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The study of the Cabibbo-favored semileptonic decay Λþ
c → Λμþνμ is reported using 4.5 fb−1 of eþe−

annihilation data collected at center-of-mass energies ranging from 4.600 to 4.699 GeV. The branching
fraction of the decay is measured to be BðΛþ

c → ΛμþνμÞ ¼ ð3.48� 0.14stat � 0.10systÞ%, 3 times more
precise than the prior world average result. Tests of lepton flavor universality using Λþ

c → Λlþνl (l ¼ e,
μ) decays are reported for the first time, based on measurements of the differential decay rates and the
forward-backward asymmetries in separate four-momentum transfer regions. The results are compatible
with Standard Model predictions. Furthermore, we improve the determination of the form-factor
parameters in Λþ

c → Λlþνl decays, which provide stringent tests and calibration for lattice quantum
chromodynamics calculations.

DOI: 10.1103/PhysRevD.108.L031105

Semileptonic (SL) decays play a critical role in the
determination of the Cabibbo-Kobayashi-Maskawa (CKM)
matrix [1] elements which are fundamental parameters of
the Standard Model (SM). The SM predicts that

electroweak interactions have identical strengths for all
three different lepton generations, which is known as lepton
flavor universality (LFU). In recent years, tests of LFU
show some hints of tension with SM predictions in both
tree-level b → cl0νl0 (l0 ¼ τ, e, μ) transitions [2–10] and
flavor-changing neutral current b → slþl− (l ¼ e, μ)
transitions [11–17]. Thus far, the experimental results on
the combination of RðDÞ and RðD�Þ show a discrepancy
with respect to the SM prediction of about 3.4σ [18].
Measurements of RðKð�ÞÞ differed from the SM prediction
by about 3.1σ [17] previously but this has recently
decreased to 0.2σ [19]. Since violation of LFU would be
a clear sign of new physics, further tests of LFU in other SL
decays of heavy quarks are well motivated. The Cabibbo-
favored decays Λþ

c → Λlþνl, the dominant Λþ
c SL decays

[2], provide an ideal platform to test LFU via the e- and
μ-modes, by measuring the ratios of their differential decay
rates in separate four-momentum transfer regions. In
addition, the angular distribution and the polarization
effects in Λþ

c → Λlþνl decays have received more and
more attention in recent years [20–28]. Various asymmet-
rical parameters that characterize the angular dependence of
the decay distributions are also accessible. In particular, the
forward-backward asymmetry in the lepton system (Al

FB),
which is the least sensitive to uncertainties of the form
factors (FFs) parametrizing the hadronic matrix elements,
can provide a critical test of LFU [20]. The forward-
backward asymmetry in the hadronic pπ− system (Ap

FB) can
be used to extract the longitudinal polarization of the Λ
baryon and the decay asymmetry parameter αΛc

[29,30].
Therefore, a model-independent measurement of these
angular observables and decay rates is of great interest
to test various theoretical calculations [20–28] and LFU.
Furthermore, in the SM, the time-reversal (T) asymmetry in
Λþ
c → Λlþνl is zero due to the absence of a weak phase in
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the Λþ
c → Λ transition [24,31]. Hence, measuring the T

asymmetry in Λþ
c → Λlþνl is a clean way to search for

new physics with a CP-violating phase beyond the SM.
Throughout this Letter, charge-conjugate modes are
implied unless explicitly noted.
This Letter presents an improved measurement of the

branching fraction (BF) of Λþ
c → Λμþνμ [32]. We also

report the first measurement of the differential decay rates
and the forward-backward asymmetries for Λþ

c → Λlþνl
decays in the full kinematic range as well as individual
four-momentum transfer regions. Using these observables,
we provide the first test on LFU using Λþ

c → Λlþνl
decays. The forward-backward asymmetries are obtained
from both the current muonic sample and a reexamination
of the previous electronic sample of Ref. [33]. Furthermore,
an improved measurement of FFs in Λþ

c → Λlþνl decays
in comparison to Ref. [33] is provided, by analyzing the
data of Λþ

c → Λμþνμ and Λþ
c → Λeþνe decays simulta-

neously. The datasets are collected at the center-of-mass
energies

ffiffiffi
s

p ¼ 4.600, 4.612, 4.628, 4.641, 4.661, 4.682,
and 4.699 GeV, with a total integrated luminosity of
4.5 fb−1 [34,35]. At these energies, no additional hadrons
accompanying the ΛþΛ̄−

