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Using e*te™ collision data collected with the BESIII detector at the BEPCII collider corresponding to a
total integrated luminosity of 44 fb~!, we present the first measurement of the Born cross sections for the
process ete” — KYETX™ at 56 center-of-mass energies from 3.510 to 4.951 GeV. By fitting the dressed

cross sections of eTe~ — KYETE with the assumption of a power-law function plus a charmonium(-like)
resonance, i.e., y(3770), w(4040), w(4160), Y(4230), Y(4360), w(4415), Y(4500), Y(4660), and
Y(4710), no significant signal of any charmonium(-like) state decaying into the K(S)E+E‘ is observed.
Upper limits on the product of the electronic width and branching fraction at the 90% confidence level are
given for each resonance. Combining this result with the previous measurement of the isospin-symmetric
process ete” — K"EX’, the ratio of the Born cross sections, R = c®(efe” — Kgi*Z‘)/

o(ete” - K~E7X9), is found to be consistent with unity.

DOI: 10.1103/pwj2-q35¢

Studies of baryonic final states in e'e~ annihilation
provide essential input for understanding the production
mechanisms of charmonium(-like) states. In particular,
investigating the production of charmonium(-like) states
above the open-charm threshold and their hadronic decays
offers a sensitive test of QCD calculations and a unique
probe of XYZ states [1-4]. Potential models predict five
vector charmonium states between 3.773 and 4.7 GeV /c?:
the 3S, 2D, 4S5, 3D, and 58§ states [1]. However, experi-
ments have observed more vector states in this region than
predicted. Several states, such as the y(4040), w(4160),
and y(4415), are seen in hadronic cross sections [5]. In
addition, via initial-state radiation (ISR), the BABAR and
Belle collaborations have observed three charmonium-like
states: Y(4230), Y(4360), and Y(4660) [6-14]. Direct
production at the CLEO [15] and BESIII [16,17] experi-
ments has confirmed the Y (4230), Y(4360), and Y (4660)
states; these cannot be classified within the simple c¢ quark
model, and their nature remains unresolved. Refs. [18,19]
suggest that these states be considered pure charmonium
states, provided that their baryonic decays can be observed.
This situation highlights the incomplete understanding of
the strong interaction, particularly in its nonperturbative
aspects. Although BESIII has performed extensive studies
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in this energy region [20-38], only y/(3770) — AA [25]
and y(3770) — ZE* [26] have been reported. To clarify
the nature of these charmonium(-like) states, precise
measurements of exclusive ete™ — baryonic cross sections
above the open-charm threshold are essential.

This Letter reports the first measurement of the Born
cross sections for e*e™ — K3E" X~ (hereafter, the charge-
conjugate model is implied by default). The ratio of the
Born cross sections to those for ete™ — K~E7X0 is also
determined. The data correspond to an integrated luminos-
ity of 44 fb~! of e*e™ collisions at center-of-mass (c.m.)
energies /s between 3.510 and 4.951 GeV [39-44],
collected by the BESIII detector [45] at the BEPCII
collider [46].

Event candidates for e*e™ — K3E* X~ are selected via a
partial-reconstruction technique. Only K9 and = are
reconstructed, through the decays K% — ztz~ and E* —
Azt with A = pat; the £ is inferred from the recoil
against the reconstructed K=" system. Monte Carlo (MC)
samples are produced with a Geant4-based [47] package that
includes the BESIII geometry and a realistic detector
response; these are used to determine efficiencies and
estimate background contributions. Detection efficiencies
for efe” - KY=TX™ are obtained from 4 x 10° phase-
space (PHSP) events generated at each energy point with
the KKMC generator [48,49], which incorporates beam-
energy spread and ISR corrections. Subsequent decays are
simulated with EvtGen [50,51] using branching fractions
from the Particle Data Group (PDG) [5]; unmeasured
modes are handled by LUNDCHARM [52]. An inclusive
MC sample generated at /s = 3.773 GeV is used to
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estimate backgrounds; it includes DD production (with
quantum coherence for neutral D mesons), non-DD decays
of w(3770), ISR production of J/y and w(3686), and
continuum processes incorporated in KKMC [48,49].

