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Using 6.32 fb−1 of electron-positron collision data recorded by the BESIII detector at center-of-mass
energies between 4.178 and 4.226 GeV, we present the first search for the decay Dþ

s → a0ð980Þ0eþνe,
a0ð980Þ0 → π0η, which could proceed via a0ð980Þ − f0ð980Þ mixing. No significant signal is observed.
An upper limit of 1.2 × 10−4 at the 90% confidence level is set on the product of the branching fractions of
Dþ

s → a0ð980Þ0eþνe and a0ð980Þ0 → π0η decays.
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I. INTRODUCTION

The constituent quark model has been strikingly suc-
cessful in the past few decades. The nonets of pseudoscalar,
vector and tensor mesons are now well identified. On the
other hand, the classification of JPC ¼ 0þþ scalar mesons
still faces difficulty, because there are more states than
predicted by the quark model. Many theoretical hypotheses
have been proposed to explain these extra states, such as the
tetraquark states, two-meson bound states, molecular-like
states, etc. [1]. More experimental results are crucial to sort
out the interpretations of these states. Semileptonic meson
decays have a relatively simple decay mechanism and final
state interactions and can provide a clean probe for
studying their hadronic part. In particular, semileptonic
D meson decays with one scalar meson in the final state
provide an ideal opportunity to investigate the internal
structures of these light states [2,3]. Example studies of
this type are the semileptonic decays: Dþ → f0ð500Þeþνe,
Dþ → f0ð980Þeþνe, D0ðþÞ → a0ð980Þ−ð0Þeþνe, and
Dþ

s → f0ð980Þeþνe [4–8]. However, the decay Dþ
s →

a0ð980Þ0eþνe has not yet been studied.
The Dþ

s direct decay to a0ð980Þ0eþνe violates isospin
invariance, but it may occur from Dþ

s → f0ð980Þeþνe via
a0ð980Þ − f0ð980Þ mixing. BESIII has observed
a0ð980Þ − f0ð980Þ mixing and measured its intensity to
be 0.4% in the decays of J=ψ → ϕf0ð980Þ → ϕa0ð980Þ0
and χcJ → f0ð980Þπ0 → a0ð980Þ0π0 [9]. With the product
branching fractions (BF) BðDþ

s → f0ð980ÞeþνeÞ ×
Bðf0ð980Þ → πþπ−Þ ¼ ð0.13� 0.02� 0.01Þ × 10−2 [6]
and assuming a0ð980Þ − f0ð980Þ mixing effects are the
same for J=ψ, χcJ, and Dþ

s decays, one may estimate a BF
on the order of 10−5 for Dþ

s → a0ð980Þ0eþνe.
A study of the decayDþ

s → a0ð980Þ0eþνe could provide
important information on a0ð980Þ − f0ð980Þ mixing and
help to understand the nature of the scalar meson a0ð980Þ
in the charm sector. In this paper, the process of Dþ

s →
a0ð980Þ0eþνe with a0ð980Þ0 → π0η is studied based on
6.32 fb−1 of data recorded by the BESIII detector at center-
of-mass energies (

ffiffiffi
s

p
) between 4.178 and 4.226 GeV.

A blind analysis is performed to avoid a possible bias.
Throughout this paper, charge conjugate channels are
always implied.

II. DETECTOR AND DATASETS

Details about the BESIII detector are described else-
where [10,11]. In short, it is a magnetic spectrometer
located at the Beijing Electron Positron Collider
(BEPCII) [12]. The cylindrical core of the BESIII detector
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 superconducting solenoidal magnet
providing a 1.0 T magnetic field. The solenoid is supported

by an octagonal flux-return yoke with resistive plate
counter muon identifier modules interleaved with steel.
The acceptance of charged particles and photons is 93%
over 4π solid angle. The charged-particle momenta reso-
lution at 1.0 GeV=c is 0.5%, and the specific energy loss
(dE=dx) resolution is 6% for electrons from Bhabha
scattering. The EMC measures photon energies with a
resolution of 2.5% (5%) at 1 GeV in the barrel (end cap)
region. The time resolution of the TOF barrel part is 68 ps,
while that of the end cap part is 110 ps. The end cap TOF
was upgraded in 2015 with multigap resistive plate cham-
ber technology, providing a time resolution of 60 ps [13].
Data samples used in this analysis correspond to an

