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Abstract: The total cross sections of the process e*e™ — AFA7 close to the threshold are calculated within the
vector meson dominance model. It is found that the theoretical results can describe the current experimental meas-

urements. The nontrivial near-threshold energy dependence of the total cross sections of the process ete™ — AFAZ

can be well reproduced by considering the contributions from charmonium-like states and the Coulomb factor. In

particular, the results for the angular distribution parameters about the differential cross section are consistent with
the experiments from the BESIII Collaboration. In addition, the relative phase A® of the electromagnetic form

factors is given, and the spin polarization of A/ is predicted at center-mass energy 4.7 GeV. It is hopeful that this

work will provide a new perspective on the characteristics of the charmed baryon A .
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I. INTRODUCTION

Electromagnetic form factors (EMFFs) are essential
to understanding the electromagnetic structure of bary-
ons [1-3]. In the single photon exchange approximation,
the EMFFs are as a function of ¢*, and the physical re-
gion is categorized into the space-like region (¢*> < 0) and
time-like region (¢*>0), according to the transferred
four-momentum squared ¢* of the exchanged virtual
photon. In the space-like region, the EMFFs are meas-
ured by the scattering channel ¢"B — ¢ B (B stands for a
baryon) [4—6], and reflect the electromagnetic spatial dis-
tribution of baryons. However, because of the difficulties
in producing stable and high-quality hyperon beams, it is
challenging to study the EMFFs of hyperons in the space-
like region. In the time-like region, the EMFFs are invest-
igated in the annihilation process e"e* — BB (B stands
for an antibaryon), which is the main process for study-
ing the EMFFs of unstable baryons [7—14]. Moreover, the
EMFFs in the time-like region were considered as the
time evolution of the charge and magnetic distributions
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inside the baryon [15]. On the other hand, the spin polar-
ization and asymmetry parameters of A, X, and E hyper-
ons are also measured in the e*e” — AA [16, 17],
ete” — XX [14, 18], and e*e” — EZ [19-21] reactions, re-
spectively. The spin polarization of hyperons is related to
the relative phase between their electric Gx and magnetic
Gy form factors.

The A is the lightest baryon with a single-charm
quark, and its quantum number spin-parity is J* =
1/2*. It has only weak decay modes. In 2008, the cross
section of the reaction e*e” — AYA- was first measured
by Belle Collaboration [22]. The corresponding cross sec-
tion demonstrates a nontrivial energy dependence in the
vicinity of the reaction threshold, which shows a reson-
ance structure around 4.63 GeV. In 2018, BESIII Collab-
oration reported more precise data near the reaction
threshold and found the threshold enhancement effect in
the process e*e” — AYA- [23]. However, the BESIII
measurement of the e*e” — AYA; reaction from the
threshold to 4.6 GeV implies a different energy-depend-
ence trend of the total cross sections [23]. Recently, high-
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precision data for the reaction was measured by BESIII
Collaboration [24], where the flat cross sections around
4.63 GeV are obtained and no indication of the resonant
structure about Y(4630), as reported by the Belle Collab-
oration [22]. In addition to the total cross section of
e*e” — A A; reaction, the magnetic form factor |G|, the
ratio |Gg /Gy, and the angular distribution parameter o of
A} were also measured in Ref. [24]. In particular, it was
found that the energy dependence of the ratio |G¢/Gy,| for
the A baryon reveals an oscillation feature.

Before the new measurements of the e*e™ — A*A; re-
action by the BESIII Collaboration [24], the final state in-
teractions of the A*A_ pair and the possible X(4660) state
were considered in the theoretical studies on the reaction
of e*e” = AfA; [25-27], and the near-threshold en-
hancement observed by the Belle Collaboration was re-
produced. It was noted that a virtual state lying below but
very close to the A'A. mass threshold, located at
4.566+0.007 GeV, caused the threshold enhancement
[26]. Moreover, based on the Belle data [22] and the BE-
SIII data [23], both the time-like and space-like EMFFs
of the A} were investigated by the vector meson domin-
ance model (VMD) in Ref. [28], in which six charmoni-
um states below the A*A- mass threshold were included
in the model. The new results of Ref. [24] indicate that
there are more complicated reaction dynamics behind in
the process of e*e~ — A*A7. Therefore, further studies on
this reaction are needed.

