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The cross section of the process eTe™ — KK~ is measured at a number of center-of-mass energies /s
from 2.00 to 3.08 GeV with the BESIII detector at the Beijing Electron Positron Collider (BEPCII). The
results provide the best precision achieved so far. A resonant structure around 2.2 GeV is observed in the
cross section line shape. A Breit-Wigner fit yields a mass of M = 22392+ 7.1 & 11.3 MeV/c? and a
width of I' = 139.8 4+ 12.3 + 20.6 MeV, where the first uncertainties are statistical and the second ones are
systematic. In addition, the timelike electromagnetic form factor of the kaon is determined at the individual

center-of-mass energy points.
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I. INTRODUCTION

The study of the hadron spectrum provides important
input to understand the nonperturbative behavior of QCD.
In the full hadron spectrum, the spectrum of light mesons
has a particular position since there exist abundant data on
light mesons. However, a further check of the experimental
data on the light mesons listed in Particle Data Group
(PDG) [1] reveals that many light mesons with a mass
above 2 GeV are far from being firmly established. This
poses a challenging task to the experimentalist community.

In the past years, experimentalists have spent consid-
erable effort on this issue. A typical example is Y(2175)
observed by the BABAR Collaboration in 2006 in the
process eTe” — yisrpf0(980) [2], which was confirmed
by the Belle, BESII, and BESIII experiments [3—8]. The
discovery of the Y(2175) has stimulated extensive dis-
cussion about its internal structure; proposed solutions
include an s3g hybrid state [9], 335, [10] and 2°D,
[11,12] states in the conventional ¢ family, s3s5 tetraquark
state [13,14], AA baryonium [15], ¢f;(980) resonance
[16] and s-quark counterpart to the ¥ (4260) [17]. Although
the Y(2175) is now denoted as ¢(2170) by the Particle
Data Group (PDG) [1], its properties still need to be
clarified by further theoretical and experimental effort.
Under different hypotheses for the internal structure, the
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Y(2175) can have common decay channels but with
different decay rates, such as the decay Y(2175) — KK
[9-12]. In the flux tube and 3P, models, when treating
Y(2175) as a s5g or 33S,s5 state, the ratio of the partial
width of the KK channel to the total width is predicted to be
almost zero compared to other channels, while the 23D,
state hypothesis predicts a branching fraction of about 5%-—
10% [12]. This provides a powerful tool to distinguish
between models, and a more precise measurement of
ete” — KK using BESIII data is highly desirable.

Much effort has been spent to understand the process
ete” - KTK~ [18-24]. Previous experiments have
achieved cross section uncertainties of a few percent in
the energy region around the ¢»(1020), while above 2.0 GeV,
the uncertainties are larger than 15%. The BABAR collabo-
ration measured the ete™ — KK~ cross section using the
initial state radiation (ISR) technique. Their measurements
range from the K™K~ threshold up to 8 GeV, and some
complicated structures between 1.8 and 2.4 GeV [20,21] are
observed. In this paper, we measure the ete™ - KTK~
process directly using data collected in an energy scan at 22
energies from 2.00 to 3.08 GeV. The individual luminosities
of each data point range from 1 to 126 pb~!.

Besides the Y(2175), there exist higher excitations of the
p and @ meson families located in the same mass range
[25-29]. For example, p(2150) was reported by BABAR in
the process ete™ — (y)ax [28]. These reported or pre-
dicted that higher excitations of p and @ may also decay
into KK [11,30]. Thus, measuring the process ete™ —
K"K~ can provide important information on these higher
excitations of the p and @ meson families around 2 GeV,
which is crucial to construct the p and @ meson spectra.