Charged tracks are reconstructed in the multilayer drift
chamber (MDC) within the angular region | cos 0| < 0.93,
where @ is the polar angle with respect to the symmetry axis
of the MDC. At least three positive-charged tracks and two
negative-charged tracks are required to be reconstructed in
the MDC. Particle identification (PID) for charged tracks
combines measurements of the specific ionization energy
loss in the MDC (dE/dx) and the flight time in the time-of-
flight system to form likelihoods L(h)(h = p,K,x) for
each hadron & hypothesis. Tracks are identified as protons
when the proton hypothesis has the greatest likelihood
(L(p) > L(K) and L(p) > L(x)), and as pions when
L(z) > L(p) and L(x) > L(K). Events with at least
one p, three z's, and one 7~ are kept for further analyses.

To reconstruct the Kg candidate, a vertex fit and
secondary vertex fit are applied to all "z~ combinations
with  a mass difference minimization strategy,
g0 = |M o - — mK2|, which reconstructs the displaced
decay vertex and provides the decay length used in the
subsequent selection. Here, M ,-,- denoted the invariant
mass of the 77z~ combination, and m K? is the nominal K’ g
mass taken from the PDG [5]. To suppress the potential
background candidates, the z* 7~ invariant mass is required
to be within 12 MeV/c? of the nominal K9 mass, and the
Kg decay length over its uncertainty is required to be
LKf; / ALK(; > 2 [53]. To reconstruct the A candidates, a
similar secondary vertex fit is applied to all pz™ combi-
nations. The invariant mass of pz™ is required to be
|Mj,+ —m5z| <5 MeV/c? [25], and the decay length of
A is required to be larger than zero [28]. Here, M prt
denoted the invariant mass of the pz" combination, and m 3
is the nominal A mass taken from the PDG [5].

The =% candidates are formed by combining an
additional 7z with a reconstructed A and performing a
secondary-vertex fit. The Az® invariant mass
must satisfy [Mjz,+ —mz:| <8 MeV/c? and the decay
length is required to be positive. A

The best A
and =1 candidates are selected by minimizing

5min = \/|Mﬁ7z+ - m,-\|2 -+ |M/‘\ﬂ+ - mg+|2. Here, M/‘\ﬂ.+
denoted the invariant mass of the Az combination, and
mz-+ is the nominal £ mass taken from the PDG [5]. The

X~ is inferred from the recoil mass against the K9&*
system:

Mgl =\ J(V5 - Exgz ) = Pz P (1)

where E KOE* and p K)E+ are the energy and momentum of
the selected K$E" system in the eTe~ c.m. frame,
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FIG.1. Fitto M;?S‘E’“, at /s = 3.773 GeV. Black dots with error
bars are data; the fed solid line is the total fit; the green short-
dashed line is the signal; the blue long-dashed line is the
background. The bottom panel shows the pull distribution.

respectively. After applying all selection criteria to the
inclusive MC sample at /s = 3.686 and /s = 3.773 GeV,
the remaining background contribution in the signal region
is found to be smoothly distributed.

The signal yield for eTe™ — K(S)E+Z‘ at each energy
point is extracted with an extended maximum-likelihood fit
to the Mr;?%‘l distribution in the range from 1.1 to
1.3 GeV/c?. In the fit, the signal shape is described by
the MC-simulated shape convolved with a Gaussian
function that accounts for the difference of mass resolution
between data and MC events; for energy points with fewer
than 20 events, the pure MC shape is used. Backgrounds
are described by first- or second-order polynomials.
Figure 1 demonstrates the fit to the M2 distribution

