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Abstract: Inspired by the recent measurement of the process e e~ — AA, we calculate the mass spectrum of the ¢
meson with the GI model. For the excited vector strangeonium states ¢(3S, 4S5, 55, 6S) and ¢(2D, 3D, 4D, 5D), we
investigate the electronic decay width with the Van Royen-Weisskopf formula, and the partial widths of the AA,
=-®E+, and 3*®F-®) decay modes with the extended quark-pair creation model. We find that the electronic decay
width of the D-wave vector strangeonium is about 3 ~ 8 times larger than of the S-wave vector strangeonium.
Around 2232 MeV, the partial decay width of the AA mode can be up to several MeV for ¢(33S ), while the partial AA
decay width of $(23D1) is O(1073) ke V. If the threshold enhancement reported by the BESIII collaboration arises from
the strangeonium meson, this state is very likely the ¢(3°S ) state. We also note that the AA and $*¥- partial decay
widths of the states #(3°D;) and ¢(43S ) are several MeV, which is sufficient to be observed in future experiments.
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1 Introduction

The timelike electromagnetic form factors (FFs)
provide a key for understanding the strong interactions
and inner structure of hadrons. They have been measured
via the process e*e”™ — BB [1-5] (where B stands for a
spin-1/2 ground baryon state), and a non-vanishing cross-
section in the near-threshold region was observed [6-9].
The unusual behavior near the threshold implies a more
complicated underlying physics scenario, which has driv-
en many theoretical interpretations, including the BB
bound states or meson-like resonances [10-17], final-state
interactions [18,19] and an attractive Coulomb interac-
tion [20,21].

Very recently, the BESIII collaboration studied the
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process ete” — AA with improved precision [22]. The
Born cross-section at /s = 2.2324 GeV, which is 1.0 MeV
above the AA mass threshold, was measured as
305+45*5¢ pb. Could it be that this unexpected feature in
the near-threshold region is due to an unobserved
strangeonium meson resonance? In the present work, we
try to answer this question.

We calculate the spectrum of the s§ system in the
framework of the Godfrey-Isgur (GI) model [23], which
gives a good description of the known mesons and bary-
ons [23-25]. After obtaining the masses of the higher ex-
cited strangeonium states, we estimate the electronic de-
cay width of the JPC =1 states ¢(2D, 3D, 4D, 5D) and
#(3S, 48, 55, 6S) with the Van Royen-Weisskopf for-
mula [26]. We use the extended quark-pair creation mod-
el [27,28] to calculate the partial decay widths of the vec-
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tor states AA, = ®WzE*, and T*®F-) with the obtained
spatial wave functions. Considering the theoretical calcu-
lations of the two-body strong decays of the s5 system in
literature [29-34], we emphasize in the present work the
baryon-antibaryon decay mode and electronic decay
properties.

According to the theoretical predictions of various
models, the masses of ¢(33S) and #(23D;) mesons are
about 2.2 GeV (see Table 1). Therefore, we calculate the
e*e” and AA partial decay widths of the excited vector
states ¢(33S1) and ¢(2°D;). We find that the electronic
decay width of ¢(3°S ) is about 3 times smaller than of
#(23Dy). However, around 2232 MeV, the partial decay
width of the AA mode can be up to several MeV for
#(33S 1), while the partial AA decay width of the state

#(2°D;) has a very small value O(107%) keV. The
threshold enhancement in the process ete” — AA ob-
served by the BESIII collaboration [22] may be caused by
#(3°S1). We also note that the AA and $+5- partial decay
widths of the states ¢(3°D;) and ¢(43S ) are several MeV.
These two states have a good potential to be observed in
future experiments via their main baryon-antibaryon de-
cay channels.

This paper is organized as follows. In Sec. 2, we give
a brief introduction to the GI model and calculate the
spectrum of the s5 system. We then present the Van Roy-
en-Weisskopf formula and give the electronic decay
properties in Sec. 3. In Sec. 4, we discuss the extended
quark-pair creation model and the results of baryon-anti-
baryon decay. We give a short summary in Sec. 5.

