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Within the QCD light-cone sum rule (LCSR) approach, we investigate the transition form factors of
D → a0ð980Þ up to the twist-3 light-cone distribution amplitudes (LCDAs) of the scalar meson a0ð980Þ in
the two-quark picture. Using these form factors, we calculate the differential decay widths and branching
ratios of theD → a0ð980Þeþνe semileptonic decays. We obtain BðD0→a−0 ð980ÞeþνeÞ¼ð4.08þ1.37

−1.22 Þ×10−4

and BðDþ → a00ð980ÞeþνeÞ ¼ ð5.40þ1.78
−1.59 Þ × 10−4. The results are sensitive to the a0ð980Þ inner structure.

These decays can be searched for at the BESIII experiment, and any experimental observations will be
useful to identify internal quark contents of the a0ð980Þ meson, which will shed light on understanding
theoretical models.

DOI: 10.1103/PhysRevD.96.033002

I. INTRODUCTION

The property of the light scalar meson a0ð980Þ has
been controversial for over three decades, which is one
of the alluring issues in light hadron spectroscopy.
Currently, two scenarios are suggested [1,2]. In scenario
1, a0ð980Þ is treated as the lowest lying qq̄ states, and
a0ð1450Þ as the corresponding first excited state. In
scenario 2, a0ð1450Þ is assumed to be the lowest lying
qq̄ resonances and the corresponding first excited state
lies between (2.0–2.3) GeV, while a0ð980Þ is taken to
be the member of a four-quark nonet. Due to the absence
of convincing evidence both experimentally and theoreti-
cally [3–6], the nature of the isovector states
½aþ0 ð980Þ; a00ð980Þ; a−0 ð980Þ� is still in ambiguity.
The B decays involving a0ð980Þ have been studied

extensively [1,2,6–8], but it is still difficult to draw a
conclusion as to whether a0ð980Þ is a two-quark or a four-
quark state. In order to understand the a0ð980Þ structure,
more decays involving a0ð980Þ in experiments, and more
investigations into theoretical methods, are needed. In this
paper, we study the a0ð980Þ production in D → a0ð980Þ
semileptonic decays. The main difficulty is to properly
evaluate the hadronic matrix elements for theD → a0ð980Þ
transition. The form factors are generally governed by
nonperturbative QCD dynamics. There are several methods
to deal with the difficulty, such as the quark model [9],
the light-front approach [10–12], QCD sum rule (QCDSR)

[13,14], light-cone QCD sum rule (LCSR) [15–17], and the
perturbative QCD factorization approach [18–20]. The
LCSR approach, which starts with the operator product
expansion (OPE) of a two-point correlation function near the
light cone x2 ¼ 0 and with the help of the hadronic
dispersion relation and quark-hadron duality, is successfully
used to calculate heavy-to-light form factors in the region of
small momentum transfer squared, q2 ¼ ðpP − pa0ð980ÞÞ2.
In the LCSR approach, the sum rules for the form factors are
functions of the light-cone distribution amplitudes (LCDAs)
of the scalar meson, which can be expanded into a series of
Gegenbauer polynomials. At present, both the twist-2 and
twist-3 LCDAs of the scalar mesons have been investigated
[1,21,22] based on the QCD sum rules. Here we would like
to adopt LCSR approach to study the semileptonic decays
D0 → a−0 ð980Þeþνe and Dþ → a00ð980Þeþνe, which can
give a hint on the inner structure of a0ð980Þ. We will
calculate the branching ratio of these decays under the
assumption that a0ð980Þ is the lowest lying qq̄ states.
From experimental side, the CLEO-c experiment at the

Cornell Electron Storage Ring (CESR) eþe− collider
collected a sample of 5.31 × 106 DD̄ pairs [23,24], and
the BESIII experiment at BEPCII has also accumulated a
sample of 19.4 × 106 DD̄ pairs near the DD̄ threshold
[25–27]. These data samples provide an ideal place to study
the D → a0ð980Þ semileptonic decays and investigate the
nature of the isovector states a0ð980Þ.
The paper is organized as follows. In Sec. II, we briefly

introduce the flavor wave functions of a0ð980Þ and the
Gegenbauer moments of twist-2 and twist-3 distribution
amplitudes in the QCD sum rules. In Sec. III, we present
the effective Hamiltonian responsible for c → d transition
in the Standard Model and the parametrizations of hadronic
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matrix elements, then the sum rules for the form factors on
the light-cone are presented with the standard correlation
function to the leading Fork state. In Sec. IV, the numerical
computations of form factors are performed with the input
parameters. Subsequently, we analyze the differential decay
rates and the branching ratios of D0 → a−0 ð980Þeþνe and
Dþ → a00ð980Þeþνe by applying the form factors. The last
section is reserved for the conclusion. The explicit expres-
sions of the Gegenbauer moments of twist-3 distribution
amplitudes are collected in the Appendix.