K}E*
at /s = 3.773 GeV. )
The Born cross section (6®) for ete™ — KgEJFZ_ at a
given c.m. energy is calculated as

o Nobs
TL-(140) e B

(2)

where N, is the signal yield, £ is the integrated lumi-
nosity, (1 + &) is the ISR correction, 1/|1 —TI?> is the
vacuum-polarization (VP) correction, € is the detection
efficiency, and B is the product of the branching fractions
for KY—ztz, EY > Az*, and A - pr" taken
from the PDG [5]. The ISR correction is obtained from
QED calculations [54], and the VP correction is computed
with a VP computation package [55]. Efficiencies and ISR
factors are determined iteratively as proposed in Ref. [54].
Numerical results for each energy are collected in Table 11
in Appendix. Figure 2 shows the Born cross section for the
reaction of efe” — KYETX~ compared with that of
ete” — K~E+20 [29], along with their ratio.
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FIG. 2. Top: Comparison of the Born cross sections between
this work and the previous measurement for the reaction of
ete” - K"EYX" [29] as a function of c.m. energy at
/s =3.5104.951 GeV. Bottom: Ratio of the Born cross sec-
tions for both reactions. The red dashed line with error bars stands
for the theoretical calculated value; the solid green line with error
bars represents the weighted average value of the measurement.

Systematic uncertainties in the cross-section measure-
ment arise from the integrated luminosity K and E*
reconstruction, intermediate-state branching fractions, the
physical model, signal and background shapes, and the
input lineshape. The luminosity at all energy points is
evaluated using the Bhabha scattering process with an
uncertainty of about 1.0% [40] below 4.0 GeV, 0.7% [41]
from 4.0 to 4.6 GeV, and 0.6% [42] above 4.6 GeV.
Reconstruction uncertainties for Kg and E* (tracking, PID,
mass windows, and decay-length requirements) are evalu-
ated using control samples of J/y — K**(892)KT,
K**(892) - K%z*, and w(3686) - E"ET, yielding
2.1% and 4.4%, respectively [56-58]. The uncertainty
due to the branching fractions of the intermediate states
is taken from the PDG [5]. The decays of Kg -t
E* - Az",and A - pxt, which contribute as 0.8%. The
model dependence is assessed by comparing efficiencies
obtained from the PHSP generator with those from a
partial-wave analysis of efe” — K9ETZ™ at /s =
3.773 GeV [59,60], and the 2.5% difference is taken as
the systematic uncertainty. The uncertainty of the signal

shape for the fit of M52} is evaluated by combining all
0%

energy points and varying the Gaussian parameters within
the range of 1o, and the difference in the signal yield, 1.3%,
is taken as the systematic uncertainty. The uncertainty due
to the background shape is estimated through an alternative
fit with a higher-order polynomial function. The polyno-
mial order is increased from 1% to 2" or from 2" to 3%,
The resulting difference of 1.7% and 0.1% between the
nominal and higher-order fits are taken as the systematic
uncertainty. The uncertainty for input lineshape of cross
section has two components: the parameterization and the
model. The former is treated as in Refs. [31,54]; the latter is
estimated by replacing the nominal power-law function
with a sum of w(3770) Breit-Wigner and power-law
functions, recalculating ¢ - (1 4 ), and taking the largest
deviation (0.6%). All individual contributions are added in
quadrature to obtain the total systematic uncertainty.

Resonances or charmonium(-like) states produced in
ete” — KJETE™ are searched for by fitting the dressed
cross sections 69 = ¢?/|1 —T1|? (including VP) with the
least-squares method [61-63]. Systematic uncertainties on
luminosity, K9, E reconstruction, branching fractions,
MC model, and the input lineshape are treated as corre-
lated; those on the fit range, background and signal shapes,
and the statistical uncertainties are uncorrelated. Assuming
a sum of resonance as continuum, the dressed cross
sections are fitted to the coherent sum of a power-law
and a Breit-Wigner (BW) function:

VPWSs) P(/s)
o4 (Vs) = |co Yt + e'® s
where @ is the relative phase,
_ /12al,BU
BWS) = )

