
Study of the light scalar a0ð980Þ through the decay D0
→ a0ð980Þ− e+ νe with

a0ð980Þ − → ηπ
−

M. Ablikim et al.
*

(BESIII Collaboration)

(Received 14 November 2024; accepted 16 April 2025; published 6 May 2025)

Using 7.93 fb−1 of eþe− collision data collected at a center-of-mass energy of 3.773 GeV with the

BESIII detector, we present an analysis of the decay D0
→ ηπ−eþνe. The branching fraction of the decay

D0
→ a0ð980Þ−eþνe with a0ð980Þ− → ηπ− is measured to be ð0.86� 0.17stat � 0.05systÞ × 10−4. The

decay dynamics of this process is studied with a single-pole parametrization of the hadronic form factor and

the Flatté formula describing the a0ð980Þ line shape in the differential decay rate. The product of the form

factor f
a0
þ ð0Þ and the Cabibbo-Kobayashi-Maskawa matrix element jVcdj is determined for the first time

with the result f
a0
þ ð0ÞjVcdj ¼ 0.126� 0.013stat � 0.003syst.
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Understanding the nature of scalar mesons has emerged

as a pivotal challenge within the realm of nonperturbative

quantum chromodynamics (QCD), given their important

role in dynamically generating mass via the spontaneous

breaking of QCD’s chiral symmetry. Consequently, a

thorough understanding of the phenomenon of confinement

physics necessitates a deep exploration of the nature of

these mesons [1,2].

Although the existence of scalar mesons (S0) below

1 GeV, including the K�
0
ð700Þf0ð500Þ (σ), f0ð980Þ (f0),

and a0ð980Þ (a0), has been firmly established, their iden-

tification within the constituent quark model [3] remains a

long-standing puzzle, particularly due to the challenges

encountered in describing them as normal quark-antiquark

(qq̄) states. The two-quark model expects that the non-

strange-flavored a0ð980Þ should be as light as the σ meson,

whereas experimentally it is mixed with the strange-flavored

f0ð980Þ. Several experimental observations have notably

intensified the discrepancies with the conventional qq̄

interpretation. The decay ϕ → γa0ð980Þ0, which violates

both charge conjugation and parity conservation, is also

observed with an anomalously large branching fraction

(BF) [3,4]. In addition, the BESIII Collaboration mea-

sured the BFs of the Dþ
s → a0ð980Þ0ðþÞπþð0Þ [5], Dþ

s →

a0ð980Þ0ðþÞρþð0Þ [6] andD0ðþÞ
→ a0ð980Þþπ−ð0Þ [7] decays

to be much larger than the expectations based on the naive

two-quark model [8–10].

Various structure hypotheses have been proposed to

explain these intriguing phenomena of scalar particles,

including compact tetraquark states (q2q̄2) [2,11–14], two-
meson molecule bound states [15–17], and mixed states

[4]. Nevertheless, the intricate interplay of nonperturbative

strong interactions, combined with the scalar mesons

sharing the same spin-parity quantum numbers as the

QCD vacuum, leads to significant hadronic uncertainties

in their classification.

Semileptonic (SL) D decays offers a laboratory where

the mechanism of the D → S0 transition can be cleanly

studied as depicted in Fig. 1, given that the colorless lepton

pair is not sensitive to the strong interaction [18–23]. The

form factor (FF) of the D → S0 transition can be measured

to provide a novel insight into the nonperturbative QCD

effects on hadronization. Moreover, under the constraints of

FIG. 1. Decay mechanism diagram of the D0
→ a0ð980Þ−eþνe

decay. It illustrates a clear separation of the weak current,

Wþ
→ eþνe, and strong current, D0

→ a0ð980Þ−, in SL decay.

The transition of D0
→ a0ð980Þ− is parametrized by the FF

f
a0
þ ðq2Þ. The green region represents the hadronization process of

the a0ð980Þ−, which may form either as a conventional dū state

or an exotic dūss̄ state with the ss̄ generated from gluon

interactions.
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SU(3) flavor symmetry, the variation in the value of the

f0-σ mixing angle that is expected under different models

leads to differences in the decay properties of D → S0e
þνe

with the BF and FF of the D → a0ð980Þeþνe as either a

normalization or essential inputs [20,21]. Consequently, the

D → a0ð980Þeþνe decay not only offers an ideal probe into
the nature of a0ð980Þ, but also gives the opportunity to

distinguish between different descriptions of light scalar

mesons.