II. PHYSICAL PROPERTIES OF a0ð980Þ
The scalar a0ð980Þ is an isovector state, and its structure

is still not well established. There are two possible
scenarios for the quark content of a0ð980Þ, which have
been stated in Sec. I. In the four-quark scenario, the flavor
wave functions of a0ð980Þ read [1,28]

ja00ð980Þi ¼
1ffiffiffi
2

p jðuū − dd̄Þss̄i; ja−0 ð980Þi ¼ jdūss̄i;

jaþ0 ð980Þi ¼ jud̄ss̄i: ð2:1Þ

In the qq̄ picture, a0ð980Þ is viewed as P-wave state and its
flavor wave functions are given by

ja00ð980Þi ¼
1ffiffiffi
2

p ðjuūi − jdd̄iÞ; ja−0 ð980Þi ¼ jdūi;

jaþ0 ð980Þi ¼ jud̄i: ð2:2Þ

Up to the leading Fock states, the light-cone distributions
of a0ð980Þ made up of q2q̄1 can be defined as

ha0ð980ÞðpÞjq̄2ðxÞγμq1ðyÞj0i

¼ pu

Z
1

0

dueiðup·xþūp:yÞΦSðu; μÞ;

ha0ð980ÞðpÞjq̄2ðxÞq1ðyÞj0i

¼ ma0ð980Þ

Z
1

0

dueiðup·xþūp:yÞΦs
Sðu; μÞ;

ha0ð980ÞðpÞjq̄2ðxÞσμνq1ðyÞj0i

¼ −ma0ð980Þðpμzν − pνzμÞ
Z

1

0

dueiðup·xþūp:yÞΦσ
Sðu; μÞ;

ð2:3Þ

where q2q̄1 denotes the quark content for a00ð980Þ,
aþ0 ð980Þ, and a−0 ð980Þ, which should be dd̄, ud̄, and dū
respectively. Note that the factor 1ffiffi

2
p involved in the flavor

wave function of a00ð980Þ in Eq. (2.2) have not been taken
into account here. It should be included in the calculation
of the final decay rates for D → a0ð980Þ semileptonic
decays. ma0ð980Þ is the mass of a0ð980Þ, z ¼ x − y is the
displacement between the quark and antiquark, and u is the

momentum fraction carried by the quark q2 in a0ð980Þwith
ū ¼ 1 − u. ΦSðu; μÞ and ðΦs

Sðu; μÞ;Φσ
Sðu; μÞÞ are the twist-

2 and twist-3 distribution functions, which can be expanded
into a series of Gengenbauer polynomials in the Hilbert
space [29,30]

ΦSðu; μÞ ¼ f̄SðμÞ6uū
�
B0ðμÞ þ

X∞
m¼1

BmðμÞC3=2
m ð2u − 1Þ

�
;

Φs
Sðu; μÞ ¼ f̄SðμÞ

�
1þ

X∞
m¼1

amðμÞC1=2
m ð2u − 1Þ

�
;

Φσ
Sðu; μÞ ¼ f̄SðμÞ6uū

�
1þ

X∞
m¼1

bmðμÞC3=2
m ð2u − 1Þ

�
;

ð2:4Þ
where f̄S is the scalar decay constant, which is deter-
mined by

ha0ð980ÞðpÞjq̄2q1j0i ¼ ma0ð980Þf̄S; ð2:5Þ

C3=2;1=2
m ð2u − 1Þ are Gengenbauer polynomials. Bm, am

and bm are the Gengenbauer moments for twist-2 and
twist-3 LCDAs respectively. With the orthogonality of
Gengenbauer polynomials

Z
1

0

duC1=2
n ð2u−1ÞC1=2

m ð2u−1Þ¼ 1

2nþ1
δmn;