Table 1. Predicted masses (MeV) of the higher ¢ mesons with J7C = 1 given by various models.

state this work mass MGI [29] GI [23] RQM [35] COQM [36] exp. [37]
#(138)) 1009 1030 1020 1038 1020 1020
#2385 1) 1688 1687 1690 1698 1740 1680
#(3381) 2204 2149 2119 2250 -
#4358 1) 2627 2498 2472 2540 -
#(5381) 2996 2782 . -
#(6°S 1) 3327 -
#(1°D)) 1883 1869 1845 1750 -
#(2°D)) 2342 2276 2258 2260 -
#(3°Dy) 2732 2593 2607 e -
#(4°Dy) 3079 -
#(5°Dy) 3395 -

_ ggconf hyp SO
2  Mass spectrum Ver(p,r) = H);" +H\5" + Hp,. )

In this work, we employ the GI model to calculate the
mass spectrum of the higher excited strangeonium. Ac-
cording to the GI model [23], the Hamiltonian for the
quark and antiquark reads

H-= (p2+m%)1/2+(p2+m§)1/2+veﬁ(p,r), (1)

where m; and p are the quark mass and momentum in the
center-of-mass frame. V.g(p,r) is the potential between
the quark and antiquark, which can be obtained from the
on-shell scattering amplitude between the quark and anti-
quark in the center-of-mass frame. This Hamiltonian con-
tains the short-range y*®1y, one-gluon-exchange (OGE)
interaction, and the 1®1 linear confining interaction sug-
gested by lattice QCD. In the nonrelativistic limit, it can
be reduced to the familiar Breit-Fermi interaction

Here, HSSM is the spin-independent linear confinement
and Coulomb-type interaction; ngp is the color-hyper-
fine interaction and HY$ is the spin-orbit interaction.

In order to include relativistic effects, Godfrey and Is-
gur built a semiquantitative model [23]. Introducing the
smearing function for a meson ¢;g;

3

N O-ij -0 (r-r)’ 3
Pij("—")—me i , 3)

the OGE potential G(r) = —4a(r)/3r and the confining po-
tential S (r) = br + ¢ are smeared into G(r) and S (r) via

fir) = f &F pif(r— 1) f (). )

Introducing the momentum-dependent factors, the Cou-
lomb term is modified according to
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orbit potentials are modified according to > 6 ; (10)
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- 12+ 1/2+€
V,(r) mlm Vl(r) miny (6) and
m1m2 E]Ez mimy \ E1E» .
N AYER Y MNEVAVEVEE NN Y)
where ¢ corresponds to the contact (c), tensor (t), vector ]gp 3 L VZGﬁ2 —( 3
spin-orbit [so(v)], and scalar spin-orbit [so(s)]. e i
With the notation > 1 9 Gt (11)
mamg /2 mamg\1/2+ o2 ror] !
(04
= 7 . . o .
/. "ﬁ( r= ( E.Eg ) f (r)( EaEﬁ) ) The spin-orbit term H} can be decomposed into a sym-
we have metric part H(sz) and an antisymmetric part H[‘fz], while
SO —
Ver(p, 1) = Hconf + thp H?g, ®) the H[12J vanishes when m; = mo. . N
. We adopt the free parameters in the original GI mod-
where el [23], and diagonalize the Hamiltonian in the simple
5 (172 2 172 h . . 25 +1 .
~ ~ armonic oscillator bases L;). The resulting mass
agt =1+ L) w1+ L) w50 © " Ly). The resulting
E\E; E\E; spectrum of the strangeonium is shown in Fig. 1. The pre-
~ dicted masses of the higher vector ¢ mesons in various
o SUL10GYY 8, L1363 o> oF He 8 ¢
S = - models are listed in Table 1.
Zm% r o or 2m2 r or
M(MeV)
4065
2000 L w11 4054 4046 4060 3960 3953 3961 3957 4050 4029 4035 594 |
3882 3873 3859 3866 3852
I 3783 3776 3791 3796 =— = —— 3788 3766 3772
3630 —— 3687 3680 3688 3683 — 3705
| 3596 3630 = == =" 3508 3582 3589 3573
=220 3493 3487 3503 3509 3305 3387 3396 3390 T T = 3511 3485 3492 4, |
3288 3327 2599 3387 3396 3390 4303 3285 3293 3274 -
3200 - 3179 3174 3191 38 470 2070 3080 3073 3214 3185 3193 3156
2949 2996 T T T T 29852064 2923 2951 993
o 2854 2832 2850 2899 1) p723 2734 2725 T S 2661 2870 904
I 2627 =5 252 S 2050 2636 2613 2623 9506 |
2568 2444 2449 2468 2480 26 - == 2542 2507 2517
= —_— 2342 2336 -
2400 pios 220 2337 2243 2203 2234 2202
B 1986 2008 2027 2046
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1578 220
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| 1009 ]
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Fig. 1. (color online) The spectrum of the s5 system.
[
2¢2
3 Electronic decays T[¢(nS) — e*e™] oc ——|Rys (), (12)
nS
. . 2,2
With the Van Royen-Weisskopf formula [26,38], the T[¢(nD) — e*e] o 250”5 |R"nD(0)|2 (13)
electronic decay width of the excited vector strangeoni- 2M3,m}

