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1 Introduction

Studies of baryon-pair decays from vector (JF¢ = 177) charmonium(-like) resonances provide
a testing ground for quantum chromodynamics [1, 2]. Below the open-charm threshold, the
mass spectrum of the observed charmonium states is well-matched to the predictions of the
potential quark model [3]. Above the open-charm threshold, the quark model predicts six
vector charmonium states between the threshold to 4.9 GeV/c?, namely, the 1D, 35, 2D, 45,
3D, and 595 states. However, the experimentally observed vector states in this energy region
are overpopulated. The decays of the three states, 1)(4040), ¢(4160), and )(4415), observed
from the inclusive hadronic cross sections are dominated by open-charm processes [4]. The
other states, such as Y (4230), Y (4360), and Y (4660), have been observed through hidden-
charm final states, via initial-state radiation (ISR) processes at BABAR and Belle [5-13] or
direct-production processes in e™e™ annihilation at CLEO [14] and BESIII [15, 16]. These Y’
states do not appear to be resonances with simple c¢ quark content, and many theoretical
models, such as hybrid, multiple-quark state, and molecule, etc, have been proposed to



interpret them [1, 2, 17-20]. However, no solid conclusion has yet emerged and the true
nature of these states remains a puzzle. This status reflects our poor understanding of
the behaviour of the strong interaction in the non-perturbative regime. To make progress,
more high-precision measurements are required. Among these measurements, studies of
the baryonic decays of charmonium (-like) states hold particular promise due to the simple
topologies of the final states and relatively well understood mechanisms. Although many
experimental studies of baryonic processes have been performed by the Belle and BESIII
experiments [9, 21-30], only one observation of 1(4660) — AFA- [9] and two evidences for
the decays 1(3770) — AA and ==+ [25, 27] were reported by Belle and BESIII experiments.
More precise measurements on the cross sections of the eTe™ — baryonic exclusive processes
above the open-charm threshold are desirable as they may provide additional information
to understand the nature of these vector charmonium (-like) states.

In this article, a measurement of the Born cross sections for the processes eTe™ —
K~=+A/¥0 is presented using eTe™ collision data corresponding to a total integrated
luminosity of 25fb~! collected at center-of-mass (CM) energies /s between 3.510 and
4.914 GeV [31, 32] with the BESIII detector [33] at the BEPCII collider [34]. In addition,
vector resonances are searched for by fitting the dressed cross sections of ete™ — K~ZTA /%0,

2 BESIII detector and Monte Carlo simulation

The BESIII detector [33] records symmetric e™e™ collisions provided by the BEPCII storage
ring [34] in the CM energy range of 2.00 to 4.95 GeV, with a peak luminosity of 1x103% cm =25~}
achieved at /s = 3.77 GeV. BESIII has collected large data samples in this energy region [35—
37]. The cylindrical core of the BESIII detector covers 93% of the full solid angle and
consists of a helium-based multilayer drift chamber (MDC), a plastic scintillator time-of-flight
system (TOF), and a CsI(Tl) electromagnetic calorimeter (EMC), which are all enclosed
in a superconducting solenoidal magnet providing a 1.0'T magnetic field. The solenoid is
supported by an octagonal flux-return yoke with resistive plate counter muon identification
modules interleaved with steel. The charged-particle momentum resolution at 1 GeV/c is
0.5%, and the dE/dz resolution is 6% for electrons from Bhabha scattering. The EMC
measures photon energies with a resolution of 2.5% (5%) at 1 GeV in the barrel (end-cap)
region. The time resolution in the TOF barrel region is 68 ps, while that in the end-cap
region is 110 ps. The end-cap TOF system was upgraded in 2015 using multigap resistive
plate chamber technology, providing a time resolution of 60 ps [38—40].

Simulation samples produced with a GEANT4-based [41] Monte Carlo (MC) package,
which includes the geometric description of the BESIII detector [42] and the detector response,
are used to determine detection efficiencies and estimate backgrounds. The simulation models
the beam-energy spread and ISR in the e*e™ annihilation using the generator KKMC [43].
The inclusive MC sample includes the production of hadron processes, ISR production of the
J/1, and the continuum processes incorporated in KKMC [43]. The detection efficiency of
ete” = K"EZtA/X0 is determined by MC simulations. A sample of 200,000 signal events
is simulated with a phase-space (PHSP) distribution for each energy point, where the =+
baryon and its subsequent decays to Ant are described by the EVTGEN program [44, 45]
with a PHSP model.