Z
1

0

duuð1−uÞC3=2
n ð2u−1ÞC3=2

m ð2u−1Þ¼ðnþ2Þðnþ1Þ
4ð2nþ3Þ δmn;

the first four Gengenbauer moments read

a1ðμÞ ¼ 3hξ1si; a2ðμÞ ¼
5

2
ð3hξ2si − 1Þ;

a3ðμÞ ¼
7

2
ð5hξ3si − 3hξ1siÞ;

a4ðμÞ ¼
9

8
ð35hξ4si − 30hξ2si þ 3Þ; ð2:6Þ

b1ðμÞ ¼
5

3
hξ1σi; b2ðμÞ ¼

7

12
ð5hξ2σi − 1Þ;

b3ðμÞ ¼
3

4
ð7hξ3σi − 3hξ1σiÞ;

b4ðμÞ ¼
11

24
ð21hξ4σi − 14hξ2σi þ 1Þ; ð2:7Þ

B0ðμÞ ¼ hξ0ϕi; B1ðμÞ ¼
5

3
hξ1ϕi;

B2ðμÞ ¼
7

12
ð5hξ2ϕi − hξ0ϕiÞ;

B3ðμÞ ¼
3

4
ð7hξ3ϕi − 3hξ1ϕiÞ;

B4ðμÞ ¼
11

24
ð21hξ4ϕi − 14hξ2ϕi þ hξ0ϕiÞ; ð2:8Þ
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where hξ0ϕi ¼ ðm2ðμÞ −m1ðμÞÞ=ma0ð980Þ is the zeroth
moment of twist-2 LCDAs with m1 and m2 being the
masses of quarks q1 and q2, respectively. Moreover,
various moments hξnϕi, hξns i and hξnσi for both twist-2 and
twist-3 LCDAs have been computed in Refs. [1,21,22]
based on QCD sum rules approach. The explicit expres-
sions of hξns i and hξnσi are collected in the Appendix.

III. THE LIGHT-CONE SUM RULE FOR
D → a0ð980Þ TRANSITION FACTORS

In the standard model (SM), the effective Hamiltonian
for the c → deþνe transition is

Heffðc → deþνeÞ

¼ GFffiffiffi
2

p V�
cdd̄γμð1 − γ5Þcν̄eγμð1 − γ5Þeþ þ H:c:; ð3:1Þ

where Vcd is the Cabibbo-Kobayashi-Maskawa (CKM)
matrix element. In order to calculate the decay
amplitude for the semi-leptonic decay of D → a0ð980Þ
at hadronic level, the hadronic matrix element
ha0ð980ÞðpÞjd̄γμγ5cjDðpþ qÞi need to be evaluated.

Because of parity conservation in strong interaction,
the vector current does not contribute. The above matrix
element can be parametrized in terms of the form factors
fþðq2Þ and f−ðq2Þ as

ha0ð980ÞðpÞjd̄γμγ5cjDðpþ qÞi
¼ −i½fþðq2Þpμ þ f−ðq2Þqμ�; ð3:2Þ

The light-cone sum rules for the form factors fþðq2Þ and
f−ðq2Þ can be obtained by introducing a proper chiral
correlator. More explicitly, we adopt the following correlator

Πμðp; qÞ ¼ −
Z

d4xeiqxha0ð980ÞðpÞ

× jTfq̄2ðxÞγμγ5cðxÞ; c̄ð0Þiγ5q1ð0Þgj0i: ð3:3Þ

With the standard procedure to deal with the correlators
which had been used in that of theB → scalar transition form
factors [8,31–35], we can arrive at the sum rules for the
D → a0ð980Þ transition form factor. The light-cone sum
rules for the form factors f�ðq2Þ read