c pairs are kinematically allowed.
Details about the BESIII detector design and perfor-

mance are provided in Refs. [36–38]. Monte Carlo (MC)
simulations for the signal and background samples are
similar to those described in Ref. [33]. We select “single
tag” (ST) and “double tag” (DT) samples to measure the
absolute BF of Λþ

c → Λμþνμ decay. Single tag decays are
Λ̄−
c baryons reconstructed from their final state particles in

one of the 14 hadronic decays used in Ref. [39]. Double tag
decays are events with a ST and a Λþ

c baryon candidate
reconstructed as Λμþνμ. The ST Λ̄−

c signal candidates are
identified using the beam constrained mass

MBC ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð ffiffiffi

s
p

=2Þ2 − jp⃗Λ̄−
c
j2

q
;

where p⃗Λ̄−
c
is the measured momentum of the ST Λ̄−

c

candidate. A kinematic variable ΔE ¼ Ebeam − EΛ̄−
c

is
required to improve the signal significance for ST Λ̄−

c
baryons. The ΔE requirements, MBC distributions, and
their ST yields are documented in Ref. [39]. The total ST
yield in all datasets is NST ¼ 122; 268� 474, where the
uncertainty is statistical only.
Candidates for the signal mode Λþ

c → Λμþνμ are
selected from the remaining tracks recoiling against the
ST Λ̄−

c candidates. The Λ → pπ− candidate is selected with
the same criteria as those used in the ST procedures [33].
The μ candidate is identified with the combined informa-
tion of dE=dx measured in the multilayer drift chamber,
time of flight, and the energy measured in the electro-
magnetic calorimeter (EMC), and is required to satisfy
Lμ > 0.001, Lμ > Le, and Lμ > LK , where Lμ, Le, and
LK are the particle identification probabilities for a muon,

electron, and kaon, respectively. Studies of inclusive MC
samples show that the backgrounds are dominated by
Λþ
c → Λπþ, Σ0πþ, and Λπþπ0. Backgrounds from Λþ

c →
Λπþ and Λþ

c → Σ0πþ are rejected by a requirement on the
Λμþ invariant mass, MΛμþ < 2.12 GeV. The background
from Λþ

c → Λπþπ0 is suppressed by requiring the maxi-
mum energy of all unused photon clusters, Eγmax, to be less
than 0.25 GeV and the deposited energy for the muon
candidate in the EMC to be less than 0.30 GeV. Since the
neutrino is not detected, we employ the kinematic variable
Umiss ¼ Emiss − jp⃗missj to obtain information on the neu-
trino, where Emiss and p⃗miss are the missing energy and
momentum, respectively, carried by the neutrino, as
inferred from energy-momentum conservation.
Figure 1 (left) shows the distribution of Mpπ− versus

Umiss for the Λþ
c → Λμþνμ candidates in data. A cluster of

the events is located around the intersection of the Λ and
Λμþνμ signal region. Requiring Mpπ− to be within the Λ
signal region, we project the distribution onto theUmiss axis,
as shown in Fig. 1 (right). To obtain the number of signal
events, the Umiss distribution is fitted with a signal function
which consists of a Gaussian to describe the core of theUmiss
distribution and two power law tails to account for initial and
final state radiations [40,41]. A MC-simulated background
shape is used to describe the peaking background from
Λþ
c → Λπþπ0, and a MC-simulated nonresonant back-

ground shape is used to describe the continuous background.
In the fit, the size of peaking background fromΛþ

c → Λπþπ0
is fixed according to the BF BðΛþ

c → Λπþπ0Þ [2] and the
simulated efficiency [42]. From the fit, we obtain the yield
of Λþ

c → Λμþνμ decay NDT ¼ 752� 31, where the uncer-
tainty is statistical only.
The absolute BF for Λþ

c → Λμþνμ is determined by

BðΛþ
c → ΛμþνμÞ ¼

NDT

NST × εsemi
; ð1Þ

where εsemi ¼ 0.1767 is the average efficiency for detecting
the Λþ

c → Λμþνμ decay in ST events [33,40]. Inserting the

 (GeV)missU
-0.2 -0.1 0 0.1 0.2

 (
G

eV
)