3 Event selection

A partial-reconstruction technique is employed to select the ete™ — K *EJFA/ ¥ candidate
events, where the = baryon is reconstructed by the Axt mode with the subsequent decay
A — prt, and the A/ is inferred from the recoiling system against the reconstructed
K~Z=% system. Throughout this article, unless explicitly stated, the charge-conjugate state
is always implied.

The selection criteria for charged particle tracks in the MDC are as follows: the charged
tracks detected in the MDC are required to be within a polar angle range of |cos 0| < 0.93,
where 6 is defined with respect to the z axis which is the symmetry axis of the MDC. Due
to the implementation of the partial-reconstruction strategy, at least two positively charged
tracks and two negatively charged tracks are required. These tracks are required to be well
reconstructed in the MDC with good helix fits. In order to identify charged particles, a
likelihood-based particle identification (PID) method is employed. This method combines
measurements of the energy loss in the MDC (dE/dx) and the time of flight in the TOF to
form likelihoods L(h) (h = p, K, ) for each hadron h hypothesis. Tracks are identified as
protons when L(p) > L(K) and L(p) > L(w), while charged kaons and pions are identified if
L(K) > L(m) and L(7) > L(K) are satisfied, respectively. Only the events that contain at
least two w1, one p and one K~ are retained for further analysis.

The reconstruction of A and =t decays follows the procedures reported in refs. [46-48].
Briefly, to reconstruct A candidates and suppress non-A background, a secondary-vertex
fit [49] is implemented for the prt combinations, and the decay length of the A candidate
from the fit, i.e. the distance between its production and decay positions, is required to be
greater than zero to suppress the background from non-A events. The prt invariant mass
is required to be within a window of +8MeV/c? of the known A mass. This criterion is
determined by optimizing the figure of merit (FOM) after choosing the best candidates,
defined as S/v/S + B, where S is the number of signal MC events and B is the number of
the background events estimated with the inclusive MC simulation. The =t candidates are
reconstructed using a similar secondary-vertex fit from each combination of the remaining 7+
and reconstructed A. The best = and A candidates are kept by minimizing the combined-
mass difference [M_, 5 — mzy| + |[My+; — mj|, where M_, 5 and M, +; are the invariant
masses of the 7TA and 7#p combinations, respectively, and mz+ and mj are the known
masses of the =+ and A baryons from the Particle Data Group (PDG) [50]. Moreover, the
=+ signal region in the M ++4 distribution is determined by optimizing the FOM and defined
as lying within a window of £6MeV/c? of the known =+ mass. The decay length of the
E* candidate also needs to be greater than zero.

To be sensitive to the presence of signal candidates, a kinematic variable of mass recoiling
against the selected K~ E7 is defined as

My, = \/(\/g — Ep-g+)? — |Pg-2+ 1% (3.1)

where - =, and pj = are the energy and momentum of the selected K ~Z+ candidates
in the efe”™ CM frame, and /s is the CM energy.



4 Born cross-section measurement

4.1 Extraction of signal yields

The signal yields for the processes eTe™ — K *EJFA/ »0 at each energy point are determined
by performing an extended maximum-likelihood fit to the M ;ff‘%h spectra in the range of 1.0
to 1.3 GeV/c? as shown in figure 1. In the fit, the signal shapes for ete™ — K~ZTA/X0 at
each energy point are represented by the MC simulated shapes, and the background shapes
are represented by a linear function. The inclusive MC indicates that background arises from
ata=J/y, J/1b — K~ pA events, the distribution of which is smooth in the region of interest.
Tables 1 and 2 summarize the signal yields at each energy point. The significance at some of
the energy points is less than 3.00, as assessed by comparing the change of likelihood with and
without the signal contribution in the fits. The upper limits of signal yields including additive
part of systematic uncertainty at the 90% confidence level (C.L.) at these energy points are
determined with the Bayesian method [51]. The additive uncertainties are accounted for by
extracting the likelihood distributions £, and the signal shapes corresponding to the maximum
upper limits among all additive items are chosen. Then the upper limit on the signal yield

(NYL) at the 90% C.L. is determined from the condition fONUL L dNohs/ [5° L dNgbs = 0.9.
The upper limits for cross sections based on these likelihood distributions and incorporating
the multiplicative systematic uncertainties in the calculation are obtained by smearing the
likelihood distribution by a Gaussian function with a mean of zero and a width equal to omyulti,
where o i the multiplicative part of systematic uncertainty mentioned in section 5.

