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Measurement of ete™ - KTK-KTK~ and ¢ KT K~ from 2.100 to 3.080 GeV
(Dated: November 10, 2017)

Based on data set collected by BESIII detector at BEPCII collider at center of mass energies
between 2.100 and 3.080 GeV, Born cross sections of ete™ - KTK~"KTK™ and ete™ — ¢KTK~
have been measured precisely. The BESIII’s results are consistent with BABAR’s results for
KTK~K"K~. The energy dependence of K™K~ KK~ and ¢K K~ cross sections differs signifi-
cantly from that of e"e™ — ¢m "7 ~. There is an enhancement around 2.232 GeV. Born cross section
at /s = 2.2324 GeV differs by about 4.6 s.d. and 7.3 s.d. with respect to the closest measurements

for K™K~ and KT K~ KTK™, respectively.

PACS numbers: 13.25.Gv, 12.38.Qk, 14.20.Gk, 14.40.Cs

I. INTRODUCTION 2

The ¢(2170), denoted previously as Y(2175), was 4
firstly observed in the initial state radiation method with
ete™ — ¢f0(980) [1]. It was confirmed by BESII [2], BE- 4
SIII [3] and Belle [4]. The charmoniumlike vector state 4
has been observed with ete™ — KTK~.J/¢ [5] above #
the DD production threshold. The s5 bound states are 4
of interest, but they are much less known compared to 4
cé. A similar decay mode, eTe™ — ¢ KK, provides a so
good opportunity to study charmoniumlike vector states s:
below the DD production threshold. 52

53

54

The theorists explained ¢(2170) as a ssg hybrid [6], .

a 23Dy s3 [7], a tetraquark state [8, 9], a AA bound
state [10]. The 17~ s8g hybrid can decay to ¢, .,
with cascade (s — (s5)(gg9) — ¢nm) [11], and s5g — .,
¢ f0(980) may make a significant contribution. Because
f0(980)/a(980) have been observed [12], it is useful to
study ¢£0(980)/a0(980) within K™K~ K+ K~ final state.
The Ref. [13] used Faddeev calculation for three body in- ,
teraction of KT K ~, obtained a peak around 2.150 GeV
and in the invariant mass of KK~ system around 970 ,
MeV. It also stimulates experimentalists to study energy ,
dependence of KK~ and KT K- KTK~.

66

BABAR Collaboration has measured the cross sections ¢
of ete™ - KTK~K*TK~ and observed an enhancement
around 2.3 GeV [14, 15]. However, there are no pub- ¢
lished electron-positron data for comparison. There are 5
¢, fo(1370) and f5(1525) on invariant mass of KTK~ 4
pair and BABAR also observed bump or broad structure -,
around 2.175 GeV and 2.7 GeV, which is need for further
study. 72

75

BESIII Collaboration collected about 650 pb~! data
between 2.0 GeV and 3.08 GeV, the efe™ —
KtTK~KTK~ could be measured, and compared with
BABAR’s results. This paper presents the study of
ete™ - KTK-KtK~. The efem — ¢K+TK~, then
dominant intermediate process of KT* K~ K™K~ is also =
reported. 81

II. DETECTOR AND DATA SAMPLES

BEPCII [17] is a double-ring e*e™ collider running at
center-of-mass (CM) energies ranging from 2.0 to 4.6
GeV, and providing a peak luminosity of 1.0 x 1033
cm~2s7! at the CM energy of 3.770 GeV. The BE-
SIII [17] detector has a geometrical acceptance of 93%
of 47 and has four main components: (1) A small-cell,
helium-based (60% He, 40% C3Hg) main drift chamber
(MDC) with 43 layers providing an average single-hit res-
olution of 135 um, and a charged-particle momentum
resolution in a 1 T magnetic field of 0.5% at 1 GeV/ec.
(2) An electromagnetic calorimeter (EMC) consisting of
6240 CsI(T1) crystals in a cylindrical structure (barrel)
and two endcaps. The energy resolution at 1.0 GeV/c
is 2.5% (5%) in the barrel (endcaps), and the position
resolution is 6 mm (9 mm) in the barrel (endcaps). (3)
Particle Identification is provided by a time-of-flight sys-
tem (TOF) constructed of 5-cm-thick plastic scintillators,
with 176 detectors of 2.4 m length in two layers in the
barrel and 96 fan-shaped detectors in the endcaps. The
barrel (endcap) time resolution of 80 ps (110 ps) provides
20 K /7 separation for momenta up to ~ 1.0 GeV/e. (4)
The muon system (MUC) consists of 1000 m? of Resistive
Plate Chambers (RPCs) in nine barrel and eight endcap
layers and provides 2 cm position resolution.