With the new measurements by the BESIII Collabora-
tion [24], in Ref. [29], it is pointed out that the contact
potential in the final state A]A_ rescattering plays an im-
portant role in the enhancement near the threshold. Up to
4.75 GeV, the available data on the total cross sections of
e*e” = ArA7, modulus of the individual EMFFs of A;,
and their ratio can be well described [29]. Additionally, in
Ref. [30], with the VMD model as in Ref. [28], the
e*e” — AFA; cross sections and the time-like EMFFs of
A} were investigated by including four charmonium-like
states that have been experimentally discovered in recent
years [31, 32], called ¢(4500), ¥(4660), ¥(4790), and
¥(4900). It was found that these charmonium-like states
are crucial to the nonmonotonic structures of the A’
EMFFs and enhancement near the reaction threshold
[30]. Especially, the so-called oscillation behavior of the
ratio |Gg/Gy| for the A} baryon discovered by the BE-
SIII Collaboration [24] can also be well reproduced. This
gives a natural production mechanism for the

e*e” — A A; reaction.

Here, in this work, motivated by the planed new
measurements [33, 34] for the e*e” — AA_ reaction at
threshold, " we will focus on the details of electromag-
netic form factors of A} based on our previous study

[30], including the total cross section near the threshold

and modulus of electric form factor Gr. We will also
study the angular distribution parameter o, the relative
phase A® between the electric form factor G and mag-
netic form factor Gy, and the spin polarization of A} in
the reaction of e*e™ — AYAC.

The paper is organized as follows. In the next section,
we give the definition of electromagnetic form factors in
the reaction of electron-positron annihilation into a bary-
on and antibaryon pair, and from this, we show the asso-
ciated spin polarization of the produced charmed baryon
A in the e*e” — AYA; reaction in Sec. III. Then, we
show the theoretical results and discussions in Sec. IV.
Finally, a short summary is given in the last section.

II. ELECTROMAGNETIC FORM FACTORS

Generally, the scattering amplitude of the reaction
ete” - v* — BB (B stands for a baryon with spin-parity
JP =1/2%) within the one photon exchange approxima-
tion can be written as

2
A= %ve(koy”ug(ksz(pl)B<pz>|J;;’"|0>, (1)

where ¢q=k +k,=p; +p,, and the matrix element
<B(p1)1§’(p2)|];’"|0>, for the electromagnetic current conser-
vation and Lorentz invariance, could be parameterized by
two independent form factors,

(B(p)B(p2)|J;"10)

F 2
=iig(p1) | F1(q)y, +i%%qu ve(p2), 2

where M is the mass of baryon B, and F(¢*) and F,(q*)
are the so-called Dirac and Pauli form factors, respect-
ively, with the normalizations F;(0)=Qs, F(0)=
kg. Here, Qp and «p denote the charge and anomalous
magnetic moment of baryon B. In this way, the electro-
magnetic information of baryon B is absorbed into the
two scalar functions F,(¢?) and F»(g?).

Based on the above formula, the differential cross
section of the reaction in the center of mass frame is

d 2 e 4M>
4 _ @aBC Gl +cost o)+ G sinte| . (3)
dQ 45 s

where s=¢* is the invariant mass squared of the e*e”
system, and @ is the scattering angle between the mo-
mentum of the initial electron and the final baryon B.
@, = €2/4r is the electromagnetic fine structure constant,
and B= V1-4M?/s is the velocity of baryon B. In gener-
al, factor C is the S-wave Sommerfeld-Gamow factor

1) This is because the A} can be reconstructed via the Cabibbo-favored weak decay of A} — pK~n*, even it was produced at rest.
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corresponding to the final state Coulomb interaction of
charged baryons [35], which will lead to an unvanished
cross section at the threshold, C=y/(1-e7), y=
21, M/(B+/s). C=1 for neutral baryons. Considering
factor C, it is expected that the cross section of the
e*e” — BB reaction is nonzero at the reaction threshold
for the charged baryon-antibaryon pair of BB. In addition,
Gr and G, are the electric and magnetic form factors, re-
spectively, which is the linear combination of F; and F,,

GE(QZ) =F, (qz) + TFz(qz), 4

GM(qz) =F, (CIZ) + Fz(qz), Q)

where T =g?/4M?. At the reaction threshold, =1, thus
GEZGM=F1+F2.