4.2 Determination of Born cross section

The Born cross section for eTe™ — K~ZTA/X0 is calculated by

N,
of = : obs S— (4.1)

where Ngps is the number of the observed signal events, the factor of 2 represents the average
for both modes by considering the charge-conjugate channel, £ is the integrated luminosity,
(14 6) is the ISR correction factor, ﬁ is the vacuum polarization (VP) correction factor,

e is the detection efficiency, and B(Zt — 7T A) and B(A — prT) are the branching fractions
taken from the PDG [50]. Note that the cross section corresponds to only one charge mode.
The ISR correction factor is obtained using the QED calculation as described in ref. [52].
The VP correction factor is calculated according to ref. [53].

Initially, the cross section is measured without any ISR correction. Using this initial
measured line shape of the cross sections, signal MC samples are regenerated to obtain revised
values of the efficiencies and ISR correction factors, and the Born cross sections are updated
subsequently. The Born cross sections are calculated iteratively until the values converge,
defined by when the (1 4 §)e difference between last two iterations is less than 0.1%. The
values of the efficiency, ISR correction factor, and Born cross section are obtained through
this iterative process [54]. The Born cross section at each energy point is shown in figure 2.
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Figure 1. Fits to the MjrffoéﬂJr distributions from data at CM energies from 3.510 and 4.914 GeV. The
data are the dots with error bars. The blue lines represent the total fit, the red dashed lines represent
the background, and the red and green dotted lines represent the A and X° signals, respectively.
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Vs (GeV) [ Ldt (pb™?) W 146 € (%) Nobs (NF) o () (fb) S (o)

3.510 405.4 104 074 2387 587191 621.27995 £ 435 6.2
3.581 85.7 1.05  0.79 24.88 5473% (<9.4)  237.97508 £18.1 (< 424.7) 1.3
3.650 410.0 102 0.86 24.20 28.710 258.37051 £16.7 3.6
3.670 84.7 1.02 086 2507 62737 (<9.0) 254271300 £17.8 (< 398.9) 1.7
3.773 2931.8 1.06 092 2710 239.27299 245.27702 £17.2 12.1
3.867 108.9 1.06 097 2730 32735 (<7.6)  83.07153+6.1 (< 209.6) 1.0
3.871 110.3 1.05 097 2333 1472% (<5.0) 3847085431 (<137.1) 0.3
4.009 482.0 1.05  1.04 2857 18970% (<282) 975730 +£7.0 (< 158.4) 2.4
4.130 401.5 1.05  1.04 2697 83703 (<15.6) 54.57505+3.9 (< 106.8) 1.2
4.160 408.7 1.05 097 2718 128781 (<21.6) 87.97555 +6.2 (< 142.5) 1.5
4.180 3189.0 1.05 091 2593 170.2t}§;g 167.17333 £11.6 7.7
4.190 526.7 1.06  0.90 28.24 34.27%§ 188.87912 £13.4 3.5
4.200 526.0 1.06 092 2855 25.775% (<36.1) 137.67309 +£10.0 (< 181.4) 2.5
4.210 517.1 106 0.96 27.95 17.9701 (<28.7) 9557319 £6.8 (< 153.3) 2.1
4.220 514.6 1.06  1.00 27.81 27.6777 143.67301 +£10.3 3.1
4.230 1100.9 106 1.04 28.96 41.8757 94.5730 0 £ 6.6 3.7
4.237 530.3 106 1.07 2853 17.0702 (< 26.4) 78.07331 +£5.5 (< 131.7) 1.7
4.246 538.1 1.06 110 2840 30.2752 13397381 + 9.7 3.1
4.260 828.4 1.05 114 29.01 38.1%3¢ 103.473535 £ 7.5 3.4
4.290 502.4 105 119 2715 94737 (<18.0) 4297259+ 3.1 (< 94.0) 1.3
4.315 501.2 1.05 123 27.03 121752 (<20.9) 54.17277 +3.9 (< 106.4) 1.8
4.340 505.0 1.05 126 27.60 13.7750 (< 23.2) 5817333 +4.1 (< 114.7) 1.5
4.360 543.9 105 128 29.06 15.6759 (< 24.5) 57.47254 +4.0 (< 105.0) 1.8
4.380 522.7 105 131 27.35 21.875% (< 31.0) 87.1737% +£6.2 (< 146.7) 2.6
4.400 507.8 105  1.32 27.27 21.8750 (<32.3) 89.27307 +6.2 (< 155.5) 2.4
4.420 1090.7 1.05 133 2891 20.3755 (<30.9) 36.171533 425 (< 65.8) 1.5
4.440 569.9 1.05  1.35 2757 4.4ti;2 (<11.4) 15515 41,1 (< 48.5) 0.7
4.600 586.9 1.06  1.51 2851 11475%% (<19.2) 33.77199 4+ 24 (< 70.7) 1.2
4.640 552.5 1.05 154 26.63 297987 (<13.2) 9.77322+0.7 (< 56.4) 0.3
4.660 529.4 1.05  1.60 2641 15731 (<87)  5.0773+0.4 (< 38.6) 0.2
4.680 1667.4 1.05  1.60 26.23 15. 5+ 5 (<24.3) 168135 +1.2 (< 33.6) 1.0
4.700 536.5 1.06  1.61 2620 16.7739 (<24.3) 5557108 +3.9 (< 103.6) 2.1
4.750 366.6 106  1.67 28.06 59%5% (<128) 2537301 +1.8 (< 72.8) 1.0
4.780 511.5 1.06 172 2794 6275 (<15.1) 1917188 +1.4 (< 60.5) 0.9
4.914 207.8 106 191 2711 6.0732 (<11.9) 4227397 +3.0 (< 113.2) 1.1