The optimization of selection criteria, determination of
detection efficiencies and estimations of potential back-
grounds are performed based on Monte Carlo (MC) sim-
ulations taking various aspects of the experimental setup
into account. Geant4-based MC simulation software,
which includes geometric and material description of the
BESIII detector, detector response and digitization mod-
els, as well accounting of the detector running conditions
and performances, is used to generate MC samples.

The signal ete™ — KTK-"KVTK~ and ete” —
¢KT K~ are simulated with ConExc generator [19], in
order to study contribution of background events, MC
samples of eTe™ — eTe™ and puTu~ are generated with
Babayaga 3.5 [18]. ete™ — ¢q process is simulated with
ConExc generator [19].
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IIT. EVENT SELECTION 116

117

118

The final states of ete™ — KTK-KVtK~ and
ete” = ¢K+K~ (¢ — K+K~) have four kaons. Be-
cause center-of-mass of data set is close to threshold ofi Z)
four kaons, the kaon has small momentum. In order to »
increase event selection efficiency, the candidate events .

are required to have at least three charged tracks. e

Charged tracks are reconstructed from hits in theis
MDC. Each charged track is required to have a polar
angle that is well within fiducial volume of the MDC,
|cosf| < 0.93, where 6 is polar angle of track in labora-
tory frame, to have a point of closest approach to inter-
action point that is within £10 cm along beam direction
and within 1 c¢cm in radial direction. For each charged
track, the TOF information and dE/dx information are
combined to form particle identification (PID) confidence
levels for 7, K, p hypotheses, and particle type with the
highest probability is assigned to each track. In order to
reconstruct the primary vertex, vertex fit is applied for
vertex with three kaons.

In analysis of ete™ — K™K~ K+ K~ if event has four
identified kaons , combination with the least xfm,tem it 18
retained. Fig. 1 (left) shows the plot of momentum of
three identified kaons, where black dots are experimental
data. The peak around /s/2 results from ete™ — ete™
and eTe™ — pt . In order to reduce these background
events, the momentum of identified particles is required
to be less than 0.8 * pgeam. Fig. 1 (right) represents the
comparison within the requirement of the momentum.
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FIG. 1: (color online) Momentum distributions of three iden-133
tified kaons at 2.125 GeV. Left plot: The black dots withis
error bar are experimental data events, red histogram is fromiss
inclusive MC samples, green histogram is from bhabha MC;,
samples, the blue histogram is from Dimu MC samples, the,,,
light red histogram is the sum of all MC samples. Right plot: ,
After cutting momentum, imomentum distribution of recoil-m
ing Kaons at 2.125 GeV. Here, the black dots with error bar

are experimental data events and blue histogram is from MC'
samples: ¢ KTK™.

8

141
142

For ete™ — ¢K+TK~, where ¢ is reconstructed withuss
K™ and K. a one constraint (1C) kinematic fit is per-ia
formed under the hypothesis that the K K™K~ missingus
mass corresponds to the kaon mass. As for events haveus
identified four kaons , the combination with the least x% 14

has been chosen. The chi-square of the kinematic fit,
X3cs is required to be less than 20, which is optimatized
with S/v/S + B. Fig. 2 shows M(KTK~) distribution
from experimental data samples at 3.080 GeV, it indi-
cates that ete™ — ¢ KTK~ dominants KT K- K+t K~
final states, where the black dots with error bar are the
best ¢ candidates space(closest to the ¢-meson mass) and
blue histogram is filled by four entries, which is the dif-
ferent combination from all K™K~ pairs. The ¢ signal
is observed clearly with very low background.
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FIG. 2: (color online) (a) M(K K ™) distributions: the black
dots with error bar are the best ¢ candidates(closest to the
¢ — meson mass) and blue histogram is filled by four entries,
which is the different combination from mass(K+tK ™).

