PHYSICAL REVIEW D 104, 092014 (2021)

Cross section measurement of e*e~ — K2K? at /s=2.00-3.08 GeV

M. Ablikim," M. N. Achasov,'"® P. Adlarson,** S. Ahmed,"> M. Albrecht,* A. Amoroso,”*** Q. An,***® Anita,”’
X. H. Bai,54 Y. Bai,47 0. Bakina,29 R. Baldini Ferroli,2321 I. Balossino,ml Y. Ban,38’k K. Begzsuren,26 J.V. Bennett,5
N. Berger,”® M. Bertani,”™ D. Bettoni,”** F. Bianchi,®**®* J. Biernat,”* J. Bloms,”” A. Bortone,”**** 1. Boyko,”

R. A. Briere,” H. Cai,®” X. Cai,"*® A. Calcaterra,™ G. F. Cao,'** N. Cao,'”* S. A. Cetin,”'* J. F. Chang,"*® W. L. Chang,'*
G. Chelkov,”” D. Y. Chen,’ G. Chen,' H.S. Chen,"”* M. L. Chen,"* S.J. Chen,® X.R. Chen,” Y.B. Chen,"**
Z.J. Chen,™ W.S. Cheng,”* G. Cibinetto,”** F. Cossio,”* X.F. Cui,”’ H.L. Dai,"*® J. P. Dai,**¢ X.C. Dai,"*

A. Dbeyssi,”” R.B. de Boer, D. Dedovich,”’ Z.Y. Deng,' A. Denig,” 1. Denysenko,”’ M. Destefanis,***%*

F. De Mori,63a’63C Y. Ding,34 C. D()ng,37 J. Dong,l’48 LY. Dong,l’52 M.Y. D0ng,1’48’52 S. X. Du,68 J. Fang,l’48 S.S. Fang,l’52
Y. Fang,' R. Farinelli,** L. Fava,®>®° F. Feldbauer,* G. Felici,” C. Q. Feng,***® M. Fritsch,* C.D. Fu,' Y. Fu,’
X. L. Gao,60’48 Y. Gao,38’k Y. Gao,61 Y. G. Gao,6 I. Garzia,%i’24b E.M. Gersabeck,5 A. Gilman,56 K. Goetzen,11 L. Gong,37
W. X. Gong,"** W. Gradl,”® M. Greco,”*** L.M. Gu,”® M. H. Gu,"*® S. Gu,” Y. T. Gu,” C. Y. Guan," A. Q. Guo,”
L.B. Guo,” R.P. Guo,” Y.P. Guo,”” Y.P. Guo,”® A. Guskov,”” S. Han,” T.T. Han,"' T.Z. Han,”" X. Q. Hao,'®
F. A. Ham's,53 K.L. He,l’52 F. H. Heinsius,4 T. Held,4 Y. K. Heng,l"‘&52 M. Himmelreich,”’f T. Holtmann,4 Y.R. Hou,52
Z.L. Hou,' H. M. Hu,"? J.F. Hu,”** T. Hu,"**? Y. Hu,' G. S. Huang,***® L. Q. Huang,®" X. T. Huang,*' Y. P. Huang,'
Z. Huang,38’k N. Huesken,5 T, Hussain,62 W. TIkegami Andelrsson,64 W. Imoehl,22 M. Irshad,ﬁo’48 S.J aeg%er,4 S. Janchiv, 6,
Q.Ji,' Q.P.Ji,"* X. B.Ji,'"* X. L. Ji,"** H. B. Jiang,"' X. S. Jiang,"**** X_ Y. Jiang,”’ J. B. Jiao,"' Z. Jiao,"® S. Jin,*® Y. Jin,**
T. Johansson,64 N. Kalantar—Nayestanaki,31 X.S. Kang,34 R. Kappert,31 M. Kavatsyuk,31 B.C. Ke,43’1 L K. Keshk,4
A. Khoukaz,57 P. Kiese,28 R. Kiuchi,1 R. Kliemt,11 L. Koch,30 O.B. Kolcu,5 lbe g Kopf,4 M. Kuemmel,4 M. Kuessner,4
A. Kupsc,64 M. G. Kurth,l’52 W. Kiihn,30 J. 1 Lane,55 J.S. Lange,30 P. Larin,15 L. Lavezzi,63C H. Leithoff,28 M. Lellmann,28
T.Lenz,”® C. Li,” C. H. Li,*® Cheng Li,** D.M. Li,®® F. Li,"*®* G. Li,' H. B. Li,'""* H.J. Li,”" J.L. Li,*' J. Q. Li,* Ke Li,"
L. K.Li,' Lei Li,” P L. Li,*® P.R. Li,”* S. Y. Li,”* W.D. Li,"” W.G. Li,) X. H. Li,®*®* X L. Li,*! . B. L, Z. Y. Li,*
H. Liang,"”* H. Lian§,60’48 Y.F. Liang,”” Y. T. Liang,”” L. Z. Liao,"** J. Libby,”' C.X. Lin,” B. Liu,**¢ B.J. Liu,’
C.X. Liv," D. Liv,"” D. Y. Liu,"*¢ F. H. Liu,* Fang Liu,' Feng Liu,® H.B. Liu,"> H. M. Liu,"”* Huanhuan Liu,'
Huihui Liu,"” J. B. Liu,**** J. Y. Liu,"”* K. Liu," K. Y. Lin,** Ke Liu,® L. Liv,** Q. Liu,** S. B. Liu,**® Shuai Liu,*
T. Liv,"? X. Liv,”? Y.B. Liu,”’ Z. A. Liv,"*®*** Z. Q. Liv,*' Y. F. Long,*** X. C. Lou,"**** E. X. Lu,'° H.J. Lu,"
1.D. Ly, I.G. Lu,"® X.L. Lu," Y. Lu,' Y. P. Lu,"*® C.L. Luo,”> M. X. Luo,*” P.W. Luo,” T. Luo,”” X. L. Luo,"**
S. Lusso,”* X.R. Lyu,” F.C. Ma,”* H.L. Ma,' L. L. Ma,"’ M. M. Ma,"* Q. M. Ma,' R. Q. Ma,"”* R. T. Ma,”* X. N. Ma,”’
X.X. Ma,"? X. Y. Ma,"*® Y. M. Ma,*' F. E. Maas,"> M. Maggiora,”*** S. Maldaner,”® S. Malde,”® Q. A. Malik,”
A. Mangoni,” Y.J. Mao,”** Z.P. Mao,' S. Marcello,**®¢ Z. X. Meng,”* J. G. Messchendorp,”’ G. Mezzadri,***
T.J. Min,* R. E. Mitchell,”> X. H. Mo,"**** Y. J. Mo,® N. Yu. Muchnoi,'** H. Muramatsu,’® S. Nakhoul,'"" Y. Nefedov,”
F. Nerling,”’f I.B. Nikolaev,lo’C Z. Nin ,1’48 S. Nisar,g’i S.L. Olsen,52 Q. Ouyang,l’48’52 S. Pacetti,23b’23C X. Pan,46 Y. Pan,55
A. Pathak,1 P. Patteri,B[l M. Pelizaeus, H.P. Pen ,60’48 K. Peters,n’f J. Pettersson,64 J.L. Ping,35 R.G. Pin§,1’52 A. Pitka,4
R. Poling,”® V. Prasad,®* H. Qi,°*** H.R. Qi,”° M. Qi,”° T. Y. Qi,% S. Qian,"*® W.-B. Qian,” Z. Qian,” C.F. Qiao,”
L.Q. Qin,"* X. S. Qin,* Z. H. Qin,"** J.F. Qiu,' S. Q. Qu,”’” K. H. Rashid,** K. Ravindran,”' C. F. Redmer,”® A. Rivetti,**
V. Rodin,31 M. Rolo,630 G. Rong,l’52 Ch. Rosner,15 M. Rump,57 A. Sarantsev,zg"1 Y. Schelhaas,28 C. Schnier,4
K. Schoennin§,64 D.C. Shan,46 W. Shan,19 X. Y. Shaln,6()’48 M. Shao,60’48 C.P. Shen,z’9 P X. Shen,37 X. Y. Shen,l’52
H. C. Shi,®**® R.S. Shi,"* X. Shi,"*® X. D. Shi,***® J.J. Song,"' Q. Q. Song,*”** W.M. Song,”” Y. X. Song,***

