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We present a novel framework for analyzing four-body semileptonic weak decays, performing the first
high-twist analysis of theDs → ½ππ�S form factors using light cone distribution amplitudes for the isoscalar
two-pion state (2πDAs). It is motivated by persistent tensions between phenomenological cascade analyses
and QCD-based interpretations of the partonic structure of the f0 meson. Our study reveals that the twist-
three 2π DAs incorporate an asymmetry in the partial-wave expansion, a feature absent in single f0
distribution amplitudes, that drives a substantial cancellation between twist-two and twist-three con-
tributions to the form factors. As a result, the predicted decay rate falls significantly below the experimental
value. These findings indicate that the isoscalar two-pion system near the charm scale is not primarily a qq̄
state, reviving the energy-dependent partonic structures of light scalar mesons by highlighting a
fundamental limitation of the single-meson light cone distribution amplitude approach in describing
such complex systems.
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Introduction. The nature of light scalar mesons remains a
long-standing puzzle in hadron physics [1]. Experimental
identification of these states is particularly challenging due
to their characteristically large widths. From a quantum
theory, the light scalar meson is a superposition of all
possible Fock states:

jSi ¼ ψqq̄jqq̄i þ ψqq̄gjqq̄gi þ ψqq̄qq̄jqq̄qq̄i þ � � � : ð1Þ

The probability amplitudes ψn, representing different
partonic configurations, depend on the partons’momentum
distributions and their spin projections.
Hadron spectroscopy offers clear evidence for such

complex configurations [2–4], fueling ongoing theoretical
debates about the structure of both conventional resonances
[5–9], which may mix with gluonball states [10], and exotic
multiparticle states [11–13]. In the case of exotic hadrons,
the discussion centers on distinguishing between compact
tetraquark states [14–19] and loosely bound molecular
states [20–24]. While spectral analysis reveals these exotic

configurations, the intrinsically nonperturbative nature of
QCD prevents a direct extraction of the underlying parton
dynamics.
Semileptonic heavy meson decays are a powerful probe

of scalar meson structure [25–30], where the quark-gluon
dynamics are encoded in light cone distribution amplitudes
(LCDAs) [31–36]. A key distinction arises between Bs and
Ds decays due to the phenomenon of color transparency. In
the decayBs → f0lþνl, the energetic f0 is dominated by its
lowest Fock state [37–40], since the higher-state contribu-
tions are doubly suppressed by the large momentum transfer
and the strong coupling constant, as depicted in Fig. 1. The
Ds → f0lþνl decay, however, produces a less relativistic
quark pair. This makes the hadronization process more
susceptible to contributions from higher Fock states, where
the creation of additional gluons and qq̄ pairs plays a
significant role.

FIG. 1. Illustrative diagrams of the color transparency mecha-
nism in Bs → f0eþνe decay.
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While the energy-dependent partonic structure is a
QCD result, its practical application is often hindered
by the complexity of multiparticle LCDAs. Consequently,
in QCD-based approaches like light cone sum rules
(LCSRs), the f0 meson is typically approximated by its
lowest Fock state. This simplification is generally reliable
for Bs decays, but becomes inadequate in Ds decays
where multiparticle Fock states contribute substantially.
Surprisingly, recent phenomenological studies using the
cascade decay framework [40,41], under the qq̄ ansatz,
show good agreement with experimental data [42] for the
four-body semileptonic decay Ds → ½ππ�Slþνl (Dl4).
These analyses incorporate the Ds → f0ð980Þ form factors
obtained from LCSRs with a Flatté parametrization of the
f0ð980Þ resonance, which is subsequently coupled to the
isoscalar ππ state. Given the scale dependence observed in
the form factor calculations, specifically, the shift in
dominance from the nonasymptotic twist-two LCDA for
Bs → f0 transition to the two-particle twist-three LCDAs
for Ds → f0 transition [40], the seeming agreement in Dl4

decays is largely attributed to the cascade framework,
where the Flatté parametrization of the intermediate
resonance severely disrupts the assessment of color trans-
parency for partonic structures.
In this paper, we propose a novel framework to analyze

Dl4 weak decays by introducing light cone distribution
amplitudes for the isoscalar two-pion state (2πDAs). The
core concept is to calculate the Ds → ½ππ�S form factor
directly, bypassing the need for modeling the intermediate
f0 resonance. The apparent agreement within the cascade
framework is demonstrated to be an artifact, arising from
the symmetric two-particle twist-three LCDAs of the single
f0 resonance. This is clarified by the fact that the
corresponding LCDAs of the signal state ½ππ�S are funda-
mentally asymmetric. Our findings indicate that the qq̄
state contributes only modestly to Ds → ½ππ�Slν decay.
Consequently, data from charm decays favor a multiparton
structure for the isoscalar two-pion system.

