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Decays D → πþπ−eþνe and Ds → πþπ−eþνe serve as probes that check the existence of constituent qq̄
components in the wave functions of scalar mesons decaying into πþπ−. There exists a great deal of
concrete evidence in favor of the exotic four-quark nature of light scalars. At the same time, the further
expansion of the area of the q2q̄2 model validity for light scalars on ever new processes seems extremely
interesting and important. We analyze the BESIII and CLEO data on the decays Dþ → πþπ−eþνe and
Dþ

s → πþπ−eþνe and show that the results of these experiments together can be interpreted in favor of the
four-quark nature of light scalar mesons σð500Þ and f0ð980Þ. Our approach can also be applied to the
description of other similar decays involving light scalars.
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I. INTRODUCTION

In the works [1,2], a program was proposed for studying
the σð500Þ, f0ð980Þ, and a0ð980Þ resonances in semi-
leptonic decays of D and B mesons. These decays provide
direct probe of constituent two-quark components in the
wave functions of light scalars [1,2]. So for the decays
of Dþ

s , D0, and Dþ mesons we have: Dþ
s → ss̄eþνe →

½σð500Þ þ f0ð980Þ�eþνe → πþπ−eþνe, D0→dūeþνe→
a−0 ð980Þeþνe→π−ηeþνe, Dþ→dd̄eþνe→a00ð980Þeþνe→
π0ηeþνe, and Dþ→dd̄eþνe→ ½σð500Þþf0ð980Þ�eþνe→
πþπ−eþνe. The development of this program [1–4] resulted
in evidences in favor of the exotic nature of light scalar
mesons. Certainly, there are many theoretical works in
which the semileptonic decays of D mesons are explored
from many different aspects, see, for example, Refs. [5–9]
and references herein.
The available data on the branching fractions of the

semileptonic decaysDþ
s →πþπ−eþνe andDþ→πþπ−eþνe

involving light scalar mesons [10–12] are collected in
Table I. The CLEO and BESIII collaborations also pre-
sented data on the shapes of the πþπ− S-wave mass spectra
in these decays [10,11]. In this paper, in the light of the
program [1,2], we analyze the recent BESIII data [11] on

the decay Dþ → πþπ−eþνe together with the CLEO data
[10] on the decay Dþ

s → πþπ−eþνe. We show that the
results of these experiments on the πþπ− mass spectra can
be interpreted in favor of the four-quark nature of light
scalar mesons.
This paper is organized as follows. In Sec. II we present

the general formulas for the semileptonic decay widths of
Dþ

s and Dþ mesons into light scalars. In Sec. III we
consider the production of the mixed σð500Þ − f0ð980Þ
resonance complex which proceeds via direct couplings
of σ and f0 with qq̄ pairs created in semileptonic decays
of Dþ and Dþ

s mesons. We find a sharp contradiction of
this production mechanism with the data on the πþπ− mass
spectra in theDþ→πþπ−eþνe decay. Section IV is devoted
to an analysis of the four-quark production mechanism of
the σ and f0 states. Within the existing data, this mecha-
nism seems to be the most real. This section also contains
an important remark about the dip/peak manifestation of
the f0ð980Þ resonance.

II. SEMILEPTONIC DECAY WIDTHS

First of all, we write the differential width for theDþ and
Dþ

s decays into πþπ−eþνe in the form

d2ΓDþ
cq̄→ðS→πþπ−Þeþνeðs; q2Þ

d
ffiffiffi
s

p
dq2

¼ G2
FjVcqj2
24π3

p3
πþπ−ðmDþ

cq̄
; q2; sÞjfD

þ
cq̄

þ ðq2Þj2 2
ffiffiffi
s

p
π

× jFDþ
cq̄

qq̄→S→πþπ−ðsÞj2ρπþπ−ðsÞ; ð1Þ
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where the index qðq̄Þ ¼ dðd̄Þ; sðs̄Þ; Dþ
cd̄
≡Dþ, Dþ

