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Using 44.55 fb~! of eTe™ collision data collected by the BESIII detector at the BEPCII collider, we
report the first measurement of the Born cross sections for the e*e™ — KTEZ reaction at 56 center-of-
mass energies between 3.51 and 4.95 GeV. A fit to the dressed cross sections reveals the first observation of

the y(3770) — KTEZ~ process, with a statistical significance of 6.0¢ including systematic uncertainties.
This result represents the first observation of charmless three-body baryonic decay of a vector charmonium
state above the open-charm threshold, providing important experimental input for studying the origin of the
large non-DD component of the y(3770) decay width. No significant signals for other charmonium(like)
states i.e., w(4040), w(4160), Y(4230), Y(4360), w(4415), Y(4500), Y(4660) or Y(4710) are observed,
and the upper limits for the product of the branching fraction and the electronic partial width at the
90% confidence level for each assumed charmonium(like) state are provided. Additionally, the ratios of

Born cross sections between this work and the previous measurements of e*e~ — K922~ and K~E+ %0
are provided, which can be used to validate theoretical predictions related to isospin symmetry.

DOI: 10.1103/4fgk-jg61

The study of charmonium(like) states produced in e* e~
annihilation and decaying into baryonic final states is a key
element to test quantum chromodynamics-related theory.
The potential model [1] predicts six vector charmonium
states in the energy region from 3.7 to 4.7 GeV, identified as
the 1D, 3S, 2D, 4S8, 3D, and 5S states [2]. In the past
decades, an abundance of charmonium(like) vector states
has been observed with masses above the open-charm
threshold at e™e™ colliders. Three conventional charmo-
nium states, i.e., w(4040), w(4160), and y(4415) [3], have
been observed in open-charm final states. Five nonconven-
tional charmoniumlike states, i.e., Y(4230), Y(4360),
Y (4500), Y(4660), and Y(4710), have been observed in
hidden-charm final states via initial state radiation (ISR)
processes at BABAR [4-7] and Belle [8—12] experiments or
by direct production processes at CLEO-c [13] and BESIII
[14—18]. These nonconventional states cannot be classified
as resonances consisting solely of a pure c¢ quark pair. The
overpopulation of structures and the discrepancies between
potential model predictions and experimental measurements
suggest that some of these structures may be candidates
for exotic states [19,20]. To explain their nature, many
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hypotheses including hybrid states [21], multiquark states
[22], and molecular states [23] have been proposed. How-
ever, no definitive conclusion has been drawn. As suggested
in Refs. [24,25], the observation of baryonic decay modes
may favor an interpretation of some charmoniumlike states
as predominantly conventional charmonium. Still, the
coexistence of such decays with nonconventional features
reflects our limited understanding of the strong interaction
in the nonperturbative regime, calling for further exper-
imental input.

The y(3770) is generally interpreted as a conventional
cc state located above the open-charm threshold and is
expected to decay predominantly to DD, with a branching
fraction of at least 99% [26], but gluonic or light-quark
degrees of freedom may enhance its decays to light-quark
final states [22]. The first non-DD decay, w(3770) —
atn~J/y, was observed by BES in 2003 [27], later
confirmed by CLEO-c, which also reported other non-
DD modes [28-30] and the first observation of light-hadron
mode y(3770) — ¢n [31].

The measurement of the exclusive Born cross sections
for the ete™ — K+TE'Z~ process at center-of-mass (c.m.)
energies above the open-charm threshold offers the oppor-
tunity to search for the baryonic charmless decays of the
vector charmonium(like) states. Although experimental
studies in this energy region have been performed by
the BESIII experiments [32—41], only some evidence for
w(3770) = AA, w(3770) - E"E* and y(4160) —
K-E*A [35,37,40] processes have been reported. No
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significant signals of baryonic decays for other vector
charmonium(like) states have been found.

In this paper, we present a measurement of the Born cross
sections for the reaction e*e~ — K+E°%", in the range of
c.m. energy (1/s) from 3.51 to 4.95 GeV [42,43]. Unless
otherwise noted, the charge-conjugate process ete™ —
K~E°%+ is included by default. This measurement is based
on eTe™ collision data corresponding to a total integrated
luminosity of 44.55 fb=! [44-48] collected by BESII
detector [49] at the BEPCII collider [50]. Potential reso-
nances, i.e., y(3770), w(4040), w(4160), Y(4230),
Y (4360), w(4415), Y(4500), Y(4660) and Y(4710), are
studied by fitting the dressed cross sections of the eTe™ —
K+tE'Z" reaction. The w(3770) —» KTEZ~ process is
observed for the first time with a significance of 6.0c
including systematic uncertainties. In addition, the ratios of
Born cross sections of the e*e™ — KTEE™ reaction to
those of the two isospin partner processes ete™ — K gi*Z‘
and K~=Z7X0 are provided.