fþðq2Þ ¼
ðmc þmq1Þ

m2
DfD

exp

�
m2

D

M2

��Z
1

u0

du
u
exp

�
−
m2

c þ uūm2
a0ð980Þ − ūq2

uM2

�

×

�
−mcΦSðuÞ þma0ð980Þ

�
uΦs

SðuÞ þ
1

3
Φσ

SðuÞ
�
þ 1

uM2

ma0ð980Þ
6

Φσ
SðuÞðm2

c − u2m2
a0ð980Þ þ q2Þ

�

þma0ð980Þ
6

Φσ
Sðu0Þ exp

�
−

s0
M2

�m2
c − u20m

2
a0ð980Þ þ q2

m2
c þ u20m

2
a0ð980Þ − q2

�
; ð3:4Þ

f−ðq2Þ ¼
ðmc þmq1Þ

m2
DfD

exp

�
m2

D

M2

��Z
1

u0

du
u
exp

�
−
m2

c þ uūm2
a0ð980Þ − ūq2

uM2

�

×

��
ma0ð980Þ

�
Φs

SðuÞ þ
1

6u
Φσ

SðuÞ
��

−
1

u2M2

ma0ð980Þ
6

Φσ
SðuÞðm2

c þ u2m2
a0ð980Þ − q2Þ

�

−
ma0ð980Þ
6u0

Φσ
Sðu0Þ exp

�
−

s0
M2

��
; ð3:5Þ

and

u0 ¼
−ðs0 − q2 −m2

a0ð980ÞÞ þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðs0 − q2 −m2

a0ð980ÞÞ2 þ 4m2
a0ð980Þðm2

c − q2Þ
q

2m2
a0ð980Þ

; ð3:6Þ

where cq̄1 denotes the quark content for D0 and Dþ, which are cū and cd̄, respectively. s0 is the threshold parameter
corresponding to D channel. From the sum rules in Eqs. (3.4) and (3.5), we can see that the form factor fþðq2Þ receives
contributions from both twist-2 and twist-3 distribution amplitudes of a0ð980Þ, while only twist-3 LCDA contribute to the
form factor f−ðq2Þ. Considering Eqs. (3.1) and (3.2), we can obtain the differential decay rate for the D0 → a−0 ð980Þeþνe,
which is expressed as
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dΓ
dq2

ðD0 → a−0 ð980ÞeþνeÞ ¼
G2

FjVcdj2
768π3m3

D

ðq2 −m2
eÞ2

q6

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðm2

D þm2
a0ð980Þ − q2Þ2 − 4m2

Dm
2
a0ð980Þ

q

× fðfþðq2ÞÞ2½ðq2 þm2
a0ð980Þ −m2

DÞ2ðq2 þ 2m2
eÞ − q2m2

a0ð980Þð4q2 þ 2m2
eÞ�

þ 6fþðq2Þf−ðq2Þq2m2
eðm2

D −m2
a0ð980Þ − q2Þ þ 6ðf−ðq2ÞÞ2q4m2

eg; ð3:7Þ

whereme is themass of electron and the effective region ofq2

is m2
e≤q2≤ðmD−ma0ð980ÞÞ2. As for the differential decay

rates for the Dþ→a00ð980Þeþνe, a factor 1=2 should be
included becauseof the quark content ofa00ð980Þ inEq. (2.2).

IV. NUMERICAL CALCULATION
AND DISCUSSION

For the numerical analysis, the following input param-
eters are collected [36–38]

GF ¼ 1.1663787 × 10−5 GeV−2; jVcdj ¼ 0.219� 0.006;

mc ¼ ð1.275� 0.025Þ GeV; mu ¼ ð2.5� 0.8Þ MeV;

md ¼ ð5.0� 0.8Þ MeV; mD ¼ ð1.86484� 0.00005Þ GeV;
mDþ ¼ ð1.86961� 0.00009Þ GeV; fD ¼ ð0.2037� 0.0049Þ GeV;

ma0ð980Þ ¼ ð0.980� 0.020Þ GeV; me ¼ 0.5109989461 × 10−3 GeV;

τD ¼ ð410.1� 1.5Þ × 10−15 s; τDþ ¼ ð1040� 7Þ × 10−15 s ð4:1Þ

and

hαsG2i ¼ ð7.5� 2Þ × 10−2 GeV4; hg3sfG3i ¼ ð8.2� 1Þ × hαsG2i;
hūui ≅ hd̄di ≅ −ð0.254� 0.015Þ3 GeV3; g2shūui2 ¼ g2shd̄di2 ¼ 2.693 × 10−3 GeV6

hgsūσTGui ≅ hgsd̄σTGdi ¼ m2
0hūui; m2

0 ¼ ð0.80� 0.02Þ GeV2; ð4:2Þ

The condensate parameters are given at the scale
μ ¼ 2 GeV, which can be run to any required scales with
the evolution equations.

