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In this work we investigate the exclusive production of a pair of light neutral mesons in eþe−

annihilation, where the final state bears an even C-parity. The production processes can be initiated via the
photon fragmentation or the nonfragmentation mechanism. While the fragmentation contribution can be
rigorously accounted, the nonfragmentation contributions are calculated within the framework of collinear
factorization, where only the leading-twist light-cone distribution amplitudes (LCDAs) of mesons are
considered. Mediately solely by the nonfragmentation mechanism, the production rates of double light
neutral pseudoscalar mesons are too small to be observed at the commissioning eþe− facilities. In contrast,
the production rates of a pair of light neutral vector mesons are greatly amplified owing to the significant
kinematic enhancement brought by the fragmentation mechanism. It is found that, at

ffiffiffi
s

p ¼ 3.77 GeV, after
including the destructive interference between the nonfragmentation and fragmentation contributions, the
production rates for eþe− → ρ0ρ0 and ρ0ω can be lowered by about 10% and 30% relative to the
fragmentation predictions. Future precise measurement of these exclusive double neutral vector meson
production channels at BESIII experiment may provide useful constraints on the LCDAs of light vector
mesons.

DOI: 10.1103/PhysRevD.109.094022

I. INTRODUCTION

The production of a pair of charged light mesons in eþe−

annihilation, such as eþe− → πþπ−; KþK−; ρþρ−; � � �, has
been a widely studied topic from both experimental [1,2]
and theoretical [3–7] perspectives. Since these processes
proceed through the annihilation of eþe− into a virtual
photon, the final-state mesons pair must carry the odd
C-parity. These processes play a key role in determining the
timelike electromagnetic form factors of charged mesons,
from which one can infer their internal partonic structures.
On the other hand, exclusive production of double

neutral mesons in eþe− annihilation, exemplified by
eþe−→π0π0;KSKS;π0η;ηη0;ρ0ρ0;ρ0ω;J=ψJ=ψ ;J=ψρ0;���,
has also received considerable experimental and theoretical

attention. Since the final-state mesons bear an even
C-parity, these processes must proceed via the annihilation
of eþe− into two virtual photons, then followed by the
transition from γ�γ� to two neutral mesons. One naturally
expects the production rate for such processes to be much
more suppressed with respect to that for production of a
pair of charged mesons, due to the suppression brought by
the extra powers of QED coupling constants. In 2009,
Kivel and Polyakov have considered the exclusive pro-
duction of double light pseudoscalar mesons in collinear
factorization [8]. The cross section for eþe− → π0π0 turns
out to be several orders of magnitude smaller than that
for eþe− → πþπ−.
In contrast to the eþe− → π0π0 process, the exclusive

production of double neutral vector mesons is more
interesting from a theoretical angle. The eþe− → V1V2

processes bear a distinct production mechanism: after
annihilation of eþe− into two virtual photons, two virtual
photons can independently fragment into two vector
mesons. In the nonfragmentation mechanism, the valence
quark and antiquark in each of the final-state mesons
emerge from the splitting of two different virtual photons,
thus the virtuality of each photon propagator is of order s. In
contrast, the photon propagators in the two photon inde-
pendent fragmentation processes carry a typical virtuality
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of order m2
V, thus the fragmentation contribution is

enhanced by powers of s=m2
V with respect to the non-

fragmentation contribution. This kinematic enhancement
factor may largely compensate for the suppression brought
by extra powers of QED coupling α, so that there is a good
chance to observe these processes at eþe− colliders.
Actually in 2008 the BABAR Collaboration reported the
first observation of the eþe− → ρ0ρ0 and ρ0ϕ processes [9].
Shortly after, only taking into account the photon frag-
mentation contribution, Davier et al. [10] and Bodwin et al.
[11] already found satisfactory agreement between their
theoretical prediction and the measured value.
Although not being observed experimentally, there has

been extensive theoretical study for eþe− → VV when the
vector meson is a vector charmonium such as J=ψ [11–14].
The nonfragmentation contribution can be accesses in the
nonrelativistic QCD (NRQCD) approach [15]. It is found
that at B factory, the interference between fragmentation
and nonfragmentation amplitudes for double J=ψ produc-
tion is destructive and non-negligible. For example, the
leading-order NRQCD study indicates that including the
interference effect can lower the fragmentation contribution
to the cross section by 30% [13].
To the best of our knowledge, the nonfragmentation

contribution to exclusive production of a pair of light
neutral vector mesons has never been investigated in the
literature. This might be largely due to the perfect agree-
ment between the predictions from the photon fragmenta-
tion mechanism [10,11] and the BABAR measurements for
ρ0ρ0 and ρ0ϕ production rates [9], which implies that the
nonfragmentation contribution might be safely neglected
for double neutral light vector meson production at B
factory energy. However, one may expect that the
nonfragmentation mechanism might yield a non-negligible
contribution for the double-ρ0 production at BESIII
energy, since the importance of the nonfragmentation
contribution increases with the decreasing center-of-mass
energy. Roughly speaking, since ð10.58 GeVÞ2=m2

J=ψ ≈
ð3.77 GeVÞ2=m2

ρ, the non-negligible nonfragmentation
amplitude in eþe− → J=ψJ=ψ at B factory suggests that
the nonfragmentation contribution to eþe− → ρ0ρ0 at
BESIII experiment may also be non-negligible.
The goal of this work is to make a comprehensive

analysis of exclusive production of double light neutral
vector mesons from eþe− annihilation, including both
fragmentation and nonfragmentation contributions. We
are especially interested in the BESIII energy, which seems
to be sensitive to the interference effect induced by the
nonfragmentation contribution. Following [8], we calculate
the nonfragmentation amplitude in the framework of
collinear factorization tailored for hard exclusive reactions
[16,17]. For the sake of completeness, we also revisit the
exclusive production of a pair of light neutral pseudoscalar
mesons [8] and present a detailed phenomenological

analysis. Our numerical studies indicate that the production
rates for eþe− → ρ0ρ0; ρ0ω at

ffiffiffi
s

p ¼ 3.770 GeV are large
enough to be observed at the commissioning BESIII
experiment. It is rewarding to measure the production rate
of this exclusive production channel with high accuracy, so
that one can clearly trace the footprint of the interference
effect arising from the nonfragmentation mechanism. By
confronting the future measurement with our predictions,
there is a good chance to constraint the light-cone dis-
tribution amplitudes (LCDAs) of the ρ and ωmeson, which
might be useful for making more reliable predictions for the
B → V form factor and B → VV processes.
The rest of this paper is distributed as follows. In Sec. II,

we present the amplitude for exclusive production of
double neutral vector mesons from eþe− annihilation,
including both fragmentation and nonfragmentation parts.
In Sec. III, we recap the amplitude for exclusive production
of a pair light neutral pseudoscalars from eþe− annihila-
tion, which are governed by the nonfragmentation mecha-
nism only. The effect of η-η0 mixing is also included. In
Sec. IV, we present the analytic expressions of the polarized
and unpolarized cross sections for eþe− → V0