Table 1. Numerical results for ete™ — K~=TA, where —— is the VP correction factor, 1 + ¢ is

-]
the ISR correction factor, € is the detection efficiency, N, denotes the number of the observed signal
event, NV is the upper limit of the signal event, o? represents the Born cross section, and oV
the upper limit of Born cross section, which take multiplicative and additive systematic uncertainties
into account. The first and second uncertainties for ¢ are statistical and systematic, respectively.



Vs (GeV) [ Ldt (pb~1) ﬁ 146 €(%) Nops (NI o8 (aU) (tb) S (o)
3.510 405.4 1.04 085 24.18 144.37752 1536.47181% £ 104.0 9.3
3.581 85.7 1.05 075 25.09 29.07%3 1243.013850 £ 84.1 3.3
3.650 410.0 1.02 085 2340 102.07134 979.87128:7 + 66.3 7.3
3.670 84.7 1.02 090 2559 36.0750 1445772800 + 97.8 4.2
3.773 2931.8 1.06  1.01 26.83 868.175%1 856.0732°5 + 57.9 19.7
3.867 108.9 106 095 27.67 414777 1138.4720L7 4 77 45
3.871 110.3 1.05  1.01 26.05 40.9752 1104.072228 + 74.7 4.1
4.009 482.0 105 100 27.71 6597114 386.57852 + 26.0 4.4
4.130 401.5 1.05  1.01 2887 83.67153 559.4775% + 37.8 5.6
4.160 408.7 1.05  1.02 26.95 7277133 506.97528 +34.2 4.0
4.180 3189.0 105  1.02 27.00 57017329 508.51355 £ 34.3 15.1
4.190 526.7 106  1.01 2854 59.67153 307.97324 +20.9 3.8
4.200 526.0 106  1.01 2897 689121 350.718%L +23.6 4.0
4.210 517.1 106 1.00 29.16 69.37153 360.17228 +95.7 4.4
4.220 514.6 106 099 2880 99.17130 529.178%5 £ 35.7 6.2
4.230 1100.9 106 099 2854 173.6715) 437.27458 £ 29.6 7.5
4.237 530.3 1.06 098 29.71 80.57108 40841348 £ 27.7 4.6
4.246 538.1 1.06 097 29.61 8597127 43547514 +30.7 5.0
4.260 828.4 1.05 097 2937 161.970:% 537.47302 + 37.7 7.7
4.290 502.4 1.05 097 29.73 832117 449.87552 £31.6 5.7
4.315 501.2 1.05 100 27.10 82.4%38 475.27811 + 334 5.6
4.340 505.0 105  1.02 2722 90.9tH7 507.9780% £ 34.2 4.7
4.360 543.9 1.05  1.05 27.67 57.27718 283.67372 £19.1 3.2
4.380 522.7 1.05  1.07 3030 77.571% 358.21330 £24.1 4.6
4.400 507.8 1.05  1.09 27.73 61.2%72 31247572 £21.1 3.8
4.420 1090.7 1.05 109 27.86 122.371%! 289.373%1 +19.6 5.7
4.440 569.9 1.05 1.1 2980 351732 (<51.0) 14727386499 (<2135) 26
4.600 586.9 1.06 111 27.89 609718 262.67599 +18.3 3.6
4.640 552.5 1.05  1.15  30.23 172737 (< 31.6) 71.67533 +5.0 (< 136.2) 0.7
4.660 529.4 1.05 116 26.54 44.6792 214.37032 +14.4 3.3
4.680 1667.4 1.05  1.16 26.40 128.97;%3 202.17355 +14.2 5.3
4.700 536.5 1.06  1.17 2633 37.9732 (<59.9) 183.27335 £12.8 (< 296.8) 1.9
4.750 366.6 1.06 117 2650 37.17%8 (<47.9) 25537590 £17.8 (< 272.3) 2.2
4.780 511.5 106  1.18 29.31 282780 (<40.9) 12777320 +8.9 (< 163.9) 1.9
4.914 207.8 106  1.19 2920 20.6733% (<28.2) 228.87811+15.8(<2684) 1.6