BESIII Collaboration reported the observation of D0
→

a0ð980Þ−eþνe with a 25% uncertainty in the measurement

of its BF [18,24] using 2.93 fb−1 data at
ffiffiffi

s
p ¼ 3.773 GeV.

This discovery stimulated many theoretical studies and

interpretations [20,25–29]. Notably, since there is currently

no reliable method to describe the four-quark state or

molecular state picture of a0ð980Þ from the first principle,

most theoretical calculations are conducted in the two-

quark scenario, such as covariant-confined quark model

(CCQM) [25], AdS/QCD [26] and light-cone sum rule

(LCSR) [27–29].

The ψð3770Þ decays predominantly to DD̄ pairs without

any additional hadrons. The excellent tracking, precision

calorimetry, and the large DD̄ threshold data sample [30]

provide an unprecedented opportunity to accurately study

the decay dynamics of D0
→ a0ð980Þ−eþνe. Based on a

dataset corresponding to an integrated luminosity of

7.93 fb−1 [31,32], this Letter reports an improved meas-

urement of the BF for the D0
→ a0ð980Þ−eþνe decay,

along with the first-ever measurement of the FF for the

D → a0ð980Þ transition. Charge-conjugate modes are

implied throughout this Letter.

A description of the design and performance of the

BESIII detector can be found in Ref. [30]. Simulated data

samples are produced with a GEANT4-based [33]

Monte Carlo (MC) toolkit, which includes the geometric

description [34] of the BESIII detector and the detector

response. The simulation models the beam energy spread

and initial state radiation (ISR) in the eþe− annihilations

with the generator KKMC [35]. The inclusive MC sample

includes the production ofDD̄ pairs, the non-DD̄ decays of

the ψð3770Þ, the ISR production of the J=ψ and ψð3686Þ
states, and the continuum processes incorporated in KKMC.

All particle decays are modeled with EVTGEN [36,37] using

BFs either taken from the Particle Data Group (PDG) [3],

when available, or otherwise estimated with LUNDCHARM

[38,39]. Final state radiation from charged final-state

particles is incorporated using PHOTOS [40]. The contribu-

tion of the nonresonance component is found to be

negligible by fitting to the data at Mηπ− sideband region

(Mηπ− > 1.3 GeV=c2). Thus, we assume that the S-wave

component of the ηπ system solely receives contribution

from the a0ð980Þ. The D0
→ ηπ−eþνe decay can be

simulated according to prior measurements on SLD decays

[41,42]. The detailed study can be found in Ref. [43]. The

a0ð980Þ line shape is modeled by the Flatté formula with its

parameters fixed to the BESIII measurement [44].

The double-tag (DT) method [45] provides high-purity

samples for measuring the absolute BFs of D meson

decays, without the need of knowing the integrated

luminosity and the DD̄ production cross section. The D̄0

mesons are first reconstructed in one of the three decay

modes Kþπ−, Kþπ−π0, and Kþπ−πþπ−, referred to as

single-tag (ST) events. After a D̄0 meson is found, the

D0
→ ηπ−eþνe candidate is searched for on the recoil side,

where the presence of the undetected νe is inferred from the

missing momentum. An event in which a signal D0
→

ηπ−eþνe decay and an ST D̄0 is simultaneously found is

referred to as a DT event.

The BF of the signal decay is determined by

B ¼ NDT
P

αðNα
STϵ

α
DT=ϵ

α
STÞBsub

; ð1Þ

where α denotes the tag mode, Nα
ST is the ST yield for tag

mode α, NDT is the sum of the DT yields from all ST

modes, while ϵαST and ϵαDT refer to the corresponding

efficiencies as determined from MC simulation. Bsub

represent the BFs of all possible intermediate particles.

In isolating the ST samples, the selection criteria of

K�, π�, and π0 candidates are the same as Ref. [46]. The

tagged D̄0 mesons are selected using the energy difference

ΔE≡ ED̄0 − Ebeam and the beam-constrained mass

MBC ≡

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

E2

beam=c
4
− jp⃗D̄0 j2=c2

p

, where Ebeam is the beam

energy, and p⃗D̄0 and ED̄0 are the measured momentum and

energy of the D̄0 candidate in the eþe− rest frame,

respectively. In the case of multiple candidates in an event,

the one with the minimum jΔEj is chosen. The ST yields

and efficiencies are determined by fitting the MBC distri-

butions of the accepted candidates in data and inclusiveMC

sample, respectively. More details about the ST selection

can be found in Ref. [46]. The ST yields in the data and the

corresponding ST efficiencies are listed in Table I.