integrated luminosity (Lint) of 6.32 fb−1 taken in the range
of

ffiffiffi
s

p ¼ 4.178–4.226 GeV, as listed in Table I, and
provide a large sample of D�

s mesons from D��
s D∓

s events.
The cross section of D��

s D∓
s production in eþe− annihi-

lation is about a factor of 20 larger than that of Dþ
s D−

s [14]
and D��

s decays to γD�
s with a dominant BF of ð93.5�

0.7Þ% [1].
Simulated Monte Carlo (MC) samples produced with

GEANT4-based [15] software, which includes the geometric
description of the BESIII detector and the detector
response, are used to determine the detection efficiency
and to estimate the background contributions. The simu-
lation includes the beam energy spread and initial state
radiation (ISR) in the eþe− annihilation modeled with the
generator KKMC [16]. Generic MC samples are used to
simulate the background contributions and consist of the
production of DD̄ pairs including quantum coherence for
all neutral D modes, non-DD̄ decays of the ψð3770Þ, ISR
production of the J=ψ and ψð3686Þ states, and continuum
processes. The known decay modes are modeled with
EventGen [17] using world averaged BF values [1], and the
remaining unknown decays from the charmonium states
with LUNDCHARM [18]. Final state radiation from charged
final state particles is incorporated with PHOTOS [19]. The
signal detection efficiencies and signal shapes are obtained
from signal MC samples, in which the signal decay
Dþ

s → a0ð980Þ0eþνe, a0ð980Þ0 → π0η, is simulated using
an MC generator where the amplitude of the a0ð980Þ0

TABLE I. The integrated luminosity Lint and the recoil mass
Mrec requirements for various energies, where Mrec is defined in
Eq. (5). The first and second uncertainties are statistical and
systematic, respectively.
ffiffiffi
s

p
(GeV) Lint (pb−1) Mrec (GeV=c2)

4.178 3189.0� 0.2� 31.9 [2.050, 2.180]
4.189 526.7� 0.1� 2.2 [2.048, 2.190]
4.199 526.0� 0.1� 2.1 [2.046, 2.200]
4.209 517.1� 0.1� 1.8 [2.044, 2.210]
4.219 514.6� 0.1� 1.8 [2.042, 2.220]
4.226 1047.3� 0.1� 10.2 [2.040, 2.220]
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meson follows a theoretical a0ð980Þ − f0ð980Þ mixing
model [3,20–22]. This amplitude is given by
Amix ¼ Dfa

DfDa
, in which Da and Df are the a0ð980Þ

and f0ð980Þ propagators, respectively, and Dfa ¼
ga0KþK−gf0KþK−

16π × i½ρKþK−ðsÞ − ρK0K̄0ðsÞ�. Here, ρKK̄ðsÞ is
the velocity of the K meson in the rest frame of its
mother particle, and ga0KþK− and gf0KþK− are coupling
constants [22].

III. DATA ANALYSIS

The signal process eþe− → D�þ
s D−

s þ c:c: → γDþ
s D−

s þ
c:c allows studying semileptonic Dþ

s decays with a tag
technique [23] since only one neutrino escapes undetected.
There are two types of samples used in the tag technique:
single tag (ST) and double tag (DT). In the ST sample, aD−

s
meson is reconstructed through a particular hadronic decay
without any requirement on the remaining measured tracks
and EMC showers. In the DT sample, a D−

s , designated as
“tag,” is reconstructed through a decay mode first, and then
a Dþ

s , designated as the “signal,” is reconstructed with the
remaining tracks and EMC showers. For one tag mode, the
ST yield is given by

NST
tag ¼ 2ND�

sDs
Btagϵ

ST
tag; ð1Þ

and the DT yield is given by

NDT
tag;sig ¼ 2ND�

sDs
BγBtagBsigϵ

DT
tag;sig; ð2Þ

where ND�
sDs

is the total number of D�þ
s D−

s þ c:c: pairs
produced, BsigðtagÞ is the BF of the signal decay (the tag
mode), Bγ is the BF of D�

s → γDs, and ϵ denotes the
corresponding reconstruction efficiencies. By isolating
Bsig, one obtains:

Bsig ¼
NDT

tag;sigϵ
ST
tag

BγNST
tagϵ

DT
tag;sig

; ð3Þ

where the yields NST
tag and N

DT
tag;sig can be obtained from data

samples, while ϵSTtag and ϵDTtag;sig can be obtained from generic
and signal MC samples, respectively. The above equations
can be generalized for multiple tag modes and multiple
values of

ffiffiffi
s

p
:

Bsig ¼
NDT

total;sig

Bγ

P
α;iN

ST
α;iϵ

DT
α;sig;i=ϵ

ST
α;i

; ð4Þ

where α represents tag modes, i represents different
ffiffiffi
s

p
,

and NDT
total;sig is the total signal yield.