cs̄ ≡Dþ
s ,

next we use the notation that is convenient; s and q2 are
the invariant mass squared of the virtual scalar state S
(or the πþπ− system) and the eþνe system, respectively;GF
is the Fermi constant, jVcqj is a Cabibbo-Kobayshi-
Maskawa matrix element (note that jVcsj=jVcdj ≃ 20.92
[12]); pπþπ− is the magnitude of the three-momentum of the
πþπ− system in the D meson rest frame,

pπþπ−ðmDþ
cq̄
; q2; sÞ

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
½ðmDþ

cq̄
−

ffiffiffi
s

p Þ2 − q2�½ðmDþ
cq̄
þ ffiffiffi

s
p Þ2 − q2�

q
=ð2mDþ

cq̄
Þ;

ð2Þ

and ρπþπ−ðsÞ ¼ ð1 − 4m2
πþ=sÞ1=2. In a simplest pole

approximation, the form factor f
Dþ

cq̄
þ ðq2Þ has the form

f
Dþ

cq̄
þ ðq2Þ ¼ f

Dþ
cq̄

þ ð0Þ
1 − q2=m2

A
; ð3Þ

where mA, in principle, can be extracted from the data

by fitting [10]. The amplitude F
Dþ

cq̄

qq̄→S→πþπ−ðsÞ describes

the formation and πþπ− decay of the virtual scalar state
S produced in the Dþ

cq̄ → πþπ−eþνe decay. For example,
in case of direct production of a single scalar resonance,

jFDþ
cq̄

qq̄→S→πþπ−ðsÞj2ρπþπ−ðsÞ¼
ffiffiffi
s

p
ΓS→πþπ−ðsÞ=jDSðsÞj2, where

ΓS→πþπ−ðsÞ is the S → πþπ− decay width, 1=DSðsÞ is the
propagator of S, and the amplitude normalization (in this

case) is hidden in f
Dþ

cq̄
þ ð0Þ. The πþπ− invariant mass

distribution is given by

dΓDþ
cq̄→ðS→πþπ−ÞeþνeðsÞ

d
ffiffiffi
s

p

¼ G2
FjVcqj2
24π3

jfD
þ
cq̄

þ ð0Þj2ΦðmDþ
cq̄
; mA; sÞ

2
ffiffiffi
s

p
π

× jFDþ
cq̄

qq̄→S→πþπ−ðsÞj2ρπþπ−ðsÞ; ð4Þ

where

ΦðmDþ
cq̄
; mA; sÞ ¼

Z ðmDþ
cq̄
−

ffiffi
s

p Þ2

0

p3
πþπ−ðmDþ

cq̄
; q2; sÞ

j1 − q2=m2
Aj2

dq2: ð5Þ

Figure 1 illustrates the energy dependence of ΦðmDþ
cq̄
;

mA; sÞ for Dþ and Dþ
s decays. Note that this function

notably enhances the πþπ− mass spectrum as
ffiffiffi
s

p
decreases.

III. qq̄-PROBE IN OPERATION

We now consider the production of the mixed σð500Þ −
f0ð980Þ resonance complex (briefly σ and f0) which
proceeds via direct couplings of σ and f0 with qq̄ pairs
created in semileptonic decays of Dþ and Dþ

s mesons (see
Fig. 2). This mechanism is the probe that verifies the
existence of the corresponding constituent qq̄ component
in the wave function of a scalar meson. There exists a great
deal of concrete evidence in favor of the exotic four-quark
nature of light scalars [13], see also Ref. [14]. Reviews of
the current situation can be found, for example, in
Refs. [3,4,15,16]. At the same time, the further expansion
of the area of the q2q̄2 model validity for light scalars on
ever new processes seems to us extremely interesting and
important.
The transition amplitude qq̄ → S → πþπ− corresponding

to the indicatedmechanism isdenotedbyF
Dþ

cq̄;direct

qq̄→S→πþπ−ðsÞ and
write it in the form
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FIG. 1. The solid curves show the functions ΦðmDþ ; mA; sÞ at
mA ¼ mDþ

1
¼ 2.42 GeV and ΦðmDþ

s
; mA; sÞ at mA ¼ mDþ

s1
¼

2.46 GeV. The vertical dotted lines indicate the πþπ− and the
KþK− threshold positions.

TABLE I. Branching fractions (B) and widths (Γ ¼ B=τD, where τD is theD lifetime [12]) of semileptonic decays
of the Dþ

s and Dþ mesons.