2πDAs of the isoscalar two-pion system. The ππ invariant
mass spectrum serves as the primary signal channel for
observing the f0 resonance, as the KK channel is strongly
suppressed by phase space. 2πDAs provide one of the most
general descriptions within QCD for energetic two-pion
systems. They were initially developed at leading twist in
the reaction γ�γ → ππ [43–45], and have recently been
extended to the twist-three level in the hard exclusive
processes [46,47]. Twist is a quantum number that organ-
izes the partonic configurations of the constituent quark and
gluon fields.
For an isoscalar two-pion system, 2πDAs of the lowest

Fock state are defined by

hπðk1Þπðk2Þjq̄ð0ÞγμqðxÞj0i ¼
Z

dueiūk·xkμΦk;

hπðk1Þπðk2Þjq̄ð0ÞqðxÞj0i ¼
Z

dueiūk·x
ik2ðk · xÞ
2f⊥2π

ΦðsÞ
k ;

hπðk1Þπðk2Þjq̄ð0ÞσμνqðxÞj0i ¼ −
i

f⊥2π

Z
dueiūk·x

�
kμk̄ν − kνk̄μ

2ζ − 1
Φ⊥

− k2
kμxν − kνxμ

k · x
ΦðtÞ

k

�
: ð2Þ

Here Φk;Φ⊥, and Φt
k;Φ

s
k are leading and subleading twist

2πDAs, respectively. k ¼ k1 þ k2 (k̄ ¼ k1 − k2) denotes
the sum (difference) of two pions’ momenta, and f⊥2π is the
decay constant defined via the local matrix element of the
tensor current in the soft-meson limit. 2πDAs are dimen-
sionless functions of three variables: the longitudinal
momentum fraction u (ū) carried by the antiquark (quark)
field relative to k, the single pion momentum fraction ζ ¼
kþ1 =k

þ along the positive direction, and the invariant mass
squared k2. They can be expressed formally as a double
expansion in Gegenbauer C3=2

n ð2u − 1Þ and Legendre
polynomials C1=2

l ð2ζ − 1Þ, by combining QCD’s con-
formal symmetry with partial wave analysis:

Φk;⊥ ¼ 6uūC3=2
1

h
Bk;⊥
10 ðk2; μÞC1=2

0 þ Bk;⊥
12 ðk2; μÞC1=2

2

i
;

ΦðsÞ
k ¼ 6uūC3=2

1

h
Bk
10ðk2; μÞC1=2

0 þ Bk
12ðk2; μÞC1=2

2

i
;

ΦðtÞ
k ¼ C3=2

1

h
Bk
10ðk2; μÞC1=2

0 þ Bk
12ðk2; μÞC1=2

2

i
: ð3Þ

The relation Φðu; ζ; k2Þ ¼ −Φð1 − u; ζ; k2Þ, constrained
by the C parity, is maintained by the Gegenbauer poly-
nomials with odd number n.
The expansion coefficients Bnl weight the universal DAs

at a given conformal power n and partial wave l:

Bk
nlðμ; k2Þ ¼ Bk

nlð0Þ
�
αsðμÞ
αsðμ0Þ

�γn−γ0
2β0 Exp

�
k2

d lnBk
nlð0Þ

dk2

þ k4

π

Z
∞

4m2
π

ds
δlðsÞ

s2ðs − k2 − i0Þ
�
: ð4Þ

On one hand, these coefficients incorporate the scale
dependence through renormalization group evolution
[48–50], mirroring the well-established behavior of sin-
gle-meson LCDAs governed by one-loop anomalous
dimensions γn [51–53]. On the other hand, they evolve
with k2, thereby capturing contributions from both inter-
mediate resonant states and the nonresonant QCD back-
ground. For the resonant regions, the k2 dependence can be
obtained via a subtracted dispersion relation, guided by
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Watson’s theorem [54], and constrained by data on phase
shifts δl from πN scattering [55,56] and ππ scattering
[57,58]. The initial values of the subtracted coefficients in
the threshold region are derived from low-energy theorems
based on the instanton vacuum [59,60], as provided in the
Supplemental Material [61] and the references therein.
For the leading-twist 2πDAs, this approach yields the

