1 Supplemental Material for “Observation of a vector charmonium-like state at 4.7
. GeV/c? and search for Z,, states in ete™ - KTK~J /"

3 M. Ablikim!, M. N. Achasov®?, P. Adlarson™, X. C. Ai®°, R. Aliberti®®, A. Amoroso™>*73¢ M. R. An®®, Q. An"*7,
4 Y. Bai®®, O. Bakina®®, I. Balossino?*4, Y. Ban®%9, V. Batozskayal**, K. Begzsuren®?, N. Berger®®, M. Berlowski*?,

5 M. Bertani®®4, D. Bettoni?*#, F. Bianchi™*7¢  E. Bianco™47% A, Bortone™*73¢ 1. Boyko®, R. A. Briere®,

6 A. Brueggemann®’, H. Cai"®, X. Cai"®", A. Calcaterra®®4, G. F. Cao'%%, N. Cao'%%, S. A. Cetin®'4, J. F. Chang"®",

7 T. T. Chang’®, W. L. Chang>%2, G. R. Che*?, G. Chelkov®®?, C. Chen*?, Chao Chen®*, G. Chen®, H. S. Chen'52

s M. L. Chen™®"%2 S. J. Chen*?, S. M. Chen®®, T. Chen>®2, X. R. Chen®"'%?, X. T. Chen'%?, Y. B. Chen>®", Y. Q. Chen®*,
9 Z. J. Chen®" W.S. Cheng™¢, S. K. Choi'**, X. Chu*®, G. Cibinetto?*4, S. C. Coen?, F. Cossio”%, J. J. Cui®,

10 H. L. Dai’’®", J. P. Dai’®, A. Dbeyssi'®, R. E. de Boer®, D. Dedovich®®, Z. Y. Deng!, A. Denig®®, I. Denysenko>°,

11 M. Destefanis™>473¢ F. De Mori"473¢  B. Ding®!, X. X. Ding*%9, Y. Ding?’, Y. Ding®*, J. Dong"®", L. Y. Dong"%2,
2 M. Y. Dong"5"%2 X. Dong™, M. C. Dul, S. X. Du®®, Z. H. Duan®?, P. Egorov®®®, Y.H. Y. Fan®®, Y. L. Fan", J. Fang'%",
13 S. S. Fang'%%, W. X. Fang!, Y. Fang!, R. Farinelli®*4, L. Fava™? "¢ F. Feldbauer®, G. Felici*®4, C. Q. Feng™®°7,

1 J. H. Feng®®, K Fischer®®, M. Fritsch?, C. Fritzsch®’, C. D. Fu', J. L. Fu®?, Y. W. Fu', H. Gao%%, Y. N. Gao*®9,

15 Yang Gao™®°7, S. Garbolino™%, I. Garzia?®»?B P, T. Ge™, Z. W. Ge*2, C. Geng®®, E. M. Gersabeck®®, A Gilman®®,

16 K. Goetzen™, L. Gong®, W. X. Gong'®", W. Gradl®®, S. Gramigna?*42°8 M. Greco™47¢ M. H. Gu»*", C. Y Guan'%?,

17 Z. L. Guan??, A. Q. Guo®"%2, L. B. Guo*', M. J. Guo?®, R. P. Guo®®, Y. P. Guo'®/, A. Guskov®®®, T. T. Han"®,

15 W.Y.Han®, X. Q. Hao'®, F. A. Harris®, K. K. He®, K. L. He''%2, F. H H.. Heinsius?, C. H. Heinz?®, Y. K. Heng"®":%2,
19 C. Herold®®, T. Holtmann®*, P. C. Hong'®¥, G. Y. Hou'®?, X. T. Hou"%2, Y. R. Hou®?, Z. L. Hou', H. M. Hu'%?,