P(4/s) is the three-body PHSP factor, M and T are the
mass and width of the assumed resonance, i.e., y(3770),
y(4040), w(4160), Y(4230), Y(4360), y(4415), Y(4500)
[64], Y(4660), or Y (4710) [65], which are fixed to the PDG
values [5], the parameters n and c are left free in the fit,
and I, 5 is the product of the electronic partial width and
the branching fraction for the assumed resonance decaying
into the KYZ"X~ final state. No significant signal is found,
and the upper limits of the I',,B for these charmonium
(-like) states decaying into the KQ=*X~ final state are
provided at the 90% confidence level (C.L.) using a
Bayesian approach [66]. Figure 3 shows the fit to the
dressed cross sections and the scan for multiple solutions of
the w(3770). The resonance parameters from the fit of
different resonances one at a time are summarized in
Table 1. More details can be found in Table III in
Appendix. More details can be found in Appendix.
Figure 2 shows the Born cross sections for the processes
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FIG. 3. Left: Fit to the dressed cross sections of e"e™ — KY=TX~. Dots with error bars are the measured dressed cross sections
(statistical and systematic uncertainties combined). The blue dashed line is the power-law contribution; the green dashed line is the
w(3770) signal; the red solid line is the total fit. The bottom panel shows the pull distribution. Righz: Contours of I, 5 versus @ for

w(3770). Green markers indicate the best-fit points.

ete” > KIETE™ and efe” - K"EXY [29], as well as
their ratio.

Furthermore, the ratio of the Born cross sections is used
to test isospin conservation. Based on the assumption of
isospin conservation and quark flavor compositions of X
and E baryons, the ratio of the Born cross sections for the

TABLE L. Fitted resonance parameters for I',, B (1073 eV) and
¢ (rad) for the two solutions (I, II). Statistical and systematic
uncertainties are included. Bracketed values are conservative
90% C.L. upper limits obtained from Ay? scans. The number of
degrees of freedom is 51, and y?/n.d.f for the continuum-only fit

is 1.7.

Resonance @ (rad) T..B (x107 V) 2/nd.f
w(3770)0  —0.6+0.1 6.6148 1.3
w(3770)1  —144£0.1  159.6*38 (< 173.0) 1.3
w(4040)! 0.7+0.9 1.2/32 L5
w(4040)1  —1.6£0.1 37537439 (< 473.0) L5
v (4160)! 1.1£09 0.0199 1.6
w(4160)"  —1.6+£03 24967137 (< 275.0) 1.6
Y(4230)) 13420 0.0199 1.6
Y(4230)"  —1.6+02  164.579 (< 188.0) L6
Y (4360)! 1.8+0.2 4.5+ L5
Y(4360)"  —17+£0.1 37207207 (< 412.0) L5
yw(4415)! 27403 45123 1.5
w(4415)T  —18£0.1 30157198 (< 350.0) 1.5
Y(4500)  —3.1407 3.61%4 1.5
Y(4500)" 17401 265529 (< 332.0) L5
Y(4660)! 23403 37423 1.4
Y (4660)" —L7+£0.1  169.8712¢ (< 198.0) 1.4
Y(4710)) 24402 213536 L5
Y710 —-1.9+0.1  157.5:203 (< 216.0) L5

processes ete” — K272~ and ete” — K~E+X0 is pre-
dicted to be Rgo - = 2. However, only the mass eigenstate
Kg, associated with the 7z final state, can be reconstructed
experimentally. Given that the branching fraction for
Kg — gz 18 close to 1 [5], we obtain the relation
K% ~ Kcp—;. Neutral kaons undergo K° — K° oscillation
via the weak interaction, and the CP eigenstates of the
neutral K mesons are defined as

Kepoy = %um + 1K),
Kepot = %um ~R%). (5)

The squared probability amplitude for finding K% in the K°
state is given by P = (K}||K°)?>~|1/V2]>=1/2.
Hence, the ratio of the Born cross sections for
ete” > KYE*E™ and efe” - K~E7X0 is found to be
RKg k- = Rgojg- - P~ 1. The weighted average of the
ratio in Fig. 2 is 0.8 4= 0.2, where the uncertainty includes
both statistical and systematic contributions. This result is
consistent with the isospin conservation assumption.