IV. DETECTION EFFICIENCIES

The eTe™ — ¢KTK~ is simulated by phase space
model (PHSP) for three body decay. However, the PHSP
MC could not describe experimental data, as shown in
Fig. 3 (b), where the background contributions are esti-
mated with events from ¢ sideband region in Fig. 3 (a).
We use partial wave analysis (PWA) method to calculate
MC efficiency from different modes include intermediate
resonances at the 3.08 GeV, and find they give similar
results. To obtain a much more reliable MC description,
the method of event-by-event weight is applied for in-
variant mass distribution of Kt K~ in Fig. 4 (a), where
weighting factors are ratio of event number between ex-
perimental data and MC data bin-by-bin. Comparison of
invariant mass distribution of ¢/ * is shown in Fig. 4(b).

Although ete™ — ¢ KT K~ includes intermediate res-
onance, the difference of MC efficiency for ete™ —
KtK~-KTK~ (PHSP) is less than 3%. The weighted
MC efficiency is used as signal efficiency of final states
of KT K~ KT K~ including ¢ resonance. Figure. 5 shows
comparison of the momentum distributions of kaon be-
tween experimental data and weighted MC.
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FIG. 3: (a) Fit to invariant mass distribution of K™K~ at 3.080 GeV, KT K~
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FIG. 4: (color online).

(a) Invariant mass distribution of K+ K~
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at 3.080 GeV, K"K~ is not from ¢. (b) Invariant mass

distribution of (pK i) at 3.080 GeV. Here, the black dots with error bar are experimental data events, the blue histograms are
from sideband region, the dashed blue histograms are from weighted MC and the red histograms represent the sum of sideband

events and the weighted MC.

V. EXTRACTION OF THE BORN CROSS 157
SECTION 158

159
The Born cross section is determined from

160

161

162
Nobs 163
B
= 1
g ﬁint(l‘i’(s)ﬁB’ ( )164

165

166
where N° is the number of observed signal events, L;n¢ 167
is integrated luminosity, (149) stands for (14-6")-(14+3").1es
(146") is the ISR correction factor which is obtained by
QED calculation [20] and taking the cross section mea-o
sured in this analysis after iterations as input. (1 4 §V)mn
is vacuum polarization (VP) factor, which is taken fromir

QED calculation [21], € is event selection efficiency, B is
branching ratio, B(¢ — KTK~) = 48.9%, taken from
the Particle Data Group (PDG) [12].

The event number of ete™ — KTK-KTK™ is ob-
tained by fitting on recoil mass of three kaon system,
which is shown in Fig. 6 for /s = 3.08 GeV. Accord-
ing to background study of eTe™ — ¢qg MC, there is
no peaking background. The unbinned maximum likeli-
hood method is also performed. The signal is described
with the ete™ — KTK~K+tK~ MC shape convoluted
with a Gaussian function which discribes the difference of
mass resolution between MC and experimental data and
the Chebychev polynominal function describes contribu-
tion from background event, which is confirmed in back-
ground study. Table I summarizes L, N°*%, (146) and
€ in Eq. 1. The measured cross section is also included
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FIG. 6: (color online). Fit to M (Kt K™) distribution at 3.08"®
GeV: the black dots with error bar are experimental data,'®
the red solid curve is total fit and the blue dashed curve is,
background.
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191
192

The signal yields of eTe™ — @K+ K~ are obtained byiss
fitting on M (KK ™) mass spectra (4 entries per event).io
The ¢ signal is described by a P-wave Breit-Wigner func-iss
tion (parameters are fixed to PDG values [12]) convo-
luted with a Gaussian function, which accounts for the197
difference of mass resolution between the data and the198
Breit-Wigner function, where the P-wave Breit—VVigner19

function is defined as ?