S. Sosio,”*%¢ S Spataro,”*** F. F. Sui,* G. X. Sun,' J.F. Sun,"° L. Sun,” S. S. Sun,"”* T. Sun,"”* W. Y. Sun, X. Sun,*"
Y.J. Sun,®*® Y. K. Sun,** Y. Z. Sun,' Z.T. Sun,' Y. H. Tan,*” Y. X. Tan,®* C.J. Tan%,45 G.Y. Tang,' J. Tang,”
V. Thoren,** B. Tsednee,”® I. Uman,”'® B. Wang,' B. L. Wang,sz C.W. Wan§,36 D.Y. Wang,”** H. P. Wanég,hsz K. Wang,"*3
L.L. Wang,1 M. Wang,41 M. Z. Wang,38’k Meng Wang,l’5 W. H. Wan]g, > W.P. Wang,ﬁo’48 X. Wanig, Sk X F Wang,32
X. L. Wang,g’h Y. W21ng,60’48 Y. Wang,49 Y.D. Wang,15 Y. F. Wang, 4852y, Q. Wang,1 Z. Wang, B7Y. Wang,
Ziyi Wang,52 Zongyuan Wang,l’52 D. H. Wei,12 P. Weidenkaff,28 F. Weidner,57 S.P. Wen,1 D.J. White,55 U. Wiedner,4
G. Wilkinson,”® M. Wolke,* L. Wollenberg," J.F. Wu,"* L.H. Wu,' L.J. Wu,"”? X. Wu,”" Z. wu,"*® L. Xia, 0%
H. Xiao,”" S. Y. Xiao,' Y.J. Xiao,"** Z.J. Xiao,” X.H. Xie,™"* Y. G. Xie,"*® Y. H. Xie.,® T. Y. Xing,"”* X. A. Xiong,"*
G.F. Xu,' I.J. Xu,*® Q.J. Xu,"* W. Xu,"? X.P. Xu,”® L. Yan,®**** L. Yan,”" W.B. Yan,"**®* W. C. Yan,®® Xu Yan,*
H.J. Yan§,42’g H. X. Yang,1 L. Yang,65 R. X. Yang,éo’48 S.L. Yang,l’52 Y. H. Yang,36 Y. X. Yang,12 Yifan Yang,l’52
Zhi Yang,” M. Ye,"* M.H. Ye,” J.H. Yin," Z. Y. You,” B.X. Yu,""®? C.X. Yu,”’ G. Yu,"? I.S. Yu,”' T. Yu,*!
C.Z. Yuan,"”* W. Yuan,”*®¢ X. Q. Yuan,”** Y. Yuan,' Z. Y. Yuan,” C. X. Yue,”® A. Yuncu,”'™ A. A. Zafar,”? Y. Zenﬁg,zo’1
B. X. Zhang,1 Guangyi Zhang,16 H. H. Zhang,49 H. Y. Zhaln%,l’48 J.L. Zhang,66 1.Q. Zhang,4 J.W. Zhang,l’z‘g’5
J1Y. Zhang,1 J1.Z. Zhang,l’52 Jianyu Zhang,l’52 Jiawei Zhang,l’ 2 L. Zhang,1 Lei Zhang,36 S. Zhang,49 S.F. Zhang,36