Summing over all three tag modes, the total ST yield

Ntot
ST is ð6306.7� 2.9Þ × 103 within the MBC signal region,

ranging from 1.859 to 1.873 GeV=c2.

Once an ST D̄0 decay has been identified, a search is

made for a D0 signal decay in the same event. Candidate

TABLE I. Energy difference (ΔE) windows, ST yields in data

(Nα
ST), ST efficiencies (ϵαST), DT efficiencies (ϵαDT), with statistical

uncertainties, for each tag mode α. These efficiencies do not

include the BFs of all possible intermediate particles.

Tag mode ΔE (MeV) Nα
ST ð×103Þ ϵαSTð%Þ ϵαDTð%Þ

Kþπ− ½−27; 27� 1449.3� 1.3 65.34� 0.01 17.20� 0.02

Kþπ−π0 ½−62; 49� 2913.2� 2.0 35.59� 0.01 8.88� 0.01

Kþπ−πþπ− ½−26; 24� 1944.2� 1.6 40.83� 0.01 8.81� 0.01
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η; π− and eþ are selected with the remaining charged tracks

and photon candidates. The selection criteria for π�, e�,
and photon candidates are the same as in Refs. [46,47]. The

η candidates are reconstructed through the decay η → γγ,

requiring the invariant mass (Mγγ) to lie within the range

ð0.505; 0.575Þ GeV=c2. A one-constraint kinematic fit is

performed, constraining Mγγ to the known η mass [3], and

the combination giving the minimum χ2
1C is kept for further

analysis. Furthermore, DT candidates are rejected if they

contain any extra charged tracks (Nchar
extra) or π

0 reconstructed

with unused photons (Nπ0

extra). This π0 veto effectively

suppresses the backgrounds arising from D0
→

π−π0eþνe and D0
→ K�ð892Þ−eþνe with the subsequent

decay K�ð892Þ− → K0

Sð→ π0π0Þπ−. An additional back-

ground comes fromD0
→ K�ð892Þ−eþνe decays, followed

by K�ð892Þ− → K0

Lπ
−, where the Electromagnetic

Calorimeter (EMC) shower induced by the K0
L mimics

the higher-energy photon of the η candidate. To suppress

these events, the lateral moment [48] of EMC showers,

which peaks around 0.15 for real photons but varies from 0

to 0.85 for K0

L candidates, is required to lie within (0, 0.35)

for the higher-energy photon from the η candidate. This

requirement suppresses about 78% of the K0
L background

while retaining 93% of the signal.

The energy and momentum of the undetectable neutrino

in the eþe− CM frame are derived as Emiss ≡ Ebeam −
P

i Ei and p⃗miss ≡ −ðp⃗tag þ
P

i p⃗iÞ, respectively, where Ei

and p⃗i are the energy and momentum of the η; π−, and eþ of

the signal side. We calculate p⃗tag ¼ p̂tag

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

E2

beam −m2

D0c
4

q

,

where p̂tag is the unit vector in the momentum direction of

the ST D0 and mD0 is the known D0 mass [3]. The signal

candidates are expected to peak around zero in the Umiss ≡

Emiss − cjp⃗missj distribution and near the nominal mass of

a0ð980Þ in the ηπ− mass spectrum (Mηπ).

To obtain the signal yields, we perform two-dimensional

(2D) unbinned maximum likelihood fits to the Umiss versus

Mηπ distributions. The signal shape in theUmiss distribution

is described by the MC simulation and that in the Mηπ

distribution is modeled with a standard Flatté formula [49]

for the a0ð980Þ signal, using 0.990 GeV=c2 for the a0ð980Þ
mass (m0). Here we assume that a0ð980Þ decays only to ηπ
and KK̄ final states, with the corresponding coupling

constants fixed at g2ηπ ¼ 0.341 ðGeV=c2Þ2 and g2
KK̄

¼
0.304 ðGeV=c2Þ2, respectively [44]. The background is

described by the shape found in the inclusive MC sample.

The 2D probability density functions of all these compo-

nents are constructed by the product of the Umiss and Mηπ

functions. Studies performed with the inclusive MC sim-

ulation shows that there is a negligible correlation between

these two observables. Projections of the 2D fits are shown

in Fig. 2. The bump around 0.9 GeV of the background

shape in the Mηπ mass spectrum predominantly originates

from the decay D0
→ K�−eþνe. The impact on BF is

discussed in the next paragraph. Without considering the

nonresonance contribution, the measured signal yield is

NDT ¼ 51.8� 10.0 with a statistical significance of 6.9σ.