200

201

202

(2)203

Ly k+k—
A(m) = Pyl K- B(pyokx-)

i~ +iml(m)  B(p, )

3)

1
B(p7 L¢~>K+K* = 17 R = SGBV) = 1 T (Rp)2 (4)
m) = (P2 ik 10 B(p)

where mg is nominal mass of ¢ as specified in PDG
2016 [12] and p is momentum of kaon in the frame of ¢
for /s. p/ is the same, but for the nominal mass of ¢.
Here, I’y is the mass width of ¢. The angular momentum
(L) is equal to be 1, which is assumed to be the lowest
allowed given the parent and daughter spins. B(p) is the
Blatt-Wdisskopf form factor [22], which depends on L.
Ris 3 GeV~1L

The background shape is parametrized with an AR-
GUS function [23]. The parameters of the Gaussian
function and the ARGUS function are free parameters in
the fit. The corresponding fit result for /s = 3.08 GeV
is shown in Figure 7. Table II summarizes L;,¢, N,
(14 6), € and Born cross section in Eq. 1.

Here, the initial input cross section is from
KTK-KTK~ final state, which is the result from
BABAR Collaboration [15]. Then the line shape of the
production cross section used as input in ConExc gener-
ator is obtained as following:

e Step 1: measure the observed cross sections from
2.10 to 3.08 GeV using BESIII data samples at 20
CM energies.
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FIG. 7: (color online). Fit of M (K K ™) distribution at 3.08
GeV: the black dots with error bar are experimental data,
the red solid curve is total fit and the blue dashed curve is
background.

e Step 2: the cross section from step 1 are parame-
terized with incoherent sum of Breit-Wigner (BW)
functions and polynomial functions, and the fitted
results are used as generator input.

e Step 3: generate MC events with the input line-
shape, and the ISR factor is calculated by the gen-
erator for users, we can find details of calculation
in appendix C.12.

e Step 4: iterate above threes steps until a stable
result is obtained , the criteria is to require the dif-
ference of cross sections in two convergent iteration
less than 1.0%.

By iterating a few times, the values of ISR and effi-
ciency become stable, then we can get convergent cross
section of ete™ - KTK-"KTK~ andete™ — oK TK~.

VI. SYSTEMATIC UNCERTAINTY

Systematic uncertainties in measurement of Born cross
sections of ete™ — ¢ KT K~ include luminosity measure-
ments, differences between experimental data and MC
simulation for tracking and PID efficiency, kinematic fit,
fit procedure, MC simulation of ISR correction factor andzs:
vacuum polarization factor, as well as uncertainties in23
branching fractions of intermediate state decays. 233

(a) Luminosity: The integrated luminosity of the "
data set are measured with large angle Bhabha events,2ss
and corresponding uncertainties are estimated to beass
1.0% [24]. 237

TABLE I: Cross section of ete™ — K™K~ KTK~. The table
shows the c.m. energy /s, integrated luminosity L;n¢, num-
ber of final states including K™K~ K™K~ events N°**, (144)
represents radiative correction factor and vacuum polariza-
tion factor, Born cross section oZ. The first uncertainties are
statistical and the second systematic.

V5 (GeV) Lint (pb~ 1) Nebs (1496) (%) o (pb)(stattsys)

