remaining events
are shown in Fig. 1 for the two charged conjugated modes
individually, where signals are observed above a very low
background. Maximum likelihood fits to the M .. distri-
butions are performed to extract the ST yields. Using kernel
density estimation (KDE), we obtain the signal MC shape,
which is then convolved with a double-Gaussian function
to account for discrepancies between data and MC, and
used as the signal template. While the combinational
background is described with a second-order Chebychev
polynomial. No peaking background is found by studying
the inclusive MC sample. To ensure the quality of ST
reconstruction, the ST signal yields are obtained within the
range 1.273 < M,.. < 1.363 GeV/c?, corresponding to
three standard deviations. The yields and the detection
efficiencies determined from MC simulation are summa-
rized in Table I. It is worth noting that, as antiprotons are
more prone to interact with the detector material compared
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FIG. 1. Fits to the M, distributions of (a) ST Z* and (b) ST E~
candidate events. The points with error bars are data. The blue
solid curves are the total fit results. The green dashed and red dot-
dashed curves are the signal and background, respectively. The
area between the two dashed lines represents the interval for
extracting the ST signal. The red dashed line in the pull
distribution marks the 3¢ (3 standard deviation) deviation thresh-
old. The two gray dashed lines in the pull distribution mark the 1o
and 20 deviation threshold.

with protons, the reconstruction efficiency of Z* is lower
than that of 2.

Starting with the sample of ST candidates, the signal
decays E~ — Ae~ 7, are reconstructed using the remaining
tracks recoiling against the ST Z* candidates. At least one
proton and two tracks with negative charge are required.
Similar to the ST reconstruction, the sequential decay
E~ — Ae7 1, is reconstructed by a vertex fit. The proton
and pion candidates are selected by requiring the minimum
|M - —m,|. The track with the minimum y* obtained
from the primary vertex fit with the A is assigned as the
electron. Furthermore, the vertex fit is required to satisfy
2> < 20 to ensure a good fit quality. The same requirements
on M- and the decay lengths of the A and =~ are applied
as in the ST selection. Studies based on MC samples
indicate that the dominant background arises from the

—_——

nonleptonic decay E- — Az~, due to its similar decay

TABLE I. The values of Ngt, €s1(%), Npr, and epr(%), as
well as results for the BF and g,,, obtained in the individual and
simultaneous fits between the two charged conjugate modes. The
first uncertainties are statistical and the second systematic, if

present.

Mode E™ > Aep, E* = Aefy,
Ngr(10%) 2069.5 + 1.8 2157.6 +1.9
est(%) 28.71 £0.02 30.53 £0.02
Npr 49.4+ 8.5 61.5+9.4

epr(%) 342 +0.02 3.37 £ 0.02
Indiv. BF(1074) 3.13 £ 0.54 4.04 £0.62

Simul. BF(107%)

3.60 +0.40 £ 0.10

Indiv. g,, 0.14 +0.11 —0.21 +0.09
Simul. |g,| 0.18 + 0.07 £ 0.01
7 (fr = /3/2) 0.22 4 0.08 £ 0.02

topology and much larger BE. To suppress this background,
a vertex fit identical to that used in ST =+ reconstruction is
performed under the 2= — Az~ hypothesis, and candidates
satisfying |M ,,-,- — mz-| < 5.4 MeV/c?, corresponding
to three times the 2~ mass resolution, are vetoed. This veto
reduces the 2~ — Azn~ background by 96%, while retain-
ing 88% of the signal. After this suppression, the back-
ground 2~ — Az~ remains more than 150 times larger than
the expected signal, primarily due to misreconstructed
pions from E~ decays caused by hard scattering in the
MDC or secondary weak decays into muons. To further
suppress this background, a boosted decision tree (BDT)
[28] classifier is adopted based on the tracking information
to discriminate signal electrons from background pions.
The BDT classifier is trained using the signal MC and
dominant background MC samples. Input variables include
the measured energy loss, the Z scores of the measured
energy loss relative to the expected values under different
particle hypotheses, the track momentum, and the number
of hits in the MDC. If the track can reach the time-of-flight
detector, the differences between the measured flight time
and its expected value under different particle hypotheses
are also incorporated. After applying the BDT selection, the
signal efficiency is 66.3%, while 99.8% of the dominant
background is rejected.

After all the above requirements are imposed, back-
ground from the processes J/w — nyAA (with n > 1),
including all AA intermediate states, becomes sizable. The
background arises when a photon converts into an electron-
positron pair in the detector material, and the resulting
positron is assigned to be a pion from the ST E* decay. To
eliminate this background, the opening angle between the
pion from the ST 2 and the electron from the signal side is
required to be larger than 40° (0,-,+ > 40°).