1V
0
2 and

eþe− → P0
1P

0
2. For the former, we also show the expres-

sions of the interference and nonfragmentation parts. In
Sec. V, we conduct a detailed numerical study for the
angular distributions and the total cross sections for a
variety of double neutral meson production processes at
BESIII and Belle energies. We pay special attention to the
eþe− → ρ0ρ0; ρ0ω channels at BESIII experiment, in
which the destructive interference effect becomes non-
negligible. It is advocated that the precise measurements of
the angular distributions in these two channels may offer
novel means to constrain the LCDAs of the ρ0 and ω
mesons. Finally we summarize in Sec. VI.

II. PRODUCTION AMPLITUDES OF e + e− → V0
1V

0
2

We assume the eþe− center-of-mass energy
ffiffiffi
s

p
is high

enough to warrant the applicability of perturbative QCD. At
the lowest order in QED and QCD coupling constants,
there arise four Feynman diagrams that contribute to
eþe− → V0

1V
0
2, which are depicted in Fig. 1. As stressed

before, since the final-state mesons carry an overall even C
parity, this process has to be mediated with two-photon
exchange. Four Feynman diagrams can be categorized into
the photon-fragmentation type (upper row) and photon
nonfragmentation type (lower row).
In passing, we notice that our processes are similar, but

much simpler than the high-energy production of double
mesons in γγ fusion, which has been widely studied both
experimentally [18–20] and theoretically [21–26]. The
important difference is that, a hard gluon has to be
exchanged between the outgoing quarks and antiquarks
for the latter, while it is not necessary in our case, at least at
the lowest order in αs.
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A. Photon fragmentation mechanism

As indicated in Figs. 1(a) and 1(b), two neutral mesons
can be produced through two photon independent fragmen-
tation mechanisms. Since the C-parity conservation forbids
a photon to convert into a pseudoscalar meson, so we only
need to consider the fragmentation production of two neutral
vector mesons. Let us denote the momenta of the incoming
e− and eþ by k1 and k2, and denote the momenta of the
outgoing meson pairs by P1 and P2. The momenta are
subject to the constraints k21 ¼ k22 ¼ 0, k1 · k2 ¼ s=2, and
P2
i ¼ m2

Vi
(i ¼ 1, 2), where

ffiffiffi
s

p
signifies the center-of-mass

energy, mVi
indicating the mass of the ith neutral vector

meson. The production amplitude from the two-photon
independent fragmentation mechanism reads1

Afrðeþe− → V0
1ðλ1ÞV0

2ðλ2ÞÞ

¼ −
e2gV1

gV2

m2
V1
m2

V2

v̄ðk2Þ
�
=ε�2ðλ2Þð=k1 − =P1Þ=ε�1ðλ1Þ

ðk1 − P1Þ2

þ =ε�1ðλ1Þð=k1 − =P2Þ=ε�2ðλ2Þ
ðk1 − P2Þ2

�
uðk1Þ; ð1Þ

where ε1;2 signify the polarization vectors of two outgoing
vector mesons, and gV encodes the effective coupling
between the photon and neutral vector meson [11]:

hV0ðP; λÞjjμEMj0i ¼ gVεðλÞμ�ðPÞ: ð2Þ

The electromagnetic current jμEM can be decomposed into the
isospin basis,

jμEM ¼ euūγμuþ edd̄γμdþ ess̄γμsþ � � �
¼ eu − ed

2
n̄τ3γμnjI¼1 þ

eu þ ed
2

n̄1γμnjI¼0

þ ess̄γμsjI¼0 þ � � � ; ð3Þ

where n ¼ ðu dÞT denotes the quark isospin doublet in the
first generation, τ3 and 1 signify the third Pauli matrix and
the unit matrix in the isospin space. The subscripts in the
second line of (3) are reminiscent of the isospin carried by
various quark vector currents. eu ¼ 2

3
, ed ¼ es ¼ − 1

3
indi-

cate the electric charges of the light quarks.
It is a common practice to work with the decay constant

of a light neutral vector mesons, fV . For three species of
lowest-lying neutral vector mesons, the decay constants are
defined via

hρbðP;λÞjn̄τaγμnj0i¼δab
ffiffiffi
2

p
fρmρε

ðλÞ�
μ ðPÞ; ða;b¼1;2;3Þ

ð4aÞ

hωðP; λÞjn̄1γμnj0i ¼
ffiffiffi
2

p
fωmωε

ðλÞ�
μ ðPÞ; ð4bÞ

hϕðP; λÞjs̄γμsj0i ¼ fϕmϕε
ðλÞ�
μ ðPÞ; ð4cÞ

with ρ3 identified with ρ0 in (4a). mV signifies the mass of
the vector meson.

(a) (b)

(c) (d)

FIG. 1. The lowest-order Feynman diagrams for eþe− annihilation into two neutral mesons. The sub-figure (a) and (b) represents the
photon fragmentation contribution, while the subfigure (c) and (d) represents the nonfragmentation contribution.

1Note that the photon-to-vector meson fragmentation mecha-
nism is often referred to as the vector meson dominance (VMD)
model [27] in literature (for example, see Ref. [10]). Never-
theless, in our process the vector mesons manifest themselves as
the asymptotic out states, rather than appear in the intermediate
state (vector meson propagator), therefore there is no model
dependence in our treatment of the fragmentation amplitude.
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The photon-to-V coupling gV is related to the vector
meson decay constant via

gV ¼ QVfVmV ð5Þ

for V ¼ ρ0;ω;ϕ. Here QV characterizes the effective
electric charge of quark affiliated with each neutral vector
meson:

Qρ0 ¼
1ffiffiffi
2

p ðeu − edÞ ¼
1ffiffiffi
2

p ;

Qω ¼ 1ffiffiffi
2

p ðeu þ edÞ ¼
1

3
ffiffiffi
2

p ; Qϕ ¼ es ¼ −
1

3
: ð6Þ

The occurrence of theQV factor stems from the fact that the
ρ0 and ωmesons contain both u and d quarks in their flavor
wave function, i.e., ρ0 ¼ 1ffiffi

2
p juū − dd̄i, ω ¼ 1ffiffi

2
p juūþ dd̄i.