Additionally, in this work we report measurements of the
kaon form factor Fg(Q?) through the obtained e*e™ —
KK data. The structure of light hadrons, parametrized in
terms of electromagnetic form factors, is crucial to under-
stand the internal dynamics of hadrons, the detailed
structure of hadronic wave functions, and the nuclear
and hypernuclear forces [31,32]. The form factor can be
split into two categories, spacelike (momentum transfer
Q? > 0) and timelike (Q? < 0) form factors. Spacelike
form factors are directly associated with the charge dis-
tribution in hadrons, which are difficult to measure at large
momentum transfers, and can only be obtained by analytic
continuation of timelike form factors. Precision measure-
ments of timelike form factors at the highest possible
momentum transfers are needed. Perturbative QCD
(pQCD) predicts the kaon form factor F(Q?) asymptoti-
cally to be inversely proportional to the center-of-mass
energy; this can be tested by a precise measurement of F.

II. DETECTOR AND DATA SAMPLES

BEPCII [33,34] is a double-ring e*e™ collider optimized
for a luminosity of 10%* cm=2s~! at /s = 3.770 GeV. The
BESIII detector [33,35] is located at the collision point of

BEPCII and has a geometrical acceptance of 93% of the full
solid angle. BESIII has five main components: (i) A small-
cell, helium-based (60% He, 40% C5;Hg) main drift chamber
(MDC) with 43 layers providing an average single-hit
resolution of 135 ym and a momentum resolutionina I T
magnetic field of 0.5% at 1 GeV/c; (ii) A time-of-flight
(TOF) system used for particle identification. It is composed
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 26K/ separation for momenta up to
1.0 GeV/c; (iii) A cylindrical electromagnetic calorimeter
(EMC) consisting of a barrel and two endcaps. The energy
resolution for electrons or photons with 1.0 GeV energy is
2.5% (5%) in the barrel (endcaps), and the position resolution
is 6 mm (9 mm), respectively; (iv) A super-conducting
magnet generating a 1 T magnetic field ata current of 3400 A;
(v) A muon system (MUC) in the iron flux-return yoke of the
magnet, consisting of 1272 m? of resistive plate chambers
(RPCs) in nine barrel and eight endcap layers, providing 2 cm
position resolution.

The data samples used in this analysis were collected with
the BESIII detector at 22 center-of-mass (c.m.) energies
between 2.00 and 3.08 GeV and correspond to a total
integrated luminosity of 651 pb~! [36]. Monte Carlo (MC)
simulated samples of signal and background processes are
used to optimize the event selection criteria, evaluate the
reconstruction efficiency and estimate the background con-
tamination. The signal MC sample of eTe™ — KTK~ was
generated using the package CONEXC [37], which incorpo-
rates the radiative correction factors for the higher-order
process with one photon in the final state. Background
samples of the processes eTe™ — ete™, uyTu~ and yy are
generated with the BABAYAGA [38] generator, while the
LUARLW [39] and BESTWOGAM [36] generators are used
for other background channels, including the processes
eTe” — hadrons and ete™ — ete X (where X denotes
hadrons or leptons).

The generated particles are propagated through a virtual
detector using a GEANT4-based [40] simulation software
package BESIII OBJECT ORIENTED SIMULATION TOOL [41],
which includes the description of geometry and materials,
particle transport and detector response. The MC simulation
are digitized and tuned to experimental running conditions.

III. EVENT SELECTION

The signal candidates are required to have two oppo-
sitely charged tracks within the MDC coverage,
|cos | < 0.93, where @ is the polar angle of the charged
track. Each charged track is required to originate from a
cylinder around the interaction point of 1 cm radius and
extending £10 cm along the beam direction. To suppress
background of the e*e™ — (y)ete™ process, two criteria
are implemented, viz., each charged track must have the
ratio E/ p of the energy measured in the EMC (E) to the
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FIG. 1. Polar angle distribution of positive (upper) and negative

(lower) tracks at /s = 2.6444 GeV after performing all selection
criteria, as well as the requirement of the momenta of both tracks
to be within the region of 3 times of resolution except for the cos 6
requirements. The arrows show the corresponding requirements
on the polar angle distribution. The label “Tot. MC” in the legend
means the sum of signal (red dots with dashed error bars) and the
dominant backgrounds, ete™ — (y)u*u~ (blue dots with dotted
error bars) and ete” — (y)eTe™ (green dots with dot-dashed
error bars), estimated by MC simulation.