The statistical significance is given by
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

−2 lnðL0=LÞ
p

,

where L is the maximum likelihood value with the signal

yield as a free parameter, andL0 is that with the signal yield

fixed to zero. The corresponding DT efficiencies are

presented in Table I.

The systematic uncertainties in the BF measurement are

summarized in Table I of Ref. [43] and discussed below.

The uncertainty in the ST D̄0 yield reflects the uncertainty

in the fit to theMBC distributions and is assessed by varying

the signal and background shapes. The uncertainties in the

tracking or Particle Identification (PID) efficiencies of π−

and eþ are studied with control samples of DT-hadronic

events and eþe− → γeþe−, respectively. Due to the con-

sistency in the overall reconstruction efficiency between η

and π0, the uncertainty associated with the η reconstruction

and Nπ0

extra requirement are both assigned by studying a

control sample of D0
→ K−πþπ0 decays. The efficiency of

the lateral moment requirement for photons is studied in

different energy and polar-angle bins using a control

sample of eþe− → γeþe− events. The efficiency correction

factors for these sources are determined by measuring the

differences in efficiency between the MC and data control

samples, which are weighted based on the distributions of

several common kinematic variables, including energy,

momentum, and polar angle, of the signal MC sample.

The resulting systematic uncertainties are then propagated

from the statistical uncertainties of the control samples. The

uncertainty arising from the signal model is estimated by

measuring the BF difference when changing the line shape

parameters (m0; g
2
ηπ; g

2

KK̄
) of the a0ð980Þ measured by the

BESIII Collaboration [44] to the one measured by the

CLEO-c Collaboration [50] in the signal MC generator.

The uncertainty of the background shape is assessed

by altering the baseline MC background shape with two
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FIG. 2. Projections of the 2D fit on Umiss (a) and Mηπ− (b) for

D0
→ a0ð980Þ−eþνe. The points with error bars are data. The

(blue) solid curves are the overall fits, the (red) short-dashed lines

show the fitted signal shape; the (green) long-dashed lines denote

the background shape.
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methods, and subsequently combining the uncertainties

derived from these alterations to represent the overall

uncertainty. Firstly, to account for the imperfect agreement

between data and MC simulation for K0
L reconstruction, we

increase the yield of the major background process D0
→

K�ð892Þ−eþνe with K�ð892Þ− → K0
Lπ

− by 30%, based on

the analysis of control samples D0
→ K0

Lπ
þπ−, D0

→

K0
Lπ

þπ−π0 and Dþ
→ K0

Lπ
þπ0 decays. Secondly, the

eþe− → qq̄ background yields are changed by �1σ of

the measured cross section [51]. In order to assign a

systematic uncertainty associated with the modeling of

the resolution ofUmiss, the fit is reperformed with the signal

shape convolved with a Gaussian function. The width of the

Gaussian distribution, which represents the resolution

difference between experimental data and MC simulation,

is fixed based on the estimation derived from the control

sample of the decay process D0
→ π0π−eþνe. Changes in

the signal yields are assigned to be the corresponding

uncertainties. The uncertainty associated with the assumed

BF of the η decay is taken from Ref. [3]. The effect of the

limited MC sample size is also included as a systematic

effect. Assuming that all sources are independent, the total

systematic uncertainty on the BF is determined to be 5.2%,

by adding them in quadrature.

To extract the hadronic FF of the D → a0ð980Þ tran-

sition, the signal candidate events are divided into three

intervals of q2 (the four-momentum transfer squared of the

eþνe system) and a χ2 fit is used to determine the partial

decay rates. Considering the correlations of the measured

partial decay rates (ΔΓi
mea) among different q2 intervals, the

χ2 is given by

χ2 ¼
X

ij

ðΔΓi
mea − ΔΓ

i
expÞ½C−1�ijðΔΓj

mea − ΔΓ
j
expÞ; ð2Þ

where ΔΓ
i
mea and ΔΓ

i
exp represent the measured and

theoretically expected partial decay rates, respectively, in

the i-th q2 interval. Here, the indices i and j denote different

q2 intervals. The elements of the inverse covariance matrix

C−1, denoted as ½C−1�ij, account for the correlations

between the different q2 bins.

In the limit of massless leptons, the differential decay

rate is dominated by the term involving fþðq2Þ [27].