um states is given by Here, @ = = denotes the fine structure constant. m; = 450

137
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MeV and e; —% are the strange quark constituent mass
and charge in units of electron charge. M,s(M,p) is the
mass of @¢(nS)(¢(nD)). R,s(0) represents the radial S -
wave function at the origin, and R”,p(0) represents the
second derivative of the radial p -wave function at the
origin.

In our calculations, we adopt the simple harmonic os-
cillator (SHO) wave functions for the space wave func-
tions of the initial meson. With the wave functions ob-
tained in calculations of the mass spectrum, we get the
root mean square radius of the vector states. We can then
determine the harmonic oscillator strength 8, for the two
strange quarks in the initial meson (as listed in Table 2).

According to PDG [37], the electronic decay branch-
ing ratio for ¢(1S5) is

Table 2.

Blp(1S) = ete 1= (2.973+0.034)x 1074, (14)

Combining this ratio with the total decay width
(I'=4.249+0.013 MeV), the central value of the electron-
ic decay width is T[¢(1S) — e*e™] = 1.26 keV. From Egs.
(12) and (13), we can obtain the ratio of electronic decay
width of the higher excited vector strangeonium states
and the state ¢(1S). Thus, we get the electronic decay
widths of these states, as shown in Table 2.

From Table 2, the ratio R is smaller than one. The
electronic decay widths of the excited vector strangeoni-
um states ¢(3S, 4S5, 55, 6S) and ¢(2D, 3D, 4D, 5D) are
smaller than of the state ¢(1S). On the other hand, the
electronic decay width of the p-wave vector strangeoni-
um is about 3 ~ 8 times larger than of the S-wave vector
strangeonium. For the S-wave states, our predictions are

Predicted electronic decay widths of the higher ¢ mesons with J”C = 1. The units are MeV for the mass and harmonic oscillator strength S,

and keV for the e*e™ decay width. R is the electronic decay width ratio of the higher excited state and the state ¢(1S). T[ete™] = RXT[¢(1S) — eTe]

denotes the electronic decay width for each state.