2 J. F. Hu®®*, T. Hu'®"%2 Y. Hu!, G. S. Huang’®%", K. X. Huang®®, L. Q. Huang3"%?, X. T. Huang®®, Y. P. Huang!,
21 T. Hussain™, N Hiisken®"3®, W. Imoehl?”, J. Jackson?", S. Jaeger?, S. Janchiv®?, J. H. Jeong'*4, Q. Jit, Q. P. Ji'?,

»  X.B.JiY%? XL JiYST YL YL JiY0) X Q. Jia??, Z. K. Jia™®%7 H. J. Jiang”®, P. C. Jiang®®9, S. S. Jiang®®, T. J. Jiang'®,
» X, S. Jiang"®"%2 Y. Jiang®?, J. B. Jiao*®, Z. Jiao??, S. Jin*?, Y. Jin®, M. Q. Jing" %%, T. Johansson™, X. K.}, S. Kabana®?,

2% N. Kalantar-Nayestanaki®®, X. L. Kang'®, X. S. Kang®®, M. Kavatsyuk®, B. C. Ke®®, A. Khoukaz®", R. Kiuchi®,
»  R. Kliemt**, O. B. Kolcu®'4, B. Kopf*, M. Kuessner?, A. Kupsc**™, W. Kiithn®", J. J. Lane®®, P. Larin'®, A. Lavania,
2 L. Lavezzi 4™ T, T. Lei’®®7, Z. H. Lei’®®7, H. Leithoff®>, M. Lellmann®®, T. Lenz®®, C. Li*3, C. Li*", C. H. Li%*,

2 Cheng Li"®%7, D. M. Li®°, F. Li%%", G. Li!, H. Li"®%7, H. B. Li%*%?, H. J. Li'°, H. N. Li*>¢, Hui Li*3, J. R. Li%, J. S. Li%8,
2 J.W. Li*", K. L. Li*®, Ke Li', L. J Li®%®?, L. K. Li', Lei Li®, M. H. Li*3, P. R. Li*®%F Q. X. Li*, S. X. Li*®, T. Li*,
2 W.D.Li%%? W. G. Li', X. H. Li"®%, X. L. Li*®, Xiaoyu Li*%%, Y. G. Li*®9, Z. J. Li®®, C. Liang*?, H. Liang’®%", H. Liang>*,
20 H. Liang" %%, Y. F. Liang®®, Y. T. Liang®"%?, G. R. Liao'®, L. Z. Liao*®, Y. P. Liao*®2, J. Libby?®, A. Limphirat®®,

3 D. X. Lin®"'%2 T. Lin!, B. J. Liu!, B. X. Liu™, C. Liu®!, C. X. Liu!, F. H. Liu®?, Fang Liu', Feng Liu", G. M. Liu®%*,
2 H. Liu®*®?* H. M. Liu!%?, Huanhuan Liu!, Huihui Liu®!, J. B. Liu"®®7, J. L. Liu™, J. Y. Liu>%?, K. Liu!, K. Y. Liu*’,
33 Ke Liu?2, L. Liu™®®7, L. C. Liu*®, Lu Liu*®*, M. H. Liu*®, P. L. Liu!, Q. Liu®?, S. B. Liu"®%7, T. Liu'®>/, W. K. Liu*,
s W. M. Liu"™%, X, Liu®®7F Y. Lin®®2F Y. Liu®, Y. B. Liu®3, Z. A. Liu'®"%? Z. Q. Liu*®, X. C. Lou"®"%2 F. X. Lu®®,
s H.J. Lu®, J. G. Lu'®, X L. Lu!, Y. Lu®, Y. P. Lu»®7, Z. H. Lu"%2, C. L. Luo**, M. X. Luo™®, T. Luo*®f, X. L. Luo>®",
36 X. R. Lyu®? Y. F. Lyu®®, F. C. Ma®, H. L. Ma!, J. L. Ma'%? L. L. Ma*®, M. M. Ma>%2, Q. M. Ma!, R. Q. Ma!%2,