- �p
M

1.1

1.12

1.14

 (GeV)missU
-0.2 -0.1 0 0.1 0.2

E
ve

nt
s/

0.
01

 G
eV

100

200

data

total fit

��� ��

nonres bkgs

FIG. 1. Left: the Mpπ− versus Umiss distribution for the Λþ
c →

Λμþνμ candidates. The area between the dashed lines denotes the
Λ signal region and the hatched areas indicate the Λ sideband
regions. Right: projected Umiss distribution within the Λ signal
region together with the fit.
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values of NDT, NST, and εsemi into Eq. (1), we measure
BðΛþ

c → ΛμþνμÞ ¼ ð3.48� 0.14� 0.10Þ%, where the first
uncertainty is statistical, and the second is systematic
uncertainty described below.
With the DT technique, the BF measurement is insensi-

tive to the systematic uncertainties of the ST selection. The
remaining systematic uncertainties in the BF measurement
are described as follows. The uncertainties of the μþ
tracking and particle identification efficiencies are deter-
mined to be 0.3% and 0.5% studied using eþe− → γμþμ−
events. The uncertainty due to Λ reconstruction is deter-
mined to be 0.2% studied with J=ψ → pK−Λ̄ and J=ψ →
ΛΛ̄ control samples. The uncertainty associated with the
simulation of the SL signal model is estimated to be 1.0%
by varying the input form-factor parameters by 1 standard
deviation as determined in this work. Further systematic
uncertainties include fit to the Umiss distribution (1.8%)
estimated by using alternative signal shapes and back-
ground shapes, requirements on MΛμþ (0.8%), Eγmax

(0.6%), and deposited energy (0.8%), the quoted BF for
Λ → pπ− (0.8%) [2], the MC sample size (0.8%), and the
ST yield (1.0%). Adding these contributions in quadrature
gives a total systematic uncertainty of 2.9% for the
BðΛþ

c → ΛμþνμÞ measurement.
The partial decay rate of Λþ

c → Λlþνl is measured by
analyzing the lþνl mass-squared (q2) distribution. The
candidates ofΛþ

c → Λeþνe are selected as in Ref. [33]. The
q2 distributions of Λþ

c → Λlþνl candidates are divided
into seven bins of [0, 0.20), [0.20, 0.40), [0.40, 0.60), [0.60,
0.80), [0.80, 1.00), [1.00, 1.20), and [1.20, q2max) GeV2,
where q2max ¼ ðMΛc

−MΛÞ2 and MΛðcÞ is the mass of ΛðcÞ.
The measured partial decay rate in the ith q2 bin, ΔΓi, is
determined by

ΔΓi ¼
Z
i

dΓ
dq2

dq2 ¼
XNbins

j¼1

ðϵ−1ÞijNj
DT=ðτΛc

× NSTÞ; ð2Þ

where τΛc
is the lifetime of Λþ

c [2] and ϵij is the efficiency
matrix to describe the reconstruction efficiency of SL
decays and migration effects across q2 bins [43,44]. The
SL signal yield observed in the jth q2 bin Nj

DT is obtained
from a fit to the corresponding Umiss distribution. The
measured differential decay rates, ΔΓi=Δq2, for decays
Λþ
c → Λeþνe and Λþ

c → Λμþνμ as well as their ratios

Rμ=e
ΔΓ=Δq2 in each bin are shown in Fig. 2 (left). The

distributions of the dΓ=dq2 and Rμ=e
ΔΓ=Δq2 as a function

of q2 calculated using the FFs measured in this work
(described later) and those predicted by lattice quantum
chromodynamics (LQCD) [28] are also shown in Fig. 2
(left). The ratiosRμ=e

ΔΓ=Δq2 measured in different q2 intervals

are consistent with LQCD calculation within 1 standard

deviation, which suggests that no evidence for violation of
LFU is found.
The model-independent forward-backward asymmetries

of both the lepton system, Al
FBðq2Þ, and of the pπ− system,

Ap
FBðq2Þ are also measured with Λþ

c → Λlþνl candidates.
The definition of forward-backward asymmetry Al;p

FB ðq2Þ
follows [20,21]

Al;p
FB ðq2Þ¼

R
1
0

d2Γ
dq2dcosθl;p

dcosθl;p−
R
0
−1

d2Γ
dq2dcosθl;p

dcosθl;pR
1
0

d2Γ
dq2dcosθl;p

dcosθl;pþ
R
0
−1

d2Γ
dq2dcosθl;p

dcosθl;p
;