momentum measured in the MDC (p) smaller than a certain
value ranging between 0.7 and 0.8, where the chosen value
depends on the c.m. energy and is optimized by maximiz-
ing the ratio of signal to background; additionally, the
condition cos @ < 0.8 is required for the positive charged
track, and cos @ > —0.8 for the negative charged track. To
suppress the background events with a multibody final
state, the opening angle between the two charged tracks in
the eTe™ c.m. system is required to be larger than 179°.
To reject background from cosmic rays, the difference of
time of flight between the two charged tracks, as measured
by the TOF system, is required to be less than 3 ns.
Comparisons of the distributions of polar angular and the
opening angle for the candidate events between data and
MC simulation at c.m. energy +/s = 2.6444 GeV are
depicted in Figs. 1 and 2, respectively, where good agree-
ment is observed.

Since the process of interest is a two-body final state, the
momenta of the charged tracks fulfil pe,,=+/s/4— m%ct/c,
where my is the K* mass. This enables an efficient separation
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177 178 179 180
Opening angle (deg.)

FIG. 2. Opening angle between the two charged tracks at /s =
2.6444 GeV after performing all selection criteria, as well as a
requirement on the momenta of the negative track be within the
region of 3 times of resolution except for the opening angle
requirement. The arrow shows the corresponding selection
requirement. The label “Tot. MC” in the legend means the
sum of signal (red dots with dashed error bars) and the back-
grounds eTe™ — (y)utu~ (blue dots with dotted error bars).

<
>
[0
e
o
p, (GeV/c)
FIG. 3. Scatter plot of the momentum of the positive track (p )

versus that of the negative track (p_) at \/s = 2.6444 GeV. The
signal events (30, region as shown in box) are concentrated
around p. = 1.23 GeV/c, while the eTe™ — (y)uTu~ back-
ground accumulates around p, = 1.32 GeV/c.

of the signal from background. The momenta of positive
charged tracks versus that of negative charged tracks of
candidate events is illustrated in Fig. 3, where two clusters of
events are observed, corresponding to the signal candidates
(around p, = 1.23 GeV/c) and background from eTe™ —
(y)utu~ (around p.=1.32GeV/c), respectively.

IV. BACKGROUND ANALYSIS

Potential sources of background are hadronic processes
with multibody final states and e™ e~ annihilation into two-
body final states, e.g., eTe™, uTu~ and z"x~, in which
radiative processes reduce the momenta of the final-state
particles so that they fall in the momentum region of kaons.
The level of background contamination is evaluated by MC
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TABLE L.

Cross sections of the eTe™ — KK~ process and form factors of kaon. The symbol N,

sig

is the number of signal events,

excluding the number of survived pu~ events N})’,ﬂc in the signal region estimated from MC simulation, along with detection efficiency
¢, radiative and VP correction factor 1 4 &, and luminosity £. The column ¢? shows the measured Born cross section, from which the
form factor F is extracted. The first uncertainties are statistical and the second ones systematic. Uncertainties on the form factor are

propagated from those on the cross sections.

Vs (GeV) P 1+6 L (pb7h) Ny, NMC o® (pb) |Fyl?