coefficients at the first power: Bk
10ð0Þ ¼ −Bk

12ð0Þ ¼
−0.556, d lnBk

nlð0Þ=dk2 ¼ 0.413 GeV−2.
In Fig. 2, we present two-dimension plots of the twist-

two (Φk) and twist-three [ΦðtÞ
k ] 2πDAs as functions of the

parton momentum fraction u and the invariant massffiffiffi
s

p ¼ k. The pion momentum fraction is fixed at
ζ ¼ 0.5, and the renormalization scale is typically set at
μ ¼ 1.3 GeV for charm-meson decays. Three key pieces of
information can be gleaned from the figure. First, a distinct
structural feature, either a peak or a dip, emerges in the
f0ð980Þ region, whereas no comparable signal appears in
the σð500Þ region. This is consistent with the flat phase
shift behavior observed in ππ scattering [57,58]. Second,
the twist-two and twist-three LCDAs display asymmetry in
both their real and imaginary parts with respect to the
midpoint of the parton momentum fraction. This contrasts
sharply with the LCDAs of a single f0 meson, for which the
twist-three DAs are symmetric about u ¼ 0.5 [40,41].

Finally, twist-three LCDAΦðtÞ
k displays end-point enhance-

ments, in contrast to the vanishing of the leading-twist
LCDA at the boundaries. As we will see, the last two

features, especially the second one, predominantly explain
the non-qq̄ component of the isoscalar two-pion system in
Dl4 decays.

Ds → ½ππ�S form factors and the Dl4 decays. The tran-
sition from a Ds meson to a two-pion system can be
described by the matrix element expressed through four
orthogonal form factors Fi¼k;⊥;0;t [72–75],

hπþðk1Þπ−ðk2Þjs̄γμð1− γ5ÞbjDþ
s ðpÞi

¼ iF⊥
q̄μ⊥ffiffiffiffiffi
k2

p þFt
qμffiffiffiffiffi
q2

p þF0

2
ffiffiffiffiffi
q2

p
kμ0ffiffiffi

λ
p þFk

k̄μkffiffiffiffiffi
k2

p : ð5Þ

The momentum basis is q̄μ⊥ ¼ 2εμνρσqνkρk̄σ=
ffiffiffi
λ

p
, qμ ¼

pμ − kμ, kμ0 ¼ kμ−k ·q=q2qμ, k̄μk ¼ k̄μ−4ðk ·qÞðk̄ ·qÞλkμ þ
4k2ðk̄ ·qÞ=λqμ. Form factors Fi¼k;⊥;0;t are functions of three
kinematical variables, saying the momentum transfer
squared q2, the two-pion invariant mass squared k2, and
the scalar produce q · k̄ ¼ βπ cos θπ

ffiffiffi
λ

p
=2 that specifies the

polar angle θπ of the πþ meson in the two-pion rest frame.
In addition, λ ¼ m4

B − q4 − k4 − 2ðm2
Bq

2 þm2
Bk

2 þ q2k2Þ
is the Källén function, and βπ ¼ ð1 − 4m2

π=sÞ1=2 is the
phase space factor.
The LCSRs’ derivation of Ds → ππ form factors begins

with a twofold analysis of the two-point correlation
function, defined as the vacuum-to-two-pion matrix
element of the time-ordered product of the bilocal currents

FIG. 2. Twist-two (up) and twist-three (low) isoscalar 2πDAs at the scale μ ¼ 1.3 GeV, by taking the momentum fraction ζ ¼ 0.5.
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jμ ¼ s̄γμð1 − γ5Þc and jDs
¼ imcc̄γ5s. In the negative half

plane of momentum transfers, it can be computed directly
via the operator product expansion, where it is expressed as
a convolution of perturbative scattering amplitudes with
LCDAs, organized by twist. When q2 crosses into the
positive half plane, the dynamics shift to long-distance
quark-gluon interactions, and hadronic states begin to form.
In this regime, the correlator is instead represented as a sum

over contributions from all possible intermediate hadronic
states. The final result is obtained by applying quark-
hadron duality where the ground state is separated out
from the interpolating current. The longitudinal form
factors that contribute to DðsÞ → ½ππ�S transition ultimately
read as [46]