The BESII geometric description and the detector
response are modeled with a Geant4-based software package
[51]. The subsequent decays for Z° — Az’ and 7° — yy
are processed via the EVTGEN generator [52,53] according
to the branching fractions provided by the Particle Data
Group (PDG) [54]. The detection efficiency is determined
by Monte Carlo (MC) simulations with a sample of 10°
events at each c.m. energy point, with a phase-space model
by the KKMC generator [55] including effects of the beam
energy spread and ISR effect. To estimate the background,
an inclusive MC sample is generated at a c.m. energy of
3.773 GeV. The inclusive MC sample includes the pro-
duction of DD pairs (including quantum coherence for the
neutral D channels), the non-DD decays of the y(3770),
the ISR production of the J/w and y(2S) states, and the
continuum processes incorporated in KKMC generator [55].

Candidates for the process ete™ — K+EZ™ are selected
via a partial-reconstruction technique. For each event, only
the information of K™ and Z° is measured, where Z° is
reconstructed via the Az® mode with the subsequent decays
A — pr~ and 7° — yy, while the information of £~ is
inferred from the recoiling system against the reconstructed
K+E? system.

Charged tracks are reconstructed in the multilayer drift
chamber (MDC) within the angular region | cos 8| < 0.93,
where 0 is the polar angle with respect to the z axis in the
laboratory system, which is the MDC symmetry axis. At
least two positive and one negative charged tracks are
required to be reconstructed in the MDC. Particle identi-
fication (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 detector to form
likelihoods L£(h)(h = p, K, x) for each hadron & hypoth-
esis. Tracks are identified as protons when the proton

hypothesis has the greatest likelihood [£(p) > L(K) and
L(p) > L(z)], while charged pions are identified by
requiring that £(z) > L(p) and L(z) > L(K), and the
charged kaons are identified by requiring that £(K) >
L(z) and L(K) > L(p). Events with at least one proton,
one positive kaon, and one negative pion are kept for
further analysis.

Photons are reconstructed from isolated showers in the
electromagnetic calorimeter (EMC). The energy deposited
in the nearby time-of-flight counter is included to improve
the reconstruction efficiency and energy resolution. The
energies of photons are required to be greater than 25 MeV
in the EMC barrel region (| cos 8] < 0.8) and greater than
50 MeV in the EMC end cap (0.86 < |cosf| < 0.92).
Furthermore, to suppress electronic noise and energy
deposits unrelated to the collision events, the difference
between the EMC time and the event start time is required
to be within 0 < ¢ < 700 ns. To eliminate showers from
charged tracks, the opening angle between the position of
each shower in the EMC and any charged track must be
greater than 10°. Events with at least two photons are kept
for further analysis.

The 7° candidates are reconstructed via a one-constraint
(1C) kinematic fit by looping over all yy combinations by
constraining M,, to Mg DG where M,, is the invariant mass
of the yy combination and M*PS is the nominal z° mass
taken from the PDG [54]. All yy combinations with a
successful fit (y3- < 500) are used to reconstruct the z°.
The A candidates are reconstructed via a vertex fit and
secondary vertex fit [56] by looping over all pz~ combi-
nations. Each candidate with the best y? is selected to
reconstruct the Z°. To suppress background events, a mass
window condition |[M,,- —m,| <5 MeV/c? is imposed
by optimizing the figure of merit, defined as S/v/S + B.
Here, M ,,- denotes the invariant mass of the pz~ combi-
nation, m, is the nominal A mass taken from the PDG [54],
S is the number of surviving signal events from the signal
MC sample, and B is the number of surviving background
events from the inclusive MC sample. To further suppress
background events, a requirement on the decay length ratio
(L/8L) > 2 is imposed, where L is the measured decay
length of the A particle and SL represents its corresponding
uncertainty. The E° candidate is reconstructed by selecting
the Az’ combination that minimizes AM = [MEPC —
M 0| <10 MeV/c? over all Az° combinations, where
M 0 is the invariant mass of the Az° combination and
M SODG is the nominal % mass taken from the PDG [54]. The
>~ candidates are inferred from the mass recoiling against
the K*=° system:

Mrecoil _

K+20 T

(\/_ - EK+E°)2 - |pK+E°‘2’ (1)
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where Eg+zo0 and pg+zo are the energy and momentum of
the selected KTZ° system in the eTe™ c.m. system,
respectively. After applying the event selection criteria,
the remaining background candidates predominantly origi-
nate from processes with a final-state topology similar to
that of the signal channel, such as eTe™ — K*TpA,
K*2%Z-, and K*AZ". However, these background chan-
nels are found to have a smooth distribution in the signal
region of M.