The leptonic width of the neutral vector meson then
becomes

ΓðV0 → eþe−Þ ¼ 4πα2

3

g2V
m3

V
¼ 4πQ2

Vα
2

3

f2V
mV

: ð7Þ

One thus can deduce the values of gV and fV from the
precisely measured leptonic width.

B. Nonfragmentation contribution

The lowest-order nonfragmentation diagrams are depicted
in Figs. 1(c) and 1(d), where the quark and antiquark in each
outgoingvectormeson stem from the splitting of twodifferent
photons. The photon propagators bear a typical virtuality of
order s, much greater than m2

V in the fragmentation mecha-
nism, therefore we expect such nonfragmentation contribu-
tion to be suppressed with respect to the fragmentation
contribution. For a hard exclusive reaction involving hadrons,
the amplitude can be expressed as a convolution between the
perturbatively calculable hard scattering kernel and the non-
perturbative yet universal LCDAs of hadrons. Following
Ref. [8], we apply the collinear factorization to investigate the
nonfragmentation contribution to eþe− → V0

1V
0
2, at the

lowest order in 1=s and αs.
As the key input in collinear factorization, LCDAs

characterize the momentum distribution of the valence
quarks inside a fast-moving hadron. The LCDAs of a light
vector mesons carrying helicity λ are related to the
following quark correlator with lightlike separation through
Fourier transform [28]2:

hVðP; λÞjq̄αðu2Þ½u2; u1�qβðu1Þj0i ¼ −
i
4

Z
1

0

dxeiðxp·u2þx̄p·u1Þ
�
fVmV=p

ε�k · u

p · u
ϕkðxÞ þ f⊥=ε�⊥=pϕ⊥ðxÞ þ � � �

�
βα

; ð8Þ

with u≡ u1 − u2 and u2 ¼ 0. pμ is a lightlike four-
momentum which is related to the physical meson mo-
mentum Pμ via pμ ¼ Pμ −m2

Vuμ=ð2P · uÞ. εk and ε⊥
denote the polarization vector of the vector meson with
helicity λ, and ϕkðxÞ and ϕ⊥ðxÞ represent the leading-twist
LCDAs for a longitudinally and transversely polarized
vector meson, with x (x̄≡ 1 − x) signifying the light-cone
momentum fraction carried by the quark (anti-quark). The
ellipses represent all the neglected higher-twist contribu-
tions, which are irrelevant to our purpose. ½u2; u1� in (8)
signifies the gauge link,

½u2; u1� ¼ P
�
exp

�
−igs

Z
1

0

dt uμAμðtu2 þ ð1 − tÞu1Þ
��

;

ð9Þ

which is inserted to ensure the gauge invariance of the
LCDAs of a vector meson.
In addition to the usual decay constant fV in (4), a new

decay constant fV⊥ also arises in (8), which is related to the
transversely polarized vector meson:

hρbðP; λÞjn̄τaσμνnj0i ¼ −δab
ffiffiffi
2

p
fρ⊥ðPμε

�
νðλÞ − Pνε

�
μðλÞÞ;

ða; b ¼ 1; 2; 3Þ ð10aÞ

hωðP;λÞjn̄1σμνnj0i¼−
ffiffiffi
2

p
fω⊥ðPμε

�
νðλÞ−Pνε

�
μðλÞÞ; ð10bÞ

hϕðP; λÞjs̄σμνsj0i ¼ −fϕ⊥ðPμε
�
νðλÞ − Pνε

�
μðλÞÞ: ð10cÞ

To expedite computing the vector meson exclusive
production amplitude, it is convenient to apply the light-
cone projectors in the momentum space [28]:

MV
βαðxÞ ¼ MV

kβαðxÞ þMV⊥βαðxÞ; ð11Þ

where

MV
jj ðxÞ ¼ −

ifV
4

mVðε� · nþÞ
2E

E=n−ϕkðxÞ þ � � � ; ð12aÞ

2For simplicity, here we assume that V is a neutral vector
meson made of a single flavor, e.g., the ϕ meson. The LCDAs of
ρ0 and ω can be obtained by inserting the matrices τ3 or 1 in the
isospin space.
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MV⊥ðxÞ ¼ −
if⊥
4

E=ε�⊥=n−ϕ⊥ðxÞ þ � � � ð12bÞ

are projectors for the longitudinally and transversely
polarized vector meson, respectively. A pair of con-
jugate lightlike four-vectors n� are introduced through
Pμ ¼ Enμ− þm2

Vn
μ
þ=ð4EÞ. Since we are not interested in

the power-suppressed high-twist corrections, suffices it that

to retain only the leading-twist LCDAs in (12), and it is
legitimate to approximate the momentum of the vector
meson by Pμ ≈ pμ ¼ Enμ−.
Substituting (12) into the quark amplitude eþe− →

q1ðxp1Þq̄1ðyp2Þ þ q2ðȳp2Þq̄2ðx̄p1Þ, the nonfragmentation
amplitudes of double neutral vector meson production can
be obtained through

Anfðeþe− → V0
1ðλ1ÞV0

2ðλ2ÞÞ ¼ e4κV1V2

Z Z
dxdy

Tr½MV1

λ1
ðyÞγβMV2

λ2
ðxÞγα�

ðxp1 þ yp2Þ2ðx̄p1 þ ȳp2Þ2

× v̄ðk2Þ
�
γβð=k1 − x=p1 − y=p2Þγα
ðk1 − xp1 − yp2Þ2

þ γαð=k1 − x̄=p1 − ȳ=p2Þγβ
ðk1 − x̄p1 − ȳp2Þ2

�
uðk1Þ: ð13Þ

The factor κV1V2
represents the squared effective quark

electric charge, which arises from the superposition of the
quark amplitude in the flavor space. The concrete values
of κV1V2

are tabulated in Table I.3

After some straightforward manipulation, we obtain the
nonfragmentation amplitudes from various helicity con-
figurations:

Anf
�1;∓1 ¼

e4κV1V2
fV1⊥fV2⊥

Ncs2
v̄ðk2Þ

× ½ðε�1⊥ · k1Þ=ε�2⊥ þ ðε�2⊥ · k1Þ=ε�1⊥�
× uðk1ÞG�1;∓1ðcos θÞ; ð14aÞ

Anf
0;0 ¼

e4κV1V2
fV1

fV2

Ncs2
v̄ðk2Þð=p1 − =p2Þuðk1ÞG0;0ðcos θÞ;

ð14bÞ

Anf
�1;�1 ¼ Anf

�1;0 ¼ Anf
0;∓1 ¼ 0: ð14cÞ

where

G�1;∓1ðzÞ ¼
Z Z

dxdy
ϕ1;⊥ðxÞ

xx̄
ϕ2;⊥ðyÞ

yȳ

×
xþ y − 2xy

ðxþ y − 2xyÞ2 − z2ðx − yÞ2 ; ð15aÞ

G0;0ðzÞ ¼ z
Z Z

dxdy
ϕ1;kðxÞ
xx̄

ϕ2;kðyÞ
yȳ

×
xx̄þ yȳ

ðxþ y − 2xyÞ2 − z2ðx − yÞ2 : ð15bÞ

It is reassuring that the two-fold integration in GðzÞ
renders a finite result, provided that the leading-twist
LCDAs assume the standard endpoint behavior: ϕkðxÞ∼
ϕ⊥ðxÞ ∝ x.
We also remark that, Anf

0;0 in (14) is identical to the
amplitude for producing double pseudoscalar mesons
in (19), except the corresponding replacement with the
leading-twist LCDA and the decay constant is made. This
is not a coincidence, since the hard-scattering amplitude
in collinear factorization is only sensitive to the meson
helicity, rather than the meson’s spin.

III. PRODUCTION AMPLITUDES OF e+ e− → P0
1P

0
2

For the sake of completeness, in this section we
recapitulate the calculation of exclusive production of a
pair of light neutral pseudoscalar mesons from eþe−
collision. We also consider the production channels involv-
ing ηðη0Þ and KS in addition to the eþe− → π0π0 process
investigated by Kivel and Polyakov [8]. Due to the
mismatch of the quantum number between photon and
pseudoscalar meson, the photon mechanism is absent in
these processes, and we only need take into account the
nonfragmentation contributions as indicated by Figs. 1(c)
and 1(d).
Analogous to the LCDAs of a vector meson as intro-

duced in (8), the leading-twist LCDA of a pseudoscalar

TABLE I. The squared effective quark charge for e−eþ →
M1M2 in the nonfragmentation amplitude.

Channel κV1V2
Value Channel κP1P2

Value

ρ0ρ0 1
2
ðe2u þ e2dÞ 5

18
π0π0 1

2
ðe2u þ e2dÞ 5

18

ρ0ω 1
2
ðe2u − e2dÞ 1

6
π0ηq

1
2
ðe2u − e2dÞ 1

6

ωω 1
2
ðe2u þ e2dÞ 5

18
ηqηq 1

2
ðe2u þ e2dÞ 5

18

ϕϕ e2s 1
9

ηsηs e2s 1
9

K0K̄0 edes 1
9

3Note we have omitted the small ρ0-ω and ω-ϕ mixing effects
for simplicity.
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meson is related to following light-cone quark correlator
through Fourier transform [28]

hPðPÞjq̄αðu2Þ½u2; u1�qβðu1Þj0i

¼ ifP
4

Z
1

0

dxeiðxp·u2þx̄p·u1Þf=pγ5ϕðxÞ þ � � �gβα; ð16Þ

where the notations are identical to (8). Since the pseudo-
scalar merely carries zero helicity, there arises only one
leading-twist LCDA ϕðxÞ. fP signifies the decay constant
of a pseudoscalar meson, which is defined through

hπbðPÞjn̄τaγμγ5nj0i ¼ iδab
ffiffiffi
2

p
fπPμ; ða; b ¼ 1; 2; 3Þ

ð17aÞ

hηqðPÞjn̄1γμγ5nj0i ¼ i
ffiffiffi
2

p
fηqP

μ;

hηsðPÞjs̄γμγ5sj0i ¼ ifηsP
μ; ð17bÞ

hK0ðPÞjd̄γμγ5sj0i ¼ ifKPμ: ð17cÞ

with π3 identified with π0 in (17a).
The light-cone projector in momentum space is particu-

larly simple for a pseudoscalar [28]:

MP
βαðxÞ ¼

ifP
4

ð=pγ5ÞβαϕðxÞ; ð18Þ

where pμ ¼ Enμ− is a lightlike momentum, the same as
in (12).
Substituting (18) into the quark amplitude eþe− →

q1ðxp1Þq̄1ðyp2Þ þ q2ðȳp2Þq̄2ðx̄p1Þ, one then obtains the
intended amplitude for eþe− → P0

1P
0
2. This can be achieved

by simply replacing the light-cone projectors MV
kð⊥Þ with

MP in (13), and the resulting amplitude is

Aðeþe− → P0
1P

0
2Þ ¼

e4κP1P2
fP1

fP2

Ncs2
v̄ðk2Þ

× ð=p1 − =p2Þuðk1ÞGP;Pðcos θÞ; ð19Þ

with

GP;PðzÞ ¼ z
Z Z

dxdy
ϕ1ðxÞ
xx̄

ϕ2ðyÞ
yȳ

×
xx̄þ yȳ

ðxþ y − 2xyÞ2 − z2ðx − yÞ2 : ð20Þ

These expressions are in agreement with (2.1) and (2.2) of
Ref. [8]. Again the angular function GP;Pðcos θÞ is finite as
long as ϕiðxÞ ∝ x near the endpoint regime.
The factor κP1P2

in (19) has the same physical meaning
as κV1V2

in (13). It represents the squared effective quark
electric charge, which emerges from the superposition of

the quark amplitude in the flavor space. The concrete values
of various κP1P2

have been tabulated in Table I.
Some special care is needed when the final-state mesons

involve η or η0. The pseudoscalar states appearing in (19)
are actually not the physical η and η0, but two isosinglets
ηq ¼ ðuūþ dd̄Þ= ffiffiffi

2
p

and ηs ¼ ss̄.4 The physical η and η0

states are the mixtures between ηq and ηs [29]
5:

�
η

η0

�
¼

�
cosϕ − sinϕ

sinϕ cosϕ

��
ηq

ηs

�
; ð21Þ

The mixing angle has been determined to be ϕ ¼ ð38.8�
2.4Þ° [31].
Some explanation on the kaon pair exclusive production

is in order. It is experimentally favorable to look for the
eþe− → K0

SK
0
S process. However, the kaon pair appearing

in (19) are the flavor eigenstates K0 and K̄0. Since the CP
violation in neutral kaon is quite small, we can approx-
imately assume jK0

Si ¼ 1ffiffi
2

p ðjK0i þ jK̄0iÞ. Consequently,

the amplitudes for eþe− → K0
SK

0
S and eþe− → K0K̄0 turn

out to be identical.