For the signal 2= — Ae~7,, the neutrino is not detected,
and is characterized by the kinematic variable

Uniss = Emiss — C|l_5miss|7 (4)

where E,; and P, are the missing energy and momen-
tum carried by the neutrino, respectively. These are
calculated using

Erniss = Epeam — Ex — E,-, ﬁmiss = —)E’ - ﬁA - ﬁe” (5)
where Epe,n is the beam energy, E,(-) is the measured
energy of A(e”), and p,(,-) is the corresponding momen-
tum. To obtain better resolution, we use the constrained =~
momentum (pz-) given by

- Pa
Po- = — 5] Ef o — mE, ¢t/ c. (6)

All the quantities are evaluated in the center-of-mass frame
of the J/y. The effects arising from the deflection of E~
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FIG. 2. Fits to the U, distributions for the (a) 2= — Ae™ 7,
and (b) 2t — Aetv, candidate events. The points with error bars
are data. The blue solid curves are the total fit results. The green
dashed curve is the signal. The red dot-dashed and the gray dotted
curves show the backgrounds from £~ — Az~ (E* — Az*) and
other sources, respectively. The red dashed line in the pull
distribution marks the 3¢ deviation threshold. The two gray
dashed lines in the pull distribution mark the 1o and 20 deviation
threshold.

and =F in the magnetic field have been corrected for all
three momenta.

The U, distribution of the remaining candidates in
data is shown in Fig. 2. The signal is expected to peak
around zero, while the dominant background £~ — Az~ is
expected to peak around 0.04 GeV. There are also small
background channels remaining, such as J/y — AAztz~,
J/y — Z*FE*. To extract the signal yield, an unbinned
extended maximum likelihood fit is performed to the U
distribution. The signal is modeled by the KDE MC shape
convolved with a Gaussian function, while the background
E~ — Az~ is modeled by the KDE MC shape obtained
from the exclusive MC sample. Other backgrounds are
described by the inclusive MC simulated shape. The
parameters of the Gaussian function used for convolution
and all yields are left free in the fit. The fit curves are shown
in Fig. 2 and the extracted signal yield, together with the
detection efficiency from MC simulation, are summarized
in Table I.

According to Eq. (1), the BFs of 2= — Ae™ 7, and E* —
Aetv, are calculated and summarized in Table I. The
results from the two charge-conjugate modes are consistent
within statistical uncertainties. Therefore, a simultaneous
fit to both charged-conjugate modes is performed, and the
resulting BF is also shown in Table I.

According to Eq. (2), the axial-vector to vector coupling
gav can be obtained by performing an unbinned maximum
likelihood fit to the joint angular distribution of the
surviving events (N). The likelihood is

=150 )

where W(&;,w) is the probability density function
as described in Eq. (2), €(&) is the corresponding

detection efficiency, and N(w) = (1/M) YY", [W(&;, )/
W(;. @geq)] is the normalization factor evaluated with a
signal MC sample of M surviving events generated with
parameters @,,. To further improve the purity of the data
sample, only events within the region —0.03 < U s <
0.02 GeV are used. A total of 120 events, including 100 £
11 signal events from the two charge-conjugate modes, are
included in the fit. In Eq. (7), the background component is
not included in W(¢;, w). Therefore, the background
contribution Ly, (@) is evaluated with a MC-simulated
background sample, and the fit is performed by minimizing
the log likelihood function § = —[In L(w) — In Ly, (@)].

The fits are performed for the two charge-conjugate
modes and using a profile likelihood approach. The pro-
duction parameters and decay asymmetry parameters are
treated as float nuisance parameters, and multidimensional
Gaussian contributions are added to the original log-like-
lihood function according to their central values and
covariance matrix [22]. The semileptonic decay form factors
are fixed to g,, = 0.0846 and g,,, = 0 from Ref. [3], with
only g,, floated. The absolute values of g,, obtained from the
charge-conjugated modes are consistent with each other as
summarized in Table I. A simultaneous fit assuming the
same magnitude but opposite sign of g,, for the two charge-
conjugate channels is also performed using the same
approach, and the result is also shown in Table I. To
visualize the effect of g,,, a moment is calculated using
m = 10 intervals in the cos 8z~ distribution as

(cosd,)

Z cos &, (8)

where N, is the number of events in the k-th cos f=- interval.
0=- and 0, are the helicity angles of =~ and p, respectively,
as defined in Ref. [I18]. The cos@, can also clearly
demonstrate the effect of a nonzero g,,. Figure 3 shows a
comparison of moments and cos 6, between data and the
MC projection based on the fit, where the background

— Signal MC with g =0.18

— Signal MC with g =0.18
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= Z
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FIG. 3. The moment and cos 8, distributions. The black points

with error bars are data. The green solid curves show the MC
simulation based on the fit results. The blue dashed curves
represent the MC simulation with g,, = 0.
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contributions in data have been subtracted. Good agreement
between data and MC is observed.