2.0000 0.1927 2717 10.1 1853.8 + 43.3 90  351.5+82+9.0  0.1021 +0.0024 + 0.0026
2.0500 0.1853  2.864 3.34 5254 +23.2 26  296.1+13.1+75  0.0878 £ 0.0039 + 0.0022
2.1000 0.1591  3.368 12.2 1438.0 £ 38.3 149  220.6+£59+55  0.0666 + 0.0018 £ 0.0017
2.1250 0.1453  3.704 109. 112095 £ 1069 1253 1920+ 1.8+4.7  0.0593 £ 0.0006 = 0.0015
2.1500 0.1346  3.987 2.84 261.7 +16.3 26  171.74+107+42  0.0539 = 0.0034 £ 0.0013
2.1750 0.1521  3.521 10.6 1048.1 +32.7 121 1842+57+46  0.0590 +0.0018 + 0.0015
2.2000 0.1802  2.986 13.7 1706.0 + 41.7 244  2314+57+60  0.0744 +0.0018 £ 0.0019
2.2324 02011  2.707 11.9 1634.2 £ 40.8 17.1  2532+£634+64  0.0843 £ 0.0021 £ 0.0021
2.3094 0.1697  3.255 21.1 2143.3 £ 46.9 343 184.0+£4.0+48  0.0635+0.0014 + 0.0017
2.3864 0.1222  4.557 22.6 1274.9 £ 36.4 400  101.5+£29+28  0.0367 £0.0010 = 0.0010
2.3960 0.1189  4.702 66.9 3837.3 +63.2 148.0 1026+ 1.7+£29  0.0371 4 0.0006 - 0.0010
2.5000 0.1005  5.616 1.10 54.6 +7.6 21 88.14+122+28  0.0341 & 0.0047 +0.0011
2.6444 0.0909  6.289 33.7 1091.9 + 34.7 1104  56.6+18+23  0.0237 4+ 0.0008 = 0.0010
2.6464 0.0902  6.300 34.0 1095.3 = 34.9 1000 567+18+18  0.0240 + 0.0008 & 0.0008
2.7000 0.0873  6.580 1.03 21.6 £5.0 34 3634£84+13  0.0158 £ 0.0037 £+ 0.0006
2.8000 0.0804  7.159 1.01 22.1+5.1 4.1 379488+ 1.7  0.0173 £ 0.0040 £ 0.0007
2.9000 0.0738  7.837 105. 1847.8 + 48.1 496.0  304+08+15  0.0145 £ 0.0004 £ 0.0007
2.9500 00702  8.217 15.9 232.9+17.3 870  253+194+14  0.0125 =+ 0.0009 + 0.0007
2.9810 0.0683  8.466 16.1 260.6 + 15.1 872  280+1.6+1.6  0.0139 = 0.0008 + 0.0008
3.0000 0.0667  8.622 15.9 2155+ 16.9 898  244+18+15  0.0122 £ 0.0009 % 0.0007
3.0200 0.0656  8.791 17.3 235.9 + 18.2 993 248+ 1.8+15  0.0124 £0.0009 + 0.0008
3.0800 0.0564  9.266 126. 133562440 8635  253+0.7+22  0.0118 £0.0003 = 0.0010

simulations, with the momentum within a window of 3¢,
around the signal, where ¢, is the momentum resolution,
8 MeV/c at /s = 2.6444 GeV. The equivalent luminos-
ities of the MC samples are between one to tens times of
data for the different processes, individually, depending on
the size of samples. The backgrounds are found to be
negligible for the processes ete™ — (y)ete™, yy, and
ete”X, while they are estimated to be less than 0.5%
for the process with hadronic final states. The background
from e*e™ — nt 2 n° is estimated to be less than 0.1%
compared to the signal. The dominant background is from
the process ete™ — (y)u"u~, and the corresponding nor-
malized numbers of surviving events are estimated and
summarized in Table I. The background level, defined as
the ratio of the number of the background events to that of
the signal, varies from 0.5% to 60% depending on the c.m.
energy. It is worth noting that no peaking background is
found in the signal region. The number of signal events is
determined by subtracting the expected number of back-
ground events from the event yield in data.

V. CROSS SECTION AND FORM FACTOR
A. Signal yields

The signal yields are determined by an unbinned maxi-
mum likelihood fit to the momentum distribution of the

positive charged track of selected events, with the additional
requirement on the momentum of the negative track to be in
the interval (pexy, — 36,. Pexp + 30,,). In the fit, the signal
shape is taken from the MC histogram smeared with a
Gaussian function to account for the resolution difference
between data and MC. Since the background is dominated by
the process ete™ — (y)u'pu~, the corresponding shape is
described with the MC shape of the ete™ — (y)up~
process convolved with another Gaussian function. The
parameters of Gaussian functions and the yields of signal
and background are set free. The distribution and the
corresponding fit curve of the momentum of the positive
charged track for the data sample at /s = 2.6444 GeV is
shown in Fig. 4.