The signal yield N, of the eTe™ — KTZZ~ process at
each c.m. energy point is extracted by fitting the recoil mass
spectrum of K*Z° with an extended unbinned maximum
likelihood in the range from 1.1 to 1.3 GeV/c? as shown in
Fig. 1. In the fit, the signal shape is represented by the signal
MC probability density function (PDF) convolved with a
Gaussian function whose parameters are fixed using the
combined sample of all energy points. The background
shape is described by a second-order Chebyshev polyno-
mial function PDF. The numerical results are summarized in
End Matter. The Born cross section of the ete™ — KTEZ~
process at a given c.m. energy is calculated by

N
B _ obs 2
L-(1+6) 1 ¢B @)

o

1
[1-TI?

where L is the integrated luminosity, (1 4 6) is the ISR
correction factor, W is the vacuum polarization (VP)
correction factor, € is the detection efficiency, and B is the
0
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FIG. 1. Fitto M’;ﬁ"l}) from the data sample at /s = 3.773 GeV.

The dots with error bars are data, the blue solid line presents the
fit result, the red dashed line is for signal shape, and the green
dashed line stands for the background. The tail of signal is caused
by ISR effect, which can be well simulated with KKMC.

and A — pz~ taken from the PDG [54]. The VP correction
factor is calculated according to Ref. [57]. The initial value
of the ISR correction factor is obtained using the QED
calculation as described in Ref. [58]. The detection effi-
ciencies and ISR factors are determined iteratively follow-
ing the methodology proposed in Ref. [59]. The resulting
Born cross sections for all c.m. energy points are provided
in Table L

The systematic uncertainties of the Born cross section
measurement include contributions from the following
sources: integrated luminosity, kaon tracking and PID, Z°
reconstruction, fitting method, branching fractions of inter-
mediate states, and the assumed line shape of the resonance
fitting. The luminosity at each c.m. energy point has been
measured via Bhabha scattering events, with a systematic
uncertainty of 1.0% [44] below 4.0 GeV, 0.7% [45] from 4.0
to 4.6 GeV, and 0.6% [46] above 4.6 GeV. By using a control
sample of J/y — K*(892)°KY with the method from
Ref. [60], both the systematic uncertainties of kaon tracking
and PID are estimated to be 1.0%. The uncertainty due to the

E reconstruction is evaluated to be 4.5% by incorporating
the uncertainties of tracking and PID of the proton and pion,
the A/E° reconstruction, the decay length requirement of A,
and the requirements of the A and Z° mass windows using a
control sample of y(3686) — E°Z° [61]. The sources of the
systematic uncertainty in the fit of the M’ ;?iogﬂo spectrum cover
the fitting range, signal shape, and background shape. The
uncertainty due to the fitting range is evaluated by varying
the nominal range of M™%l by 50 MeV/c?, which con-

Ko—+
tributes an uncertainty of 2. 5% The uncertainty of the signal

shape for the M;??;L fit is evaluated by combining all energy

points and varying the Gaussian parameters within the range
of 1o. The resulting signal yield difference of 1.1% is taken
as the systematic uncertainty. The uncertainty due to the
background shape is estimated through an alternative fit with
a lower-order polynomial function and a higher-order poly-
nomial function PDF, and the larger value is taken as the
result. The difference of 0.5% from the nominal fit is taken as
the systematic uncertainty. The systematic uncertainty due to
the branching fraction of the A — pz~ decay contributes
0.78% as reported by the PDG [54], while the uncertainties
from the branching fractions of Z° — Az° (< 0.1%) and
7" = yy (< 0.1%) decays are negligible.