The systematic uncertainties in the BF measurements are
categorized into those from detection efficiency and those
from the fit procedure. Since the DT method is applied,
only the effects on the signal side are considered. All
percentage values quoted below are relative uncertainties.
In this analysis, the process J/y — E"E% = Az~ Ax™ is
the dominant background source, while also serving as a
high-purity control sample for the evaluation of core
systematic uncertainties in the measurement. Uncertainties
associated with z(z~) tracking efficiency (0.1%), p(p)
tracking efficiency (0.1%), and vertex fitting selection
requirements (0.7%)—including the A(A) invariant mass
window and decay length criteria for A(A) and Z~(=%)
candidates—are quantified using this control sample. The
uncertainties of the tracking (0.2%) and the BDT method
(0.5%) efficiencies for electrons are studied with the
control samples J/w — yete™ and J/w — nta 7’
rtr~yeT e, respectively. It is worth noting that the control
sample J/y — nt 7 7° = 2t n"yeTe™ is divided into two
subsets according to the availability of TOF information, and
separate validation is performed for the BDT classifiers with
and without TOF information inputs. The uncertainties
due to M, —mz-| > 5.4 MeV/c* (22%) and 0,,-,+ >
40° (0.4%) are studied with the same control sample
J/w - BE"E" - Az~ Azn". The uncertainties of the ST
and DT yields are estimated to be 0.6% and 2.5%,
respectively, by changing the fit parameters and fit ranges.
The uncertainties associated with the efficiency of the signal
MC model (1.2%) are estimated with the alternative MC
samples generated by varying the model parameters accord-
ing to central values and the uncertainties quoted in
Refs. [22], [3], and the g,, result of this work. Lastly, the
uncertainty from the branching fraction of A — pz~ is
0.8%. Further details on systematic uncertainties are pro-
vided in the Supplemental Material [29]. Assuming all the
sources are uncorrelated, the total systematic uncertainty in
the BF measurement is 3.8%, obtained by summing all
contributions in quadrature.

The systematic uncertainties of the axial-vector to vector
coupling g,, include contributions from the fit process and
event selection. All uncertainty values reported below are
absolute uncertainties. The uncertainties related to the fit
process are estimated with alternative fits, in which the
number of background events is varied by £16. The MC-
data discrepancies associated with event selections include
those related to the tracking and PID of protons, the
tracking of pions, the vertex fit reconstruction of A, as
well as the tracking and BDT of electrons are studied with
the same control samples as utilized in the BF uncertainties.
Alternative fits incorporating the above differences into the
MC sample are performed, and the resulting variations of
g,y are taken as the corresponding uncertainties. The
uncertainties of other selections are studied by varying

—

the selection criteria around their nominal values and
repeating the fit process. Further details are provided in
the Supplemental Material [29]. Assuming all the sources
are uncorrelated, the total absolute systematic uncertainty
in g,, is 0.01, obtained by summing up all the above
contributions in quadrature.

In summary, using a data sample of (10087 £ 44) x
10° J/y events collected with the BESIII detector, the
HSD E~ — Ae™p, is studied at an electron-positron col-
lider for the first time. The absolute BF is determined to
be (3.60 + 0.40, & 0.10y) x 107 for the first time,
which is lower than the world average [17] value by
3.96. The axial-vector to vector coupling g,,, is obtained
as 0.18 +0.074, £ 0.014y, consistent with the world
average value [17] within uncertainty and in good agree-
ment with prediction of chiral perturbation theory [13], as
illustrated in Fig. 4. Taking f; = 1/3/2 within the SU(3)-
flavor symmetry limit, the axial charge of the =~ is
determined to be ¢ = 0.22 + 0.08, 4 0.02. For the
first time in over four decades, this measurement updates
the results for the axial charge of the = HSD. These results
provide critical inputs for studying SU(3)-flavor symmetry
breaking effects in baryons and the quark spin content
of the proton. Notably, a comparable precision on the
axial-vector to vector coupling, g¢,,, is achieved using
only one-twentieth of the data size employed in previous
experiments [17]. Such a remarkable improvement in
measurement sensitivity arises from two key factors: the
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FIG. 4. Distribution of BF versus g,, of the 2~ — Ae~ 7, decay.
The red star denotes the results measured by this work and the red
contours correspond to the 68%/95% confidence level of the
results. The blue diamond represents the world average values
[17] of the BF and g,,, with the blue contours corresponding to
the 68%/95% confidence level regions. The cyan line shows the
predicted BF as a function of g,,, cited from Ref. [18], where the
input |V, is set to the global fit value of the CKM matrix [24].
The gray box shows g,, from the Cabibbo model global fit [3].
The green box shows the g,, prediction from baryon chiral
perturbation theory (ByPT) [13].
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use of the advanced joint angular-distribution fit method
[18], which maximizes the exploitation of data compared
to the original single-kinematic-variable fit approach [17],
and the quantum-entangled production of polarized
hyperon-antihyperon pairs at electron-positron colliders.
This work is the first exploitation of polarization and
quantum entanglement in cascade baryon semileptonic
decays. This methodology is portable and can be readily
extended to other decays at BESIII [30] and to future
facilities, including PANDA [31] and proposed Super Tau-
Charm Factories [32,33].
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