3.080 126.19  3693.7£73.1 1.0185 61.91 46.4+0.9£2.6
3.020 17.29 591.4+£29.2 1.0854 63.28 49.842.5+3.0
3.000 15.88 557.3£28.1 1.0860 63.31 51.0+2.6+2.9
2.981 16.07 555.6+28.1 1.0846 63.57 50.14+2.543.0
2.950 15.94 629.1+£29.5 1.0799 63.14 57.94+2.7+3.4
2.900 105.25  4366.4£76.1 1.0686 63.98 60.7+1.1+3.5
2.800 1.01 37.25+£7.3 1.0424 64.45 54.94+10.84+3.9
2.700 1.03 44.2+7.3 1.0173 62.65 50.2+10.8+4.7
2.646 34.00 1817.6+47.1 1.0049 61.25 86.84+2.3+4.9
2.644 33.72 1819.94+47.0 1.0044 61.43 87.5+2.3+5.0
2.500 1.10 55.3+8.0  0.9741 57.35 90.2£13.0£10.6
2.396 66.87 2838.7£57.4 0.9534 50.00 89.0£1.8£7.5
2.386 22.55 934.6£32.0 0.9515 46.10 94.543.2%5.5
2.309 21.09 682.3£28.0 0.9488 42.33 81.443.31+6.2
2.232 11.86 369.2£19.8 0.8505 30.99 110.0£5.946.3
2.200 13.70 206.6£15.3 0.8824 27.58 62.0+4.6+5.9
2.175 10.63 95.6£9.9 0.8750 23.24 44.244.61+4.2
2.150 2.84 17.843.9 0.8616 17.45 41.7+9.1+4.8
2.125 108.49 378.7£19.3 0.8437 12.24 33.84+1.7+4.2
2.100 12.17 18.94+8.8 0.8186 7.18 26.4+12.3+3.7

TABLE II: Cross section of ete™ — ¢KTK~. The table
shows the c.m. energy /s, integrated luminosity L;n:, num-
ber of observed ¢ events N°*, (1 + §) represents radiative
correction factor and vacuum polarization factor, Born cross
section oZ. The first uncertainties are statistical and the sec-
ond systematic.

/5 (GeV) Lin: (pb™ 1) Nebs (1+06) €(%) of (pb)(statLsys)

3.080 126.19  1690.8£50.1 1.0065 49.7  54.84+1.6+3.3
3.020 17.29 253.7£19.9 1.0996 50.2  54.44+4.3+3.8
3.000 15.88 242.6+£18.8 1.1064 50.0  56.5+4.44+4.0
2.981 16.07 245.94£20.0 1.1098 49.5  57.0+4.6+£3.6
2.950 15.94 282.2+20.4 1.1099 48.6  67.1+4.9+4.3
2.900 105.25  2010.8+£54.4 1.1013 49.2  72.1£2.0+£4.6
2.800 1.01 13.2+4.5 1.0702 47.9 52.2+£17.8+4.9
2.700 1.03 26.0+6.1 1.0376 48.8 101.6£23.8+£10.2
2.646 34.00 901.3+£37.7 1.0217 46.5 114.1+£4.84+7.5
2.644 33.72 883.1£37.5 1.0211 46.4 113.0£4.8£8.0
2.500 1.10 25.5+£6.9 0.9846 43.4 111.14£30.1+£10.7
2.396 66.87 1841.64+56.2 0.9618 38.2 153.3+4.7£13.0
2.386 22.55 573.4£31.6 0.9598 37.4 144.9£8.0£14.5
2.309 21.09 377.0£26.0 0.9465 32.6 118.5£8.2£9.2
2.232 11.86 260.0£22.3 0.8543 27.2 193.0+16.6£16.6
2.200 13.70 137.7+18.7 0.8898 21.7 106.5+14.5+8.7
2.175 10.62 84.5+£15.6 0.8835 18.8 97.9£18.1+7.6
2.150 2.84 15.845.9 0.8714 13.7 95.3+35.6+15.2
2.125 108.49 309.6+£31.5 0.8555 9.6 71.1£7.2+£5.4
2.100 12.17 12.94+6.1 0.8346 5.7  45.6+21.6+8.4

(b) Tracking: The tracking efficiency uncertainty is
estimated to be 1.0% [25] for each track with control
sample ete™ = KTK-nt7n~. The 3.0% is taken as the
systematic uncertainty of tracking efficiency.