state sass Bun R I'lete” VkeV
#(33S1) 2204 368 0.17 0.21
d43S 1) 2627 351 0.12 0.15
#(53S1) 2996 341 0.09 0.11
#(6351) 3327 334 0.08 0.10
#(23D)) 2342 375 0.47 0.59
#(3°Dy) 2732 355 0.54 0.68
H(43D)) 3079 344 0.61 0.77
#(53D)) 3395 336 0.70 0.88
T T T 010 T T T
014} usol 9(6S)
0.09 g
x 14 x (4
012 i
0.08 |- 4
—— p=p,+20 M&
0.08 | — p=p,-20 MeV
4 1 10 1 n 1 n 1 1 n 1 n 1 1 n 1 n 1
2100 2200 2300 2500 2600 2700 2800 2900 3000 3100 3200 3300
M(MeV) M(MeV) M(MeV) M(MeV)
07 T T T T 10 T T T 12 T T T
$(2D) 0.8 3D) | - $(4D) $(5D)
08| 4
o x© x x
05 \ 06 \ \ 08 \
06| 4
04 F g 06 E
\ 0.4 \ \ \
03 1 1 1 1 04 1 1 1 04 1 1 1
2200 2300 2400 2600 2700 2800 2900 3000 3100 3200 3300 3400
M(MeV) M(MeV) M(MeV) M(MeV)
Fig. 2. (color online) Variation of the electronic decay width ratio with the mass of the S- and D-wave vector strangeonium. The red,

black, and blue lines correspond to predictions with the values of 8 = B, + 20 MeV, By, and B,, — 20 MeV, respectively.
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in accordance with Ref. [39], while for the p-wave states,
our predictions are about 3 times larger than in Ref. [39].

Considering the uncertainties of the predicted mass
and harmonic oscillator strength 8;,, we plot the variation
of the electronic decay width ratio R as a function of the
mass with the values of 8 = B, +20 MeV, By, and By, — 20
MeV, in Fig. 2. It is obvious that the ratio R decreases
with mass for the same value of 5 .

4 Double baryon decay mode
4.1 The 3P, model

The quark-pair creation (3Py) model was first pro-
posed by Micu [40], Carlitz and Kislinger [41], and fur-
ther developed by the Orsay group [42-44], and has been
widely used in studies of the OZI-allowed two-body
strong decay of hadrons. Very recently, the 3Py model
was extended to some OZI-allowed three-body strong de-
cays [28] as well. In the framework of this model, the in-
teraction Hamiltonian for one quark-pair creation is de-
scribed as [45-47]

Hy =7Z 2mffd3x¢f¢f. (15)
7

Here, y is a dimensionless parameter usually determined
by fitting the experimental data. m; denotes the constitu-
ent quark mass of flavor f , and y stands for the Dirac
quark field.

In our previous work [27], we extended the *Py mod-
el to study the partial decay width of the A.A, mode for
the charmonium system. In this work, we use this model
to study the process ¢*(A) — B(B)+ B(C), where ¢* de-
notes the excited strangeonium state. As pointed out in
Ref. [27], two light quark pairs should be created in this
type of reaction (as shown in Fig. 3), and the helicity
amplitude pyM. MM, reads

8*(pa—pp —pOOMM i = "
k

(BC|Hyglk){k|Hgg|A)
Ey—FEy4 '

(16)
Here, p;(I = A, B, C) denotes the momentum of the had-
ron. E4q represents the energy of the initial (intermedi-
ate) state A(k). Considering the quark-hadron duality [48],
we simplify the calculations by taking E;,—E4 as a con-
stant, namely Ej—E4 ~2m,. Here, m, is the constituent
quark mass of the created quark. We adopt this crude ap-
proximation since the intermediate state differs from the
initial state by two additional quarks at the quark level
[27,28]. Thus, we can rewrite Eq. (16) as

(BC|H,zH5|A)

8> (pa— pp— po)MMu MM ~
2my

an

The transition operator for the creation of two quark pairs
in the nonrelativistic limit reads

Fig. 3. (color online) The strangeonium system decays into
double baryons
9y? I
T =—— > (Im;1-m|00){1m’; 1 —m’|00)
Mg myn

X f & p3d pad® psd*ped® (p3 + p1)> (s + pe)

34 34 34 y}l'n(p3_p4) be

XPy Wy X1,-m 5 %P
' P5 D6 &%
X @O 5 Yaby (18)

where p; (i = 3, 4, 5, 6) stands for the three-vector
momentum of the ith quark. ¢y = (uit +dd + s5)/ V3 cor-
responds to the flavor function, and wy=¢6;; repr-
esents the color singlet of the quark pairs created in vacu-
um. yi_mem) are the spin triplet states for the created
quark  pairs. The solid harmonic polynomial
Y""(p) = plY]""(6,,¢,) denotes the p-wave quark
pairs. aj'bjf is the creation operator representing the quark-
pair creation in vacuum.