2470-0010/2021,/104(9)/092014(11) 092014-1 Published by the American Physical Society



M. ABLIKIM et al. PHYS. REV. D 104, 092014 (2021)

T.J. Zhang,“"g X.Y. Zhan ,41 Y. Zhang,58 Y.H. Zhang,l’48 Y. T. Zhang,60’48 Yan Zhang,60’48 Yao Zhalng,1 Yi Zhang,g’h
Z.H. Zhang,6 Z.Y. Zhang, > G. Zhao,1 J. Zhao,33 1 Y. Zhao,l’52 J.Z. Zhao,l’48 Lei Zha0,60’48 Ling Zhao,l M. G. Zhao,37
Q. Zhao,' S.J. Zhao,”® Y. B. Zhao,"* Y. X. Zhao,” Z. G. Zhao,™*® A. Zhemchugov,”" B. Zheng,®' J. P. Zheng,"*
Y. Zheng,38’k Y. H. Zheng,52 B. Zhong,35 C. Zhon ,61 L.P Zhou,l‘52 Q. Zhou,l‘52 X. Zhou,65 X. K. Zhou,52
X.R. Zhou,**® A.N. Zhu,"** J. Zhu,”” K. Zhu,' K.J. Zhu,"**>* S. H. Zhu,”® W.J. Zhu,”” X. L. Zhu,”

Y.C. zhu,"*® Z. A. Zhu,'”* B.S. Zou,' and J. H. Zou'

(BESIII Collaboration)

'nstitute of High Energy Physics, Beijing 100049, People’s Republic of China
2Beihang University, Beijing 100191, People’s Republic of China
3Beijing Institute of Petrochemical Technology, Beijing 102617, People’s Republic of China
*Bochum Ruhr-University, D-44780 Bochum, Germany
5Carnegie Mellon University, Pittsburgh, Pennsylvania 15213, USA
®Central China Normal University, Wuhan 430079, People’s Republic of China
"China Center of Advanced Science and Technology, Beijing 100190, People’s Republic of China
8COMSATS University Islamabad, Lahore Campus, Defence Road, Off Raiwind Road,
54000 Lahore, Pakistan
*Fudan University, Shanghai 200443, People’s Republic of China
G.1. Budker Institute of Nuclear Physics SB RAS (BINP), Novosibirsk 630090, Russia
"GSI Helmholtzcentre for Heavy Ion Research GmbH, D-64291 Darmstadt, Germany
2Guangxi Normal University, Guilin 541004, People’s Republic of China
13Guangxi University, Nanning 530004, People’s Republic of China
MHangzhou Normal University, Hangzhou 310036, People’s Republic of China
BSHelmholt; Institute Mainz, Johann-Joachim-Becher-Weg 45, D-55099 Mainz, Germany
Henan Normal University, Xinxiang 453007, People’s Republic of China
""Henan University of Science and Technology, Luoyang 471003, People’s Republic of China
18Hucmgshan College, Huangshan 245000, People’s Republic of China
YHunan Normal University, Changsha 410081, People’s Republic of China
®Hunan University, Changsha 410082, People’s Republic of China
*Indian Institute of Technology Madras, Chennai 600036, India
2 Indiana University, Bloomington, Indiana 47405, USA
INFN Laboratori Nazionali di Frascati, 1-00044 Frascati, Italy
PINFN Sezione di Perugia, 1-06100 Perugia, Italy
BUniversity of Perugia, 1-06100 Perugia, Italy
BUNFEN Sezione di Ferrara, 1-44122 Ferrara, Italy
24bUniversity of Ferrara, 1-44122 Ferrara, Italy
B nstitute of Modern Physics, Lanzhou 730000, People’s Republic of China
Institute of Physics and Technology, Peace Avenue 54B, Ulaanbaatar 13330, Mongolia
1 Jilin University, Changchun 130012, People’s Republic of China
2 Johannes Gutenberg University of Mainz, Johann-Joachim-Becher-Weg 45, D-55099 Mainz, Germany
2 Joint Institute for Nuclear Research, 141980 Dubna, Moscow region, Russia
30]ustus—Liebig—Universitaet Giessen, II. Physikalisches Institut, Heinrich-Buff-Ring 16,
D-35392 Giessen, Germany
' KVI-CART, University of Groningen, NL-9747 AA Groningen, The Netherlands
2Lanzhou University, Lanzhou 730000, People’s Republic of China
33Liaoning Normal University, Dalian 116029, People’s Republic of China
34Lia(ming University, Shenyang 110036, People’s Republic of China
35Nanjing Normal University, Nanjing 210023, People’s Republic of China
36Nanjing University, Nanjing 210093, People’s Republic of China
T Nankai University, Tianjin 300071, People’s Republic of China
38Peking University, Beijing 100871, People’s Republic of China
39Qufu Normal University, Qufu 273165, People’s Republic of China
4OSh(mdong Normal University, Jinan 250014, People’s Republic of China
4'Shcmdong University, Jinan 250100, People’s Republic of China
42Shcmghai Jiao Tong University, Shanghai 200240, People’s Republic of China
Y Shanxi Normal University, Linfen 041004, People’s Republic of China
Shanxi University, Taiyuan 030006, People’s Republic of China
Sichuan University, Chengdu 610064, People’s Republic of China

092014-2



CROSS SECTION MEASUREMENT OF e*e™ — K9KY ... PHYS. REV. D 104, 092014 (2021)