B. Efficiency and correction factor

The Born cross section is calculated from

oh = Noe (1)
L-e-(1+9)
where Ny, is the number of signal events, £ the integrated

luminosity measured with the method described in
Ref. [36], € the detection efficiency and 1+ 6 is the
correction factor due to ISR and vacuum polarization (VP).

Both ¢ and 1 + § are obtained from MC simulations of
the signal reaction at the individual c.m. energies. In the
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FIG. 4. Momentum spectrum of the positive charged track for
the data sample at /s = 2.6444 GeV. The solid line represents
the total fit function, while the red and green dashed lines are the
signal (main part of left peak) and the (y)u™u~ background (right
peak and its tail), respectively.

CONEXC generator [37], the cross section for the ISR
process (6,+,-_,x) is parametrized using
B (s")
\12° <2)
[1-TI(s")]

2 /
ae+e__>yx—/d\/? \S/S_W(s,x)

where /s’ is the effective c.m. energy of the final state with
s' = s(1 —x), x depends on the energy of the radiated
photon according to x = 2E,/+/s, W(s, x) is the radiator
function and TI(s") describes the VP effect. The latter
includes contributions from leptons and quarks. The
detection efficiency ¢ and the radiative correction factor
1 4 6 depend on the input cross section, and can only be
extracted by an iterative procedure, in which the line shape
of the cross section obtained from BABAR [20] is used as
the initial cross section, and the updated Born cross section
is obtained according to the simulation. We repeat the
procedure until the measured Born cross section does not
change by more than 0.5%.

For the data samples with c.m. energies larger than
3 GeV, near the J/y resonance, the interference between
the resonant process J/y — K"K~ and the continuum
process ete™ — K"K~ occurs. To account for the inter-
ference, another data sample collected in the vicinity of the
J /w resonance is used to determine the correction factor for
the interference. A function including the amplitudes of the
J/w decay and the continuum process is used to fit the line
shape of the measured cross section, and the ratio of
continuum contribution to the total cross section is taken as
the correction factor. The resulting Born cross sections and
related variables are summarized in Table 1.

C. Line shape of e*te~ - K*K~

The measured Born cross sections are shown in Fig. 5,
where a clear structure is observed around 2.23 GeV. The
cross sections are consistent with those of BABAR [20,21],

—§— BESIII
wee BABAR
0.3 Fit

m = 2239.2 + 7.1 MeV/c?

=) i
% 0.2~ I =139.8 + 12.3 MeV
0.1~
T T DR B A4t G Ca . YOS
2 2.2 2.4 2.6 2.8 3 3.2
(s (GeV)
FIG. 5. Born cross section of the e e~ — K™K~ process. Open

black dots and filled triangles with error bars are the results of
BABAR [20,21]. Red solid dots show the results of BESIII (this
work). The error bars include both statistical and systematic
uncertainties. The fit shown is performed using the BESIII result
using Eq. (3).

and have better precision comparing to any previous
measurement [18-24]. A y? fit incorporating the correlated
and uncorrelated uncertainties is performed to the measured
cross section with the function

o8 =|cg - BWg + Ceon - 7%+ €01 + P . 21022 (3)

where c; is the magnitude of component i, R denotes the
component for a structure around 2.23 GeV, the term s
parameterizes the continuum process, P is a polynomial
function used to compensate unknown contributions, 6,
and 0, are the phases of the continuum and unknown
components relative to the structure around 2.23 GeV,
respectively. BW is a Breit-Wigner function for the struc-
ture around 2.23 GeV, takes the form,