Finally, the hadronic decay width T in the relativistic
phase space reads

pl 1
I[A— BC]=n" =
MA 2J4+1 M/A,MZJH,M/(,

IMMuMiMic 2 (19)

Here, p represents the momentum of the daughter baryon.
M, and J, are the mass and total angular quantum num-
ber of the parent baryon A. In the center-of-mass frame of
the parent baryon A, p reads

\/[Mf, ~(Mp—McY1[M; ~(Mp+ Mc)*]
2My '

In our calculations, we take the standard constituent
quark masses, namely m, = my = 330 MeV and m, = 450
MeV. The masses of the final baryons are taken from
PDG [37], as listed in Table 3. We adopt the simple har-
monic oscillator (SHO) wave functions for the space-
wave functions of the hadrons. The harmonic oscillator
strength B,, for the two strange quarks in the initial
mesons is determined by the spatial wave functions ob-
tained in the calculations of the mass spectrum (as listed
in Table 1). The harmonic oscillator strength for the two
light quarks in the final baryons is taken as @ = 400 MeV.
As for the strength of the quark-pair creation in vacuum,
we adopt the same value as in Ref. [49], ¥ = 6.95. The un-
certainty of the strength y is about 30% [47, 50-52], and
the partial decay widths are proportional to y*. Thus, our

pl = (20)
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Table 3.
cept y which has no unit.

Parameters used in this work [37, 49] in units of MeV, ex-

Table 4. Partial decay widths of the vector strangonium with a mass
of M =2232 MeV.

parameter value state Bu/MeV [\i/MeV
mass of the final baryon A 1115.68 (338 1) 368 5.84
A 1115.68 Ww(2°Dy) 375 3.90x 107°
>+ 1189.37
s 1189.37 certainties of the predicted mass, we studied the variation
. 139171 of the AA decay width as a function of the mass of the
" ' state $(3°S ). The decay width increases rapidly with the
E* 132171 mass in the range of (2233—2300) MeV.
DA 1382.80 We investigate now the decay properties of the state
$o 1382.80 #(2°D)). Fixing the mass at M = 2232 MeV, we get
o 1535.0 [¢(2°D1)—>AA] ~3.90x 10™° MeV. (22)
constituent quark mass my 330 This width seems to be too small to be observed in exper-
my 330 iments. Combining the predicted partial decay width of
. 450 #(33S 1), we obtain
3 _
harmonic oscillator parameter a 400 [p(3°S 1)—=AA] ~1.50%10° (23)
3 = . .
strength of the quark pair Y 6.95 T¢(2°D1)—AA]

creation from the vacuum

predictions may bare quite a large uncertainty.

4.2 AA decay mode

4.2.1 States around the AA threshold

In 2007, the BABAR collaboration measured the
cross-section of ee™ — AA from threshold up to 3 GeV
[9], and observed a possible nonvanishing cross-section
at threshold. Recently, the BESIII collaboration pub-
lished a measurement of the process e*e™ — AA [22] with
improved precision. The Born cross-section at
\/s =2232.4 MeV, which is 1.0 MeV above the AA mass
threshold, was measured as 305 £45*$¢ pb, which indic-
ates an obvious threshold enhancement.

According to various predictions (see Table 1), there
are two strangeonium meson resonances #(33S1) and
#(23Dy) , both with masses around 2.2 GeV and J* = 1.
As a possible source of the observed threshold enhance-
ment, it is crucial to study the decay properties of the
states ¢(32S1) and ¢(23Dy).