*®Soochow University, Suzhou 215006, People’s Republic of China
YSoutheast University, Nanjing 211100, People’s Republic of China
BState Key Laboratory of Particle Detection and Electronics, Beijing 100049,
Hefei 230026, People’s Republic of China
Sun Yat-Sen University, Guangzhou 510275, People’s Republic of China
5OTsinghua University, Beijing 100084, People’s Republic of China
MU nkara University, 06100 Tandogan, Ankara, Turkey
1 stanbul Bilgi University, 34060 Eyup, Istanbul, Turkey
Uludag University, 16059 Bursa, Turkey
Near East University, 99138 Nicosia, North Cyprus, Mersin 10, Turkey
52University of Chinese Academy of Sciences, Beijing 100049, People’s Republic of China
53University of Hawaii, Honolulu, Hawaii 96822, USA
54University of Jinan, Jinan 250022, People’s Republic of China
55University of Manchester, Oxford Road, Manchester M13 9PL, United Kingdom
56University of Minnesota, Minneapolis, Minnesota 55455, USA
57Um'versil‘y of Muenster, Wilhelm-Klemm-Strafie 9, 48149 Muenster, Germany
58University of Oxford, Keble Rd, Oxford OXI13RH, United Kingdom
59Um'versity of Science and Technology Liaoning, Anshan 114051, People’s Republic of China
60Um'versity of Science and Technology of China, Hefei 230026, People’s Republic of China
61Uniwzrsity of South China, Hengyang 421001, People’s Republic of China
2 University of the Punjab, Lahore-54590, Pakistan
63aUniversity of Turin, I-10125 Turin, Italy;
8°University of Eastern Piedmont, 1-15121 Alessandria, Italy
SINFN, I-10125 Turin, Italy
64Uppsala University, Box 516, SE-75120 Uppsala, Sweden
SWuhan University, Wuhan 430072, People’s Republic of China
Xinyang Normal University, Xinyang 464000, People’s Republic of China
67Zhejiang University, Hangzhou 310027, People’s Republic of China
68Zhengzhou University, Zhengzhou 450001, People’s Republic of China

® (Received 31 May 2021; accepted 15 October 2021; published 29 November 2021)

The cross sections of the process ete™ — K%K(z are measured at fifteen center-of-mass energies /s
from 2.00 to 3.08 GeV with a total integrated luminosity of 582 pb~! and using the BESIII detector at the
Beijing Electron Positron Collider. The results are found to be consistent with those obtained by BABAR. A
resonant structure around 2.2 GeV is observed, with a mass and width of 2273.7 4 5.7 4 19.3 MeV/c? and
86 + 44 + 51 MeV, respectively, where the first uncertainties are statistical and the second ones are
systematic. The product of its radiative width (I',+,-) with its branching fraction to K‘S’K(Il (BrKg Kg) is

09+0.6£0.7 eV.
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I. INTRODUCTION

Among the light unflavored mesons, the strangeonium-
like state ¢(2170) is particularly interesting. It was first
reported in eTe™ — ygrpf(980) by the BABAR Colla-
boration [1], and then confirmed in J/y — n¢f((980) by
the BESII Collaboration [2] and in the eTe™ — ¢f((980)
and ¢n'tz~ processes by the Belle Collaboration [3].
Subsequently, the ¢(2170) has been studied extensively
by BABAR [1,4-6], Belle [3], BESII [2], and BESIII [7-15].

Initially, the strangeonium-like state ¢(2170) was only
observed in hidden-strange decays, which makes its nature
mysterious. Different interpretations have been proposed.
In Refs. [16-22], the ¢(2170) is considered to be a
tetraquark, while in Refs. [23,24], it is considered as an
s5¢ hybrid state. Lattice QCD [25] and QCD sum rule [26]
investigations disfavor the ssg hybrid interpretation.
Considering the near threshold location of the ¢(2170),
various hadronic molecular possibilities have been pro-
posed, such as AA baryonium [27-29], a $KK [30] or a
@f0(980) [31] resonance. Besides these exotic interpreta-
tions, the ¢(2170) has been considered to be conventional
strangeonium, corresponding to 3°S; [32,33] or 2°D,
[23,24,33-36] states. The predicted decay rates of
#(2170) — KK differ among these theoretical interpreta-
tions. For example, the branching fraction is predicted to be
5%-10% under the assumption of a 2°D, state [24,35] but
close to zero in the case of an s5g or 33Ss5 [23] state.
Therefore, an experimental measurement of the branching
fraction of ¢(2170) — KK provides crucial information to
distinguish between the different interpretations.

Recently, the cross sections for ete™ — KTK~ were
measured by the BESIII and BABAR Collaborations
[13,37]. A structure near 2.2 GeV was reported with a
mass (width) differing from the world averaged parameters
of the ¢(2170) by 30 (26). In addition, cross sections of
the process e*e™ — K3KY were measured by the BABAR
Collaboration for center-of-mass (c.m.) energies in the
range between 1.98 and 2.54 GeV [37]. In this case,
however, no significant structure around 2.2 GeV was
observed. We note that the observed peak at 2.2 GeV in the
ete” — K"K~ channel is found to be compatible with the
¢(2170) resonance parameters once one accounts in the fit
of the BESIII cross section data for a possible interference
between the direct coupling and the vector resonance
intermediate contribution [38]. The interpretation is, how-
ever, ambiguous since the structure can similarly be
explained as an w-like state [39]. In general, considering
the interferences between resonance and nonresonance
contributions, additional information from other processes,
such as e"e™ — KK, is needed. Although, this process
has been investigated in the past by the DM1 [40], OLYa
[41], CDM2 [42-44], SND [45,46] and BABAR [37.47]
Collaborations, these measurements mainly focused on the
energy region below 2.0 GeV.