A. Decay constants for the scalar mesons a0ð980Þ
Taking the mass of a0ð980Þ as input and setting n ¼ 0 in

the sum rules [Eqs. (A1) and (A2)] for the moment of ϕs
S

and ϕσ
S, such as hξ0si, we can calculate the decay constant of

a0ð980Þ. The threshold parameters Ss and Sσ are taken to be
ð5.0� 0.3Þ GeV2 for a0ð980Þ in the scenario that the scalar
mesons are made of two quarks. The Borel window of
a0ð980Þ is determined by the following criteria according
to the Shifman-Vainshtein-Zakharov (SVZ) sum rule,
where the contributions from the dimension-six condensate
(SIX) are less than 10% in the total sum rules and the
contribution of continuum state (CON) does not exceed
20% of the total dispersive integration. Following these
criteria, we can obtain the decay constants of a0ð980Þ and
the corresponding Borel windows at the energy scale
1 GeV

f̄S ¼ ð0.26–0.33Þ GeV;M2 ¼ ð0.65–1.10Þ GeV2; ð4:3Þ

The variation of the decay constant f̄S versus the Borel
parameter M2 are presented in Fig. 1, where one can see
that the decay constant of a0ð980Þ is in a good stability
against the variation of M2 within the Borel window.

B. Moments for the scalar mesons a0ð980Þ
Taking the mass and decay constant for a0ð980Þ as input,

we can further calculate the moment of the twist-2
distribution amplitude ΦS and the twist-3 distribution
amplitudes Φs

S and Φσ
S. In the two-quark picture, the

twist-2 distribution amplitude ΦSðu; μÞ for a0ð980Þ are
antisymmetric under the interchange u ↔ 1 − u in the
flavor SUð3Þ limit, so B0ðμÞ, B2ðμÞ and B4ðμÞ vanish in
that limit. In the following, we will only take into account
B1ðμÞ and B3ðμÞ, which are given in terms of the moments
hξ1ϕi and hξ3ϕi in Eq. (2.8). We use the numerical results for
hξ1ϕi and hξ3ϕi given in Ref [1], which is based on the
QCDSR method at μ ¼ 1 GeV. The values of hξ1ϕi and
hξ3ϕi, together with the corresponding Borel windows, are

hξ1ϕi¼−0.56�0.05; M2¼ð1.10–1.60ÞGeV2; ð4:4Þ
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hξ3ϕi¼−0.21�0.03; M2¼ð1.40–1.90ÞGeV2; ð4:5Þ

As for the twist-3 distribution amplitude, we calculated the
moments of a0ð980Þ from the sum rules given in Eqs. (A1),
(A2), (A3), and (A4). Here, we note that the odd moments
for a0ð980Þ vanish when the conservation of charge parity
and isospin symmetry is considered, so we take only into

account the first two even moments hξ2ð4Þs i and hξ2ð4Þσ i and
neglect the odd moments of a0ð980Þ. In order to find the
stable Borel window for the sum rules for the moments, we
require that the contributions of dimension-six condensate
(SIX) are less than 5% in the total sum rules and the

continuum contribution (CON) does not exceed 20% of
the total dispersive integration. The moments for a0ð980Þ,
the ratio of contribution from the dimension-six condensate
and the ratio of the continuum contribution versus M2 are
shown in Fig. 2 and Fig. 3. From these figures, we can see
that the moments within the Borel windows are stable and

the values of hξ2ð4Þs i and hξ2ð4Þσ i within their stable Borel
window at the energy scale 1 GeV are

hξ2
σ;a0

0

i¼ 0.25�0.03; M2¼ð0.77–1.57ÞGeV2; ð4:6Þ

hξ4
σ;a0

0

i ¼ 0.14; M2 ¼ ð1.56–1.62Þ GeV2; ð4:7Þ

0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.0

0.2

0.4

0.6

0.8

1.0

M2 GeV2

s2

D a0 980 0e e

SIX CON

0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.0

0.2

0.4

0.6

M2 GeV2

s4

D a0 980 0e e

CON

0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.0

0.2

0.4

0.6

M2 GeV2

2

D a0 980 0e e

SIX CON

0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.0

0.2

0.4

0.6

M2 GeV2

4

D a0 980 0e e

SIX

SIX

CON

FIG. 2. The moments hξ2ð4Þs i and hξ2ð4Þσ i for a00ð980Þ versus M2. The green line denotes the fraction of the contribution of dimension-
six condensate (SIX), and the red line the fraction of the continuum contribution (CON).