Decay B ð×10−4Þ Collaboration Γ ð×108 s−1Þ
Dþ

s → f0ð980Þeþνe, f0ð980Þ → πþπ− 20� 3� 1 CLEO [10] 39.7� 6.3
Dþ → σð500Þeþνe, σð500Þ → πþπ− 6.30� 0.43� 0.32 BESIII [11] 6.06� 0.51
Dþ → f0ð980Þeþνe, f0ð980Þ → πþπ− <0.28 BESIII [11] <0.27
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F
Dþ

cq̄;direct

qq̄→S→πþπ−ðsÞ
¼ eiδ

ππ
B ðsÞX

r;r0
gqq̄rG−1

rr0gr0πþπ−

¼ eiδ
ππ
B ðsÞðgqq̄σ; gqq̄f0 Þ

�
Dσ −Πσf0

−Πf0σ Df0

�−1� gσπþπ−

gf0πþπ−

�
;

ð6Þ

where rðr0Þ ¼ σ; f0; gqq̄r and grπþπ− are the coupling con-
stants, Dr is the inverse propagator of the unmixed scalar
resonance r with the mass mr, and Πrr0 ¼ Πr0r is a non-
diagonal element of the polarization operator. Dr has the
form

Dr ≡DrðsÞ ¼ m2
r − sþ

X
ab

½ReΠab
r ðm2

rÞ − Πab
r ðsÞ�; ð7Þ

where Πab
r ðsÞ stands for the diagonal matrix element of the

polarization operator of the resonance r corresponding to

the contribution of the ab intermediate state (πþπ−; π0π0,
KþK−; K0K̄0, etc). ReΠab

r ðsÞ is defined by the singly
subtracted at s ¼ 0 dispersion integral of

ImΠab
r ðsÞ ¼ ffiffiffi

s
p

Γr→abðsÞ ¼ ηab
g2rab
16π

ρabðsÞ; ð8Þ

where grab is the coupling constant of r with ab, ρabðsÞ¼ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s−mðþÞ2

ab

q ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s−mð−Þ2

ab

q
=s,mð�Þ

ab ¼ma�mb [here s>mðþÞ2
ab ],

and ηab ¼ 1 (1=2) for different (identical) decay particles
ab, respectively. We also have

Πrr0 ≡ Πrr0 ðsÞ ¼ Crr0 þ
X
ab

gr0ab
grab

Πab
r ðsÞ; ð9Þ

where Crr0 being the resonance mixing parameter. The
determinant of Grr0 is Δ ¼ DσDf0 − Π2

σf0
. Thus the ampli-

tudes for the Dþ and Dþ
s decays have the form:

FDþ;direct
dd̄→S→πþπ−ðsÞ ¼

eiδ
ππ
B ðsÞ

ΔðsÞ fgdd̄σ½Df0ðsÞgσπþπ− þ Πσf0ðsÞgf0πþπ− � þ gdd̄f0 ½DσðsÞgf0πþπ− þ Πσf0ðsÞgσπþπ− �g: ð10Þ

FDþ
s ;direct

ss̄→S→πþπ−ðsÞ ¼
eiδ

ππ
B ðsÞ

ΔðsÞ fgss̄σ½Df0ðsÞgσπþπ− þ Πσf0ðsÞgf0πþπ− � þ gss̄f0 ½DσðsÞgf0πþπ− þ Πσf0ðsÞgσπþπ− �g: ð11Þ