In this work, we present Born cross section measure-
ments of the process ete™ — K3K". The results obtained
in the overlapping c.m. region from 2.00-2.54 GeV are
compared to previous measurements by BABAR [37].
Moreover, we present, for the first time, Born cross section
measurements taken in the interval from 2.54 to 3.08 GeV.
A fit is applied to the cross section measurements of the
ete” — KUK process, and the resonant structure result is
compared with that found by BESIII [13] and BABAR [37]
inete” > KK~

II. DETECTOR, DATA SAMPLE AND
MONTE CARLO SIMULATION

The BESIII detector is a magnetic spectrometer [48]
located at BEPCII [49]. The cylindrical core of the BESIII
detector consists of a helium-based multilayer drift cham-
ber (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 identifier modules interleaved
with steel. The acceptance of charged particles and photons
is 93% over 4z solid angle. The charged-particle momen-
tum resolution at 1 GeV/c is 0.5%, and the dE/dx
resolution is 6% for the 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 of the TOF barrel part is 68 ps, while that of the
end cap part is 110 ps.

The data samples used in this work are collected by the
BESIII detector at fifteen c.m. energies between 2.00 and
3.08 GeV with an integrated luminosity of 582 pb~! [50,51].

Monte Carlo (MC) samples simulated with a model of the
complete detector are used to determine detection efficiency,
optimize event selection criteria, and estimate backgrounds.
Detector geometry, material description, propagation and
interactions with the detector of the final-state particles are
handled by GEANT4-based [52] simulation software, BESIII
Object Oriented Simulation Tool [53].

Signal and background samples are generated at each
cm. energy (y/s). Signal MC simulations of ete™ —
K9KY and K% — ntz~ are generated with ConExc [54].
Nonhadronic backgrounds including continuum processes
of eTe™ - ete™, e"e” > yy and eTe™ — uTu~ are gen-
erated with Babayaga [55]. Inclusive hadronic samples
(ee™ = ¢g) are generated with Luarlw [56]. Two-photon
samples are generated with BesTwoGam [57].

III. EVENT SELECTION AND
BACKGROUND ANALYSIS

The momentum of the K g meson is reconstructed from
its Kg — "7~ decay. Events containing the reconstructed
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K9 candidates are retained for further analysis. The K9
meson is not detected directly; because of the two-body
decay, its presence is inferred by a requirement on the Kg
candidate momentum. To select signal candidates, the
following criteria are applied:

(i) Exactly two oppositely charged tracks are required
without any requirement on neutral particles. The
distance of closest approach of the track with respect
to the interaction point is required to be less than
20 cm along the beam direction (z axis of the BESIII
coordinate system), while no requirement is made
with respect to the transverse direction. Tracks are
required to be within the acceptance of the MDC,
ie., |cosd| <0.93, where 0 is the polar angle
between the track and the z axis. A vertex fit is
applied to constrain the two tracks to a common
vertex, and subsequently a secondary vertex fit is
performed to determine the flight distance L and
corresponding uncertainty 6L, where L corresponds
to the separation between the secondary vertex and
the interaction point. The typical value of SL is
~1 mm in the vertex reconstruction of the Kg
candidates [58,59]. We require L/6L to be larger
than 2, as illustrated by the green vertical line in
Fig. 1. The invariant mass of the two tracks (m+,-),
where the tracks are treated as 7™ and ™ candidates,
is required to satisfy [m,:,- — myo| <35 MeV/c?,
where myo = 497.611 MeV/c? is the mass of K9
taken from the Particle Data Group (PDG) [60].

3

E\ 1T T T 1T ‘ L L L L ‘ L ‘ LU \E

o o — Data ]

10t [ere—Kkk?

C N % =

10° & E

i r ]

= ]

m L .
>

w10 e =

-0 -5 0 5 10 15 20 25 30
L/sL

FIG. 1. L/SL distribution for data taken at /s = 2.125 GeV.
Dots refer to data and the shaded area corresponds to simulated
signal events normalized to the integrated luminosity of the data.
The (green) vertical line indicates the requirement that is applied
to select signal candidate events.

The signal yields are determined from fits to the
invariant-mass distributions, as discussed in Sec. I'V.

(ii) To reject backgrounds from the ete™ — eTe™ and
eTe™ — yy processes, we require the ratio E/cp
between the deposited energy in the EMC (E) and
the momentum measured by the MDC (p) to be less
than 0.8.

(i) |prrrm — ng| < o0, must be satisfied to suppress
backgrounds from three (or more) body decays, where
P~ 18 the sum of the reconstructed momenta of

the 7+ and z~ candidates, pgo = , /5 — (myo)? is the

expected K g momentum, and ¢, = 15 MeV/c is the

momentum resolution of the reconstructed K deter-

mined using data obtained from the signal MC

simulation. The p,+ ,- distribution is shown in Fig. 2.
For the nonhadronic background and the two-photon
process, MC studies indicate that they contribute less than
5% in the region |m - — mgo| < 3ok atlow c.m. energies
(< 2.396 GeV) and by at most 20% at 3.080 GeV, without
peaking structure. o K = 4 MeV/c? is the mass resolution of
the pion pair determined by fitting the predicted distribution
from the signal MC simulation. For the hadronic back-
ground, a detailed event type analysis with a generic tool,
TopoAna [61], shows that the following four channels are
dominant: ete~ — KOK97%, ete™ - ntnntn, ete” —
atn 2 and ete” - (y)ztax~. A further study using

107 j\ T T T T T LI T T T T \i
sl Data ::: 7
10" 040 E
E @ e*e’'—K Kg o E
10° & - E
n i .._-"‘M"'q- 0 E
-OG&.; \ [ ’_. -.-_._*..- .. 0.89 0.9 091092 093 0.94 0.95 0.96 0.97 0.98 _|
> 100 e E
I} Fe ]
10° 3
10° & ++3
E F:
T T T ‘
0 0.2 0.4 0.6 0.8 1 1.2
P (GeV/c)
FIG. 2. p,, momentum distribution taken at /s =

2.125 GeV. Dots refer to data and the shaded area depicts
simulated signal events normalized to the integrated luminosity
of the data. The wide peak on the left side in the simulated signal
distribution stems from events that undergo initial-state radiation.
The vertical lines indicate the window of the signal region. Inset
zooms in the signal region.
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FIG. 3. m,,- distribution of data taken at /s = 2.125 GeV.