In summary, using a total of 44 fb=! of eTe™ collision
data collected by the BESIII detector at the BEPCII
collider, we present the first measurement of the Born
cross sections for the e*e™ — K9E"X reaction at 56 c.m.
energies between 3.510 and 4.951 GeV. A fit to the dressed
cross sections of e*e™ — K3E"X~ is performed assuming
individual charmonium(-like) resonances [i.e., y(3770),
w(4040), w(4160), Y(4230), Y(4360), yw(4415), Y(4500),
Y (4660), and Y(4710)] and a continuum contribution. No
evidence for any possible charmonium(-like) states is
found. Upper limits for the products of the branching
fraction and the electronic partial width at the 90% C.L. are
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provided. Based on the Ref. [29] results, we determine the
average ratio of cross sections for two processes to be

R = ‘;(é%m = 0.8 £0.2. This measured ratio is
consistent with expectations from isospin conservation and
K° — K° oscillation. These results offer new experimental
insight into three-body baryon production above the open-
charm threshold and into the nature of charmonium(-like)

states [18,19,70].
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APPENDIX

This End Matter provides detailed information on the
measured Born cross sections for the process ete™ —
K=ty

=TT

TABLE II. The e*e” — K3E"Z~ Born cross sections ¢ for 56 energy points between 3.510 and 4.951 GeV. The values in the
brackets are the corresponding upper limits at the 90% C.L.. The first uncertainties are statistical, and the second systematic. The /s is
the e™e™ c.m. energy [67,68], f Ldt is the integrated luminosity of each data set [39-44,69], the vacuum polarization correction factor

1
‘I—H‘Q’

the detection efficiency ¢, and the ISR correction factor (1 + 8). N, is the signal yield (the upper limits of signal yields including

additive part of systematic uncertainty at the 90% C.L. at these energy points are determined with the Bayesian method [66]). S is the

statistical significance.

Vs (GeV) [ Ldr (pb~) T (1+6) &%) Nobs (N5 o® (fb) S (0)
3.510 405.7 1.0444  0.7105 12.03 37.1579 23121438 + 135 5.6
3.514 40.9 1.0441 0.7331 12.32 3.877¢(< 30.0) 2322411 £152(< 17561) 1.1
3.552 42.2 1.0436  0.8166 12.29 6.033(< 21.8) 320011/ +210(< 11142) 0.9
3.554 129.4 1.0406 08171 13.19 145539(< 41.1) 23477557 + 154(< 6370) 2.3
3.581 85.7 1.0385 0.8465 1275 19.4433 455911580 £277 33
3.650 4545 1.0190  0.8988 13.76 371787 14321336 + 87 4.1
3.670 84.7 0.9868 0.9105 12.62 13.5739(< 29.7) 31731313 £+ 192(< 6980) 1.8
3.768 415.8 1.0548  0.9618 13.14  27.9%79(< 38.9) 1136138 + 69(< 1580) 2.4
3.773 20249.8 1.0570  0.9624 13.42 14137488 1154730 + 67 > 5
3.780 410 1.0598  0.9657 13.24 38579 15631321 + 91 4.4
3.808 50.5 1.0561 0.9778 13.43 6.5135(< 21.1) 20931537 £+ 127(< 6795) 1.9
3.867 108.9 1.0507 1.0032 12.98 14.014 2121780 + 129 4.0
3.871 110.3 1.0504 1.0053 12.81 6.0749(< 22.0) 9071905 + 55(< 3327) 1.5
3.896 52.6 1.0486 1.0154 13.33 9.033(< 23.8) 2720137 + 165(< 7194) 2.7

(Table continued)
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TABLE 1I. (Continued)