Here, we use the expressions and numbers from Ref. [17]
(corresponding to fitting variant 1 from Table I therein)
for propagators 1=DσðsÞ and 1=Df0ðsÞ of σð500Þ and
f0ð980Þ resonances, the polarization operator matrix
element Πσf0ðsÞ, the δππB ðsÞ phase of the elastic background
in the S-wave ππ scattering, gσπþπ− and gf0πþπ− coupling
constants, etc.
Note that our principal conclusions are independent of a

concrete fitting variants presented in Refs. [17–19], con-
taining the excellent simultaneous descriptions of the phase
shifts, inelasticity, and mass distributions in the reactions
ππ → ππ, ππ → KK̄, and ϕ → π0π0γ. Also note that the
expressions in square brackets in Eqs. (10) and (11) are real
for

ffiffiffi
s

p
below the KþK− threshold.

Consider the variant corresponding to the following
simple choice of direct coupling constants σ and f0
with qq̄:

gss̄σ ¼ 0; gdd̄f0 ¼ 0; gdd̄σ ¼ g0=
ffiffiffi
2

p
; gss̄f0 ¼ g0:

ð12Þ

Further, without loss of generality, we put g0 ¼ 1. The

normalization constants fD
þ
sþ ð0Þ and fD

þ
þ ð0Þ in (3) are

assumed to be equal. Then, substituting (10) and (11) into
(4) and integrating over the intervals 2mπ <

ffiffiffi
s

p
<

1.4 GeV and 0.6 GeV <
ffiffiffi
s

p
< 1.2 GeV, respectively,

we get the ratio of the widths

(a) (b)

FIG. 2. Model of the Dþ → ðσ=f0 → πþπ−Þeþνe and Dþ
s → ðσ=f0 → πþπ−Þeþνe decays.
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ΓDþ
s →πþπ−eþνe

ΓDþ→πþπ−eþνe
≈ 5.62: ð13Þ

Thus, we have satisfactory agreement with the data given in
Table I, according to which this ratio is equal to 6.55� 1.18.
However, Fig. 3 indicates that the joint description of the
πþπ− mass spectra in Dþ

s → πþπ−eþνe and Dþ →
πþπ−eþνe decays sharply contradicts the BESIII [11] data
at

ffiffiffi
s

p
< 1 GeV. These data demonstrate a smooth and

wide πþπ− spectrum in the decay Dþ → πþπ−eþνe [see
Fig. 3(b)], due to, according to the authors of Ref. [11], the
σð500Þ resonance production. It is interesting that this
contradiction is caused by the small mass and large width
of the unshielded σ resonance [12,17–21], i.e., its main
features. The factorΦðmDþ

cq̄
; mA; sÞ in (4) more enhances the

πþπ− mass spectrum in the near-threshold region (see
Fig. 1). Note that the fundamental role of the chiral shielding
in the fate of the σð500Þ meson was demonstrated in the
linear σ model [22] (which turned out to be a nontrivial
realization of QCD in the low-energy region) using examples
of the reactions ππ → ππ and γγ → ππ [20,21].
But what is the sensitivity of the mass spectra shown

in Fig. 3 to possible deviations of gss̄σ and gdd̄f0 from zero?
Let the values of these constants are in the intervals:

−0.2 < gss̄σ < 0.2; −0.2 < gdd̄f0 < 0.2

[compare with Eq. (12) at g0 ¼ 1]. Then the ratio
ΓDþ

s →πþπ−eþνe=ΓDþ→πþπ−eþνe will be in the range from 5
to 7. From Eqs. (10) and (11) it can be seen that the
difference of gss̄σ from zero affects only the amplitude