IV. DIFFERENTIAL CROSS SECTIONS FOR
DOUBLE NEUTRAL MESON PRODUCTION

In the preceding sections we have obtained the ampli-
tudes of exclusive neutral meson pair production, and it is
straightforward to deduce the corresponding differential
polarized cross sections:

dσλ1;λ2ðeþe− → M1ðλ1ÞM2ðλ2ÞÞ
d cos θ

¼ 1

2s
1

16π

2jP1jffiffiffi
s

p 1

4

X
spin

jAj2;

ð22Þ

where λi (i ¼ 1, 2) signifies the helicity of the ith meson in
the final state, and the spins of electron and positron spin
have been averaged over. θ represents the polar angle
between the first meson’s three-momentum and the moving
direction of the electron beam. jP1j denotes the magnitude
of the meson three-momentum in the center-of-mass frame,
jP1j ¼ λ

1
2ðs;m2

V1
; m2

V2
Þ=ð2 ffiffiffi

s
p Þ, with

λðx; y; zÞ ¼ x2 þ y2 þ z2 − 2xy − 2xz − 2yz: ð23Þ

4Note that in order to predict eþe− → π0ηðη0Þ production rate,
we only need consider the amplitude of eþe− → π0ηq, since there
arises no such reaction as eþe− → π0ηs from the nonfragmenta-
tion mechanism.

5In literature there has been speculation that a pseudoscalar
glueball may also mix with η and η0 due to chiral anomaly [30].
Since the photon does not directly couple to gluon, we will not
dwell on this complication for exclusive η and η0 production.

LU, JIA, JIA, and XIONG PHYS. REV. D 109, 094022 (2024)

094022-6



A. Production rates for double neutral vector mesons

As elucidated in Sec. II, for double neutral vector meson
production, both the fragmentation and nonfragmentation
contributions have been considered. The differential cross
sections can thus be decomposed into three pieces:

dσλ1;λ2ðeþe− → V0
1ðλ1ÞV0

2ðλ2ÞÞ
d cos θ

¼ 1

2s
1

16π

2jP1jffiffiffi
s

p 1

4

X
spins

jAfr þAnf j2;

¼ dσfrλ1;λ2
d cos θ

þ dσintλ1;λ2

d cos θ
þ dσnfλ1;λ2
d cos θ

: ð24Þ

At the commissioning eþe− collision experiments, the
dominant contribution comes from the fragmentation part,

and the next important contribution comes from the
interference part. The nonfragmentation part is anticipated
to yield a negligible contribution.

1. Fragmentation part

The photon fragmentation contribution to the polarized
cross sections for double neutral vector meson production
was first obtained by Bodwin et al. in 2006 [11]. We have
confirmed the correctness of their expressions. Here for the
sake of completeness, we enumerate the explicit expres-
sions of the polarized cross section for all possible helicity
configurations of the final-state vector mesons.
From (1) one can readily deduce the fragmentation

contribution to the differential cross section for each
helicity configurations ðλ1; λ2Þ [11]:

dσfrλ1;λ2
d cos θ

¼ 16π3α4Q2
V1
Q2

V2
f2V1

f2V2
r2V1

r2V2
λ1=2ð1; r2V1

; r2V2
ÞFλ1;λ2ðr2V1

; r2V2
; cos θÞ

s3r4V1
r4V2

½λð1; r2V1
; r2V2

Þsin2θ þ 4r2V1
r2V2

�2 ; ð25Þ

with the dimensionless ratios rVi
≡mVi

=
ffiffiffi
s

p
(i ¼ 1, 2). The helicity-dependent functions Fλ1;λ2 read

F�1;∓1ðr2V1
; r2V2

; zÞ ¼ ð1 − z4Þð1 − r2V1
− r2V2

Þ2; ð26aÞ

F�1;0ðr2V1
; r2V2

; zÞ ¼ r2V2
½2r4V1

ðz4 þ 6z2 þ 1Þ − 4r2V1
ð1 − r2V2

Þð1 − z4Þ þ 2ð1 − r2V2
Þ2ðz2 − 1Þ2�; ð26bÞ

F0;�1ðr2V1
; r2V2

; zÞ ¼ F�1;0ðr2V2
; r2V1

; zÞ; ð26cÞ

F�1;�1ðr2V1
; r2V2

; zÞ ¼ 4r2V1
r2V2

z2ð1 − ðr2V1
− r2V2

Þ2Þ − z4ðr4V1
þ r4V2

− r2V1
ð2r2V2

þ 1Þ − r2V2
Þ2 þ ðr2V1

− r2V2
− r4V1

þ r4V2
Þ2; ð26dÞ

F0;0ðr2V1
; r2V2

; zÞ ¼ 16r2V1
r2V2

z2ð1 − z2Þ; ð26eÞ

The asymptotical behaviors of various polarized cross
sections in (25) in the high energy limit are

dσfr�1;∓1;

d cos θ
∼
α4

s
; ð27aÞ

dσfr�1;0

d cos θ
∼
dσfr0;�1

d cos θ
∼
α4Λ2

QCD

s2
; ð27bÞ

dσfr0;0
d cos θ

∼
dσfr�1;∓1;

d cos θ
∼
α4Λ4

QCD

s3
; ð27cÞ

where we assume fV ∼mVi
∼OðΛQCDÞ. It is the ð�1;∓ 1Þ

helicity channel that yields the most dominant contribution.
Summing (25) over all possible helicity configurations,

we arrive at the fragmentation contribution to the unpo-
larized cross section:

dσfrðeþe−→V0
1V

0
2Þ

dcosθ
¼16π3α4

�
QV1

fV1

mV1

�
2
�
QV2

fV2

mV2

�
2

λ1=2ð1;r2V1
;r2V2

Þ2stuðm
2
V1
þm2

V2
Þþðt2þu2Þðtu−m2

V1
m2

V2
Þ

st2u2
ð28Þ
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where the Mandelstam variables t, u are given by

t ¼ −
s
2

	
1 − 2r2V1

−
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − 4r2V1

q
cos θ



;

u ¼ −
s
2

	
1 − 2r2V2

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − 4r2V2

q
cos θ



: ð29Þ

Equation (28) is in agreement with what is found in
Refs. [10,11].