On the other hand, the differential cross section,
shown in Eq. (3), can be also expressed in a more com-
pact form

do
— =N 2 6
1) N(1+acos”0), (6)

with

a? BC 4M?
N=%(|GM|2+ & |GE|2), %)

_ SIGul* —4M?* |Gl

- 8
T G +4M2IG LI ®

with o depending on the ratio of the absolute values of
the electric and magnetic form factors and satisfying
-1 <a<1. According to Eq. (6), one can see that the an-
gular distribution of the differential cross section is only
dependent on the parameter a. On the theoretical side,
once we get the electromagnetic form factors G; and Gy,
we can easily obtain the parameter o from Eq. (8).

Within the above ingredients, and after integrating
over the solid angle €, the total cross section of the
e*e” — ArA; reaction is obtained as

2 2
o= el <|GM<q2)|2 + 2M“‘*|G5<cﬁ>|2> O
s s
Note that, on the experimental side, by combining the
angular distributions and the total cross sections, the
modulus of Gz and G, for A* could be extracted. "
Because of the nonperturbative nature of quantum
chromodynamics (QCD) theory in the energy regime of
hadrons, an exact theoretical description of their internal

1) Here after, Gk and G stand for the electric and magnetic form factors of Aj.

structure has not been achieved within the framework of
QCD. On the theoretical side, within the extended vector
meson dominance model, the Dirac and Pauli form
factors F;(s) and F,(s) can be phenomenologically para-
metrized as (more details can be found in Ref. [30]),

1 4

Fi(s) = a=ysp <f1 +;ﬁfBR;> ) (10)
1 4

Fy(s)= m <f2BR1 +;a'iBR,-> s (1

with parameter y = 0.147+0.017 GeV~2 and
M,

BR' e P u—
! M}%I ) _IMR,'FRi ’

(12)

where we take R, = y(4500) with mass Mg, = 4500 MeV,
R, = y(4660) with mass Mg, =4670 MeV, and width
Tk, = 115MeV [36]; Rs = y(4790) with Mp, = 4790 MeV
and Ty =100MeV [32]; R,=y(4900) with My, =
4900 MeV and Ty, = 100 MeV [37-39]. Note that be-

cause the mass of ¥(4500) is below the A7A7 threshold,
for its width we take the Flatté type [40]

s
Lyaso0) = Lo+ ga, \/E» (13)

with Ty =125MeV [31] and the coupling g, =1.173+
0.259 as determined in Ref. [30].

At s =0 and setting the widths I'g, =0, with the con-
straints Gg =1 and Gy =puar =0.24 1y, the coefficients
/1 and f; in Egs. (10) and (11) are obtained as

Si=1=B1=B2—B3—Pa, (14)

fH=par—1-— a3 -y, (15)

with B, =1.883+£0484, B,=-1.101+£0.302, pB;=
—0.439+0.194, B, =-0.141£0.097, and a,=1.089+
0.297, a3 =0.438+0.192, @,=0.133+0.096 the model
parameters, which are fitted to the experimental data on
the total cross sections, the ratio |Gg/Gyl| and G, about
the ete” — AFA] reaction.

III. SPIN POLARIZATION OF THE PRODUCED
A} IN THE PROCESS OF e*e—A*A;

In the time-like region, Gr and G, are complex. The
relative phase A® between G and G, is an observable
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physical quantity,
Ge/Gu =e**|Gp/Gyl. (16)

Actually, A® can be extracted experimentally from the
spin polarization of the final A} in the reaction
e*e” — AfA-. However, it is experimentally difficult to
measure the spin polarization of baryons directly. The un-
expected observation of spin polarization in e*e” —
J/¥ — AA by the BESIII Collaboration [41] has opened
new perspectives for such studies [18, 42—46].

Usually, the spin direction of A} is reconstructed by
the final particle angular distribution of the A} weak de-
cays, for example, A} — A+x*. Taking into account the
final A} and A, weak decays, the whole process as
ete” > A (= A+r")AZ (= A+n), its differential distri-
bution can be expressed as [47, 48]

W) =1+aT5(8) +anrax:
[716) + V- a2 cos(AD)T,(£) +aTo(é)]
+ VI=aZsin(AD)ar T3 + a5 Ta@),  (17)

where £ =(0,Q4,Q%), and Q,,Qx, is the momentum dir-
ection of the baryon A and A in the rest frame of A} and
A_, respectively. Here, ay is the decay asymmetry para-
meter for the A} — A+n" decay, and «aj- for the
A; - A+n. " In addition, these angular functions