FDþ
s ;direct

ss̄→S→πþπ−ðsÞ and the difference of gdd̄f0 from zero affects

only the amplitude FDþ;direct
dd̄→S→πþπ−ðsÞ. As a result, it turns out

that the mass spectrum in Fig. 3(b) varies slightly only in
the f0ð980Þ region. In most cases, the expected small peak

from f0ð980Þ resonance appears in it. Thus, a contradiction
with the data presented in Fig. 3(b) remains completely
throughout the entire region

ffiffiffi
s

p
< 1 GeV. Difference of

gss̄σ from zero worsens the description of the πþπ− mass
spectrum in the decay Dþ

s → πþπ−eþνe in the f0ð980Þ
region shown in Fig. 3(a). Worsening is associated with a
noticeable rise of the left wing of the f0ð980Þ resonance.
But a particularly significant effect of σð500Þ arises near the
πþπ− threshold when the gss̄σ ≈ −0.2. The πþπ− mass
spectrum in the decay Dþ

s → πþπ−eþνe at
ffiffiffi
s

p
< 0.5 GeV

turns out to be similar to one in the decayDþ → πþπ−eþνe
in the same region of

ffiffiffi
s

p
[see Fig. 3(b)]. Such a manifes-

tation of the σð500Þ resonance in Dþ
s → πþπ−eþνe is

extremely improbable.
So, we discard the above-described model of the crea-

tion of σ and f0 states due to the presence of dd̄
and ss̄ components in their wave functions, respectively.
Figuratively, we can say that the qq̄ probe existing in
semileptonic ðDþ; Dþ

s Þ → πþπ−eþνe decays does not find,
to a first approximation, the corresponding qq̄ components.
It was directly shown in Ref. [1] that the transition ss̄ →

σð500Þ is negligible compared to the transition ss̄ →
f0ð980Þ. In the work [1], it was also shown that the intensity
of the ss̄ → f0ð980Þ transition is about thirty percent of the
intensity of the ss̄ → ηs (where ηs ¼ ss̄), g2ss̄f0=g

2
ss̄ηs ≈ 0.3,

contrary expected equality of these intensities in the chiral-
symmetric models like the Nambu-Jona-Lasinio one. The
above analysis obviously supports the conclusion made in
Ref. [1] that the decay Dþ

s → πþπ−eþνe testifies to the
previous conclusions about the dominant role of the four-
quark components in σð500Þ and f0ð980Þ mesons.

IV. FOUR-QUARK PRODUCTION MECHANISM

Let us now consider the four-quark σð500Þ ¼ uūdd̄ and
f0ð980Þ ¼ ss̄ðuūþ dd̄Þ= ffiffiffi

2
p

meson production which is
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FIG. 3. (a) The points with the error bars are the CLEO data [10] on the πþπ− invariant mass distribution in the decay Dþ
s →

πþπ−eþνe dominated by the f0ð980Þ resonance production. The dashed curve shows the total contribution from three noncoherent
background processes estimated by CLEO [10]. (b) The dashed curve represents the smoothed BESIII histogram with 0.017-GeV-wide-
step for the πþπ− S-wave distribution extracted by BESIII from the treatment of Dþ → πþπ−eþνe events [11]. Uncertainties in the
BESIII data can range from 10% to 20%. The K0

S veto region around 0.5 GeV [11] is shown by the dotted curve. The solid curves in (a)
and (b) correspond to the model described by Eqs. (10)–(12).
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symbolically depicted in the diagrams of Figs. 4 and 5.
(We emphasize that in the processing of the data we use, of
course, the resonance complex of the mixed states σ and f0
states [17–19].) These are ideal q2q̄2 states of the MIT bag
with superallowed decays σ → ππ and f0 → KK̄ [13]. On
the contrary, the decays σ → KK̄ and f0 → ππ are sup-
pressed for these states by the Okubo-Zweig-Iizuka (OZI)
rule [23–27]. Due to the small mass of σ, the OZI
suppressed decay σ → KK̄ does not play any role at all.
At the same time, the main decay of f0ð980Þ under the KK̄
threshold is precisely the decay f0ð980Þ → ππ due to a
small σ − f0 mixing. Thus, the decay Dþ