Hence, the ΔΓi
exp are calculated by integrating the follow-

ing double differential decay rate [52,53]:

d2ΓðD0
→ a0ð980Þ−eþνeÞ
dsdq2

¼ G2
FjVcdj2

192π4m3

D0

λ3=2ðm2

D0 ; s; q
2Þjfa0þ ðq2Þj2PðsÞ; ð3Þ

where s is the square of Mηπ, GF is the Fermi constant [3],

Vcd is the Cabibbo-Kobayashi-Maskawa matrix element,

mD0 is the known D0 mass [3], λðx; y; zÞ ¼ x2 þ y2 þ z2−
2xy − 2xz − 2yz, and PðsÞ is based on the relativistic Flatté
formula [49,50]:

PðsÞ ¼ g2ηπρηπ

jm2

0
− s − iðg2ηπρηπ þ g2

KK̄
ρKK̄Þj2

; ð4Þ

where ρηπ and ρKK̄ are individual phase-space factors. The

product of the FF and jVcdj is extracted in three intervals

of q2. The FF is modeled with the single-pole parametri-

zation [54]:

f
a0
þ ðq2Þ ¼ f

a0
þ ð0Þ

1 −
q2

m2

pole

; ð5Þ

where f
a0
þ ð0Þ is the FF evaluated at q2 ¼ 0 GeV2=c4, and

the pole mass mpole ¼ 2.42 GeV=c2 [3,55].

The measured partial decay rate ΔΓi
mea is determined by

ΔΓ
i
mea ¼ Ni

pro=ðτNtot
STÞ, where τ is the D0-meson lifetime

[3] and Ni
pro is the signal yield produced in the i-th q2

interval, given by Ni
pro ¼

P

3

j¼1
½ϵ−1�ijNj

obs. The N
j
obs is the

observed signal yield obtained from the 2D fits on theUmiss

versus Mηπ− distribution in the j-th q2 interval, carried out

in a similar manner as the one described previously for the

BF measurement. The matrix ϵ−1 represents the inverse

of the efficiency matrix. ϵij is the efficiency matrix

element determined from the signal MC samples via

ϵij ¼
P

k½ð1=Ntot
STÞ × ðNij

rec=N
j
genÞk × ðNk

ST=ϵ
k
STÞ�, where

N
ij
rec is the number of signal events reconstructed in the

i-th q2 interval while generated in the j-th q2 interval, N
j
gen

represents the generated number of signal events in the j-th

q2 interval, and k sums over all tag modes. The details of

the q2 divisions,Ni
obs,N

i
pro, andΔΓ

i
mea are given in Table II.

The statistical and systematic covariance matrices are

constructed as Cstat
ij ¼ ð 1

τNtot
ST

Þ2 Pα ϵ
−1
iα ϵ

−1
jα σ

2ðNα
obsÞ and

C
syst
ij ¼ δðΔΓi

meaÞδðΔΓj
meaÞ, respectively, where σðNα

obsÞ
and δðΔΓi

meaÞ are the statistical and systematic uncertainties

in the i-th q2 interval. The C
syst
ij elements are obtained by

summing all the covariance matrices for all systematic

uncertainties, where the systematic uncertainty of τ,

TABLE II. Partial decay rates of D0
→ a0ð980Þ−eþνe,

a0ð980Þ− → ηπ− in different q2 intervals, where the uncertainties
are statistical only.

i q2ðGeV2=c4Þ Ni
obs Ni

pro ΔΓ
i
meaðns−1Þ

1 [0.0, 0.2] 16.9� 5.7 75.6� 27.0 0.074� 0.027

2 [0.2, 0.4] 15.5� 5.0 63.1� 22.4 0.062� 0.022

3 ½0.4; q2max� 17.4� 5.9 67.6� 23.8 0.066� 0.023
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0.2% [3], is included in addition to those in the BF

measurement and are given in Ref. [43].

The systematic uncertainty related to ΔΓ
i
mea is estimated

to be 2.4% by following Ref. [56]. In addition, the input

parameters m0, g2ηπ and g2
KK̄

related to ΔΓ
i
exp are also

considered by varying them within �1σ from their central

values [44]. The largest deviations of the form factor,

respectively 0.2%, 0.1% and 0.6%, are taken as systematic

uncertainties. The quadrature sum of these uncertainties is

2.7%, and is taken as the total systematic uncertainty.