2. Interference part

With the knowledge of the fragmentation amplitude in
(1) and the nonfragmentation amplitude in (14), we readily
derive the interference part of the differential cross section.
At leading-twist accuracy, the interference term becomes
nonvanishing only for the helicity configurations ðλ1; λ2Þ ¼
ð�;∓Þ and (0,0):

dσint�1;∓1

d cos θ
¼ −

4π3α4κV1V2
QV1

QV2
fV1

fV2
fV1⊥fV2⊥

3rV1
rV2

s3

× λ1=2ð1; r2V1
; r2V2

Þð3þ cos 2θÞG�1;∓1ðcos θÞ;
ð30aÞ

dσint0;0

d cos θ
¼ −

32π3α4κV1V2
QV1

QV2
f2V1

f2V2

3s3

× λ1=2ð1; r2V1
; r2V2

ÞG0;0ðcos θÞ; ð30bÞ

which bear the following asymptotical behaviors in the
limit

ffiffiffi
s

p
→ ∞:

dσint�1;∓1;

d cos θ
∼
α4Λ2

QCD

s2
;

dσint0;0

d cos θ
∼
α4Λ4

QCD

s3
: ð31Þ

Therefore the dominant interference contribution is sup-
pressed with respect to the dominant fragmentation con-
tribution by a factor of Λ2

QCD=s.

3. Nonfragmentation part

Squaring the nonfragmentation amplitude in (14),
and averaging over the electron and positron spins, we
then obtain the nonfragmentation part of the differential
cross section. For the same reason as in the interference
part, at the leading twist accuracy, the nonfragmentation
part survives only for the helicity configurations ðλ1; λ2Þ ¼
ð�;∓Þ; ð0; 0Þ:

dσnf�1;∓1

d cos θ
¼ π3α4κ2V1V2

f2V1⊥f
2
V2⊥

18s3
sin2θð3þ cos 2θÞλ1=2

× ð1; r2V1
; r2V2

ÞjG�1;∓1ðcos θÞj2; ð32aÞ

dσnf0;0
d cos θ

¼ π3α4κ2V1V2
f2V1

f2V2

9s3
λ1=2ð1; r2V1

; r2V2
Þ

× sin2θjG0;0ðcos θÞj2; ð32bÞ

which possess the same asymptotical behaviors in the high
energy limit:

dσnf�1;∓1;

d cos θ
∼
α4Λ4

QCD

s3
;

dσnf0;0
d cos θ

∼
α4Λ4

QCD

s3
: ð33Þ

Therefore the nonfragmentation part is suppressed with
respect to the fragmentation contribution by a factor
of ðΛQCD=sÞ2.

B. Production rates for double
neutral pseudoscalar mesons

Since the exclusive production of a pair of neutral
pseudoscalar pairs only proceeds through the nonfragmen-
tation mechanism, the step of deriving the corresponding
differential cross section is identical to Sec. IVA 3.
Squaring the nonfragmentation amplitude in (19), and
averaging over the electron and positron spins, we obtain

dσnf

d cos θ
¼ π3α4κ2P1P2

f2P1
f2P2

9s3
λ1=2ð1; r2V1

; r2V2
Þ

× sin2θjGP;Pðcos θÞj2: ð34Þ

As mentioned before, the differential cross section for
double pseudoscalar meson production very much
resembles the nonfragmentation part of the cross section
for producing two longitudinally polarized vector mesons,
(32b), which also scales as α4Λ4

QCD=s
3 in the limitffiffiffi

s
p

→ ∞. This asymptotical scaling behavior is the same
as that in the γγ → ππ process [21].

V. PHENOMENOLOGY

In this section, we present our predictions for the cross
sections of various eþe− → M0

1M
0
2 channels (M ¼ V, P).

We consider two benchmark values of the eþe− center-of-
mass energy,

ffiffiffi
s

p ¼ 3.77 GeV for BESIII experiment, andffiffiffi
s

p ¼ 10.58 GeV for Belle experiment.

A. Input parameters

Our numerical predictions critically hinges on the profile
of the LCDAs of various mesons, which must be deter-
mined by the nonperturbative means. As a common
practice, one parameterizes the meson LCDA as the sum
of Gegenbauer polynomials:
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ϕðxÞ ¼ 6xx̄

�
1þ

X∞
n¼1

anC
3=2
n ð2x − 1Þ

�
; ð35Þ

with an representing the nth Gegenbauer moment.
There have been extensive endeavors to unravel the

LCDAs of the ground state mesons from different kinds
of phenomenological approaches. In recent years consid-
erable progress has also been made on model-independent
extractions of the LCDAs from the lattice QCD simula-
tion. RQCD collaboration has determined the a2k and
a2⊥ moments for ρ [32], as well as the a2 moment for

the π [33]. The LPC collaboration has also predicted the
whole profile of the pion and kaon LCDAs, from which
various Gegenbauer moments can be inferred [34]. A very
recent two-loop QCD analysis indicates that, taking the
RQCD value of a2, and the LPC values of a4 and a6 can
give a decent account for both the timelike and spacelike
pion electromagnetic form factor data with large momen-
tum transfer [7]. We will adopt the same strategy for the
pion LCDA in the phenomenological analysis. Due to the
lack of lattice simulation, we assume that the LCDAs of
the ηq and ηs are identical to that of the pion, yet differ in
decay constants and masses [29,35]. We take the values of

TABLE II. Masses, decay constants and a few lower-order Gegenbauer moments of the vector and pseudoscalar mesons.