ffiffiffiffiffi
q2

q
Fðl0¼0;2;…Þ
0 ðq2; k2Þ ¼

ffiffiffi
λ

p

m2
Ds

− q2 − k2

ffiffiffiffiffi
q2

q
Fðl0Þ
t ðq2; k2Þ

−
imck2q2

2m2
Ds
fDs

f⊥2π

ffiffiffi
λ

p

m2
Ds

− q2 − k2

Z
1

u0

du

�
1

u2
−
m2

c − q2 þ u2k2

u3M2

�
Φk;ðstÞðuÞ

h
Bk
10I

t
0l0 þBk

12I
t
2l0

i
e
m2
Ds

−sðu;q2Þ
M2

þ imck2q2

2m2
Ds
fDs

f⊥2π

ffiffiffi
λ

p

m2
Ds

− q2 − k2
m2

c − q2 þ u20k
2

u0ðs0 − q2Þ Φk;ðstÞðu0Þ
h
Bk
10I

t
0l0 þBk

12I
t
2l0

i
e
m2
Ds

−s0

M2 ; ð6Þ

where the auxiliary distribution amplitude Φk;ðstÞðuÞ ¼
−9uūð2u − 1Þ þ 6u2 − 6u incorporates the sum of
the earlier known twist-two contribution [76–78] and
the recently calculated twist-three contribution [46]. The
threshold momentum fraction u0 is the solution of
s0 ¼ ūk2 þ ðm2

c þ ūq2Þ=u. Moreover, the integration
over the polar angle θπ is given by Itll0 ¼R
1
−1 dðcos θπÞPð0Þ

l0 ðcos θπÞPð0Þ
l ðβπ cos θπÞ.

We adopt the particle data group values of mDs
¼

1.968 GeV and fDs
¼ 0.250 GeV [1]. For the LCSR

parameters, we choose M2 ¼ 5.0� 0.5 GeV2 and
s0 ¼ 6.0� 0.5 GeV2, in accordance with the earlier study
of Ds → f0 form factors [40], to ensure optimal stability
and convergence of the QCD predictions. Charm quark
mass and nonpertuabtive parameters in 2πDAs are taken
from Ref. [46]. The phase shift δlðk2Þ incorporated into the
expansion coefficients in Eq. (4) is taken from the pion-
nucleon reaction π−p → π0π0n [55,56]. This choice of
reaction is motivated by the similarity of its peak structure
to that observed for the f0 produced in Ds decays.
Table I presents the contributions from different twists to

the S- and D-wave Ds → ½ππ�S form factors at full recoil
(q2 ¼ 0), obtained after integrating over the ππ invariant

mass k2. For comparison, the corresponding Ds → f0 form
factor is also included. While the Ds → f0 form factor [40]
is real, the Ds → ½ππ�S form factors are complex.
Furthermore, in contrast to the LCSR result for Ds → f0
form factors where twist-two and twist-three contributions
both provide enhancement, the direct calculation for the
Ds → ½ππ�S transition reveals a nontrivial and instructive
interplay between them. The origin of this effect lies in the
asymmetry of the twist-three 2πDAs exhibited earlier. This
contrasts with the symmetric twist-three LCDAs of f0,
where QCD sum rules dictate that the asymmetric terms
vanish, leaving only the symmetric terms associated to the
even Gegenbauer polynomial [38–40].
The differential width of Ds → ½ππ�Seþνe decay on the

momentum transfers is quoted as [46]

dΓ
dq2

¼
Z

k2max

4m2
π

dk2
G2

FjVcsj2βπ
ffiffiffi
λ

p
q2

3ð4πÞ5m3
Ds

X
l

jFðlÞ
0 ðq2; k2Þj2: ð7Þ

Here the integral limit k2max is a q2 function related to the
kinematics. We employ the simplified z-series expansion
parametrization [79] to extend the LCSR prediction in the
large-recoil region, approximately 0≲ q2 ≲ 0.2 GeV2,
across the entire physical range. Figure 3 depicts the result.

TABLE I. The central values of twist-two and twist-three
contributions to Ds → ½ππ�S form factors at the full recoiled
point q2 ¼ 0, in comparing to the Ds → f0 form factor.