Vs (GeV) [ Ldr (pb7h) = (1+68) & (%) Nops (NUF) o® (fb) S (0)
4.008 482 1.0438 1.0651 13.21 27.2%87 867155, + 52 3.8
4.085 52.9 1.0515 1.0966 12.86 4.0137(< 8.4) 11512777 £+ 67(< 2416) 1.8
4.128 401.5 1.0526 1.1178 11.77 22,0789 8931315 + 54 35
4.157 408.7 1.0535 1.1332 11.77 23.8784(< 47.8) 9361557 & 56(< 1879) 2.9
4.178 3189 1.0543 1.1415 12.11 151.74133 73710 +43 8.7
4.188 526.7 1.0559 1.1465 12.20 22,6183 656715 + 40 3.0
4.199 526 1.0567 1.1516 12.37 336784 9581182 4 58 4.2
4.209 517.1 1.0565 1.1576 11.95 18.4748(< 35.8) 550114 £ 33(< 1069) 2.3
4219 514.6 1.0564  1.1609 11.91 34,0174 10211357 + 59 4.1
4.226 1100.9 1.0562 1.1643 12.69 40,0156 525+113 432 3.7
4.236 530.3 1.0554  1.1703 12.35 26.3172 7341001 £ 44 3.0
4.242 55.88 1.0555 1.1742 12.70 4.053%(< 8.4) 10267972 & 62(< 2156) 22
4.244 538.1 1.0555 1.1743 12.20 254737 7041138 + 41 33
4.258 828.4 1.0535 1.1818 12.49 32.7132(< 55.3) 573113 £ 33(< 969) 2.8
4.267 531.1 1.0532 1.1867 12.13 14.6°84(< 30.7) 4097179 +25(< 861) 1.2
4.278 175.7 1.0530 1.1920 11.76 7.2788(< 12.5) 6271374 4+ 38(< 1088) 2.0
4.288 502.4 1.0526 1.1981 11.08 516193 165972 + 100 4.5
4.308 45.08 10523 12066  12.40 10537 (< 3.7) 318135 £ 19(< 1177) 0.8
4.312 501.2 1.0521 1.2102 11.14 20.0189(< 38.8) 6351500 & 38(< 1232) 1.7
4.337 505.0 1.0508 1.2238 11.26 50.51 5 15581438 +94 4.7
4.358 543.9 1.0511 1.2335 12.27 16.239(< 22.3) 423119 +24(< 582) 2.3
4.377 522.7 1.0514 1.2459 11.08 23.972% 71140 £41 3.2
4.387 55.6 1.0513 1.2517 12.16 6.5739(< 9.4) 1649740)% 4 99(< 2385) 1.6
4.396 507.8 1.0513 1.2582 11.00 237437 7241100 + 42 36
4416 1090.7 1.0524 1.2684 1190 32.184(< 49.2) 418759° +25(< 641) 2.7
4.436 569.9 1.0541 1.2803 10.89 15.8718(< 32.9) 4261135 +25(< 887) 2.7
4.467 111.1 1.0548 1.3008 11.51 3.9730(< 6.1) 5021312 4+ 30(< 785) 1.3
4.527 112.1 1.0545 1.3402 11.23 1.57190(< 3.7) 1901137 £ 11(< 469) 0.3
4.575 48.9 1.0545 1.3762 10.94 1.0719(< 3.7) 290350 + 17(< 1075) 1.1
4.600 586.9 1.0547 1.3928 10.93 18.074¢ 4317540 + 26 3.4
4.612 103.7 1.0545 1.4011 9.72 6.0738(< 11.2) 9101738 +55(< 1698) 2.2
4.628 521.5 1.0544 1.4125 9.39 17.3737(< 34.5) 5351178 +32(< 1067) 2.6
4.641 551.7 1.0544 1.4231 9.55 19.9734 5681150 + 34 3.3
4.661 529.4 1.0544 1.4424 9.35 12.8734(< 29.1) 3847157 £23(< 872) 1.6
4.682 1667.4 1.0545 1.4558 9.31 30.2785(< 31.7) 2863 + 17(< 300) 2.1
4.699 535.5 10545  1.4694 9.21 37743 (< 6.1) 1091}57 = 6(< 180) 0.5
4.740 163.9 1.0548 1.5008 9.85 1.37]3(< 4.2) 1155112 £ 7(< 371) 0.6
4.750 366.6 1.0549 1.5098 9.87 1.4739(< 29.8) 557137 £3(< 1168) 0.3
4.781 511.5 1.0552 1.5365 9.74 7.0535(< 14.9) 196115 + 12(< 416) 1.8
4.843 525.16 1.0557 1.6012 9.27 3.5539(<6.0) 96182 + 6(< 167) 0.9
4918 207.82 1.0562 1.6742 8.88 0.0748(< 7.7) 0131 £ 0(< 533) 1.0
4.951 159.3 1.0564 1.7086 8.47 1.019(< 9.0) 93793 £ 5(< 834) 0.9
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TABLE III. The fitted resonance parameters for the decay of ete™ — K(;E+Z‘ with two solutions (I, II), including systematic