37 R. T. Ma%?, X. Y. Ma'®", Y. Ma%®9, Y. M. Ma®!, F. E. Maas'®, M. Maggiora>*73¢  S. Malde®®, Q. A. Malik"?,

38 A. Mangoni?®Z| Y. J. Mao?®9, Z. P. Mao', S. Marcello™473¢ 7. X. Meng®, J. G. Messchendorp'*%%, G. Mezzadri®*4,
s H. Miaob®2, T. J. Min*?, R. E. Mitchell?”, X. H. Mo>®"%2 N. Yu. Muchnoi®?, J. Muskalla®®, Y. Nefedov®®, F. Nerling'®?,
40 I. B. Nikolaev®®, Z. Ning®”, S. Nisar'?!, W. D. Niu®*, Y. Niu #, S. L. Olsen®?, Q. Ouyang'®"%2, S. Pacetti2®5:28¢

a  X.Pan®, Y. Pan®®, A. Pathak®, P. Patteri?®4, Y. P. Pei’®", M. Pelizacus?, H. P. Peng’*®", K. Peters'*?, J. L. Ping*!,
2 R.G.Ping"%? S. Plura®®, S. Pogodin®®, V. Prasad®, F. Z. Qi', H. Qi"®%", H. R. Qi°®, M. Qi*%, T. Y. Qi'*/, S. Qian"?",
o W. B. Qian®?, C. F. Qiao®?, J. J. Qin™, L. Q. Qin'®, X. P. Qin*®/, X. S. Qin*®, Z. H. Qin>*", J. F. Qiu', S. Q. Qu°°,
4 C. F. Redmer®®, K. J. Ren®, A. Rivetti”®, M. Rolo™“, G. Rong" %2, Ch. Rosner'®, S. N. Ruan*?, N. Salone**,

45 A. Sarantsev®®°, Y. Schelhaas®®, K. Schoenning”™, M. Scodeggio®*4?°F K. Y. Shan'®¥, W. Shan?*, X. Y. Shan"%°7,

s J. F. Shangguan®, L. G. Shao%2, M. Shao™?7, C. P. Shen'®/, H. F. Shen''%?, W. H. Shen®?, X. Y. Shen'%?, B. A. Shi®?,
s  H.C.Shi"™, J. L. Shi'?, J. Y. Shi', Q. Q. Shi®*, R. S. Shi'%2, X. Shi*®7, J. J. Song'®, T. Z. Song®®, W. M. Song>**, Y.
a8 J. Song'®, Y. X. Song?%9, S. Sosio™473¢ S, Spataro™4 3¢ F. Stieler®®, Y. J. Su®?, G. B. Sun”®, G. X. Sun’, H. Sun®?,
49 H. K. Sun’, J. F. Sun'®, K. Sun®, L. Sun™, S. S. Sun®®?, T. Sun™%?, W. Y. Sun®*, Y. Sun'®, Y. J. Sun™?7, Y. Z. Sun’,
50 Z. T. Sun®®, Y. X. Tan™®57, C. J. Tang®®, G. Y. Tang', J. Tang®®, Y. A. Tang™, L. Y Tao"}, Q. T. Tao®>", M. Tat®®,
st J. X. Teng’®®", V. Thoren”™, W. H. Tian®!, W. H. Tian®®, Y. Tian®"%2, Z. F. Tian™, I. Uman®'®  S. J. Wang *°, B. Wang?,
52 B. L. Wang®?, Bo Wang™*®7, C. W. Wang”?, D. Y. Wang®®?, F. Wang”*, H. J. Wang®®7* H. P. Wang"%?, J. P. Wang *°,
53 K. Wang'®", L. L. Wang', M. Wang®®, Meng Wang%2, S. Wang'®¥, S. Wang3®7* T. Wang'®>?, T. J. Wang®®, W. Wang®®,
sa W, Wang™, W. P. Wang”™®®", X. Wang?®9, X. F. Wang®®7* X. J. Wang®, X. L. Wang'®/, Y. Wang®®, Y. D. Wang®®,
55 Y. F. Wang'®"%2 Y. H. Wang®’, Y. N. Wang?®, Y. Q. Wang', Yaqian Wang'"!, Yi Wang®®, Z. Wang!®", Z. L.