The solid curve denotes the best fit through the data of the complete
model, whereby the dash-dotted and dashed lines are the corre-
sponding signal and background components, respectively.

exclusive hadronic MC simulations shows that only at /s =
3.080 GeV can a peaking background be expected from the
process ete™ — K$K97°. The effect to the systematic
uncertainty will be further discussed in Sec. V.

IV. CROSS SECTION

Born cross sections (o) are obtained at each energy
point by

TABLEL Born cross sections of the e*e~ — KK process. The columns N

_ N sig

7B (1 +0)L (m)
where N, is the signal yield, e is the detection efficiency,
1 4 o 1s the correction factor including vacuum polarization
(VP) and initial-state radiation (ISR) effects, and L is the
integrated luminosity measured using large-angle Bhabha
scattering events with the method elucidated in Ref. [50].
The branching ratio of the decay K% — z*z~ has been
incorporated into e.

The signal yields are determined with an unbinned
maximume-likelihood fit to the invariant-mass distribution
of zt 7~ pairs of the selected events obtained for each c.m.
energy point, where the signal shape is described by a
Gaussian function and the background is represented with a
zero-order Chebychev polynomial. The fit range is taken
with a window of more than 8¢ k9 around the signal K9. The

mass and width of the Gaussian function are fixed to m KY
and oK respectively, for most of the c.m. energy points.

Only for the two datasets taken with the highest statistics at
Vs = 2.000 GeV and /s = 2.125 GeV) are the mass and
width taken as free parameters. The signal and background
yields are set free for all c.m. energies. As an example,
Fig. 3 illustrates the m+,- distribution together with the
corresponding fit result for data taken at /s = 2.125 GeV.

Both € and 1 4 6 depend on the line shape of the cross
sections and are determined via an iterative procedure. In
the first iteration, the cross sections from 2.00 to 3.08 GeV
are obtained and taken as initial inputs. The cross sections
below 2.00 GeV are provided by previous experiments
[40—47] and fitted together with our measurements above
2.00 GeV. The parameters € and 146 are calculated
according to the fit curve at each c.m. energy and are

sig and N, show the numbers of signal and background

events determined by fitting the m .+ - distribution. The detection efficiency ¢, ISR and VP correction factor 1 + 9, and the integrated
luminosity £ are summarized in the 4th, 5th, and 6th column, respectively. The values presented in the column labeled with op
correspond to the measured Born cross section, where the first uncertainty is statistical and the second one is systematic.

V5 (GeV) Ngq Npig e(x107%) (146 L(pb~") o5(x107%)(nb)
2.0000 185+ 18 341 +22 5412 6.09 10.1 539452441
2.0500 5149 115+ 12 4488 7.48 334 440+78+37
2.1000 101 + 13 252+ 18 289.6 11.77 12.2 235+3.0+3.6
2.1250 658 + 34 1731 + 47 230.2 14.77 108. 172409+ 1.4
2.1500 1446 101 + 11 198.1 16.85 2.84 1424+61+13
2.1750 67 + 10 125 4 13 213.0 15.59 10.6 183+2.74+26
2.2000 81+11 146 + 14 266.9 12.13 137 176 +24+12
22324 98 £ 12 133 4 13 360.9 9.03 119 244430421
23094 116 + 13 171 £ 15 259.4 13.04 21.1 156+ 1.8+ 1.0
23864 27+7 78 £ 10 82.0 40.84 225 34409407
2.3960 91+ 13 309 + 20 77.4 43.12 66.9 39+0.6+0.5
2.6444 5249 90 + 11 51.8 59.69 337 48408407
2.6464 5749 70 £ 10 51.8 59.30 34.0 52408403
2.9000 43+£9 91+ 11 429 68.07 105. 144£03+02
3.0800 42 +8 85+ 11 34.7 77.79 126. 13402402
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taken as input for the next iteration. The procedure is
repeated until the measured Born cross sections converge.
Results are summarized in Table I with both statistical
and systematic uncertainties given in the last column. The
systematic uncertainties are discussed in Sec. V.

V. SYSTEMATIC UNCERTAINTIES
AND LINE SHAPE

A. Systematic uncertainties of the Born cross sections

Several sources of the systematic uncertainties are esti-
mated at each c.m. energy point, including uncertainties in
the determination of the K g selection efficiency, in applying
the E/c p requirement, in the ISR and VP correction factors,
in the integrated luminosity, and in the fit procedure that was
used to determine the signal yield. The uncertainty in the
Kg — "z~ branching ratio is only 0.07% [60], which is
considered to be negligible in this study.