(¢) PID: To estimate the PID efficiency uncertainty,
we study K+ PID efficiencies with the same control sam-
ples ete™ — KTK~ntn~. The average PID efficiency
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difference between data and MC is found to be 1.5 %2
per charged track and taken as a systematic uncertainty.zos
The 4.5% is taken as the systematic uncertainty on PIDass
efficiency. 207

(d) Kinematic fit: The uncertainty from the 1C kine-2e
matic fit is estimated by correcting the simulated trackees
helix parameters (¢g, %, tan)), where ¢g is azimuthalso
angle that specifies the pivot with respect to the helix -
center, x is the reciprocal of the transverse momentum
and tan/\ is the slope of the track. The correction factors
are quoted from Ref. [26]. The difference in this efﬁc1ency
from its nominal value is taken to be the uncertainty.

(e) Fitting procedure: The following three aspects aress
considered for fit procedure. (1) Fitting range: In fit,,
the M(K*K ) is fitted in a region from 0.98 to 1.15_
GeV/c?. An alternative fit with fit range between 0. 98
and 1. 20 GeV/c? is performed. The M(K¥) of the re- o
coiled kaon is fitted by varying from (0.3, 0.7) GeV/c?
to (0.31, 0.69) GeV/c®. (2) Signal shape The signal
shape of the ¢ is described by a P-wave BW function
convoluted with a Gaussian function. An alternative fit31
with a MC shape convoluted with a Gaussian function
is performed. The signal shape of recoiled kaon is de-
scribed by MC shape convoluted with a Gaussian func-""
tion. The uncertainty related with the signal line shape is”"
estimated with an alternative fit with the same function™
for signal line-shape, but fixing width of Gaussian func-""
tion to the value by changing one standard deviation of
width obtained in the nominal fit. The difference in the™”
yield with respect to the nominal fit is considered as thess
systematic uncertainty from the signal shape. (3) Back-s1
ground shape: Background shapes for ¢ are described ass
a Argus function. The fit with a second-order polynomialsz
function for the background shape is used to estimate itssz
uncertainty. The background shapes for recoiled kaon areses
described as a Chebychev polynomial function. The fitss
with a first-order Chebychev polynomial function for thesss
background shape is used to estimate its uncertainty. (f)ss
ISR factor: Uncertainties in the initial cross section hne -
shape used in generator introduce systematic uncertam—m
ties in the radiative correction factor and the efﬁmency
This is estimated using difference between the last two o

iterations.
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(g) VP factor: The uncertainty is estimated to be 0.53%
% [21] 333

(h) Branching fraction: The experimental uncertain—ii
ties in the branching fractions for the processes ¢ -,
KtK™) are taken from the PDG [12].

336

(i) Efficiency: To obtain signal efficiency properly, the
method of event-by-event weight is applied. We weight_
the MC to the data by M(K ™K ™) weight factor , which
the weight factor histogram is obtained by calculating
the ratio of the number of signal events from data andsss
MC bin-by-bin. Then the weighted MC distributionssse
are consistent well with the data. The difference of ef-3
ficiency between eTe™ — ¢KT K~ and weighted MC issu

worked as uncertainty. For the process of final states
including four kaons, the difference of branch ratio be-
tween eTe” — ¢KTK™ and ete™ - KTK-KTK~
from PHSP is worked as systematic uncertainty

(j) MC: Signal efficiency is determined with MC simu-
lation samples, whose statistics introduces an uncertainty
as described with the following formula.

(k) Other systematic uncertainties: Other sources of
systematic uncertainties include the trigger efficiency,
event start time determination and final-state-radiation
simulation. The total systematic uncertainty due to these
sources is estimated to be less than 1.0%. To be conser-
vative, we take 1.0% as the systematic uncertainty.

Assuming all the sources of systematic uncertainty are
independent, the total systematic uncertainties are ob-
tained by adding them in quadrature, which are shown
in Tables IV, III.

VII. SUMMARY AND DISCUSSION

We measured Born cross sections for ete™ —
KTK-KTK~ at 20 energy points, which is shown in
Fig. 8 (a). The results have much better precision at
most of energy points than that of BABAR Collabora-
tion. There is a similar bump observed at /s = 2.232
GeV.