ð3Þ

where d2Γ=ðdq2d cos θl;pÞ is the two-dimensional differ-
ential rate, and θl is the angle between the lepton (eþ=μþ)
direction and the lþνl system direction in the Λþ

c rest
frame, and θp is the angle between the proton and the Λ
direction also in the Λþ

c rest frame. To measure Al;p
FB ðq2Þ,

the q2 distributions of the SL candidates are separated into
two regions of cos θl;p ∈ ð0; 1Þ and cos θl;p ∈ ð−1; 0Þ.
With a similar procedure as applied in measuring the
partial decay rate defined in Eq. (2), the ΔΓi=Δq2 within
cos θl;p ∈ ð0; 1Þ and cos θl;p ∈ ð−1; 0Þ is measured for
each q2 bin. Then we extract the forward-backward
asymmetries, Al

FBðq2Þ and Ap
FBðq2Þ, for each q2 bin with
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FIG. 2. Top row: measurements of (left) ΔΓ=Δq2 and (right)
Al
FB vs q2 for Λþ

c → Λeþνe. Middle row: the same quantities for
Λþ
c → Λμþνμ. Bottom row: the ratios of the above, Rμ=e. The

dots with error bars are data, where statistical and systematic
uncertainties are both included. The red dash-dotted curves show
the derived values using the FFs measured in this work, while the
blue dashed curves show those predicted by LQCD [28]. The
bands show the total uncertainties of dΓ=dq2 using the FFs
measured in this work.
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Eq. (3). The results for Al
FBðq2Þ of Λþ

c → Λeþνe and Λþ
c →

Λμþνμ as well as their ratios Rμ=e
AFB

are shown in Fig. 2
(right), where their dependences calculated with the FFs
measured in this work and those predicted by LQCD [28]
are also presented. Measurements of Rμ=e

AFB
in various q2

bins also show no evidence for a violation of the LFU.
The Ap

FBðq2Þ for Λþ
c → Λeþνe and Λþ

c → Λμþνμ mea-
sured in each q2 interval are shown in Fig. 3 (left). Using
the relation

αΛc
ðq2Þ ¼ 2

αΛ
½Ap

FBðq2Þ�; ð4Þ

where αΛ is the Λ → pπ− decay asymmetry parameter [2],
the model-independent decay asymmetry parameter αΛc

for
Λþ
c → Λlþνl in separate q2 intervals is measured.

Differences in αΛc
between the e- and μ-modes are expected

at an order of 10−3 [20,21,24], indistinguishablewith current
statistics. Alternatively, their averaged value is determined in
each q2 interval as shown in Fig. 3 (right). This is the first
model-independent determination of αΛc

as a function of q2

distribution. In addition, we determined the value averaged
over q2 to be hαΛc

i ¼ −0.94� 0.07stat � 0.03syst.

We also measure the T asymmetry parameter T p defined
by [24]

T p ¼
½ðR 0

−π −
R
π
0 Þdχ�½ð

R
1
0 −

R
0
−1Þd cos θp�Γl

χ;cos θp

αΛΓl ;

where Γl is the total decay rate and Γl
χ;cos θp

is the two-

dimensional decay rate as a function of χ and cos θp
distributions in Λþ

c → Λlþνl, where χ is the acoplanarity
angle between the Λ and Wþ decay planes. We measure
T pðΛþ

c → ΛeþνeÞ ¼ −0.021 � 0.041stat � 0.001syst and
T pðΛþ

c → ΛμþνμÞ ¼ 0.068 � 0.055stat � 0.002syst. The
two results are consistent with zero, as predicted from the
SM [24], with no indication of new physics in Λþ

c →
Λlþνl decays.
To improve experimental precision of the FF parameters

in the Λþ
c → Λ transition, the candidates from Λþ

c →
Λμþνμ in this work and Λþ

c → Λeþνe obtained in
Ref. [33] are analyzed simultaneously. The differential
decay rate of Λþ

c → Λlþνl depends on four kinematic
variables: q2, helicity angles θp and θ0l [45], and the
acoplanarity angle χ. The differential decay rate described
in terms of helicity amplitudes HλΛλW is [29,30,46]