Table 2. Numerical results for ete™ — K~E+3°, where ﬁ is the VP correction factor, 1+ ¢ is

the ISR correction factor, € is the detection efficiency, N,ps denotes the number of the observed signal
event, NV is the upper limit of the signal event, o” represents the Born cross section, and oV is
the upper limit of Born cross section, which take multiplicative and additive systematic uncertainties
into account. The first and second uncertainties for ¢ are statistical and systematic, respectively.
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Figure 2. Measured Born cross section for ete™ — K~ZT%0 (black) and K~ZFA (red) for each
energy point, where the uncertainties include both the statistical and systematic contributions.

5 Systematic uncertainty

The systematic uncertainties in the measurement of the Born cross-section arise from various
sources, which are categorized as multiplicative and additive. Multiplicative terms refer on
uncertainties due to kaon tracking and PID efficiencies, =T reconstruction, MC simulation
sample size, branching fraction and input line shape. The additive terms include signal
shape and background shape in fit method.

5.1 Luminosity

The luminosities at all energy points are measured using Bhabha events, with uncertainties
of 1.0% below 4.0 GeV, 0.7% from 4.0 to 4.6 GeV, and 0.6% above 4.6 GeV [32, 55].

5.2 Kaon tracking and PID efficiencies

The systematic uncertainties associated with the kaon tracking and PID are estimated with
a control sample of J/¢ — K*K [56] decays The difference in tracking or PID efficiencies
between data and MC simulation is 1.0%. The total systematic uncertainty from these sources
is assigned to be 1.4% by adding the tracking and PID uncertainties in quadrature.

5.3 =T reconstruction

The systematic uncertainty due to the = reconstruction arises from the knowledge of the
tracking and PID, and A reconstruction efficiencies, and possible biases associated with the
required decay length of the A/Z, and the A/Z mass window. The combined uncertainty is
estimated with a control sample of 1(3686) — Z~ =% decays using the same method described
in refs. [57-65]. The efficiency difference between data and MC simulation is found to be

5.1%, which is assigned as the systematic uncertainty.



5.4 MC simulation sample size

The systematic uncertainty arising from the MC simulation sample size is calculated as

V# /€, where € is the detection efficiency and N is the number of generated signal
MC events.

5.5 MC modeling

The systematic uncertainty arising from the MC modeling is estimated by comparing the
difference in detection efficiencies between the PHSP and HypWK models. The efficiencies
are 25.6% for the HypWK model and 25.7% for the PHSP model. The difference of signal

modeling can be negligible.

5.6 Fit method

The sources of the systematic uncertainty in the fit of the M;fioaﬂ spectrum include the

signal shape and background shape. The uncertainty due to the signal shape is studied by
varying the default signal shape convolved with a Gaussian function, and the yield difference
is taken as the systematic uncertainty, which is 1.8% for the A signal shape and negligible
for X0 signal shape. The uncertainty due to the background modeling is estimated to be
4.0% by alternative fit with a second-order Chebyshev function.

5.7 Branching fraction

The uncertainty of the branching fraction of A — prt is 0.8% from the PDG [50]. The
uncertainty on the branching fraction of =+ — 7 A is negligible in the analysis.

5.8 Input line shape

The ISR correction and the detection efficiency depend on the line shape of the cross section.
The associated systematic uncertainty arises from the statistical uncertainty of the cross
sections, which is estimated by varying the central value of the cross section within +1o of
the statistical uncertainty. Then, the (1 4 d)e values for each energy point are recalculated.
This process is repeated 3000 times, and a Gaussian function is used to fit the distribution
of the 3000 values of (1 + d)e. The deviation of the Gaussian function is taken as the
corresponding systematic uncertainty.