The Born cross sections of ete™ — ¢KT K~ are ob-
tained first time at 20 energy points. Figure 8 (b) shows
the cross section line shape of eTe™ — ¢KTK~. By ex-
amining the ¢ K+ K~ cross section as a function of center
of mass energy, there is a bump at /s = 2.2324 GeV.
Although BABAR Collaboration have not measured the
cross section of eTe™ — ¢K T K, an enhancement in the
cross section of ete™ — ¢fo(980) and f(980) — KT K~
is also observed by BABAR Collaboration [15].

Some theorists obtain a neat resonance peak around
a total mass of 2150 MeV and an invariant mass for
the KK system around 970 MeV, which is regarded as
f0(980) in Ref. [13]. However, we observe an enhance-
ment near threshold in the line shape of cross section of
Tem - ¢KTK~ and ete™ — KTK-KTK~. The re-
sult of ete™ — K™K~ KT K~ is consistent with BABAR
Collaboration. Due to only one energy point around
2.232 GeV, we are not sure that this is resonant structure
from Y'(2175).
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TABLE III: Summary of systematic uncertainties (%) in the cross section of ee™ — K™K~ K"K~ for energies. The common
uncertainties include luminosity, tracking, branching fraction and others.

v/s (GeV) Luminosity Tracking PID Fitting range Signal shape Background shape ISR VP Efficiency MC Others Total

3.080 1.0 3.0 4.5 0.8 0.3 0.1 0.0 0.5 0.1 0.2 1.0 5.7
3.020 1.0 3.0 4.5 1.9 0.8 1.1 0.0 0.5 0.1 0.2 1.0 6.1
3.000 1.0 3.0 4.5 0.4 0.7 0.4 0.2 0.5 0.1 0.2 1.0 5.7
2.981 1.0 3.0 4.5 0.2 0.7 1.6 0.1 0.5 0.1 0.2 1.0 5.9
2.950 1.0 3.0 4.5 0.9 0.4 0.8 0.3 0.5 0.1 0.2 1.0 5.8
2.900 1.0 3.0 4.5 0.4 0.2 0.5 0.0 0.5 0.1 0.2 1.0 5.7
2.800 1.0 3.0 4.5 1.1 1.9 3.8 0.3 0.5 0.5 0.2 1.0 7.1
2.700 1.0 3.0 4.5 0.2 0.2 7.5 0.3 0.5 0.6 0.2 1.0 9.4
2.646 1.0 3.0 4.5 0.0 0.1 0.2 0.5 0.5 0.1 0.2 1.0 5.6
2.644 1.0 3.0 4.5 0.3 0.1 0.7 0.1 0.5 0.1 0.2 1.0 5.7
2.500 1.0 3.0 4.5 7.1 6.9 2.7 0.3 0.5 0.7 03 1.0 117
2.396 1.0 3.0 4.5 3.5 3.5 3.8 0.4 0.5 0.1 03 1.0 8.4
2.386 1.0 3.0 4.5 0.2 0.0 1.2 0.0 0.5 0.7 0.3 1.0 5.8
2.309 1.0 3.0 4.5 1.4 2.1 4.5 0.4 0.5 0.3 04 1.0 7.6
2.232 1.0 3.0 4.5 0.7 0.1 0.6 0.4 0.5 0.5 0.5 1.0 5.7
2.200 1.0 3.0 4.5 0.1 0.6 7.6 0.5 0.5 0.5 0.5 1.0 9.5
2.175 1.0 3.0 4.5 1.9 7.3 0.3 0.3 0.5 0.5 0.6 1.0 9.4
2.150 1.0 3.0 4.5 6.7 1.1 7.3 0.7 0.5 0.2 0.7 1.0 11.5
2.125 1.0 3.0 4.5 6.2 1.9 8.8 0.1 0.5 0.2 0.8 1.0 123
2.100 1.0 3.0 4.5 3.2 11.6 3.2 0.1 0.5 2.2 1.1 1.0 139

TABLE IV: Summary of systematic uncertainties (%) in the cross section of ete™ — ¢K K~ for energies. The common
uncertainties include luminosity, tracking, branching fraction and others.