1

BW(s.m.T) = m*c* —s —iy/sU’ )

where m and I are the mass and width of the resonance,
respectively. In the fit, both statistical and systematic
uncertainties are taken into account. Uncertainties from
the ISR and the VP correction factor, the luminosity, and
the tracking efficiency are assumed to be correlated across
the whole range in /s, while the remaining uncertainties
are treated to be uncorrelated. The fit curve is shown in
Fig. 5. The parameters of structure are determined to be
m=22392+7.1MeV/c? and T = 139.8 + 12.3 MeV.
To understand its nature, the result is compared with the
parameters of ¢(2170) state measured by previous experi-
ments via various processes as shown in Fig. 6. The result
differs from the world average parameters of the ¢(2170)
state by more than 3¢ in mass and more than 2¢ in width,
and also differs from most individual experiments.
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FIG. 6. Parameters of the ¢»(2170) state obtained from different
processes and the resonance in the ete™ — KT K~ process.

D. The form factor

The electromagnetic form factor of the charged kaon can
be extracted from the production cross section by assuming
one-photon exchange [20]:

3s oP

|Fk[*(s) = 7a(07F Crs (5)

where

b afas))? )

(20 )

is the dressed cross section, a(s) the electromagnetic
coupling constant, Bx = /1 — 4m%c*/s is the kaon veloc-
ity and Cps = 1 + %#¢(s) is the final-state correction for

radiative effects [42-44]. The calculated form factors are
listed in Table 1.

01f ¢ —— BESII
- b — Fitat (5>238Gev
008
N - o,
o~ 0.06— o’g"
wx 0% e
0.04[
0.02F
| \4*\’\4
PR SR SN N ST SN TN ST NN NS NS SR NS
2 22 24 26 28 3

Vs (GeV)

FIG. 7. Distribution of |Fg|? for the process e*e™ — KtK~.
Dots with error bar (in black) show the measured |F g |?. The solid
line (in blue) is the fit result at /s > 2.38 GeV, and the dotted
line is the extrapolation of the fit toward smaller /s to show the
trend of the QCD prediction at lower energy.

From pQCD, the form factor of a spin zero meson is
predicted to be Fyx = 16za,(s)f%/s [45], where a,(s) is
the strong coupling constant and f is the decay constant
of the charged kaon. A y? fit incorporating the correlated
and uncorrelated uncertainties to the |F|? distribution is
performed with a function Aa2(s)/s" for the data samples
with c.m. energy /s > 2.38 GeV only, to avoid the
influence of the structure around 2.23 GeV. The fit is
shown in Fig. 7, and yields the parameter n to be
n =194 +0.09, which is in agreement with the QCD
prediction n = 2. For a magnitude comparison with theo-
retic prediction, if we roughly take a; ~0.3 and fx ~
160 MeV [1], the form factors in this measurement are
more than a factor of 4 larger than QCD prediction. At
lower energies, the pQCD prediction is not valid, and no fit
is performed in this analysis.

VI. SYSTEMATIC UNCERTAINTY

Several sources of systematic uncertainties, namely from
detection efficiency, luminosity, ISR and VP correction
factors, and the fit procedure for the signal extraction, are
considered in the measurement of the Born cross section
and the charged kaon form factors, as discussed in the
following.

The sources of the uncertainty associated with the
detection efficiency include tracking efficiency, selection
criteria on the momentum of the negative charged tracks,
E/ p, cos 6 and the opening angle as well as the uncertainty
due to the limited MC sample size. The uncertainty in the
tracking efficiency is studied with a control sample of
ete” - K"K n"n~ by implementing the same strategy
described in Ref. [46]. In this analysis, the kaons have
momenta ranging from 0.85 to 1.45 GeV/c, and the
transverse-momentum-weighted uncertainty of tracking
efficiency is 1% per track. To study the uncertainties
associated with the requirement on p, E/p and opening
angle criteria, we compared the distributions of correspond-
ing variables between data and MC simulation, smeared
the MC sample to match the data, and recalculated the
detection efficiency and cross section, individually. The
resulting changes in the cross sections are taken as
systematic uncertainties. The uncertainty due to the require-
ment on cos @ is small and ignored in the analysis. The
uncertainty related with MC statistics is estimated by