5.9 Total systematic uncertainty

The various systematic uncertainties on the Born cross section measurement for eTe™ —
K~=tA/¥° are summarized in tables 3 and 4. Assuming all sources are independent, the
total systematic uncertainty is determined by adding these values in quadrature.

6 Fit to the dressed cross section

The potential resonances in the line shape of the cross section for ete™ — K _§+A/ 0 are
studied by fitting the dressed cross section, o4 = 5B /|1 — TI|? (without the VP effect)
with the least x? method. The fit minimizes

¥’ = AXTVIAX, (6.1)



V5 (GeV) L Kaon TP ZF Rec. MC B BS SS ILS Total

3.510 1.0 14 5.1 04 08 40 1.8 0.3 7.0
3.581 1.0 14 5.1 04 08 40 18 0.1 7.0
3.650 1.0 1.4 5.1 04 08 40 18 0.3 7.0
3.670 1.0 1.4 5.1 04 08 40 18 04 7.0
3.773 1.0 1.4 5.1 04 08 40 18 0.3 7.0
3.867 1.0 1.4 5.1 04 08 40 18 23 7.4
3.871 1.0 1.4 5.1 04 08 40 18 22 7.3
4.009 0.7 14 5.1 04 08 40 18 1.9 7.2
4.130 0.7 14 5.1 04 08 40 18 1.9 7.2
4.160 0.7 14 5.1 04 08 40 18 1.3 7.1
4.180 0.7 14 5.1 04 08 40 18 0.1 7.0
4.190 0.7 1.4 5.1 04 08 40 1.8 1.3 7.1
4.200 0.7 14 5.1 04 08 40 18 21 7.3
4.210 0.7 1.4 5.1 04 08 40 18 1.2 7.1
4.220 0.7 1.4 5.1 04 08 40 18 1.7 7.2
4.230 0.7 1.4 5.1 04 08 40 18 04 7.0
4.237 0.7 14 5.1 04 08 40 18 1.3 7.1
4.246 0.7 14 5.1 04 08 40 18 1.9 7.2
4.260 0.7 14 5.1 04 08 40 18 20 7.2
4.290 0.7 14 5.1 04 08 40 18 1.5 7.1
4.315 0.7 14 5.1 04 08 40 18 20 7.2
4.340 0.7 1.4 5.1 04 08 40 1.8 0.3 7.0
4.360 0.7 1.4 5.1 03 08 40 18 04 7.0
4.380 0.7 1.4 5.1 04 08 40 18 1.2 7.1
4.400 0.7 1.4 5.1 04 08 40 18 0.3 7.0
4.420 0.7 1.4 5.1 04 08 40 18 0.5 7.0
4.440 0.7 1.4 5.1 04 08 40 18 14 7.1
4.600 0.7 14 5.1 03 08 40 18 04 7.0
4.640 0.6 14 5.1 04 08 40 18 1.3 7.1
4.660 0.6 1.4 5.1 04 08 40 1.8 09 7.0
4.680 0.6 14 5.1 04 08 40 1.8 0.6 7.0
4.700 0.6 1.4 5.1 04 08 40 18 0.7 7.0
4.750 0.6 14 5.1 04 08 40 18 1.2 7.1
4.780 0.6 1.4 5.1 04 08 40 18 14 7.1
4.914 0.6 1.4 5.1 04 08 40 18 09 7.0

Table 3. Systematic uncertainties (in %) and their sources for each energy point on the Born cross
section measurement for ete~ — K ~ZtA. Here, L denotes luminosity, TP denotes tracking and PID,
=~ Rec denotes =~ reconstruction, MC denotes MC sample size, B denotes branching fraction, BS
and SS denote background shape and signal shape, respectively, and ILS denotes input line shape.
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V5 (GeV) L Kaon TP ZF Rec. MC B BS SS ILS Total