Vector ρ ω ϕ

Mass [MeV] [37] 775.26 782.66 1019.46
fV [MeV] 214.7� 1.1 195.2� 2.9 221.5� 1.2
f⊥ [MeV] 165� 9 [36] 151� 9 [36] 186� 9 [36]

akð⊥Þ
1 (μ ¼ 2 GeV) 0 0 0

ak2 (μ ¼ 2 GeV) 0.132� 0.027 [32] 0.132� 0.027 [32] 0.13� 0.06 [36]

a⊥2 (μ ¼ 2 GeV) 0.101� 0.022 [32] 0.101� 0.022 [32] 0.11� 0.05 [36]

Pseudoscalar π0 K0 ηq ηs

Mass [MeV] [37] 134.98 497.61 56.81 707.01
fP [MeV] 130.2� 0.12 [37] 155.7� 0.3 [37] 125� 5 [31] 178� 4 [31]
a1 (μ ¼ 2 GeV) 0 −0.108� 0.053 [34] 0 0
a2 (μ ¼ 2 GeV) 0.116þ19

−20 [33] 0.170� 0.046 [34] 0.116þ19
−20 [33] 0.116þ19

−20 [33]
a3 (μ ¼ 2 GeV) 0 −0.043� 0.023 [34] 0 0
a4 (μ ¼ 2 GeV) 0.122� 0.056 [34] 0.073� 0.022 [34] 0.122� 0.056 [34] 0.122� 0.056 [34]
a6 (μ ¼ 2 GeV) 0.068� 0.038 [34] 0.068� 0.038 [34] 0.068� 0.038 [34]

TABLE III. Unpolarized cross sections for eþe− → V0
1V

0
2 at the benchmark BESIII and Belle energies. For each

channel, we also enumerate the individual values of the fragmentation, interference and the nonfragmentation parts.
ffiffiffi
s

p ¼ 3.77 GeV

Process σfr [fb] σint [fb] σnfr [fb] σtot [fb]

eþe− → ρ0ρ0 622� 13 −66� 8 3.2� 0.6 560� 15

eþe− → ρ0ω 111.8� 3.5 −36.1� 3.4 5.3� 0.7 71� 5

eþe− → ρ0ϕ 152.3� 2.3 152.3� 2.3
eþe− → ϕϕ 9.85� 0.21 −4.4� 0.7 0.74� 0.13 6.2� 0.7
eþe− → ωϕ 13.7� 0.4 13.7� 0.4
eþe− → ωω 5.02� 0.30 −5.0� 0.7 2.2� 0.4 2.3� 0.8

ffiffiffi
s

p ¼ 10.58 GeV

Process σfr [fb] σint [fb] σnfr [fb] σtot [fb]

eþe− → ρ0ρ0 143.2� 2.9 −1.17� 0.14 0.007� 0.002 142.0� 2.9
eþe− → ρ0ω 25.7� 0.8 −0.66� 0.06 0.012� 0.002 25.1� 0.8
eþe− → ρ0ϕ 36.1� 0.5 36.1� 0.5
eþe− → ϕϕ 2.36� 0.05 −0.08� 0.01 0.002� 0.0003 2.27� 0.05
eþe− → ωϕ 3.25� 0.10 3.25� 0.10
eþe− → ωω 1.16� 0.07 −0.09� 0.01 0.005� 0.001 1.07� 0.07
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the first four Gegenbauer moments of the K0 meson as
given by LPC [34]. In the absence of the lattice result, we
assume the Gegenbauer moments of ω is identical to those
of ρ, and take the moments of the ϕ meson from QCD sum
rules analysis [36].
In addition, we take the values of the π and K0 decay

constants from the latest compilation of PDG [37], and take
the lattice predictions of ηq and ηs decay constants given by
the ETM collaboration [31]. We fix the values of the decay
constants fV for (V ¼ ρ;ω;ϕ) from the measured leptonic
widths [37], and take the values of the decay constants fV⊥
from the QCD sum rules analysis [36].
For reader’s convenience, in Table II we enumerate the

values of the mass, decay constant and a few first
Gegenbauer moments of light neutral vector and pseudo-
scalar mesons.
In our numerical calculation, we choose to use the QED

coupling constant αð ffiffiffi
s

p
=2Þ ¼ 1=133.46 for BESIII and

αð ffiffiffi
s

p
=2Þ ¼ 1=132.02 for Belle experiment. These values

of the running QED couplings are evaluated by utilizing the
package PYTHIA [38].

B. Numerical results

In Table III we enumerate the cross sections for various
exclusive double vector meson and double pseudoscalar
production channels, both at BESIII and Belle energies. For
the case when the two vector mesons are identical particles,
we have to integrate the differential cross section over only
half of the entire phase space.
The total cross sections of three channels eþe− →

ρ0ρ0; ρ0ω; ρ0ϕ at
ffiffiffi
s

p ¼ 3.77 GeV are predicted to be
560� 15, 71� 5, and 152.3� 2.3 fb, respectively. To
date the BESIII experiment has accumulated about
20 fb−1 data at this energy point, so there have already
been 10900–11500, 1320–1520 and 3000–3092 events

FIG. 3. The ratio of the interference part to the fragmentation part in the process eþe− → ρ0ρ0 as a function of cos θ.

FIG. 2. The angular distribution of the ρ0 in the process eþe− → ρ0ρ0. The red band represents the contribution from fragmentation
mechanism only, while the green band represents the sum of the fragmentation, interference, and nonfragmentation contributions.
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produced. Therefore, these three channels should be readily
observed based on current BESIII dataset.
In contrast, the total production rates of the three

processes eþeþ → ρ0ρ0; ρ0ω; ρ0ϕ at
ffiffiffi
s

p ¼ 10.58 GeV are
predicted to be 142.0� 2.9, 25.1� 0.8, and 36.1� 0.5 fb,
respectively. The cross sections are more than three times
smaller than those at BESIII, which is compatible with the

asymptotic scaling behavior σfrð ffiffiffi
s

p Þ ∼ α4=s in (27a), since
the double neutral vector meson production is dominated by
the fragmentation mechanism at high energy.
Thus far the integrated luminosity of Belle experi-

ment has reached about 1500 fb−1, and we expect about
208650–217350 ρ0ρ0 events, 36450–38850 ρ0ω events,
and 53400–54900 ρ0ϕ events have been produced. These
double vector meson events are so copious and deserve a
dedicated study experimentally.
Equation (28) indicates that the fragmentation contribu-

tions to the three production channels obey the hierarchy:
σðρ0ρ0Þ∶σðρ0ωÞ∶σðρ0ϕÞ≈Q2

ρ=2∶Q2
ω∶Q2

ϕ¼9∶2∶4, where
the effective quark electric charge in a vector meson given
in (6).6 We clearly see from Table III that the predicted cross

FIG. 4. The angular distribution of the ρ0 in the process eþe− → ρ0ω. The red band represents the fragmentation contribution, while
the green band represents the sum of three pieces of contributions.

FIG. 5. The angular distribution of the ratio of the interference part to the fragmentation part in the process eþe− → ρ0ω0.

TABLE IV. Total cross sections for eþe− → P0
1P

0
2 at BESIII

and Belle energies.