0.1 0.5 0.9 1.3 1.7

0.1

0.3

0.6

0.9

M2 GeV2

f S
G

eV

D0 a0 980 e e

SIX CON

0.1 0.5 0.9 1.3 1.7

0.1
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M2 GeV2

f S
G

eV

D a0 980 0e e

SIX CON

FIG. 1. Decay constants of a0ð980Þ versusM2. The green line denote the fraction of the dimension-six condensate contribution (SIX),
and the red line the fraction of the continuum contribution (CON).
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hξ2s;a0
0

i ¼ 0.48; M2 ¼ ð1.56–1.57Þ GeV2; ð4:8Þ

hξ4s;a0
0

i¼ 0.31�0.01; M2¼ð1.28–1.62ÞGeV2; ð4:9Þ

and

hξ2σ;a−
0
i¼ 0.26�0.04; M2¼ð0.77–1.57ÞGeV2; ð4:10Þ

hξ4σ;a−
0
i ¼ 0.14; M2 ¼ ð1.57–1.62Þ GeV2; ð4:11Þ

hξ2s;a−
0
i¼ 0.49�0.01; M2¼ð1.56–1.57ÞGeV2; ð4:12Þ

hξ4s;a−
0
i¼ 0.31�0.01; M2¼ð1.29–1.62ÞGeV2; ð4:13Þ

where ξ2ð4Þ
σ;a0

0

and ξ2ð4Þ
s;a0

0

denote the moments for a00ð980Þ,
while ξ2ð4Þσ;a−

0
and ξ2ð4Þs;a−

0
the moments for a−0 ð980Þ.

C. The form factors of the D → a0ð980Þ transition
With the sum rules for the form factors f�ðq2Þ in

Eq. (3.4) and Eq. (3.5), we can proceed the numerical
calculation for the form factors. The threshold parameter s0,
which corresponds to the mass of the lowest pseudoscalar
D meson, can be estimated in several effective scenarios
[17,39–43]. We adopt s0 ¼ ð5.37� 0.13Þ GeV2 corre-
sponding to the D channel. In order to determine the range
of Borel parameter M2, we consider the LCSR for form
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FIG. 3. The moments hξ2ð4Þs i and hξ2ð4Þσ i for a−0 ð980Þ versusM2. The green line denotes the fraction of the contribution of dimension-
six condensate (SIX), and the red line the fraction of the continuum contribution (CON).
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factors fþð0Þ, and require that the contributions of the
higher excited resonances and continuum states do not
exceed 20% and the value of fþð0Þ mildly varies with
respect to the Borel parameter. In view of these consid-
erations, the range of the Borel parameterM2 is determined
as 2.51 GeV2 ≤ M2 ≤ 4.18 GeV2 for the decay channel
D0 → a−0 ð980Þeþνe, and 2.55 GeV2 ≤ M2 ≤ 4.21 GeV2

for the decay channel Dþ → a00ð980Þeþνe. The Borel
parameter dependence of the LCSR for form factor
fþð0Þ is shown in Fig. 4.
Next, we investigate the q2 dependence of the form

factors fþðq2Þ and f−ðq2Þ based on the sum rules in
Eqs. (3.4) and (3.5). We adopt the double-pole form to
parametrize the form factors fiðq2Þði ¼ þ;−Þ

fiðq2Þ ¼
fið0Þ

1 − aiq2=m2
D þ biq4=m4

D
; ð4:14Þ

in the kinematical region m2
e ≤ q2 ≤ ðmD −ma0ð980ÞÞ2.

Here, ai and bi are the nonperturbative parameters, which
can be fixed by the values of form factors at the small and
intermediate q2 in the LCSR approach. The numerical

results for the parameters fi, ai, and bi are shown in Table I
and Table II, where the theoretical uncertainties are caused
by varying the Borel parameter M, the threshold value
parameter s0, the c quark mass, the decay constants and
masses of the involved mesons and the Gegenbauer
moments for the twist-2 and twist-3 LCDAs of a0ð980Þ.