The tag candidates are reconstructed with charged K and
π, π0, ηð0Þ, and K0

S mesons which satisfy the particle
selection detailed below. Twelve tag modes are used and
the requirements on the mass of tagged D−

s (Mtag) are
summarized in Table II.
Photons are reconstructed from clusters found in the

EMC. The EMC shower time is required to be within [0,
700] ns from the event start time in order to suppress fake
photons due to electronic noise or eþe− beam background.
Photon candidates within j cos θj < 0.80 (barrel) are
required to deposit more than 25 MeV of energy, and
those with 0.86 < j cos θj < 0.92 (end cap) must deposit
more than 50 MeV, where θ is the polar angle with respect
to the z axis, which is the symmetry axis of the MDC. To
suppress bremsstrahlung photons from charged tracks, the
directions of photon candidates must be at least 10° away
from all charged tracks. The π0 (η) candidates are recon-
structed through π0 → γγ (η → γγ) decays, with at least one
barrel photon. The diphoton invariant masses for the

TABLE II. Requirements on Mtag, the ST yields (NST
tag) and ST efficiencies (ϵSTtag) for energy points, (I)

ffiffiffi
s

p ¼ 4.178 GeV, (II) 4.189–
4.219 GeV, and (III) 4.226 GeV, where the subscripts of η and η0 denote the decay modes used to reconstruct η and η0. The efficiencies for
the energy points 4.189–4.219 GeVare averaged based on the luminosities. The BFs of the subparticle (K0

S, π
0, η, and η0) decays are not

included. Uncertainties are statistical only.

Tag mode Mtag (GeV=c2) (I) NST
tag (I) ϵSTtagð%Þ (II) NST

tag (II) ϵSTtagð%Þ (III) NST
tag (III) ϵSTtagð%Þ

D−
s → KþK−π− [1.950, 1.986] 135859� 612 38.96� 0.03 80418� 503 38.81� 0.04 28287� 327 38.24� 0.07

D−
s → K0

SK
− [1.948, 1.991] 31716� 273 48.89� 0.06 18310� 227 46.86� 0.08 6542� 143 46.36� 0.15

D−
s → π−ηγγ [1.930, 2.000] 18119� 609 43.07� 0.15 10224� 458 42.48� 0.21 3708� 253 41.75� 0.40

D−
s → π−η0πþπ−ηγγ [1.940, 1.996] 7799� 139 19.01� 0.06 4468� 111 18.96� 0.07 1675� 64 18.88� 0.13

D−
s → KþK−π−π0 [1.947, 1.982] 38550� 772 10.15� 0.03 22945� 641 10.22� 0.04 7900� 437 10.23� 0.08

D−
s → π−π−πþ [1.952, 1.982] 37702� 852 50.71� 0.15 21517� 777 49.61� 0.21 7622� 542 49.39� 0.42

D−
s → K0

SK
þπ−π− [1.953, 1.983] 15637� 287 21.74� 0.06 8903� 233 21.57� 0.08 3240� 172 21.28� 0.15

D−
s → ρ−

π−π0
η [1.920, 2.000] 41113� 1324 17.81� 0.10 25742� 1203 17.89� 0.14 10729� 1450 17.45� 0.28

D−
s → π−η0

γρ0
[1.939, 1.992] 20173� 603 25.36� 0.11 11364� 514 25.47� 0.15 3763� 727 25.52� 0.29

D−
s → K−πþπ− [1.953, 1.983] 16939� 544 45.80� 0.22 10121� 456 45.38� 0.30 4918� 432 44.75� 0.57

D−
s → K0

SK
−π0 [1.946, 1.987] 11260� 516 15.09� 0.11 6792� 469 14.76� 0.15 2128� 226 14.84� 0.27