uncertainty except for center-of-mass energy calibration.

Resonance M (GeV) I' (GeV) @ (rad) I,.B(x1073 eV) B(x107%) n o S(o)
w(3770)0  3.7737 (fixed) 0.0272 (fixed) —0.6+0.1 6.6°3% 2535184 79792 199.67510 0.9
w(3770)"  3.7737 (fixed) 0.0272 (fixed) —14+0.1 1596785 (< 173.0) 611.2757 (< 662.5) 7.9102 202.97%9 0.9
w(4040)!  4.0400 (fixed) 0.0840 (fixed) 0.7 +0.9 12132 14437 6.9537 46.017F 03
w(4040)1 40400 (fixed) 0.0840 (fixed) —1.6+0.1 3753739 (<473.0) 43847313 (<552.6) 6.9%22 4887174 03
w(4160)'  4.1910 (fixed) 0.0690 (fixed) 1.1+£0.9 0.0°99 0.0509 6.7 36470 0.0
w(4160)"  4.1910 (fixed) 0.0690 (fixed) —1.6+0.3 249.6*37 (<275.0) 524.3'28 (<577.6) 67718 372193 00
Y(4230)0  4.2222 (fixed) 0.0510 (fixed) —1.3+2.0 0.0100 6.7°01 34513 00
Y(4230)" 42222 (fixed) 0.0510 (fixed) —1.6+£02 164.5797 (< 188.0) 6.7701 34773 0.0
Y(4360)0  4.3740 (fixed) 0.1200 (fixed) 1.8+£0.2 4.5%23 71102 620177 28
Y(4360)1  4.3740 (fixed) 0.1200 (fixed) —1.7+0.1 372.0*207 (< 412.0) 7.1%, 6571733 2.8
w(4415)0 44150 (fixed) 0.1100 (fixed) 2.7+£0.3 4.5723 4.3 70593 5037137 2.9
w(4415)1 44150 (fixed) 0.1100 (fixed) —1.8+0.1 301.5715% (<350.0) 291.67/g4 (<338.5) 7.0802 523%d 29
Y(4500)"  4.4847 (fixed) O0.1111 (fixed) -3.1+0.7 3.6124 6707 364778 20
Y(4500)"  4.4847 (fixed) 0.1111 (fixed) —1.7+0.1 265529 (< 332.0) 6.7501 36475 20
Y(4660)'  4.6230 (fixed) 0.0550 (fixed) 2.3+0.3 37423 68517 426877 27
Y(4660)"  4.6230 (fixed) 0.0550 (fixed) —1.7+0.1 169.8124 (< 198.0) 6.970) 42874 2.7
Y(4710)"  4.7080 (fixed) 0.1260 (fixed) —2.440.2 2131156 66102 323184 08
Y(4710)"  4.7080 (fixed) 0.1260 (fixed) —1.94+0.1 157.57203 (< 216.0) 6.6705 32778 08
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