FFs
ffiffiffiffiffi
q2

p
Fðl¼0Þ
0 ð0Þ

ffiffiffiffiffi
q2

p
Fðl¼2Þ
0 ð0Þ fþð0Þ

Twist two 0.20 − i0.24 0.27þ i0.21 0.20
Twist three −0.41þ i0.51 −0.55 − i0.41 0.41
Total −0.21þ i0.27 −0.28 − i0.20 0.61

FIG. 3. The differential width dΓ=dq2 of DðsÞ → ½ππ�Seþνe
(left) and Ds → ½f0 → ππ�eþνe decays (right).
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In the left panel, the S- andD-wave contributions to theDl4
decay are displayed with iteration. The right panel com-
pares BESIII data [42] to the prediction derived under the
cascade framework [40] where the decay Ds → f0eþνe is
followed by f0 → ππ, employing a Flatté parametrization
for the resonance. Table II provides the decay widths
obtained by integrating q2 within these two frameworks
under the qq̄ ansatz.
While the cascade decay analysis can reproduce the

BESIII data, it critically depends on two artificial assump-
tions: a marked sensitivity to the parametrization of the
resonance, and the theoretically unsound use of a single-
meson LCDA for the f0. The observed agreement there-
fore appears to arise from a fine-tuned, and presumably
coincidental, delicate interplay between these methodo-
logical choices. In contrast, the result of a direct Dl4
analysis using Ds → ½ππ�S form factors is roughly 2 orders
of magnitude smaller than the BESIII data. Such a
significant discrepancy reveals that, unlike in analogous
B-meson decays [46], the isoscalar two-pion system at the
charm scale is not primarily a qq̄ state. This result provides
strong support for the partonic configuration interpretation
governed by a color transparency mechanism.

Conclusions. Introducing 2πDAs to describe the partonic
structure of the isoscalar two-pion state, the visible signal
channel of the f0 meson, we propose a novel framework for

analyzing Dl4 decays through the direct calculation of
Ds → ½ππ�S form factors. We observe a significant can-
cellation between the contributions from twist-two and
twist-three 2πDAs, leading to a predicted decay width
significantly smaller than the BESIII measurement. This
outcome aligns with QCD-based expectations from the
color transparency mechanism, supporting the view that
the f0 meson at the charm mass scale is not dominated by
the lowest qq̄ Fock state. These findings emphasize a
fundamental limitation of the traditional single-particle
LCDA framework when it comes to characterizing the
structure of the light scalar meson. In such cases, the
asymptotic term vanishes, and twist-three distribution
amplitudes become dominant. These higher-twist ampli-
tudes encode an asymmetry in the partial-wave expansion
that the single-particle picture fails to capture. Ultimately,
our results reveal the rich and scale-dependent structure of
f0 in exclusive processes, underscoring the necessity of a
multiparticle, channel-sensitive approach to describe reso-
nances in QCD.
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[47] C. Lorcé, B. Pire, and Q. T. Song, Phys. Rev. D 106, 094030

(2022).
[48] P. Ball and V. M. Braun, Phys. Rev. D 54, 2182 (1996).
[49] P. Ball, V. M. Braun, Y. Koike, and K. Tanaka, Nucl. Phys.

B529, 323 (1998).
[50] P. Ball and V. M. Braun, Nucl. Phys. B543, 201 (1999).
[51] V. L. Chernyak and A. R. Zhitnitsky, JETP Lett. 25, 510

(1977).

[52] G. P. Lepage and S. J. Brodsky, Phys. Lett. 87B, 359 (1979).
[53] A. V. Efremov and A. V. Radyushkin, Phys. Lett. 94B, 245

(1980).
[54] R. Omnes, Nuovo Cimento 8, 316 (1958).
[55] D. Alde et al. (GAMS Collaboration), Z. Phys. C 66, 375

(1995).
[56] N. N. Achasov and G. N. Shestakov, Phys. Rev. D 58,

054011 (1998).
[57] R. Garcia-Martin, R. Kaminski, J. R. Pelaez, J. Ruiz de

Elvira, and F. J. Yndurain, Phys. Rev. D 83, 074004 (2011).
[58] L. Y. Dai and M. R. Pennington, Phys. Rev. D 90, 036004

(2014).
[59] D. Diakonov and V. Y. Petrov, Nucl. Phys. B272, 457

(1986).
[60] B. Lehmann-Dronke, P. V. Pobylitsa, M. V. Polyakov, A.