Ayc = /(1 =¢)/e/v/N, where N is the number of signal
MC events. The integrated luminosities of the individual
c.m. energy points are measured using large-angle Bhabha
scattering events, with an uncertainty of 0.9% [36], which
is taken as the systematic uncertainty. During the analysis,
the cross section is measured by iterating until (1 + 8)e
converges, and the difference between the last two iter-
ations is taken as the systematic uncertainty associated with
the ISR and VP correction factors. In this analysis, the
signal yields are determined by a fit to the momentum
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TABLE IL

Summary of relative systematic uncertainties (in %) associated with the luminosity (£), the detection efficiency obtained

with MC samples (A,;¢), the initial state radiation and the vacuum polarization correction factor (1 + ), the momentum of the negative
charged tracks (p), the ratio of deposited energy and momentum (E/ p), the opening angle (Angle), the tracking efficiency (Tracking), fit
range (Fit), signal and background shapes (Signal shape and Background shape). in the measurement of the Born cross section of the
eTe” — KTK~ process and charged kaon form factor. The total uncertainty is obtained by summing the individual contributions in
quadrature, noting that the uncertainties are also considered in the correction of the J/y contribution for energies higher than 3 GeV.

/s (GeV) L Anic 146 P E/p Angle Tracking Fit Signal shape Background shape Total
2.0000 0.9 0.2 0.2 0.7 0.6 0.8 2.0 0.0 0.2 0.4 2.5
2.0500 0.9 0.2 0.1 0.1 0.7 0.7 2.0 0.7 0.2 0.4 2.5
2.1000 0.9 0.2 0.3 0.2 0.5 0.8 2.0 0.1 0.2 0.4 2.5
2.1250 0.8 0.2 0.3 0.1 0.6 0.7 2.0 0.3 0.2 0.4 2.4
2.1500 0.9 0.3 0.5 0.1 0.6 0.7 2.0 0.1 0.3 0.4 2.5
2.1750 0.9 0.2 0.3 0.3 0.6 0.7 2.0 0.1 0.4 0.4 2.5
2.2000 0.9 0.2 0.3 0.4 0.6 0.8 2.0 0.5 0.4 0.4 2.6
2.2324 0.9 0.2 0.5 0.1 0.5 0.8 2.0 0.2 0.5 0.4 2.5
2.3094 0.9 0.2 0.2 0.1 0.6 0.7 2.0 0.6 0.7 0.5 2.6
2.3864 0.9 0.3 0.4 0.2 0.4 0.9 2.0 0.5 1.0 0.5 2.7
2.3960 0.9 0.3 0.4 0.3 0.4 1.0 2.0 0.4 1.0 0.6 2.8
2.5000 0.9 0.3 0.2 1.4 0.6 0.8 2.0 0.3 1.3 0.6 32
2.6444 0.9 0.3 0.3 0.4 0.6 0.9 2.0 2.7 1.7 0.7 4.1
2.6464 0.9 0.3 0.3 0.5 0.6 0.8 2.0 0.8 1.7 0.8 32
2.7000 0.9 0.3 0.3 0.5 0.4 0.9 2.0 1.0 2.0 1.2 3.6
2.8000 0.9 0.3 0.3 0.5 0.7 1.3 2.0 1.0 2.5 2.1 4.4
2.9000 0.9 0.4 0.3 0.1 0.4 0.8 2.0 1.1 3.0 3.0 5.0
2.9500 0.9 0.4 0.3 0.1 0.4 0.9 2.0 0.3 33 35 5.4
2.9810 0.9 0.4 0.3 0.5 0.5 1.2 2.0 0.2 34 3.8 5.7
3.0000 0.9 0.4 0.3 1.6 0.4 0.9 2.0 0.7 3.5 3.9 6.1
3.0200 0.9 0.4 0.3 1.1 0.5 0.9 2.0 0.7 3.6 4.1 6.2
3.0800 0.9 0.4 0.3 1.1 0.4 1.0 2.0 0.8 39 4.6 8.9