D−
s → K0

SK
−πþπ− [1.958, 1.980] 8013� 270 20.29� 0.12 5257� 289 20.97� 0.15 1708� 219 19.45� 0.30
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identification of π0 and η decays are required to be in
the range ½0.115; 0.150� GeV=c2 and ½0.490; 0.580�
GeV=c2, respectively. The χ2 of a 1C kinematic fit
constraining Mγγ to the π0 or η nominal mass [1] should
be less than 30.
Charged track candidates reconstructed using the infor-

mation of the MDC must satisfy j cos θj < 0.93 with the
closest approach to the interaction point less than 10 cm in
the z direction and less than 1 cm in the plane perpendicular
to z. Charged tracks are identified as pions or kaons with
PID, which is implemented by combining the information
of dE=dx of the MDC and the time of flight from the TOF
system. For charged kaon (pion) candidates, the probability
for the kaon (pion) hypothesis is required to be larger than
that for a pion (kaon). For electron identification, the
dE=dx, TOF information and EMC measurements are
used to construct likelihoods for electron, pion, and kaon
hypotheses (Le, Lπ , and LK). Electron candidates must
satisfy Le=ðLe þ Lπ þ LKÞ > 0.7. Additionally, the
energy measurement using the EMC information of the
electron candidate has to be more than 80% of the track
momentum measured by the MDC (E=cp > 0.8).
CandidateK0

S mesons are reconstructed with pairs of two
oppositely charged tracks, whose distances of closest
approach along z are less than 20 cm. The invariant masses

of these charged track pairs are required to be within
½0.487; 0.511� GeV=c2. The ρ0 candidates are selected via
the process ρ0 → πþπ− with an invariant mass window
½0.570; 0.970� GeV=c2. The η0 candidates are formed from
πþπ−η and γρ0 combinations with invariant masses
falling within the range of [0.946, 0.970] and ½0.936;
0.976� GeV=c2, respectively.
In order to identify the process eþe− → D��

s D∓
s , the

signal windows, listed in Table I, are applied to the
recoiling mass (Mrec) of the tag candidate. The definition
of Mrec is

1

c2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðEcm−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
c2jp⃗tagj2þc4m2

Ds

q
Þ2−c2jp⃗cm− p⃗tagj2

r
; ð5Þ

where ðEcm=c; p⃗cmÞ≡ pcm is the four-momentum of the

eþe− center-of-mass system, ð1c
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
jp⃗tagj2 þm2

Ds

q
; p⃗tagÞ≡

ptag is the measured four momentum of the tag candidate,
and mDs

is the nominal D−
s mass [1]. If there are multiple

candidates for a tag mode, the one withMrec closest to D��
s

mass [1] is chosen.
The ST yields for tag modes NST

tag are obtained by fitting
the distributions of the tag D−

s invariant mass (Mtag).
Example fits to data samples at 4.178 GeV are shown in
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FIG. 1. Fits to D−
s mass distributions of ST data samples at

ffiffiffi
s

p ¼ 4.178 GeV. The points with error bars are data, red solid lines are
total fits, and blue dashed lines are background. The pairs of pink arrows denote signal regions. MC simulated shapes of D− → K0

Sπ
−

and D−
s → ηπþπ−π− decays are added to the background polynomial functions in the fits of D−

s → K0
SK

− and D−
s → π−η0 decays to

account for the peaking background, respectively.
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Fig. 1. The fitting function is an incoherent sum of the
signal and the background contributions. The description of
the signal is based on the MC-simulated shape convolved
with a Gaussian function. The background is described by a
second-order Chebyshev polynomial function. Based on
MC studies, in all the tag modes, the only significant
peaking background is from D− → K0

Sπ
− and D−

s →
ηπþπ−π− decays faking the D−

s → K0
SK

− and D−
s →

π−η0 tag modes, respectively. For these cases, MC simu-
lated shapes of the two peaking backgrounds are added to
the background polynomial functions. The ST yields of
data sample and ST efficiencies for tag modes are listed in
Table II.
After a tag D−

s is identified, we search for the signal

Dþ
s → a0ð980Þ0eþνe, a0ð980Þ0 → π0η recoiling against

the tag by requiring one charged track identified as eþ

and at least five more photons (two for π0, two for η, and

one to reconstruct the transition photon of D��
s → γD�

s ).
Events having tracks other than those accounted for in the
tagged D−

s and the electron are rejected (Nextra
char ¼ 0).