3.510 1.0 14 5.1 04 08 40 00 0.1 6.8
3.581 1.0 14 5.1 04 08 40 00 0.1 6.8
3.650 1.0 1.4 5.1 04 08 40 00 0.1 6.8
3.670 1.0 1.4 5.1 04 08 40 00 0.1 6.8
3.773 1.0 1.4 5.1 04 08 40 00 0.1 6.8
3.867 1.0 1.4 5.1 04 08 40 0.0 0.2 6.8
3.871 1.0 1.4 5.1 04 08 4.0 0.0 0.2 6.8
4.009 0.7 14 5.1 04 08 40 00 04 6.7
4.130 0.7 14 5.1 04 08 40 0.0 0.6 6.8
4.160 0.7 14 5.1 04 08 40 00 04 6.7
4.180 0.7 14 5.1 04 08 4.0 0.0 0.5 6.7
4.190 0.7 1.4 5.1 04 08 4.0 0.0 0.9 6.8
4.200 0.7 14 5.1 04 08 40 00 0.3 6.7
4.210 0.7 1.4 5.1 04 08 4.0 00 24 7.1
4.220 0.7 1.4 5.1 04 08 40 00 04 6.7
4.230 0.7 1.4 5.1 04 08 40 00 0.7 6.8
4.237 0.7 14 5.1 04 08 4.0 0.0 09 6.8
4.246 0.7 14 5.1 04 08 40 00 21 7.0
4.260 0.7 14 5.1 04 08 40 00 20 7.0
4.290 0.7 14 5.1 04 08 40 00 20 7.0
4.315 0.7 14 5.1 04 08 40 00 20 7.0
4.340 0.7 1.4 5.1 04 08 4.0 0.0 0.3 6.7
4.360 0.7 1.4 5.1 03 08 40 00 0.5 6.7
4.380 0.7 1.4 5.1 04 08 40 00 04 6.7
4.400 0.7 1.4 5.1 04 08 40 0.0 0.6 6.8
4.420 0.7 1.4 5.1 04 08 40 00 0.7 6.8
4.440 0.7 1.4 5.1 04 08 40 00 04 6.7
4.600 0.7 14 5.1 0.3 08 4.0 0.0 1.8 7.0
4.640 0.6 14 5.1 04 08 40 00 20 7.0
4.660 0.6 1.4 5.1 04 08 40 00 04 6.7
4.680 0.6 14 5.1 04 08 40 00 20 7.0
4.700 0.6 1.4 5.1 04 08 4.0 0.0 1.9 7.0
4.750 0.6 14 5.1 04 08 40 00 1.8 7.0
4.780 0.6 1.4 5.1 04 08 40 00 1.8 7.0
4.914 0.6 1.4 5.1 04 08 40 00 1.6 6.9

Table 4. Systematic uncertainties (in %) and their sources for each energy point on the Born cross
section measurement for ete~ — K~=+X0. Here, L denotes luminosity, TP denotes tracking and
PID, == Rec denotes =~ reconstruction, MC denotes MC sample size, B denotes branching fraction,
BS and SS denote background shape and signal shape, respectively, and ILS denotes input line shape.
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where AX is the vector of residuals between measured and fitted cross section. The covariance
matrix V incorporates the correlated and uncorrelated uncertainties among different energy
points, where the systematic uncertainties due to the luminosity, kaon tracking and PID,
E*’(E‘) reconstruction, and branching fraction are assumed to be fully correlated among the
CM energies, and the other sources of uncertainty are taken to be uncorrelated.

Assuming the eTe™ — K~=1A/X0 signals are produced by a resonance decay and the
continuum process, a fit to the dressed cross section is applied with the coherent sum of a
power-law (PL) function plus a Breit-Wigner (BW) function defined as

2
P(y/s . s
o_dressed(\/g) — CO\/F 4 61¢BW(\/§) ‘Z((ﬁ)) , (62)

V127l BI'

BW(Vs) = p (6.3)

Here ¢ is the relative phase between the BW function and the PL function, ¢y and n are
free fit parameters, (/P(y/s) is the three-body PHSP factor, the mass M and total width T’
are fixed to the assumed resonance with the PDG values [50], and T'c.B is the product of
the electronic partial width, and the branching fraction for the assumed resonance decaying
into the K=+A /X0 final state. The significance for each resonance, after considering the
systematic uncertainty, is calculated by comparing the change of x?/n.d.f with and without
the resonance hypothesis. Evidence for the 1)(4160) — K~Z%A decay with a significance of
4.40 is found. Additional possible charmonium (-like) states are included in the fit, but no
significant signal is found for any other contribution. Thus, the upper limits of the products
of branching fraction and the electronic partial width for these charmonium(-like) states
decaying into the K é*A/ Y0 final state including systematic uncertainty are provided at the
90% C.L. using the Bayesian approach [51]. Figures 3 and 4 show the fit to the dressed
cross section of K~E*A and K~=7%° with resonances included [i.e. 1(3770), 1(4040),
1 (4160), Y (4230), Y (4360), ¢(4415), or Y (4660)], and without. The possible multi-solutions
of resonances parameters for the fit of dressed cross sections are obtained based on a two
dimensional scan method which scans all the pairs of I'..8 and ¢ in parameter space. And

the fit results are summarized in table 5.