BESIII, σtot ½ab� Belle, σtot ½ab�
eþe− → π0π0 444� 212 1.0� 0.5
eþe− → π0η 175� 85 0.38� 0.5
eþe− → π0η0 108� 53 0.25� 0.12
eþe− → ηη 310� 152 0.69� 0.34
eþe− → η0η0 255� 124 0.62� 0.30
eþe− → ηη0 2.9� 3.1 0.007� 0.007
eþe− → K0

sK0
s 121� 35 0.27� 0.08

6Owing to the smaller effective quark charge in ω and ϕ
relative to that in ρ0, the production rates for eþe− → ϕϕ;ϕω;ωω
are orders of magnitude suppressed with respect to those for
eþe− → ρ0ρ0; ρ0ω; ρ0ϕ.
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sections at Belle fit into this pattern better than those at
BESIII, since the fragmentation dominance is a much better
approximation in the higher energy eþe− collider.
In addition to the total cross section, in Table III we also

enumerate the individual contribution from the fragmen-
tation, interference and nonfragmentation parts for a
variety of double vector meson production channels.
One clearly sees that the interference contributions are
destructive. For the Belle, the magnitude of the interfer-
ence piece is smaller than the uncertainty of the frag-
mentation contribution. Since the estimated fragmentation
contribution [10,11] already successfully accounts for the
measured production rates of the eþe− → ρ0ρ0 and ρ0ϕ
processes by BABAR [9], it seems unfeasible to unam-
biguously pinpoint the interference contribution from the
experimental perspective, even with a great amount of
events at Belle experiment.
As can be clearly visualized in Table III, it turns out that

the interference effect is much more significant at BESIII
experiment. For the eþe− → ρ0ρ0 channel, including the
interference contribution can lower the fragmentation
prediction by about 10%; For the eþe− → ρ0ω channel,
including the interference contribution may even lower the
fragmentation contribution by 30%. It is easy to understand
why the interference contribution becomes notable at
BESIII but negligible at Belle, since the interference
contribution is suppressed with respect to the fragmentation
contribution by a factor of Λ2

QCD=s, as indicated by (27a)
and (31).
The impact of the interference contribution for eþe− →

ρ0ρ0 can also been seen in the angular distribution of ρ0 in
Figs. 2 and 3. Clearly, the interference effect in this channel
becomes already notable at BESIII experiment. More
interestingly, as can be seen from the angular distribution
of the ρ0 meson in Figs. 4 and 5, the impact of the
interference contribution the for eþe− → ρ0ω channel
becomes significant at BESIII energy.

We also observe from Table III that, the nonfragmenta-
tion contribution in various double vector meson produc-
tion processes, which receive a Λ4

QCD=s
2 suppression with

respect to the fragmentation prediction, become completely
negligible, even at BESIII energy.7

We thus urge the future BESIII experiment to conduct a
precisemeasurement of the differential cross sections for the
eþe− → ρ0ρ0 and eþe− → ρ0ω channels. Once the definite
deviation from the fragmentation prediction is observed, one
may unambiguously establish the existence of the destruc-
tive interference contribution. By confronting theoretical
predictions and experimentalmeasurements, our knowledge
about the LCDAs of ρ0 and ω will be greatly enhanced.
In Table IV we also enumerate the cross sections

for various exclusive double neutral pseudoscalar meson
production channels, both at BESIII and Belle energies.
The production rates turn out to be exceedingly tiny,
which reach only a few tenth of fb for the eþe− →
π0π0; ηη; η0η0; π0η channels at

ffiffiffi
s

p ¼ 3.77 GeV. For con-
creteness, we plot the angular distribution of the π0 for the
eþe− → π0 þ π0 process in Fig. 6. The smallness of the
cross sections is clearly rooted in the α4Λ4

QCD=s
3 scaling

behavior dictated by the nonfragmentation mechanism. It
looks rather challenging to observe these rare exclusive
production channels at BESIII experiment.

VI. SUMMARY

In this work, we have conducted a comprehensive
investigation on the exclusive production of double light
neutral mesons (with C ¼ þ1) from eþe− annihilation,
exemplified by the BESIII and Belle experiments. These
exclusive processes necessarily entail two-photon

FIG. 6. Angular distribution of the π0 in the eþe− → π0 þ π0 process.

7An exception is the eþe− → ωω channel at BESIII energy,
where the fragmentation and interference pieces coincidentally
nearly cancel with each other, so the nonfragmentation contri-
bution becomes the dominant one.
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exchange, with the double neutral meson production
mechanism classified into the photon fragmentation and
nonfragmentation. The fragmentation contribution is only
relevant for double neutral vector meson production, which
can be reliably estimated in a rigorous manner, by taking
the measured leptonic width of the neutral vector meson as
input. The nonfragmentation amplitudes are computed
within the framework of collinear factorization, to the
lowest order in QED and QCD coupling and at leading
twist accuracy.
For the exclusive production of a pair of light neutral

pseudoscalar mesons, only the nonfragmentation produc-
tion mechanism survives, and the corresponding produc-
tion rates are too small for these types of processes to be
observed at both BESIII and Belle. The exclusive produc-
tion of a pair of light neutral vector mesons is more
interesting. The cross sections are generally quite large
owning to the kinematic enhancement brought by the
fragmentation mechanism, so that such processes should
be readily observed and precisely measured in both BESIII
and Belle experiments. Although the fragmentation con-
tribution plays the dominant role, including the nonfrag-
mentation contribution may bring in a sizable destructive
interference effect at BESIII energy. We find that, with
certain choice of the ρ0=ω LCDAs inspired by the lattice

QCD study, including the interference effect may lower the
fragmentation contribution to the production rate for
eþe− → ρ0ρ0 at

ffiffiffi
s

p ¼ 3.77 GeV by about 10%, and
decrease the fragmentation prediction for eþe− → ρ0ω
by about 30%. Thanks to a copious number of ρ0ρ0 and
ρ0ω events produced in the BESIII experiment, it is feasible
to accurately measure the angular distributions of these
processes. Observation of explicit deviation from the
fragmentation predictions will unambiguously indicate
the existence of the interference effect. Confronting the
future BESIII measurements with our predictions, it seems
possible to impose useful constraints on the profile of the
ρ0=ω LCDAs. The new knowledge gleaned from the
double vector meson production at BESIII may in turn
be beneficial to precise predictions of B → V form factor
and B → VV decay rates.
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