Kinematic fits are performed on eþe− → D��
s D∓

s →
γDþ

s D−
s with D−

s decays to one of the tag modes and
Dþ

s decays to the signal mode. The combination with the
minimum χ2 assuming a D�þ

s meson decays to Dþ
s γ or a

D�−
s meson decays to D−

s γ is chosen. The total four-
momentum is constrained to the four-momentum of
eþe−. Invariant masses of the D−

s tag, the Dþ
s signal,

and the D�
s are constrained to the corresponding nominal

masses [1]. Furthermore, it is required that the maximum
energy of photons not used in the DT event selection
(Eextra

γ;max) is less than 0.2 GeV. Whether the photon forms a
D�−

s candidate with the tag D−
s or a D�þ

s candidate with the
signal Dþ

s , the square of the recoil mass against the photon
and the D−

s tag (M02
rec) should peak at the nominal D�

s
meson mass-squared before the kinematics fit for signal
D��

s D∓
s events. Therefore, we require M02

rec to satisfy
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FIG. 2. (a) M02
rec and (b) Mπ0η distributions of data and MC samples at

ffiffiffi
s

p ¼ 4.178–4.226 GeV. The pair of pink arrows denotes the
signal windows. The points with error bars are data. The blue solid and the red dashed lines are generic and signal MC samples,
respectively. The signal MC is normalized arbitrarily for visualization purposes. A missing mass cut, jMM2j < 0.35 GeV2=c4, is
applied.
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3.80 < M02
rec < 4.00 GeV2=c4, as shown in Fig. 2(a). To

select events from the a0ð980Þ0 signal region, the inva-
riant mass of π0η (Mπ0η) is required to satisfy

0.95 < Mπ0η < 1.05 GeV=c2, as shown in Fig. 2(b).
The missing neutrino is reconstructed by the missing

mass squared (MM2), defined as

MM2 ¼ 1

c2
ðpcm − ptag − pπ0 − pη − pe − pγÞ2; ð6Þ

where pi (i ¼ π0, η, e, γ) is the four-momentum of the
daughter particle i on the signal side. TheMM2 distribution
of accepted candidate events is shown in Fig. 3. The DT
efficiencies are obtained using the signal MC samples and
listed in Table III. Since no significant signal is observed,
an upper limit is determined. Maximum-likelihood fits to
the MM2 distribution are performed, and likelihoods are
determined as a function of assumed BF. The signal and the
background shapes are modeled by MC-simulated shapes
obtained from the signal MC and the generic MC samples,
respectively. The likelihood distribution versus BF is
shown in Fig. 4.

IV. SYSTEMATIC UNCERTAINTY

Systematic uncertainties on the BF measurement are
summarized in Table IV and the sources are classified into
two types: multiplicative (σϵ) and additive. Note that most
systematic uncertainties on the tag side cancel due to the tag
technique.
Multiplicative uncertainties are from the efficiency

determination and the quoted BFs. The uncertainty from
the BFs of D�

s → γDs and π0=η → γγ decays are set to be
0.8% and 0.5%, respectively, according to the world
averaged values [1]. The systematic uncertainties from
tracking and PID efficiency of the e�, assigned as 1.0%, are

studied by analyzing radiative Bhabha events. The system-
atic uncertainties from reconstruction efficiencies of neutral
particles are determined to be 2% for π0 and η by studying a
control sample of ψð3770Þ → DD̄ with hadronicD decays,
and 1% for γ by studying a control sample of J=ψ →
πþπ−π0 [24,25]. The uncertainties of the Eextra

γ;max < 0.2 GeV
and Nextra

char ¼ 0 requirements are assigned as 0.5% and
0.9%, respectively, by analyzing DT hadronic events,
whereby one D∓

s decays into one of the tag modes and
the other D�

s decays into KþK−π� or KSK�. The param-
eters of the a0ð980Þ − f0ð980Þ mixing model in generating
the signal MC samples are varied by �1σ, and the change
of signal efficiency is assigned as the systematic uncer-
tainty. By adding these uncertainties in quadrature, the total
uncertainty σϵ is estimated to be 4.7%.
Additive uncertainties affect the signal yield determina-

tion, which is dominated by the imperfect background shape
description. The systematic uncertainty is studied by alter-
ing the nominal MC background shape with two methods.
First, alternative MC shapes are used, where the relative
fractions of backgrounds from the major background source

TABLE III. The DT efficiencies (ϵDTtag;sig) for energy points, (I)
ffiffiffi
s

p ¼ 4.178 GeV, (II) 4.189–4.219 GeV, and (III) 4.226 GeV. The
efficiencies for the energy points 4.189–4.219 GeVare averaged based on the luminosities. The BFs of the subparticle (K0

S, π
0, η and η0)

decays are not included. Uncertainties are statistical only.