T:(i=1,2,---,6) are given as follows:

T1(€) = sin” Bsin6; sin6, cos ¢ cos ¢, + cos® fcos by cos b,
T>(&) = sinfcosB(cos B, sinb; cos ¢, +cos b sinb, cos ¢,),
T3(€) = sinfcosfsind; singy,

T4(€) = sinfcosfsinb, sin gy,

T5(£) = cos®6,

T (&) = cos B cos b, — sin® @sin6; sin 6, sin ¢, sin s,

where (0;,¢1) = Qa, (62,6,) = Q. Note that the coordin-
ate system is defined as follows: the z axis direction is
along the momentum p of the emitted baryon A}, and the
y axis is perpendicular to the scattering plane along the
direction #xk, with k being the electron momentum, and
the x axis is determined by the right-hand coordinate sys-
tem, as presented in Fig. 1.

The term 1+a75(¢) in Eq. (17) is spin-independent,
corresponding to the differential cross section angular
distribution in Eq. (6). The second term multiplied by

anra@;- represents the spin entanglement of A} and A_,
while the last term stands for the spin polarization of the
charmed baryon A} along the y axis. High statistic data

samples close to the threshold for the e*e™ — AT A reac-
tion enabled studies of the angular distributions of A} in
the e*e™ center-of-mass system.

Experimentally, the information about spin polariza-
tion of charmed baryon A! in the joint reaction
ete” > A (= A+n")AZ(— A+n7) at a certain energy +/s
is mainly obtained by measuring the following angular
distribution [16, 41, 49],

M(cosf) = I TR V1 —a?sin(A®)sinfcosb. (18)

3+a

One can see that the M(cos) will vanish at @ = =1 or the
relative phase A® = 0, otherwise, it reaches its maximum
value at § = n/4 and vanishes at 6 =0, n/2, and z. In gen-
eral, in the time-like region, G and G, are complex,
thus A® is not zero and a cannot reach +1, which indic-
ates that the produced A} is polarized, even though the
initial states ¢* and e~ are both unpolarized. The spin po-
larization of A} is directed along the normal to the
ee* — AYA scattering plane, which is defined as jxk.
It is worth mentioning that if the y axis direction is
defined by £ x j3, there will be an additional minus in the
angular distribution function Eq. (17), i.e., replacing sin6
with —siné.

IV. NUMERICAL RESULTS AND DISCUSSIONS

The Driac and Pauli form factors F,(¢*) and F,(q*) of
the A} were constructed within the VMD model, in
which four charmonium-like states were included, called
Y (4500), (4660), ¥ (4790), and ¥(4900). Then one can
easily obtain the electromagnetic form factors of Gz(g*)
and Gy(qg?), and also the experimental observables. The
model parameters are fixed by fitting them to the experi-
mental data. By taking into account these vector excited
states, the flat behavior of the total cross section from the
threshold to /s =4.67 GeV for the process e*e™ — AYA_
[30] is successfully explained. Here, we present the de-
tailed structure of the cross section near the reaction
threshold, as shown in Fig. 2 by the blue solid line, where
the quantity £ is defined as E = v/s—2M,:. One can see
that the theoretical results are in agreement with the ex-
perimental data taken from the BESIII Collaboration
[23], and the flat behavior of the total cross sections can
be well reproduced. Moreover, it is found that the ob-
tained value of the total cross section at the reaction
threshold (E =0) is about 193 nb, and Gg(E=0)=
Gu(E =0)=0.92-0.71i.

1) If CP is conserved in the charge conjugate decay, it will lead to ap+ = -« Az Here, we take CP is conserved. The distribution function “W(¢) can be used to ex-
tract separately A} and /_\(_. decay asymmetry parameters, and thus allowing to a direct test of CP violation in the hyperon weak decays.
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Fig. 1.

(color online) The definition of the coordinate system in the reaction e*e™ — A} (— A+7%)AZ(— A +77), where the decay of A

to An~ is not shown for simplicity. The solid angle Qx = (61,¢1) of A is defined in the center of the mass frame of A}, and Qz = (62,¢2)

in A, with the same coordinate system.

300
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250F

200} { ________
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50p

T R R R S S R S R T
E (MeV)
Fig. 2. (color online) The obtained total cross sections of the
ete” — A*A7 reaction as a function of the excess energy E
comparison with experimental data taken from the BESIII
Collaboration [23]. The blue solid line represents the theoret-
ical results, which include the Sommerfeld-Gamow factor C,
and the green dashed line excludes factor C.