d4Γ
dq2d cos θ0ld cos θpdχ

¼ G2
FjVcsj2
2ð2πÞ4 ·

Pq2ð1 −m2
l=q

2Þ2
24M2

Λc

�
3

8
ð1 − cos θ0lÞ2jH1

2
1j2ð1þ αΛ cos θpÞ

þ 3

8
ð1þ cos θ0lÞ2jH−1

2
−1j2ð1 − αΛ cos θpÞ

þ 3

4
sin2θ0l½jH1

2
0j2ð1þ αΛ cos θpÞ þ jH−1

2
0j2ð1 − αΛ cos θpÞ� þ

3

2
ffiffiffi
2

p αΛ cos χ sin θ0l sin θp

× ½ð1 − cos θ0lÞH−1
2
0H1

2
1 þ ð1þ cos θ0lÞH1

2
0H−1

2
−1� þHm2

l

�
; ð5Þ

where ml is the lepton mass. The definitions of the
variables HλΛλW , GF, jVcsj, and P follow those in Ref. [33].
The detailed expression of Hm2

l
is documented in the

Supplemental Material [47].
The helicity amplitudes of vector and axial-vector

components, HV
λΛλW

and HA
λΛλW

, parametrized in Eq. (5)
are related to six FFs by [28]

HV=A
1
2
1

¼ ffiffiffiffiffiffiffiffiffiffi
2Q∓

p
f⊥=g⊥ðq2Þ;

HV=A
1
2
0

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Q∓=q2

q
fþ=gþðq2ÞðMΛc

�MΛÞ;

HV=A
1
2
t

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Q�=q2

q
f0=g0ðq2ÞðMΛc

∓ MΛÞ; ð6Þ

where the scalar helicity component is denoted by λW ¼ t
and Q� ¼ ðMΛc

�MΛÞ2 − q2. The FFs f0ðq2Þ and g0ðq2Þ

FIG. 3. Measurements of (left) Ap
FBðq2Þ for Λþ

c → Λlþνl and
(right) the averaged αΛc

of the e- and μ-modes in each q2 interval.
The dots with error bars are data, where statistical and systematic
uncertainties are both included. The dashed curve shows the
derived values predicted by LQCD [28]. In drawing the blue dots,
the bin-center value of q2 is shifted manually by 0.02 GeV2 to
avoid overlap.
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have a small contribution to the decay rate and hence are
difficult to determine. Hence the shapes of f0ðq2Þ and
g0ðq2Þ are fixed according to a LQCD calculation [28]. The
definitions of the independent free parameters formed in
the other four form factors, f⊥;þðq2Þ and g⊥;þðq2Þ, follow
Ref. [33]. An additional constraint, gþðq2maxÞ ¼ g⊥ðq2maxÞ,
introduced by end point relations for baryons [48] is taken
into account, which results in gþðq2Þ ¼ g⊥ðq2Þ as we
neglect the differences of the slope parameters (αgþ;⊥

1 )
between gþðq2Þ and g⊥ðq2Þ. Therefore, the five indepen-
dent free parameters, ag⊥0 , αg⊥1 , αf⊥1 , rfþ ¼ afþ0 =ag⊥0 ,

rf⊥ ¼ af⊥0 =ag⊥0 , are introduced to describe the FFs.
A four-dimensional maximum-likelihood fit is per-

formed to the variables q2, cos θ0l, cos θp, and χ within
the Umiss signal regions defined by ð−0.06; 0.06Þ GeV for
both Λþ

c → Λeþνe and Λþ
c → Λμþνμ decays. In order to

determine the parameter ag⊥0 from the fit, the differential
decay rate of Λþ

c → ΛμðeÞþνμðeÞ is constrained by the BF

of Λþ
c → ΛμðeÞþνμðeÞ measured in this work (Ref. [33])

and the Λþ
c lifetime [2] using the relation

Z
q2max

m2
l

dΓðΛþ
c → ΛlþνlÞ
dq2

dq2 ¼ BðΛþ
c → ΛlþνlÞ

τΛc

: ð7Þ

The projections of the fit onto q2, cos θ0l, cos θp, and χ, as

well as the fitted form-factor parameters of ag⊥0 , αg⊥1 , αf⊥1 ,
rfþ , and rf⊥ are shown in the Supplemental Material [47].
Using a treatment similar to Ref. [33], the systematic
uncertainties in ag⊥0 , αg⊥1 , αf⊥1 , rfþ , and rf⊥ are estimated to
be 0.8%, 6.3%, 2.2%, 1.3%, and 5.8%, respectively. In
comparison to Ref. [33], the precision in measuring ag⊥0 ,
αg⊥1 , rfþ , and rf⊥ is improved by 25%, 11%, 22%, and 43%,
respectively. The comparisons to the LQCD calculations
[28] are shown in Fig. 4. The dependence of the measured
FFs show different kinematic behavior compared to the
LQCD calculations, especially for the slopes of these
four FFs.
In summary, we report an improved measurement of the