Schafer, and K. Goeke, Phys. Lett. B 475, 147 (2000).
[61] See Supplement Material at http://link.aps.org/

supplemental/10.1103/5vty-jdbh for the constraints of non-
perturbative parameters of 2πDAs from low-energy effec-
tive theory, which includes Refs. [1,44,62–71].

[62] P. V. Pobylitsa, Phys. Lett. B 226, 387 (1989).
[63] D. Diakonov, M. V. Polyakov, and C. Weiss, Nucl. Phys.

B461, 539 (1996).
[64] E. V. Shuryak, Nucl. Phys. B203, 116 (1982).
[65] V. Y. Petrov, M. V. Polyakov, R. Ruskov, C. Weiss, and K.

Goeke, Phys. Rev. D 59, 1140 (1999).
[66] D. Diakonov, V. Petrov, P. Pobylitsa, M. V. Polyakov, and C.

Weiss, Nucl. Phys. B480, 341 (1996).
[67] D. Diakonov, V. Y. Petrov, P. V. Pobylitsa, M. V. Polyakov,

and C. Weiss, Phys. Rev. D 56, 4069 (1997).
[68] M. V. Polyakov and C. Weiss, Phys. Rev. D 59, 091502

(1999).
[69] M. V. Polyakov and C. Weiss, Phys. Rev. D 60, 114017

(1999).
[70] J. Balla, M. V. Polyakov, and C. Weiss, Nucl. Phys. B510,

327 (1998).
[71] J. F. Donoghue, J. Gasser, and H. Leutwyler, Nucl. Phys.

B343, 341 (1990).
[72] S. Faller, T. Feldmann, A. Khodjamirian, T. Mannel, and D.

van Dyk, Phys. Rev. D 89, 014015 (2014).
[73] X.W. Kang, B. Kubis, C. Hanhart, and U. G. Meißner,

Phys. Rev. D 89, 053015 (2014).
[74] U. G. Meißner and W. Wang, Phys. Lett. B 730, 336

(2014).
[75] P. Böer, T. Feldmann, and D. van Dyk, J. High Energy Phys.

02 (2017) 133.
[76] C. Hambrock and A. Khodjamirian, Nucl. Phys. B905, 373

(2016).
[77] S. Cheng, A. Khodjamirian, and J. Virto, Phys. Rev. D 96,

051901 (2017).
[78] S. Cheng, A. Khodjamirian, and J. Virto, J. High Energy

Phys. 05 (2017) 157.
[79] C. Bourrely, I. Caprini, and L. Lellouch, Phys. Rev. D 79,

013008 (2009); 82, 099902(E) (2010).

CHENG, DAI, SHEN, and ZHANG PHYS. REV. D 113, L031901 (2026)