To see the importance of factor C, we also plot the
numerical results without including factor C in Fig. 2 by
the green dashed line. One can see that factor C affects
only the energy region very close to the reaction
threshold [26]. Moreover, its affect decreases very
quickly as the reaction energy grows. For energies above
a few MeV of the reaction threshold, the impact of this
Sommerfeld-Gamow factor is not very important.
However, it does provide a nonzero cross section at the
reaction threshold.

Because the total cross sections of the ete™ — AYA;
reaction can be measured at the reaction threshold, it is
expected that more experimental measurements can be
done to test our model calculations shown in Fig. 2. In
fact, the BESIII detector has collected scan data at four-
teen c.m. energies from the threshold to 4.95 GeV with
relatively large statistics [33, 45]. Thus, it is possible that
a high-precision production cross-section line shape of
the e*e” — AYA; reaction will be produced soon. These
future experimental data will serve as crucial inputs for
theoretical calculations concerning different production

***** Threshold
12k ¥ BESIN2023
¢ BESII2018

0.8f

IGgl

0.4r

0.0

16 7 a3 a9
Vs (GeV)

Fig. 3. (color online) The obtained electric form factor |G|

compared with experimental data taken from Refs. [23, 24].

The green vertical dashed curves represent the ete™ — AYA;

kinematic reaction threshold.

mechanisms of A}.

Next, in Fig. 3, the obtained modulus of the electric
form factor Ggz(¢*) as a function of +/s are shown. One
can see that the model can well describe the experiment-
al data. In particular, the data point very close to the kin-
ematic threshold can also be reproduced. On the other
hand, there is a sizable bump structure around
v/s =4.78 GeV in the line shape of |Gg(¢?)|, which is at-
tributed to the charmonium-like state (4790) [32]. Fur-
ther studies on this state on both the experimental and
theoretical sides are most welcome [50].

The theoretical results for the angular distribution
parameter o are presented in Fig. 4, and compared with
the experimental data taken from the BESIII Collabora-
tion [23, 24]. One can see that our theoretical results are
in agreement with the experimental data especially in the
c.m. energies from 4.64 to 4.90 GeV. Still, close to the re-
action threshold, the theoretical results do not match the
experimental values so well. However, more precise data
around the reaction threshold are also needed. On the oth-
er hand, to improve the theoretical calculations near the
reaction threshold, new A*A; bound states [51] might
need to be introduced.
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Fig. 4. (color online) As in Fig. 3, but for the theoretical res-
ults about the angular distribution parameter a compared with

the experimental data from the BESIII Collaboration [23, 24].

As shown in Fig. 4, the line shape of a shows an os-
cillatory increasing behavior, which is a natural result ac-
cording to Eq. (8), because the ratio of |Gr/Gy| has a
damped oscillation [30]. This so-called oscillating beha-
vior is because of the production of the vector excited
states. In addition to these studies on the EMFFs for the
light baryons in Refs. [52—65], it is concluded that the
non-monotonic structures observed in the line shape of
the e*e” — BB total cross sections can be naturally ex-
plained by including the contributions from the excited
vectors within the vector meson dominance model.

In addition, with the obtained electromagnetic form
factors or the parameter a, the differential cross sections
of the e*e” — AFA_ reaction at E =35, 50, 100, and 150

MeV can be easily calculated and the theoretical results
are shown in Fig. 5. On the experimental side, the para-
meter o and the relative phase angle A® between the
electric and magnetic form factors of A} can be extrac-
ted from the differential cross sections of the
e*e” — A*A; reaction. Again, more experimental meas-
urements about the differential cross sections from the
experimental side are needed to test the theoretical calcu-
lations here and determine the individual electromagnetic
form factors of A} .

The obtained relative phase A® between the electric
G and magnetic G, form factors are shown in Fig. 6. At
the reaction threshold E = 0, the relative phase A® equals
zero because Gy is exactly equal to G, according to Egs.
(4) and (5). As the energy E increases, the relative phase
increases and remains constant at about 60° around
E =120 MeV. It is worth mentioning that it is difficult to
get the relative phase A® because the experimental cross
sections depend on the modulus of Gx and G,. To get
this phase, one needs to measure the angular distribu-
tions of the e*e” — A*A_ reaction. In fact, the relative
phase A® could be measured from the spin angular distri-
bution of the baryon, which was usually reconstructed
from their weak decays. Meanwhile, the baryon spin po-
larization is self-analyzed in their weak decays.