The systematic uncertainty of the Kg selection efficiency
is obtained using the control samples J /y — K*(892) T K=,
K*(892)F — K4z and J/y — ¢pKYKTF7*, and the uncer-
tainties are between 2.2% and 4.8% depending on the
reconstructed K momentum [62]. The uncertainty from
the E/cp requirement is estimated as 0.75% for each c.m.
energy by utilizing the control sample J/y — 7+ 7~ 7°. The
uncertainties of the signal shape description, background
model and fit range determine the uncertainties of the signal
yields. The uncertainty from the signal shape description is
estimated by replacing the Gaussian function to the shape
predicted by the distribution of the MC simulation. The
uncertainty due to the background model is determined by
replacing the background function with a first-order
Chebychev polynomial. The uncertainty associated to the
fit range is estimated by enlarging or reducing the fit range

with an amount corresponding to the oK. For these

systematic uncertainty studies, we applied the same strat-
egy for the parameter settings as described in Sec. IV.
Namely, signal and background yields are set free for all
c.m. energies. The mass and width of the Gaussian function
are fixed to m K9 and o K respectively, for most of the c.m.

energy points except for the two energies with the highest
statistics (2.000 and 2.125 GeV). In those cases, the mass
and width of the signal are both taken as free parameters.

The systematic uncertainty of e x (1 + §) is obtained
by fluctuating randomly all the fit parameters within the
iteration procedure by one o and taking into account
the correlations among the parameters. The distribution of
the randomly produced ¢ x (1 + §) is fitted by a Gaussian
function, and the width of the fitted parameter is defined as
the systematic uncertainty of € x (1 4 §). The luminosity is
measured using large-angle Bhabha scattering events, with
an uncertainty of 0.9% [50,51].

A MC study shows a peaking background from the
process K9K9z° at a c.m. energy of 3.08 GeV. However,
the contribution normalized according to the integrated data
luminosity is expected to be only 2.6 events. To compen-
sate for a possible incomplete simulation, such as an
incorrect angular distribution, the systematic uncertainty
from the possible K$K9 z° background is increased to 3.1%
assuming the background level might be higher by 50%.

All the systematic uncertainties are listed in Table II. The
total systematic uncertainty is obtained by summing the
individual contributions in quadrature.

B. Line shape

The line shape of the Born cross section of ete™ —
K%KY, obtained from the results given in Table I, is

TABLEII. The relative systematic uncertainties (in %) from the Kg selection [e(Kg)], E/cp, the ISR and VP correction factor (1 + 6),
the luminosity (£) and the fit on the invariant mass of z 7z~ pair (Fit). The column peak denotes the source from the peaking background
and it has been estimated only at the c.m. energy of 3.08 GeV as elucidated in the text. The total systematic uncertainty is calculated by
summing the individual contributions in quadrature. The relative statistical uncertainty is shown in the last column.

Vs (GeV)  e(KY)  E/cp  e(l1+9) L Fit Peak  Total systematic uncertainty  Relative statistical uncertainty
2.0000 2.99 0.75 0.63 0.89 6.87 7.6 9.7
2.0500 3.02 0.75 0.42 0.90 7.74 8.4 17.7
2.1000 2.92 0.75 0.52 0.89 15.14 15.5 12.9
2.1250 2.82 0.75 0.67 0.69 7.54 8.1 52
2.1500 2.82 0.75 0.82 0.89 8.93 9.4 429
2.1750 3.47 0.75 0.65 0.90 13.47 14.0 14.9
2.2000 3.47 0.75 0.52 0.89 542 6.5 13.6
2.2324 4.12 0.75 0.72 0.90 7.63 8.8 12.2
2.3094 3.17 0.75 0.94 0.89 5.24 6.2 11.2
2.3864 2.23 0.75 1.02 0.90 20.65 20.8 259
2.3960 3.51 0.75 0.95 0.89 13.25 13.8 14.3
2.6444 3.38 0.75 0.03 0.89  14.60 15.0 17.3
2.6464 3.38 0.75 0.03 0.89 3.81 5.2 15.8
2.9000 2.63 0.75 0.04 0.89 1298 e 13.3 20.9
3.0800 4.8 0.75 0.04 0.84 14.75 3.1 15.6 19.1
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FIG. 4. Line shape of the process e"e~ — K%K? and fit curves.
Points are data, solid curve shows the fit result, the dotted curve
denotes the signal component and the dash-dotted line is the
polynomial contribution.

displayed in Fig. 4. A resonance structure R around
2.2 GeV is observed. The cross section data are fitted by

M2p(s)’

oBW 2, 2

o0 = TS VW) + PR, (2)

where f(s) = /1 — 4m§0/s; s is the square of the c.m.
N

energy; BW(s) = MT'/(M? — s — i\/sT") is a Breit-Wigner
function describing the resonance; M, I" and ¢ are the mass,
width and peak cross section of the resonance, respectively;
P(s) = c¢,, + ¢, /s 4 cp,s is a second-order polynomial
function that is used to describe the nonresonant contri-
bution, ¢, corresponds to the coefficient of the ith-degree
polynomial function, and ¢ is the relative phase between
nonresonant and resonant amplitudes.

The least-squares (y*) method is used to perform the fit
with both statistical and systematic uncertainties taken into
account. The y? is obtained via a matrix [see Eq. (1) in
Ref. [63] and Eq. (2) in Ref. [64]] in which correlation
effects of the various terms are included. Uncertainties from
the K9-selection efficiency, 1+ &, luminosity and e are
considered to be correlated, while the remaining ones are
treated as uncorrelated. The line shape and the individual
contributions obtained from the fit are shown in Fig. 4.

The mass and width of the structure determined by the fit
are M =2273.7+5.7MeV/c?> and T = 86 + 44 MeV,
respectively, where the uncertainties are statistical. The
goodness of the fit is y>/NDF = 4.6/8, and the statistical
significance of the structure is 7.56.