D. The decay rates for the D → a0ð980Þ
semileptonic decays

Using Eq. (3.7) and the transition form factors obtained
in the LCSR, we are in a position to calculate the differ-
ential decay rates and the branching ratios for the D →
a0ð980Þ semileptonic decays. In Eq. (3.7), the terms
involving fþðq2Þf−ðq2Þ and ðf−ðq2ÞÞ2 are suppressed
by the small mass of electrons, so the differential decay
rates and the branching ratios are dominated by the term of
ðfþðq2ÞÞ2. We present the distributions of the differential
decay rates forD0→a−0 ð980Þeþνe andDþ → a00ð980Þeþνe
in the kinematic region m2

e ≤ q2 ≤ ðmD −ma0ð980ÞÞ2 in
Fig. 5. Furthermore, we can obtain the branching ratios
of D0 → a−0 ð980Þeþνe and Dþ → a00ð980Þeþνe by per-
forming the integration of the differential decay rates over
the momentum transfer squared q2. The results are

BðD0 → a−0 ð980ÞeþνeÞ ¼ ð4.08þ1.37
−1.22Þ × 10−4; ð4:15Þ

BðDþ → a00ð980ÞeþνeÞ ¼ ð5.40þ1.78
−1.59Þ × 10−4: ð4:16Þ

As for a0ð980Þ, the dominant decay modes are ηπ and KK̄.
By applying the averaged value in the Particle Data Group
(PDG) Γða0ð980Þ→KK̄Þ=Γða0ð980Þ→ηπÞ¼0.183�0.024
[38], one can obtain [1,6]

Bða0ð980Þ → ηπÞ ¼ 0.845� 0.017; ð4:17Þ

so the branching ratios BðD→a0ð980Þeþνe;a0ð980Þ→ηπÞ
will have values above 10−4, which can be observed using
the current data samples, such as the sample of DD̄ pairs at
CLEO-c and the sample of DD̄ pairs at BESIII. If these
decay channels have no signal to be observed or the

TABLE I. Numerical results for the parameters fi, ai
and bi involved in the double-pole fit of form factors for
D0 → a−0 ð980Þeþνe.

fið0Þ ai bi

fþ 1.75þ0.26
−0.27 0.54 0.91þ0.17

−0.09

f− 0.31� 0.13 1.14þ2.46
−1.11 1.70þ3.00

−3.97

TABLE II. Numerical results for the parameters fi, ai, and bi
involved in the double-pole fit of form factors for
Dþ → a00ð980Þeþνe.

fið0Þ ai bi

fþ 1.76� 0.26 0.55� 0.01 0.94þ0.16
−0.08

f− 0.31� 0.13 1.23þ2.36
−1.12 −1.55þ6.30

−0.92
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FIG. 5. The differential decay width for D0 → a−0 ð980Þeþνe and Dþ → a00ð980Þeþνe.
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measurements of the branching ratios disagree with the
above predictions, the two-quark picture for a0ð980Þ will
be disfavored.

V. CONCLUSION

In this work, we study the semileptonic decays of
D0 → a−0 ð980Þeþνe and Dþ → a00ð980Þeþνe in the
LCSR approach, where the scalar a0ð980Þ is assumed as
qq̄ state. We calculate the form factors responsible for these
decays up to twist-3 distribution amplitudes for the scalar
meson. The differential decay rates and branching ratios of
D0 → a−0 ð980Þeþνe and Dþ → a00ð980Þeþνe are obtained.
We find that these decay channels can be hopefully
observed in experiment, which might be beneficial to
identify the inner structures of a0ð980Þ.
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APPENDIX: THE SUM RULES FOR THE
MOMENTS OF Φs

S AND Φσ
S

The sum rule for the even moments of ϕσ
S up to

dimension-six condensates can be expressed as [22]:

−
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The sum rule for the scalar density even moments of ϕs
S up to dimension-six condensates is
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Here, the zeroth moments are normalized to one, so we can obtain hξ0si ¼ hξ0σi ¼ 1. The sum rule for the odd moments of ϕs
S

up to dimension-six condensates is given by
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The sum rule for the odd moments of ϕσ
S up to dimension-six condensates is given by
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where M is the Borel parameter, m2
12 ¼ m2

1xþm2
2ð1 − xÞ, and Ss and Sσ are the threshold parameters that are taken to be

around the squared mass of the scalar’s first excited state.
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