The uncertainty of the input line shape includes two
parts: the parametrization and the model of the line shape,
which are evaluated using the method described in
Ref. [41]. The first component arises from the statistical
uncertainty of the input line shape of the cross sections.
The uncertainty is estimated by varying the central values
of the parameters according to their error matrix. Then, a
Gaussian function is used to fit the € - (1 + &) distribution.
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TABLE L

The ete™ — K*E9%~ born cross sections ¢ for 56 energy points between 3.51 and 4.95 GeV. The values in the brackets

are the corresponding upper limits at the 90% confidence level. The first uncertainty is statistical, and the second systematic. The +/s is
the c.m. energy [42,43]. The f Ldt is the integrated luminosity [44—48]. The Ny is the observed signal yield. The VP correction factor

1

the e(1 + §) is the product of the ISR correction factor and the detection efficiency. The Sig.(o) is statistical significance.

[1-112°

V5 (GeV) [ £dr (pb~") Ng T e(1+6) &P (fb) Sig.(0)
3.510 404.7 32013 1.045 0.152 787959 4+ 452 >10
3514 40.9 23.173,(<35.5) 1.044 0.147 582172110 4 334(<8950) 2.9
3.553 42.173 22.5119(<36.0) 1.041 0.144 5648131 4 324(<9003) 25
3.554 129.4 108718 1.041 0.140 9067340 £ 521 6.7
3.582 85.7 47.9733 1.039 0.138 61827179 + 355 43
3.650 410 26973 1.021 0.140 72787939 £ 418 8.6
3.670 83.6 10.41/9(<23.5) 0.994 0.144 136811440 +79(<3104) 0.9
3.768 415.8 78420 1.054 0.144 19601477 + 113 4.1
3.773 20274.8 6391"%8 1.059 0.136 3481797 £ 200 >10
3.780 410 124433 1.057 0.145 3131787 4+ 180 5.1
3.808 50.54 40100 1.056 0.155 76881245 + 441 49
3.867 108.9 44715 1.051 0.153 3982711345 +229 32
3.871 110.3 817 1.051 0.152 72691 151] £ 417 3.6
3.896 52.61 28110 1.049 0.148 553271902 £318 3.1
4.008 482 16615 1.044 0.152 3450180, £ 197 6.0
4.086 52.86 7.711(<20.5) 1.051 0.150 15071139 £ 86(<3901) 11
4.128 401.5 64133 1.052 0.134 18014853 + 103 32
4.157 408.7 791421 1.053 0.136 2131738 + 121 3.6
4.178 31945 631173 1.054 0.138 21581505 + 123 >10
4.189 526.7 13472 1.056 0.141 271358, £ 155 5.4
4.199 526 7743 1.056 0.142 15541390 + 89 3.6
4.209 517.1 108423 1.057 0.142 2206148 + 126 5.6
4.226 514.6 8672 1057 0.148 17021535 £ 97 3.1
4.226 1100.9 20875 1.056 0.146 1946150 £ 111 6.4
4.236 530.3 122133 1.056 0.148 2334735 £133 4.7
4242 55.88 9.249(<20.5) 1.055 0.143 1725759 + 98(<3860) L1
4.244 538.1 73121 1.056 0.141 1446742 £ 82 3.1
4.258 828.4 158738 1.054 0.139 2061755 + 117 5.5
4.267 531.1 12673 1.053 0.145 24581495 + 140 4.5
4.278 175.7 43+ 1.053 0.136 2746155 + 156 35
4.288 502.4 8322 1.053 0.133 1875129% + 107 3.2
4.308 45.08 10.21/(<23.0) 1.052 0.145 236071290 + 134(<5315) 1.5
4312 501.2 69.5:22(<99.5) 1.052 0.135 1465157 + 83(<2222) 2.6
4.337 505 11242 1.051 0.131 25417340 + 145 3.8
4.358 543.9 106133 1.051 0.142 207471% + 118 5.2
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TABLE 1. (Continued)