Various sources of systematic uncertainties of the
observed structure are considered including those associ-
ated with the choice of the model used to describe the
nonresonant component, the description of its width and the
chosen fit range. To estimate the systematic uncertainties,
we changed the description of the nonresonant component
to a coherent sum of a second-order polynomial and
continuum functions

P(s) = P'(s)e' + c.(V/5)%e"-, (3)

where P’(s) and ¢ are the same as those defined in Eq. (2)
but only used in the fit when /s < ¢, , ¢, is the coefficient
of the continuum function and ¢, is the relative phase
between continuum and resonant amplitudes. The term
P'(s) is used to account for unknown contributions. We
note that for the previously published analysis of the
eTe” —» K"K~ channel by BESIII [13], the same form
was chosen, as presented by Eq. (3), to describe the
nonresonant background contribution. The differences in
the values of the peak cross section, mass, and width with
respect to the nominal ones are Ac = 0.0150 nb,
Am =17.7 MeV/c?, and AI' = 8.4 MeV, respectively.
By replacing the description of the width with an energy
= (Foih) in Eq. ()
the peak cross section, mass, and w1dth change by an
amount of A = 0.0001 nb, Am = 2.2 MeV/c?, and
AT" = 0.3 MeV, respectively. Uncertainties from the fit
range are estimated by excluding the point at the c.m.
energy of 2.00 GeV or the one at 3.08 GeV. Ao, and Ao,
(Am; and Am,, AI'; and AI',) denote the differences of the
peak cross sections (masses and widths) obtained by fitting
all energy points with a fit excluding those two energy
points. Systematic uncertainties associated with the fit
range on the mass and width are subsequently estimated

by v/ (Ac))? +(Ac,)? =0.0030nb, \/(Am,)? + (Am,)? =
7.5MeV/c?, and \/(AT})? + (Al,)? = 50.2 MeV. Total
systematic uncertainties are obtained by taking the quad-
ratic sum of all the differences, which amount to 0.0153 nb,
19.3 MeV/c?, and 50.9 MeV on the peak cross section,
mass, and width, respectively. Only the statistic uncertainty
on ¢ is considered.

I,-Br KOKO of the resonance R is calculated from the peak

dependent one [I'(s,m) =T x

cross section by making use of o = 12zCT’ ete Brioko /
(TM?) [47], where oy tepresents the peak cross section
obtained through Eq. (2), Br KOKO is the branching fraction of
R - K%K?,T -+, is partial widthof R — e*e™, M and I" are
the mass and width of the resonance, and C = 0.3894 x
10'2 nb MeV?/c* [60]. Coro-Brgoge for the process is
obtained from the fit results and listed in Eq. (4).

The y? obtained by the earlier-described matrix may
cause a bias in the fit [63—-66]. To estimate the bias effect, an
unbiased ;(2 definition [Eq. (7) in Ref. [66]] is used to fit the
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line shape. The differences between the two cases are
negligible in this analysis.
The parameters of the resonance around 2.2 GeV are

M =2273.74+5.7419.3 MeV/c?,
I'=86+44 £51 MeV,
o = 0.0289 £ 0.0125 + 0.0153 nb,
Ty Bryog = 09406407 eV,
¢ =81.1+174 deg,
or —98.9+230 deg, (4)

where the quoted uncertainties are statistical and system-
atic, respectively. The mass and width are consistent
within 26 with measurements of the mass and width of
a similar structure observed in ete”™ — KTK~ at BESIII
[13], which gave M = 2239.2 4+ 7.1 +11.3 MeV/c? and
I'=139.8+12.3 +£20.6 MeV.

VI. SUMMARY

We report a measurement of the Born cross sections in
ete” - KOKY from /s = 2.00 to 3.08 GeV obtained at
fifteen energy points with BESIII. The data are consistent
within 20 with previous measurements by the BABAR
Collaboration [37] in the overlap region from 2.00 to
2.54 GeV, but with a significantly improved precision as
demonstrated in Figure 4. Moreover, the Born cross
sections from 2.54 to 3.08 GeV are reported for the first
time. A structure is observed around 2.2 GeV, which is
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FIG. 5. Comparison of cross section measurements of the

processes ete” — K$KY (top panel) and efe” - KTK~
(bottom panel) by BESIII (filled dots) [13] and BABAR
(open circles) [37].

similar to the one observed earlier in e e~ — KTK~ [13].
The results of both processes taken with BESIII and
BABAR are shown in Fig. 5 for comparison.

A fit is applied to the data, where the mass and width of
the resonance are determined to be M = 2273.7 +5.7 +
19.3 MeV/c? and T' = 86 + 44 4 51 MeV, respectively.
In addition, Fe+e-B”1<gKg isfound tobe 0.9 £ 0.6 £ 0.7 eV.

The first uncertainties in the parameters are statistical and
the second ones are systematic. The mass and width are
consistent within 2¢ and 1o, respectively, with the reso-
nance parameters obtained by fitting the cross sections
for the process ete” — K"K~ (M =22392+7.1+
11.3 MeV/c? and T = 139.8 £ 12.3 +20.6 MeV) [13].

The mass of our observed resonance is compatible within
26 with the PDG-evaluated mass of the ¢$(2170)17~
candidate (2160 4 80 MeV/c?) [60]. Our width is con-
sistent within lo to the PDG-evaluated width of the
¢(2170) [60]. The compatibility of our resonance param-
eters with the p(2150) 17~ candidate is less conclusive since
its world average mass and width are not provided by the
PDG [60]. We note, however, that our reported mass and
width are consistent with the resonance-parameter mea-
surements of the process e*e™ — yz"z~ by BABAR [67].
Our conclusions with respect to the ¢(2170) and p(2150)
properties are compatible with those reported in the
ete™ - KTK~ study by BESIII [13]. The limited statis-
tics, especially for the cross section measurements above
2.4 GeV, make it difficult to discuss in more detail the
observed structure reported in this paper.
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