We first explore the AA partial decay width of the
state ¢(33S1) and obtain

[[¢(3°S 1)—>AA] ~ 5.84 MeV (21)

with a mass of M =2232 MeV (see Table 4). This partial
decay width is large enough to be observed in experi-
ments, and indicates that the observed threshold enhance-
ment may arise from this state. Although the phase space
is considerably suppressed around the threshold, the
transition amplitude for this decay mode is quite large.
Hence, the partial decay width of the AA mode for the
state $(33S) reaches several MeV. Considering the un-

The decay ratio of ¢(33S) into the AA channel is about
0(10%) larger than of ¢(2°D;) into the AA channel. Com-
bining their electronic decay widths calculated in Sec. 3,
we conclude that if the threshold enhancement reported
by the BESIII collaboration in the process ete™ — AA is
related to an unobserved strangeonium meson resonance
then this state should most likely be ¢(33S ).

Besides the uncertainties coming from the predicted
mass and harmonic oscillator strength By, the results of
#(3°S1) and #(2°D;) may have large uncertainties due to
their lower masses. At the hadron level, the energy of the
intermediate states with spin parity J©¢ = 1, such as mo-
lecularstatesK K1 (1270),K + (892)K;(700),K * (892)K;(1270)
and ¢(1020)a((980), is about 1.7~2.1 GeV. Thus, E; — Ex
is small and sensitive to the masses of intermediates
states. In this case, taking E; — E4 = 2m, will introduce a
large uncertainty in the calculations.

4.2.2 Higher states

Besides ¢(33S) and ¢(2°D;), we also analyzed the
decay properties of the S-wave states ¢(4°S 1, 5°S1, 6°S1)
and the D-wave states ¢(3°D,, 4Dy, 53D;). The decay
properties are shown in Table 5. From the table, we see
that the AA partial decay width of ¢(3°D;) can be up to
I'~3.5 MeV, which is larger than the other five vector
states considered in this work. This considerable width
indicates that this state has a good potential to be ob-
served in the AA decay channel.

Similarly, taking into account the uncertainties of the
theoretical masses and harmonic oscillator strength By,
we plot the AA partial decay widths of these states as
function of the mass in Fig. 4 with the values of 8 =
Bit20 MeV, By, and B-20 MeV. According to Fig. 4,
the curve for the state ¢(33D;) has a bowl structure in the

113105-6



Chinese Physics C Vol. 43, No. 11 (2019) 113105
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Fig. 4.

(color online) Variation of the AA decay width with the mass of the S- and D-wave vector strangeonium. The red, black, and

blue lines correspond to the predictions with the values of g = 8, +20 MeV, By, and B, —20 MeV, respectively.

Table 5. Predicted partial decay widths of the higher ¢ mesons with

JPC€ =1, in units of MeV.

state mass Brn TA&
P48 )) 2627 351 1.81
#(5°S 1) 2996 341 0.08
#(6S 1) 3327 334 0.84
#(3°Dy) 2732 355 3.40
#(4°Dy) 3079 344 0.27
#(5°Dy) 3395 336 0.10

mass range of 2550 MeV to 2850 MeV, and the partial
width reaches ' ~ 3.7 MeV for 8 = B;,. The AA partial de-
cay width for ¢(5°D;) is the smallest and is less than
I'<04 MeV in the mass range of M =(3150-3450)
MeV. As to ¢(43S 1), its AA decay width is very sensitive
to the mass (see Fig. 4). For 8 = By, its width varies in the
range of I' ~ (0.0—4.8) MeV for masses in the range of
M = (2450-2750) MeV. If the mass of ¢(43S;) is in the
range (2496-2590) MeV, the decay width of the AA
mode is less than one MeV. Most of the AA partial de-
cay widths for the other three states, ¢(4°D;), ¢(5°S 1) and
#(63S 1), are also less than one MeV (see Fig. 4).

4.3 Other double baryon decay modes

Besides the AA decay mode, we also investigated the
=E-®E* and $+*®F-® decay modes for the excited vector

strangeonium. According to the predicted masses listed in
Table 1, the masses of the states ¢(3S5) and ¢(2D) are be-
low the threshold of =-®=+ and $*®¥-®). Thus, we fo-
cus in this section on the partial decay properties of the
vector strangeonium states P(4S, 55, 65) and
#(3D, 4D, 5D). Our predictions are shown in Table 6.