Vs (GeV) J £dt (pb~1) Ny R e(1+95) o? (fb) Sig.(o)
4.371 522.7 60.3722(<117.5) 1.051 0.133 1225138 + 70(<2553) 29
4.387 55.57 1011 (<15.5) 1.051 0.143 1774137 +10(<2943) 0.1
4.396 507.8 54.9129(<97.0) 1.051 0.127 12361397 £ 70(<2268) 2.3
4.416 1090.7 16542 1.052 0.138 1647135 + 94 59
4.436 569.9 8112 1.054 0.126 1702535 + 97 3.6
4.467 111.09 6.018(<22.0) 1.055 0.135 667781 + 38(<2203) 0.5
4.527 112.12 24.3t11(<47.0) 1.054 0.129 245811107 4 140(<4894) 2.1
4.575 48.93 12.61%,(<19.5) 1.054 0.131 29547199 £ 168(<4578) 1.8
4.600 586.9 65.7f§§)(<93,0) 1.055 0.121 1327j§16 +75(<1969) 2.6
4.612 103.65 8.17](<22.0) 1.055 0.112 109575 + 62(<2862) 1.2
4.628 521.53 66718 1.054 0.115 16517921 + 94 3.1
4.641 551.65 58121 1.054 0.116 1368144 £ 78 4.8
4.661 529.43 40.0137 (<64.5) 1.054 0.116 9137375 & 52(<1585) 1.7
4.682 1667.39 105.2433(<138.0) 1.054 0.113 7807379 + 44(<1102) 2.6
4.699 535.54 1.5714(<53.0) 1.055 0.115 4387438 +£25(<1291) 0.2
4.740 163.87 15.3119(<29.0) 1.055 0.118 12561792 + 71(<2262) 1.4
4.750 366.55 4.757(<32.5) 1.055 0.118 2301530 £+ 13(<1133) 1.3
4.781 511.47 28.47)6(<54.0) 1.055 0.123 619135 +35(<1290) 11
4.843 525.16 4118 1.056 0.113 10277832 £+ 58 4.2
4.918 207.82 0.079(<13.0) 1.056 0.111 01392 4 0(<850) 0.0
4951 159.28 0.0:15(<17.5) 1.056 0.111 025" £ 0(<1486) 0.0
The second source stems from the influence of different  resonance w(3770), w(4040), w(4160), Y(4230),

resonances. For the y(3770), since it is included in the
nominal line shape, this uncertainty is estimated by
varying the mass and width of the w(3770) by lo
according to the PDG values [54]. For other resonances,
the uncertainty is quantified by incorporating the addi-
tional states in the ISR calculation. The total systematic
uncertainty is calculated to be 1.0% by adding the three
contributions in quadrature.

The potential resonances in the cross sections for the
ete™ — KTE% reaction are studied by fitting the dressed
cross sections, o%¢d = 5B /|1 —TI?, using the least-
squares method. The fit minimizes the y* function defined
as y* =3, —(x"_];k")z + U= where f and o are a scaling

i o; of ’
factor and relative correlated systematic uncertainty,
respectively, x; and k; are the measured and expected cross
sections at the ith point, and o; is the uncorrelated
systematic uncertainty. The systematic uncertainties from
luminosity, kaon tracking and kaon PID, =0 reconstruction,
and the input line shape are assumed to be fully correlated
among different c.m. energies, while the other systematic
uncertainties are assumed to be uncorrelated. Assuming
that the cross sections of ete™ — K+tZ°Z~ include a

Y(4360), w(4415), Y(4500), Y(4660) or Y(4710) and a
contribution from the continuum process, a fit to the
dressed cross sections is applied with the coherent sum
of a power-law (PL) function and Breit-Wigner (BW)
functions [34]:

res: P \/E i P \/E
o4 e‘sed(\/g) =lc \/(En )_|_ e‘/’BW(\/E) P((M))
(3)
Here, ¢ is the relative phase between the BW function
V1270, . BI'
BW(\/5) = (4)

s —m?* +iml’
and the PL function, ¢, and n are free parameters, and

P(4/s) is the three-body phase-space factor. The masses
m and the total widths T for the ¥ (4500) and the Y (4700)
are fixed to the values in Refs. [15,17], while other possible
states are fixed to the PDG values. The I, B is the product
of the electronic partial width and the branching fraction for
the possible resonance decaying into the K*Z°Z~ final
state. Additionally, since the coherent sum of a PL function
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FIG.2. Left: fit to the dressed cross sections of the ete™ — KTEE~ process. The dots with error bars indicate the measured dressed
cross sections including the statistical and systematic uncertainties. The green dashed line corresponds to the fit curve with only the PL
function, while the blue dashed line and cyan dashed line represents the two possible solution of signal of the y(3770) resonance. Sol. I
and Sol. II represent solution I and solution II. The solid red line denotes the fit incorporating both contributions. The bottom panel
displays the pull distribution, (x; — k;)/ (7;’3, with x; and k; being the measured and expected cross sections (PL+BW/[y(3770)]),
respectively, at the ith point and U;’B being the uncertainty at this point. Right: the contour of I',, 3 and ¢ on the distribution of y> values.