A fit is performed for the differential decay rate measured

through the process D0
→ a0ð980Þ−eþνe and the results are

presented in Figs. 3(a) and (b) with the fitted decay rate and

its projection onto the hadronic FF. The goodness-of-fit is

χ2=NDOF ¼ 2.2=2 ¼ 1.1, where NDOF is the number of

degrees of freedom. The product f
a0
þ ð0ÞjVcdj is determined

to be 0.126� 0.013stat � 0.003syst. The baseline FF is taken

from the fit with the combined statistical and systematic

covariance matrix, and the statistical uncertainty on the FF is

taken from the fit with only the statistical covariance matrix.

The systematic uncertainty is obtained by calculating the

quadratic difference of uncertainties between these two fits.

Using eþe− collision data corresponding to an integrated
luminosity of 7.93 fb−1 collected with the BESIII detector

at
ffiffiffi

s
p ¼ 3.773 GeV, this Letter reports the absolute BF of

the decayD0
→ a0ð980Þ−eþνe with a0ð980Þ− → ηπ− to be

ð0.86� 0.17stat � 0.05systÞ × 10−4, which is 1.2 times more

precise than the previous measurement [24]. The improved

precision amplifies the difference of calculations in the

two- and four-quark scenarios. Our result exhibits some

tension with theoretical predictions with the two-quark

model, as shown in Table III and favor, according to

Ref. [20], the prediction based on the four-quark picture.

Furthermore, we have investigated the dynamics of the

decayD0
→ a0ð980Þ−eþνe, a0ð980Þ− → ηπ− andmeasured

the product f
a0
þ ð0ÞjVcdj ¼ 0.126� 0.013stat � 0.003syst for

the first time by parametrizing the FF using a single-pole

model. With the value of jVcdj ¼ 0.22486� 0.00067 from

the standard model global fit [3] as input, we determine

f
a0
þ ð0Þ ¼ 0.559� 0.056stat � 0.013syst. Table III shows that

these results are consistent with the CCQM [25], SU(3)

flavor symmetry [20] within 3σ, but disfavor the Ads/QCD

[26] and LCSR calculations [27–29] by more than 3σ. This

suggests the possibility that more advanced models, instead

of the traditional two-quark, are needed to describe the

structures of scalar mesons.

The measured BF of D0
→ a0ð980Þ−eþνe and the FF of

D to a0ð980Þ transition will serve as an important input for
understanding the intricate internal structure of the light
scalar mesons [20,21], and the nonperturbative dynamics of

charm meson decays. The measurement of f
a0
þ ð0Þ has

additional importance in the information it gives on the
direct hadronization of the D to a0ð980Þ transition. This
information is essential input for performing an accurate
calculation of the ratio of external W-emission and W-
annihilation contributions in the quasi-two-body D → SP
sector when estimating the contributions from final-state
interactions [57]. In the near future, an investigation based

on the full 20 fb−1 of data now available at BESIII detector
will enable a more precise exploration of the production of
light scalar states in the SL decays ofDmesons [18,58,59].
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FIG. 3. Fit to the differential decay rate as function of q2 (a) and

projection to the FF f
a0
þ ðq2ÞjVcdj (b). The points with error bars

are data. The red solid line is the fit result.

TABLE III. Comparisons of f
a0
þ ð0Þ and BðD0

→ a0ð980Þ−eþνe; a0ð980Þ− → ηπ−Þ between previous measurements, theoretical

predictions, and the present experimental results reported in this work. Assuming that the a0ð980Þ width is saturated by the KK̄ and ηπ

modes, Bða0ð980Þ → ηπÞ can be inferred from the PDG average value of Γða0ð980Þ → KK̄Þ=Γða0ð980Þ → ηπÞ ¼ 0.172� 0.019 [3].

Theory or experiment f
a0
þ ð0Þ BðD0

→ a0ð980Þ−eþνe; a0ð980Þ− → ηπ−Þ (×10−4)
CCQM [25] 0.55þ0.02

−0.02
1.43� 0.13

a

Ads/QCD [26] 0.72� 0.09 2.08� 0.26
a

LCSR 2017 [27] 1.75þ0.26
−0.27 3.48þ1.17

−1.04
a

LCSR 2021 [28] 0.85þ0.10
−0.11

1.15

LCSR 2023 [29] 1.058þ0.068
−0.035 1.330þ0.216

−0.134

SU(3) flavor symmetry [20] 0.46� 0.06 …

BESIII 2018 [24] … 1.33þ0.33
−0.29 stat � 0.09syst

This work 0.559� 0.056stat � 0.013syst 0.86� 0.17stat � 0.05syst

a
The narrow width approximation is further applied to estimate the B l for uncomputed cases (denoted by the superscript *).
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