From Table 6, we note that the $*¥- partial decay
width of $(43S) and ¢(3°D)) can be up to I' ~2.9 MeV
and T ~ 1.5 MeV, respectively, which is large enough to
be observed in future experiments. On the other hand, the
=-Z* and ¥ +*$-* partial decay widths of the state $(53S )
are both larger than one MeV.

In addition, we also plot the decay properties of the
states ¢(4S, 55, 6S) and ¢(3D, 4D, 5D) as a function of
the mass in Fig. 5.

To investigate the uncertainties of the parameter By,
we considered the partial decay properties for different
B values. The theoretical results are not shown in the
present work. According to our calculations, our main
predictions hold in a reasonable range of the parameter

Bin-
5 Summary

In the present work, we have studied the mass spec-
trum of the strangeonium system with the GI model, in-
vestigated the electronic decay width, and the AA,
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Table 6. Partial decay widths of the higher ¢ mesons with J¥C = 1, in units of MeV.
state mass B =24 IZ+E] ] e [E*E%]
B(43S 1) 2627 351 2.86 0.91
#(5°S 1) 2996 341 1.28 0.05 0.62 1.69 0.03
#(6S1) 3327 334 2.26x1073 0.08 0.06 5.67%1073 7.63x 1074
#(3°Dy) 2732 355 0.16 1.49 0.41
$(4°Dy) 3079 344 0.11 0.02 0.07 0.86 0.01
#(5°Dy) 3395 336 0.02 0.08 0.03 0.58 9.55%10-5
T T T T 3 T T T 02 T T T
4 - --3% s+
— / r 1
— EE ’ )
S L e s 1 < - - <
2 Tl 3 : o $(6S)
= o} ‘leas)] ] 2 1 =° ]
Vi s 1 ] _ - - Ry
’ P e - RO
PR P 1 LT T -7 R
P h - =
L : R o B s s s gnen ey
I ' 1 oL LTt e 0.0 [y cerevied
2500 2600 2700 2800 2900 3000 3100 3200 3300
M(MeV) M(MeV) M(MeV)
2 T T T _ [ T T T ] 06 T T
P 121 i
. 7 1 S L - . o4f -
g |l f g $(4D) s +ED)
= e ] =T T = ooz} i
- i - -
C e
/', :_T_\,A,:._. 1| ==
T 00 e S aE 00 e ma mi T
ol o9 oy 0.0 ] 1 e 1 1 1
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M(MeV) M(MeV) M(MeV)
Fig. 5. (color online) Variation of the partial decay widths with the mass of the S- and D-wave vector strangeonium.

=-®a+, and $*®E-® double baryons decay widths of the
excited vector strangeonium states ¢(3S, 4S, 55, 65) and
#(2D, 3D, 4D, 5D).

We concluded that the electronic decay widths of the
excited vector strangeonium states ¢(3S, 4S, 55, 65) and
¢(2D, 3D, 4D, 5D) are smaller than of the state ¢(15). On
the other hand, the electronic decay width of the p-wave
vector strangeonium is about 3 ~ 8 times larger than of
the S-wave vector strangeonium.

The partial decay width of the AA mode can be up to
~5.84 MeV for ¢(3S), while the partial AA decay width
of the state ¢(2D) is about O(1073) keV. Thus, the ratio of
the AA decay width of the states ¢(33S) and ¢(2°D,) is
0(10%). If the threshold enhancement reported by the BE-

SIII collaboration in the process e*e™ — AA does arise
from an unobserved strangeonium meson, the resonance
is most likely the strangeonium state ¢(3S). We also
noted that the AA and ¥*3- partial decay widths of the
states ¢(3°D;) and ¢(4S ) are several MeV, which is suf-
ficient to be observed in future experiments. The double
baryons decay modes provide a unique probe of the ex-
cited vector strangeonium resonances, which may be pro-
duced and investigated at BESIII and Bellell.

We would like to thank Xiao-Lin Chen and Wei-Zhen
Deng for very helpful suggestions. We also thank Guang-
Juan Wang and Lu Meng for very useful discussions.
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