/s (GeV) Luminosity Tracking PID Kinematic fit Signal shape Background shape Fitting range ISR VP Efficiency MC Branching fraction Others Total

3.080 1.0 3.0 4.5 1.3 0.7 0.0 1.2 0.3 0.5 1.1 0.3 1.1 1.0 6.1
3.020 1.0 3.0 4.5 1.4 2.7 0.8 0.8 0.2 0.5 2.0 0.3 1.1 1.0 6.9
3.000 1.0 3.0 4.5 1.4 0.4 1.3 3.0 0.1 0.5 2.1 0.3 1.1 1.0 7.1
2.981 1.0 3.0 4.5 1.4 1.7 0.4 1.3 0.2 0.5 1.0 0.3 1.1 1.0 6.4
2.950 1.0 3.0 4.5 1.3 2.2 0.3 0.7 0.1 0.5 0.8 0.3 1.1 1.0 6.4
2.900 1.0 3.0 4.5 1.5 2.2 0.1 0.1 0.4 0.5 1.2 0.3 1.1 1.0 6.4
2.800 1.0 3.0 4.5 1.5 7.1 0.0 0.0 0.0 0.5 1.1 0.3 1.1 1.0 9.3
2.700 1.0 3.0 4.5 1.6 7.7 0.0 0.0 0.0 0.5 2.4 0.3 1.1 1.0 10.0
2.646 1.0 3.0 4.5 1.6 2.5 0.5 0.9 0.7 0.5 0.4 0.3 1.1 1.0 6.6
2.644 1.0 3.0 4.5 1.6 2.5 1.9 2.1 0.3 0.5 0.3 0.3 1.1 1.0 7.1
2.500 1.0 3.0 4.5 1.7 6.7 0.0 3.3 0.1 0.5 0.4 0.4 1.1 1.0 9.6
2.396 1.0 3.0 4.5 1.7 5.6 0.1 1.6 0.0 0.5 1.4 0.4 1.1 1.0 8.5
2.386 1.0 3.0 4.5 2.0 7.3 0.9 2.1 0.1 0.5 2.0 0.4 1.1 1.0 10.0
2.309 1.0 3.0 4.5 2.3 2.5 0.8 1.0 0.1 0.5 3.8 0.5 1.1 1.0 7.8
2.232 1.0 3.0 4.5 2.4 5.2 0.4 0.0 0.5 0.5 2.8 0.5 1.1 1.0 8.6
2.200 1.0 3.0 4.5 2.4 3.6 2.2 2.9 0.3 0.5 1.4 0.6 1.1 1.0 8.2
2.175 1.0 3.0 4.5 2.2 2.2 1.2 2.2 0.2 0.5 3.5 0.7 1.1 1.0 7.8
2.150 1.0 3.0 4.5 2.5 12.0 5.9 5.9 0.7 0.5 0.7 0.8 1.1 1.0 15.9
2.125 1.0 3.0 4.5 2.1 0.0 2.8 3.4 0.9 0.5 0.2 1.0 1.1 1.0 7.6
2.100 1.0 3.0 4.5 2.0 7.7 0.0 15.4 1.3 0.5 1.0 1.3 1.1 1.0 18.4

= 0.25¢ 0.24¢
= () +BESIII o o.zz;(b)
g 0.2 +BABAR ,;C: 09{2? \ +BESIII
B < 0160
-i 0.15; + } géﬁ + #
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DO i T
Sos I i 2 -
gb i F“‘ +\ ! ! ! \ \ ° 0'02§ | | | | |
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FIG. 8: (color online). (a) The comparison on cross section of eTe™ — KK~ K1tK™ between BABAR and this work. The
blue rectangles with error bars result from BABAR experiment [15], the red dots with error bars result from this work. (b)
The cross section line shape of ete™ — ¢K ™K~ obtained in this work.
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