s → πþπ−eþνe,
owing to the OZI-suppression of the σ resonance creation
[see Fig. 4(a)], is dominated by the f0ð980Þ resonance
production [see Fig. 4(b)] followed by its decay into
πþπ−: Dþ

s → f0ð980Þeþνe → πþπ−eþνe.
In the decay Dþ → πþπ−eþνe, production of the four-

quark states σð500Þ and f0ð980Þ is not suppressed by the
OZI rule, see Fig. 5, and it would seem that both states
should manifest themselves as enhancements in the πþπ−
mass spectrum. However, the remarkable fact confirmed in
many reactions is that when there are no valence ss̄ pairs
in the generating channel, the f0ð980Þ resonance manifests
itself (each time) in the ππ mass spectrum not in the
form of a peak, but in the form of a sharp dip or sharp ledge,
or a completely insignificant fluctuation. The reason for
this is the destructive interference of the f0ð980Þ contri-
bution with a large and smooth background, which is
present in the ππ decay channel and has a phase of ≈90°.
Striking examples here are the data on the reactions
ππ → ππ [28,29], pp → pðππÞp [30], J=ψ → ωπþπ−
[31], ϒð10860Þ → ϒð1SÞπþπ− [32], and, of course, the

discussed new BESIII data on Dþ → πþπ−eþνe [11] (see
also in this connection a comment in Ref. [33]).
And vice versa, when valence ss̄ pairs are present in the

generating channel, such as in the reactions K−p →
πþπ−ðΛ;Σ0Þ [34], J=ψ → ϕπþπ− [35], Dþ

s → πþπþπ−
[36], and Dþ

s → πþπ−eþνe [10], then a sharp peak is
observed in the f0ð980Þ resonance region.
The described picture of the creation of four-quark

resonances in the Dþ→πþπ−eþνe and Dþ
s → πþπ−eþνe

decays can be effectively realized in the language of
hadronic states, see Figs. 6 and 7. The mechanisms
indicated in Figs. 6 and 7 imply that the S-wave πþπ−
system can be produced via seed four-quark fluctua-
tions dd̄ → ππ, dd̄ → KK̄, and ss̄ → KK̄, which are then
dressed by strong interactions in the final state. According
to Figs. 6 and 7, we write the amplitudes FDþ

dd̄→S→πþπ−ðsÞ
and FDþ

s
ss̄→S→πþπ−ðsÞ from Eq. (4) in the form

FDþ
dd̄→S→πþπ−ðsÞ ¼ λdd̄πþπ− ½1þ Iπþπ−ðsÞT0

0ðsÞ�
þ λdd̄K0K̄0IK0K̄0ðsÞTK0K̄0→πþπ−ðsÞ; ð14Þ

FDþs
ss̄→S→πþπ−ðsÞ ¼ λss̄K0K̄0 ½IKþK−ðsÞ þ IK0K̄0ðsÞ�

× TK0K̄0→πþπ−ðsÞ; ð15Þ

where T0
0ðsÞ ¼ Tπþπ−→πþπ−ðsÞ þ 1

2
Tπ0π0→πþπ−ðsÞ is the S-

wave amplitude of the reaction ππ → ππ in the channel
with isospin I ¼ 0 composed of the amplitudes related to
individual charge channels; T0

0ðsÞ¼½η00ðsÞexpð2iδ00ðsÞÞ−1�=
ð2iρπþπ−ðsÞÞ, where η00ðsÞ and δ00ðsÞ are the corresponding
inelasticity and phase of ππ scattering; TK0K̄0→πþπ−ðsÞ is

(a) (b)

FIG. 5. Production of the four-quark σð500Þ and f0ð980Þ mesons in Dþ decays.