The green points represent the center values from the best fit.

and BW functions can cause multisolution [62], the multi-
solution scan results and the fit results for the w(3770)
resonance assumption are provided in Fig. 2. The fits to
other possible resonances are shown in Fig. 3. The fit
results with different resonance hypotheses are summarized
in Table II. Here the w(3770) —» K*Z°%~ decay is
observed with a significance of 6.0c after considering
the systematic uncertainties. No significant signals for other
possible charmonium(like) states, i.e., w(4040), y(4160),
Y(4230), Y(4360), w(4415), Y(4500), Y(4660) or
Y(4710), are found. The I',, B values, B values and their
upper limits including the systematic uncertainty at the
90% confidence level, computed with a Bayesian approach
[63], are provided. The T',, values are fixed to the PDG
values [54]. The possible multiple solutions for the
w(3770) resonance parameters in the fit of the dressed
cross sections are obtained by scanning I',. 5 and ¢ in the
parameter space as shown in Fig. 2.

In summary, using e e~ collision data collected by the
BESIII detector at the BEPCII collider corresponding to an
integrated luminosity of 44.55 fb~!, the Born cross sections
for the e*e~ — KTE’Z" reaction are measured at 56 c.m.
energies ranging from 3.51 to 4.95 GeV. A fit to the dressed
cross sections of the ete”™ — KTE’L™ reaction is per-
formed under the assumption of a charmonium(like)
resonance i.e., w(3770), y(4040), w(4160), Y(4230),
Y (4360), y(4415), Y(4500), Y(4660) or Y(4710) and a
continuum contribution. The decay of w(3770) —»

K*+E%Z is observed for the first time with a significance
of 6.0, including the systematic uncertainty. No signifi-
cant signal for any other charmonium(like) resonances is
found. The TI',,B values and the upper limits at the
90% confidence level for these charmonium(like) states
decaying into the K*E°Z~ final state are provided. In
addition, the ratios of Born cross sections of the eTe™ —
K*E%Z" reaction to those of the isospin partner processes
ete™ —» KYE*Y" and ete” — K~E7X0 are presented in
Fig. 4. The measured values are in a good agreement with
the scenario of isospin conservation. The obtained results
are crucial for studying vector charmonium(like) states
decays into charmless baryonic final states, providing
important experimental input for investigating both the
origin of the large non-DD component of the y(3770)
decay width and the nature of vector charmonium(like)
states above the open-charm threshold.
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FIG. 3. Fits to the dressed cross sections at c.m. energies from 3.51 to 4.95 GeV under different resonance assumptions as indicated in
the legend. The dots with error bars represent the dressed cross sections and the solid lines indicate the fit results. The error bars consider
the statistical and systematic uncertainties summed in quadrature.
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TABLE II.

The fitted resonance parameters for I',,3(1073 eV), B(107°) and ¢ (rad). The values in first and second columns represent

the parameters of y/(3770), and values in other columns represent the parameters of other resonances. The fit procedure includes both
statistical and systematic uncertainties. Sol. I and Sol. II represent two possible solutions of the fit.

Resonance I,.B (1073 eV) B (1079) ¢ (rad) y*/n.df.
PL 100.08/51
w(3770) (Sol. 1) 20.097 76.5374 ~0.63 £ 0.08 55.95/51
w(3770) (Sol. 1) 446_6j225_-91 ]704‘8:1212:62 —-1.42+£0.05 55.89/51
y(3770) + y(4040) 75.01578(< 220.1) 87.211% (< 255.9) ~2.13£0.16 50.42/49
w(3770) + y(4160) 1.75]9(< 6.1) 3.6753(< 12.7) -1.37 £0.55 53.21/49
w(3770) + Y (4230) 241733 (< 8.0) —0.96 +0.33 52.29/49
w(3770) + Y(4360) 4.112(< 142) 0.95 + 0.57 53.23/49
w(3770) + y(4415) 4.1733(< 17.4) 11.67%%(< 49.7) 0.79 £ 0.60 53.75/49
w(3770) + Y (4500) 28.81208(<77.1) 1.124+0.24 52.25/49
w(3770) + Y (4660) 15.753% (< 40.1) 2.2240.36 49.65/49
w(3770) + Y (4710) 30.57533 (< 604.5) -3.054+0.36 52.79/49
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FIG. 4. The Born cross sections (top) as a function of the c.m.
energy for the ete™ — KTEZ~ channel, in comparison to the
previous BESIII measurements of e"e”™ — K$ETE~ [64] and
ete” - K-ETX0 [40]. The ratios of Born cross sections (bot-
tom) between this work and two isospin partner processes,
compared to a rough theoretical prediction of about two (red
line), based on isospin conservation.
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