spectrum of positive charged tracks. The uncertainties
associated with the signal and background shapes, as well
as the fit range are considered. Uncertainties due to the
choice of the signal and background shapes are estimated
by changing signal and background functions to analytical
Crystal Ball functions. Uncertainties associated with the fit
range are estimated by enlarging or shrinking the fit range
by the momentum resolution. The kaon form factors are
extracted from the cross section and share the systematic
uncertainties. All systematic uncertainties of the cross
section measurement and kaon form factor are summarized
in Table II.

The systematic uncertainties of the resonance parameters
come from the absolute c.m. energy measurement, the
uncertainty of the measured cross section, and the fit
procedure. The uncertainty of the c.m. energy from
BEPCII is small and is found to be negligible in the
determination of the resonance parameters. The statistical
and systematic uncertainties of the measured cross section
has been considered in the fit of the cross section line shape,
thus no further consideration in estimating the systematic
uncertainties of resonance parameters is necessary. The
uncertainties associated with the fit procedure include those
from the fit range and from the signal and background
models. The uncertainty from the fit range is investigated
by excluding the first energy point /s = 2.00 GeV and last

energy point 1/s = 3.08 GeV in the fit. The changes with
respect to the nominal result, 7.2 MeV /c? for the mass and
20.2 MeV for the width are taken as the systematic
uncertainties. To assess the systematic uncertainty associ-
ated with the signal model, a modified Breit-Wigner
function, whose width is energy-dependent, is used in
the fit, resulting in differences of 5.9 MeV/c? and 1.7 MeV
for mass and width, respectively. The uncertainty due to the
function used to describe the contribution other than the
signal structure is estimated by a fit combining BABAR and
BESIII data. The changes are found to be 6.4 MeV/c? and
3.5 MeV for mass and width, respectively. The overall
systematic uncertainties are obtained by summing all
independent uncertainties in quadrature; they are
11.3 MeV/c? for the mass and 20.6 MeV for the width.

VII. CONCLUSION

In summary, we have measured the Born cross section of
ete” - K"K~ and the charged kaon form factor using
data samples collected with the BESIII detector at 22
different c.m. energies from 2.00 to 3.08 GeV. The
measured cross sections are consistent with those of
BABAR and are of the best precision compared to previous
measurements. A clear structure is observed in the line
shape of the measured cross section, and a fit yields a mass
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of 2239.2 +7.1 £ 11.3 MeV/c? and a width of 139.8 &
12.3 +20.6 MeV for this structure, where the first uncer-
tainties are statistical and the second ones are systematic.
The extracted electromagnetic form factor of the charged
kaon is fitted at c.m. energies above 2.38 GeV, and shows
consistence with the pQCD prediction of |Fg| decreasing
with 1/s.

From the Particle Data Group [1], possible candidates for
the observed structure may be the p(2150) or ¢(2170)
meson. Although the measured parameters agree within 2o
with those from some individual experiments, the results
obtained in this paper differ from the world average param-
eters of p(2150) and ¢(2170) by more than 3¢ in mass and
more than 26 in width. For the ¢(2170) case, the result
deviates from almost all individual measurements in the
et e annihilation process, disfavoring the reaction ete™ —
¢(2170) - K K~. Thus, the coupling of ¢(2170) to KT K~
is also disfavored, and this may help to veto the model that
treats ¢(2170) as a 23D, state of the s3 system [12]. For the
p(2150) case, the result is consistent with the measurement in
the process ete™ — yaTx~ [28], which is not used in the
world average. Nevertheless, the nature of the resonance calls
for further more detailed studies, like a combined analysis
with other final states, or a partial wave analysis.
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