(a) (b)

FIG. 4. Production of the four-quark σð500Þ and f0ð980Þ mesons in Dþ
s decays.
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the amplitude of the S-wave transition K0K̄0 → πþπ−;
TKþK−→πþπ−ðsÞ ¼ TK0K̄0→πþπ−ðsÞ [17–19,37,38]. Functions
IaāðsÞ (where aā ¼ πþπ−; KþK−; K0K̄0) are the ampli-
tudes of the one-loop two-point diagrams describing aā →
aā → (the scalar state with a mass equaling

ffiffiffi
s

p
) transitions

in which initial aā pairs are produced by qq̄ sources
described by coupling constants λqq̄aā. Above the aā
threshold, IaāðsÞ has the form [17]

IaāðsÞ ¼ C̃aā þ ρaāðsÞ
�
i − 1

π
ln
1þ ρaāðsÞ
1 − ρaāðsÞ

�
; ð16Þ

where ρaāðsÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − 4m2

a=s
p

(we put mπ0 ¼ mπþ and take
into account the mass difference of Kþ and K0); ifffiffiffi
s

p
< 2mK , then ρKK̄ðsÞ → ijρKK̄ðsÞj; C̃πþπ− and C̃KþK− ¼

C̃K0K̄0 are subtraction constants in the loops.
For reasons of SUð3Þ symmetry, we will assume

that all seed coupling constants in Eqs. (14) and (15) are
the same: λdd̄πþπ− ¼ λss̄K0K̄0 ¼ λss̄KþK− ¼ λdd̄K0K̄0 . For rea-

sons of SUð4Þ symmetry, fD
þ
sþ ð0Þ ¼ fD

þ
þ ð0Þ. Then, for

example, the product fD
þ
sþ ð0Þλss̄K0K̄0 will determine the

absolute normalization of the widths ΓDþ
s →πþπ−eþνe and

FIG. 7. The semileptonic decay Dþ
s → πþπ−eþνe.
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FIG. 8. The same as in plots (a) and (b) in Fig. 3, but the solid theoretical curves correspond to the model describable by
Eqs. (14)–(16).

(a) (b)

FIG. 6. The semileptonic decay Dþ → πþπ−eþνe.

ACHASOV, KISELEV, and SHESTAKOV PHYS. REV. D 102, 016022 (2020)

016022-6



ΓDþ→πþπ−eþνe . But the ratio ΓDþ
s →πþπ−eþνe=ΓDþ→πþπ−eþνe

does not depend on this parameter.
Since the amplitudes T0

0ðsÞ and TK0K̄0→πþπ−ðsÞ are
known [17–19] from the analysis of the data on the
reactions ππ → ππ, ππ → KK̄, and ϕ → π0π0γ, then we
have only two parameters C̃πþπ− and C̃KþK− to describe
the πþπ− mass spectra in the decays Dþ → πþπ−eþνe
and Dþ

s → πþπ−eþνe as well as the value of the ration
ΓDþ

s →πþπ−eþνe=ΓDþ→πþπ−eþνe in agreement with experiment.
The choice of C̃πþπ− ¼ 1.8 and C̃KþK− ¼ 1.0 provides a

good simultaneous description of the πþπ− mass spectra in
the decays Dþ → πþπ−eþνe and Dþ

s → πþπ−eþνe, see
Fig. 8, and gives the ratio ΓDþ

s →πþπ−eþνe=ΓDþ→πþπ−eþνe ≃
6.55, which is in excellent agreement with the data. Let us
note that Fig. 3(b) demonstrates a sharp contradiction with
the BESIII data in all region of

ffiffiffi
s

p
for the qq̄ production

mechanism, which is discussed immediately below

Eq. (13). In contrast, Fig. 8(b) shows a good agreement
with the data in the case of the creation of four-quark
resonances.
In summary, in the light of the program [1,2], we have

analyzed the recent BESIII data [11] on the decay Dþ →
πþπ−eþνe together with the CLEO data [10] on the decay
Dþ

s → πþπ−eþνe and showed that the results on the πþπ−
mass spectra of these experiments together can be inter-
preted in favor of the four-quark nature of light scalar
mesons σð500Þ and f0ð980Þ. Our approach can also be
applied to the description of other similar decays involving
light scalars.
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