Tag mode (I) ϵDTtag;sigð%Þ (II)ϵDTtag;sigð%Þ (III)ϵDTtag;sigð%Þ
D−

s → KþK−π− 4.51� 0.03 4.36� 0.02 4.17� 0.03
D−

s → K0
SK

− 5.67� 0.08 5.42� 0.04 5.00� 0.08
D−

s → π−η 5.63� 0.09 5.46� 0.05 4.85� 0.09
D−

s → π−η0πþπ−η 2.41� 0.06 2.32� 0.03 2.16� 0.06

D−
s → KþK−π−π0 1.26� 0.02 1.25� 0.01 1.19� 0.02

D−
s → πþπ−π− 6.25� 0.07 5.92� 0.04 5.64� 0.07

D−
s → K0

SK
þπ−π− 2.55� 0.05 2.42� 0.02 2.31� 0.04

D−
s → ρ−

π−π0
η 1.76� 0.02 1.68� 0.01 1.52� 0.02

D−
s → π−π0

γρ0
3.66� 0.06 3.49� 0.03 3.26� 0.06

D−
s → K−πþπ− 5.48� 0.09 5.12� 0.04 4.79� 0.09

D−
s → K0

SK
−π0 2.01� 0.04 1.95� 0.02 1.84� 0.04

D−
s → K0

SK
−πþπ− 2.36� 0.06 2.26� 0.03 2.22� 0.06

TABLE IV. The multiplicative systematic uncertainties.

Source σϵ (%)

BðD�
s → γDsÞ 0.8

Bðπ0=η → γγÞ 0.5
eþ Tracking efficiency 1.0
eþ PID efficiency 1.0
π0=η reconstruction 4.0
γ reconstruction 1.0
Eextra
γ;max < 0.2 GeV 0.5

MC statistics 0.5
Nextra

char ¼ 0 0.9
Signal model 1.0
Total 4.7
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Dþ
s → ηeν, qq̄, and non-D�þ

s D−
s open-charm are varied

within their uncertainties. Second, the background shape is
obtained from the generic MC sample using a kernel
estimation method [26] implemented in RooFit [27]. The
smoothing parameter of RooKeysPdf is varied to be 0, 1, and
2 to obtain alternative background shapes.

V. RESULTS

Since the additive uncertainty is obtained with very
limited sample size, it very likely does not obey a Gaussian
distribution and must be considered conservatively. We
repeat the maximum-likelihood fits by varying the back-
ground shape and take the most conservative upper limit
among different choices of background shapes. To incor-
porate the multiplicative systematic uncertainty in the
calculation of the upper limit, the likelihood distribution
is smeared by a Gaussian function with a mean of zero and
a width equal to σϵ as below [28,29]

LðnÞ ∝
Z

1

0

L

�
n
ϵ

ϵ0

�
exp

�
−ðϵ − ϵ0Þ2

2σ2ϵ

�
dϵ; ð7Þ

where LðnÞ is the likelihood distribution as a function of
the yield n and ϵ0 is the averaged efficiency.
The red solid and blue dashed curves in Fig. 4

show the updated and the raw likelihood distributions,
respectively. The upper limit on the BF at the 90%
confidence level, obtained by integrating from zero to
90% of the resulting curve, is BðDþ

s → a0ð980Þ0eþνeÞ×
Bða0ð980Þ0 → π0ηÞ < 1.2 × 10−4.

VI. CONCLUSION

Using 6.32 fb−1 of data taken at
ffiffiffi
s

p ¼
4.178–4.226 GeV and recorded by the BESIII detector
at BEPCII, we perform the first search for Dþ

s →
a0ð980Þ0eþνe and obtain an upper limit on BðDþ

s →
a0ð980Þ0eþνeÞ × Bða0ð980Þ0 → π0ηÞ < 1.2 × 10−4 at the
90% confidence level. No obvious isospin violation is
observed. Comparing to the estimated BF on the order of
10−5, this first study of a0ð980Þ − f0ð980Þ mixing in the

charm sector shows no conflict with the BESIII a0ð980Þ −
f0ð980Þ mixing measurement results in J=ψ and χcJ
decays [9].
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