L031901-6

https://doi.org/10.1103/PhysRevLett.48.659
https://doi.org/10.1103/PhysRevLett.48.659
https://doi.org/10.1103/PhysRevD.27.588
https://doi.org/10.1103/PhysRevD.41.2236
https://doi.org/10.1103/PhysRevD.52.2690
https://doi.org/10.1103/PhysRevD.52.2690
https://doi.org/10.1103/PhysRevLett.80.3452
https://doi.org/10.1103/PhysRevLett.80.3452
https://doi.org/10.1007/s100529800766
https://doi.org/10.1007/s100529800766
https://doi.org/10.1007/JHEP01(2011)019
https://doi.org/10.1103/PhysRevD.82.034016
https://doi.org/10.1103/PhysRevD.80.074030
https://doi.org/10.1103/PhysRevD.80.074030
https://doi.org/10.1103/PhysRevD.92.054038
https://doi.org/10.1103/PhysRevD.92.074038
https://doi.org/10.1007/JHEP04(2021)086
https://doi.org/10.1103/PhysRevD.96.033002
https://doi.org/10.1103/PhysRevD.75.056001
https://doi.org/10.1103/PhysRevD.75.056001
https://doi.org/10.1016/j.nuclphysa.2023.122671
https://doi.org/10.1140/epjc/s2002-01042-1
https://doi.org/10.1140/epjc/s2002-01042-1
https://doi.org/10.1088/1126-6708/2006/05/004
https://doi.org/10.1088/1126-6708/2006/05/004
https://doi.org/10.1016/0550-3213(89)90168-5
https://doi.org/10.1016/0550-3213(89)90168-5
https://doi.org/10.1016/S0146-6410(03)90004-4
https://doi.org/10.1016/S0146-6410(03)90004-4
https://doi.org/10.1103/PhysRevD.81.074001
https://doi.org/10.1103/PhysRevD.81.074001
https://doi.org/10.1103/PhysRevD.73.014017
https://doi.org/10.1103/PhysRevD.73.014017
https://doi.org/10.1140/epjc/s10052-020-8124-2
https://doi.org/10.1140/epjc/s10052-024-12734-5
https://doi.org/10.1103/49qx-p3pl
https://doi.org/10.1103/PhysRevLett.132.141901
https://doi.org/10.1103/PhysRevLett.132.141901
https://doi.org/10.1103/PhysRevLett.81.1782
https://doi.org/10.1103/PhysRevLett.81.1782
https://doi.org/10.1016/S0550-3213(99)00314-4
https://doi.org/10.1103/PhysRevD.99.053005
https://doi.org/10.1103/gghb-bwfp
https://doi.org/10.1103/PhysRevD.106.094030
https://doi.org/10.1103/PhysRevD.106.094030
https://doi.org/10.1103/PhysRevD.54.2182
https://doi.org/10.1016/S0550-3213(98)00356-3
https://doi.org/10.1016/S0550-3213(98)00356-3
https://doi.org/10.1016/S0550-3213(99)00014-0
https://doi.org/10.1016/0370-2693(79)90554-9
https://doi.org/10.1016/0370-2693(80)90869-2
https://doi.org/10.1016/0370-2693(80)90869-2
https://doi.org/10.1007/BF02747746
https://doi.org/10.1007/BF01556362
https://doi.org/10.1007/BF01556362
https://doi.org/10.1103/PhysRevD.58.054011
https://doi.org/10.1103/PhysRevD.58.054011
https://doi.org/10.1103/PhysRevD.83.074004
https://doi.org/10.1103/PhysRevD.90.036004
https://doi.org/10.1103/PhysRevD.90.036004
https://doi.org/10.1016/0550-3213(86)90011-8
https://doi.org/10.1016/0550-3213(86)90011-8
https://doi.org/10.1016/S0370-2693(00)00069-1
http://link.aps.org/supplemental/10.1103/5vty-jdbh
http://link.aps.org/supplemental/10.1103/5vty-jdbh
http://link.aps.org/supplemental/10.1103/5vty-jdbh
http://link.aps.org/supplemental/10.1103/5vty-jdbh
http://link.aps.org/supplemental/10.1103/5vty-jdbh
https://doi.org/10.1016/0370-2693(89)91216-1
https://doi.org/10.1016/0550-3213(95)00675-3
https://doi.org/10.1016/0550-3213(95)00675-3
https://doi.org/10.1016/0550-3213(82)90479-5
https://doi.org/10.1103/PhysRevD.59.114018
https://doi.org/10.1016/S0550-3213(96)00486-5
https://doi.org/10.1103/PhysRevD.56.4069
https://doi.org/10.1103/PhysRevD.59.091502
https://doi.org/10.1103/PhysRevD.59.091502
https://doi.org/10.1103/PhysRevD.60.114017
https://doi.org/10.1103/PhysRevD.60.114017
https://doi.org/10.1016/S0550-3213(98)81017-1
https://doi.org/10.1016/S0550-3213(98)81017-1
https://doi.org/10.1016/0550-3213(90)90474-R
https://doi.org/10.1016/0550-3213(90)90474-R
https://doi.org/10.1103/PhysRevD.89.014015
https://doi.org/10.1103/PhysRevD.89.053015
https://doi.org/10.1016/j.physletb.2014.02.009
https://doi.org/10.1016/j.physletb.2014.02.009
https://doi.org/10.1007/JHEP02(2017)133
https://doi.org/10.1007/JHEP02(2017)133
https://doi.org/10.1016/j.nuclphysb.2016.02.035
https://doi.org/10.1016/j.nuclphysb.2016.02.035
https://doi.org/10.1103/PhysRevD.96.051901
https://doi.org/10.1103/PhysRevD.96.051901
https://doi.org/10.1007/JHEP05(2017)157
https://doi.org/10.1007/JHEP05(2017)157
https://doi.org/10.1103/PhysRevD.79.013008
https://doi.org/10.1103/PhysRevD.79.013008
https://doi.org/10.1103/PhysRevD.82.099902

	Reviving the energy-dependent partonic structure of f0(980) via two-pion distribution amplitudes
	Acknowledgments. 
	References