7 Summary

Using a total of 25fb~! of eTe™ collision data collected at /s between 3.510 and 4.914 GeV
with the BESIII detector at the BEPCII collider, the exclusive Born cross sections for
ete™ — K~=TA/X0 at thirty-five energy points are measured with the partial reconstruction
strategy. A fit to the dressed cross sections for ete™ — K~Z+A /X0 with the assumption of one
resonance plus a continuum contribution is performed. The fitted parameter, I'c..B, for each
assumed resonance are summarized in table 5. Evidence is found for the 1)(4160) — K~ZTA
decay with a significance of 4.4¢ including systematic uncertainty. No significant signal of any
state decaying into the K=+ A /%0 final state is found for other charmonium (-like) resonances.
The upper limits for the product of the electronic partial width and branching fraction for all
assumed resonances decaying into the K~ZTA /X0 final state are determined. These results
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Figure 3. Fits to the dressed cross sections of ete™ — K ~=1A with an assumption of a resonance
(1(4040), 1(4160), Y (4230), Y (4360), 1)(4415) or Y (4660)) plus a continuum contribution. The blue
solid line is the fit result.
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Figure 4. Fits to the dressed cross sections of eTe™ — K~ETX0 with an assumption of a resonance
(1(4040), 1(4160), Y (4230), Y (4360), 1)(4415) or Y (4660)) plus a continuum contribution. The blue
solid line is the fit result.
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K-Z+A

Resonance LeeBB (10776V) ¢ (rad) X2/n.d.f| S (o)
I 11 I 11
$(3770) | 210 £3.7(<25.0) | 1.7+05| —-1.9+03| —28+02]| 1.8 0.5
$(4040) | 45.0 £ 6.3 (< 62.0) | 51+ 23| ~1.3+0.1|-1.3+£01| 14 2.8
1 (4160) 2.1+£0.2 1.5+04|-16+0.1|-1.3+0.2 1.1 4.4
¥(4230) | 21.3 £1.5(<249) |06 +03 | —-1.8+0.1| 2.5+0.3 1.5 2.8
¥(4360) | 28.9 +2.7 (< 35.8) |06 +0.1|—-1.8+0.1|—-29+0.1 1.6 1.7
) (4415) 93+23(<143) |1.7+11|-194+0.1|-23+0.2 1.6 1.2
»(4660) | 6.8+ 35 (<13.0) |08 +15|-1.6+01|-1.6+£01| 1.7 1.2
K-=+%0
Resonance LeeB (1077 eV) ¢ (rad) x2/n.d.f | S (o)
| 11 I 11
(3770) | 83.1+£32(<89.5) |03 +33| -1.6+02] -27+17| 22 1.5
1(4040) 53+ 25 (<12.5) [42+23|-13+03|—-1.1+0.3 2.0 2.0
$(4160) | 04+£0.7(<15) |01+£09|-01+05| 0.1+04 | 23 0.9
$(4230) | 0.6+£02(<1.6) |02+01| 02+£03 | 0.3+£03 | 23 0.9
1 (4360) 1.1+06(<28) |09+04| 29+0.3 29+ 0.3 2.0 1.0
¥(4415) | 77.0 £ 4.5 (< 87.0) | 1.8 £ 0.8 | —1.7+ 0.2 | —2.5 £ 0.2 2.0 2.7
B(4660) | 625 + 6.2 (< 77.3) |06 +£1.0| —1.6£02 | —1.3+£02| 22 1.5

Table 5. The fitted parameters to the dressed cross section for the ete™ — K~ZTA and K~ =1t%0
processes with two solutions (I and IT). The fit procedure includes both statistical and systematlc
uncertainties except for the CM energy calibration. The relative phase is given by ¢. B is the branching
fraction of the assumed resonance decaying into the final state. Note that the values in the brackets
represent the upper limit at 90% C.L. with a most conservative evaluation.

are valuable as they add to the experimental information regarding the three-body baryonic
decay of charmonium (-like) states, which may provide important insights into the nature
of baryonic production above the open-charm region.
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