absolute BFof theΛþ
c → Λμþνμ decay,BðΛþ

c → ΛμþνμÞ ¼
ð3.48� 0.14� 0.10Þ%, by analyzing 4.5 fb−1 data col-
lected at center-of-mass energies ranging from 4.600 to
4.699 GeV at BESIII. This work supersedes our previous
measurement [32] and improves the precision of the world
average value by a factor of 3. Comparisons to the theoretical
predictions are also shown in Table I. The predicted BFs in
Refs. [20,49] differ by more than 2 standard deviations from
the measured BðΛþ

c → ΛμþνμÞ. Thus, our measurement
disfavors these predictions at a confidence level of more
than 95%.CombiningwithBðΛþ

c →ΛeþνeÞ¼ð3.56�0.11�
0.07Þ% in Ref. [33], we determine the ratio BðΛþ

c →
ΛμþνμÞ=BðΛþ

c →ΛeþνeÞ¼0.98�0.05stat�0.03syst, which
is consistent with the value 0.97 as predicted by LQCD
[28]. The ratio of the two BFs in different four-momentum
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FIG. 4. Comparison of form factors with LQCD calculations.
The bands show the total uncertainties.

TABLE I. Comparisons of BðΛþ
c → ΛμþνμÞ (in %), hαΛc

i, hAe
FBi, and hAμ

FBi from theories and measurement.

BðΛþ
c → ΛμþνμÞ hαΛc

i hAe
FBi hAμ

FBi
CQM [20] 2.69 −0.87 −0.2 −0.21
RQM [21] 3.14 −0.86 −0.209 −0.242
CQM(HONR) [49] 4.25
NRQM [50] 3.72
HBM [24] 3.67� 0.23 −0.826 −0.176ð5Þ −0.143ð6Þ
LQCD [28] 3.69� 0.22 −0.874ð10Þ −0.201ð6Þ −0.169ð7Þ
LCSR [51] 3.0� 0.3
SUð3Þ [25] 3.6� 0.4 −0.86ð4Þ
LFCQM [27] 3.21� 0.85 −0.97ð3Þ
MBM [27] 3.38 −0.83
LFQM [22] 3.90� 0.73 −0.87ð9Þ 0.20(5) 0.16(4)
LFCQM [26] 3.40� 1.02 −0.97ð3Þ
SUð3Þ [52] 3.45� 0.30
This work 3.48� 0.17 −0.94ð8Þ −0.24ð3Þ −0.22ð4Þ

M. ABLIKIM et al. PHYS. REV. D 108, L031105 (2023)

L031105-8



transfer regions is also studied, and no evidence for the LFU
violation is found.
In addition, the model-independent lepton forward-

backward asymmetries Ae;μ
FBðq2Þ as well as their ratios

are measured for the first time. Their average values are
determined to be hAe

FBi ¼ −0.24� 0.03stat � 0.01syst and
hAμ

FBi ¼ −0.22� 0.04stat � 0.01syst, respectively. The
measured hAe

FBi and hAμ
FBi are consistent with the pre-

dictions in Refs. [20,21,24,28], but clearly differ from the
predictions in Ref. [22]. The detailed comparisons are
shown in Table I. Investigations of Rμ=e

AFB
in different four-

momentum transfer regions show no evidence for the LFU
violation. As a first measurement of the forward-backward
asymmetries in the pπ− system, we determine the averaged
values hAp

FBi ¼ −0.33� 0.03stat � 0.01syst and hAp
FBi ¼

−0.37� 0.04stat � 0.01syst for Λþ
c → Λeþνe and Λþ

c →
Λμþνμ, respectively. Ignoring the negligible predicted
difference between the e- and μ-modes, the hαΛc

i is
determined to be −0.94� 0.07stat � 0.03syst, which is
consistent with the theoretical predictions in Refs. [20–28]
and the model-dependent measurement by CLEO [30]. Our
measurements of the T asymmetry parameters, T pðΛþ

c →
ΛeþνeÞ ¼ −0.021� 0.041stat � 0.001syst and T pðΛþ

c →
ΛμþνμÞ ¼ 0.068� 0.055stat � 0.002syst, are consistent
with zero as predicted in the SM. Furthermore, our results
on the form factors provide more stringent tests of and
calibration for LQCD calculations of Λþ

c → Λlþνl decays,
which are important for both charmed baryon decays
[53,54] and Λb decays [22,55–61].
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