Following Ref. [47] and according to the obtained
form factors F; and F, within the VMD model, we can
obtain the scattering amplitude of the e*e” — A*A reac-
tion, from which we can study the spin polarization of
A}. With Eq. (18), where the details about the spin polar-

18.5 20
—— E=5MeV E=50 MeV
o ©
C] &
15
g g
S 3
s =
17975 ~03 0.0 03 1.0 95 =05 0.0 03 1.0
cos@ cosé
20
—— E=100MeV E=150 MeV
15t
K &
15}
< g
S 3
< <
1of
1975 03 0.0 03 1.0 -10 =05 0.0 05 1.0
cosf cos@
Fig. 5.  (color online) The obtained differential cross sections of the process ete” — ATA; at excess energy E =35, 50, 100, and
150 MeV.
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90
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1
<
30¢
0 30 100 150
E (MeV)
Fig. 6. (color online) The obtained relative phase A®

between Gr and Gy, as a function of E.

ization of A} along the y axis are given for the case of
A} — Arx*, the distributions of M(cos) at +/s =4.7 GeV
(i.e.,E =125 MeV) are calculated. Because, near this en-
ergy point, it possesses a considerably larger relative
phase, to such an extent that a more remarkable polariza-
tion can be experimentally observed. Furthermore, we
have also calculated M(cos#) for the cases of A} — X0x*
or A* — 7", These three decay modes have larger de-
cay branching ratios compared to other channels [66], and
the decay asymmetry parameter a,: in the three final
states A", X°n*, and Z*n° are —0.84+0.09, —0.73+0.18,
and —0.55+0.11, respectively. In Fig. 7, we show our nu-
merical results concerning the M(cosf) in the three de-
cay channels at c.m. energies +/s=4.7 GeV. The blue
line represents A} — An*, the green line represents the
A} — Xz, and the red line represents the A} — X*7%. It
is expected that the theoretical results for the M(cos6) can
be measured by the BESIII Collaboration and Belle Col-
laboration in future experiments or at the planned super
tau charm facility [67]. Regardless, it is worth anticipat-
ing that more experimental information will be available
in the near future to greatly improve the knowledge about
the production mechanism of the charmed baryon A; in
the process of e*e™ — AFA:.

V. SUMMARY

In summary, we investigated the electromagnetic
form factors of the lightest charmed baryon A and the
total cross sections of the e*e” — AFA. near threshold
based on the extended vector meson dominance model.
Using parameterizations of the electromagnetic form
factors Gy and G, available, the angular distribution

0.4
— A”+
— 20”4»
— Z+”(D
02t
<
8
8 oof
N
-0.2f
0475 =05 0.0 053 1.0
cosd
Fig. 7.  (color online) The obtained moments M(cos6) at

Vs =4.7GeV. The blue line represents the result of the decay
of the final state A} to Axn*, the green line represents
A} - X% and the red line represents A} — =*z°, while the
decay of A7 is the charge conjugation of A}, respectively.

parameter o was also calculated, which is consistent with
the experimental data from the BESIII Collaboration.
Moreover, the modulus of electric form factor G and the
relative phase A® between Gy and G, were presented.
The relative phase is associated with the spin polariza-

tion of the produced baryon in the e*e™ — A A_ reaction.
With the obtained relative phase and the parameter o, the
moments M(cos6) are obtained in three A} decay chan-
nels, AY — Ar*, A} - X% and A} — Z*2°. Because the
channel A — An* has a larger decay asymmetry para-
meter compared to the other two decay modes, it is more
likely that significant phenomena will be observed in the
process ete” — A¥(— An*)AZ(— An”). It is expected that
the theoretical results obtained here can be tested by fu-
ture experiments, such as BESIII and Belle II.

Finally, we would like to stress that, thanks to the im-
portant role played by the excited charmonium states in
the e*e” — ASA. reaction, more precise experimental
measurements for this reaction, such as Belle II, BESIII,
and STCF, can be used to improve our knowledge of the
properties of some charmonium states, which are at
present poorly known. More experimental information
will be available in the near future, which will greatly im-
prove our knowledge of the production mechanism of the
process ete” — AYAC.
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