56 Wang™, Z. Y. Wang!®?, Ziyi Wang®?, D. Wei®®, D. H. Wei'®, F. Weidner®’, S. P. Wen!, C. W. Wenzel*, U. Wiedner?,
57 G. Wilkinson®®, M. Wolke™, L. Wollenberg?, C. Wu®®, J. F. Wu>%2, L. H. Wu!, L. J. Wub%2, X. Wu'®f X. H. Wu®?,
58 Y. Wa™°, Y. H. Wu, Y. 3. W, Z, Wuh7, L. Xia7%%7, X, M. Xian®?, T. Xiang?®?, D. Xiao®®7* G. Y. Xiao??,

50 S. Y. Xiaol', Y. L. Xiao'®/, Z. J. Xiao*, C. Xie*?, X. H. Xie*®?, Y. Xie*?, Y. G. Xie™®", Y. H. Xie’, Z. P. Xie™"",
e T.Y.Xing"%2 C.F. Xu®?, C.J. Xu®® G. F. Xu!, H. Y. Xu®, Q. J. Xu'®, Q. N. Xu®®, W. Xu!%? W. L. Xu®, X. P. Xu®,
61 Y. C. Xu™, Z. P. Xu*?, Z. S. Xu®2, F. Yan'®/ L. Yan'®f, W. B. Yan™®®7, W. C. Yan®®, X. Q. Yan!, H. J. Yang®"®,
62 H. L. Yang®*, H. X. Yang', Tao Yang!, Y. Yang'®f, Y. F. Yang®®, Y. X. Yang™®?, Yifan Yang>%?, Z. W. Yang®®7*,



76

7
78
79
80
81
82
83
84
85
86
87
88
89
90
o1
92
93
94
95
%6
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124

Z. P. Yao®®, M. Yel®", M. H. Ye°, J. H. Yin', Z. Y. You®®, B. X. Yu»®"%2 C. X. Yu®?, G. Yu'%?, J. S. Yu®",
T. Yu™, X. D. Yu*®9, C. Z. Yuan®®?, L. Yuan?, S. C. Yuan!, X. Q. Yuan', Y. Yuan®®?, Z. Y. Yuan®®, C. X. Yue®,
A. A. Zafar™, F. R. Zeng®®, X. Zeng'®’, Y. Zeng®>", Y. J. Zeng>®?, X. Y. Zhai®*, Y. C. Zhai*®, Y. H. Zhan®®,
A. Q. Zhang"®?, B. L. Zhang" %%, B. X. Zhang', D. H. Zhang*®, G. Y. Zhang'?, H. Zhang'®, H. H. Zhang®*, H. H. Zhang®3,
H. Q. Zhang™®"%2 H. Y. Zhang"®", J. Zhang®®, J. J. Zhang®', J. L. Zhang®°, J. Q. Zhang*', J. W. Zhang!:°"52,
J. X. Zhang®®%* J. Y. Zhang', J. Z. Zhang"%?, Jianyu Zhang®?, Jiawei Zhang!'®?, L. M. Zhang®, L. Q. Zhang®®,
Lei Zhang®?, P. Zhang™%?, Q. Y. Zhang3®®", Shuihan Zhang®2, Shulei Zhang®>", X. D. Zhang®®, X. M. Zhang?,
X. Y. Zhang®®, Xuyan Zhang®®, Y. Zhang™, Y. Zhang®®, Y. T. Zhang®®, Y. H. Zhang™®7, Yan Zhang”®%7, Yao Zhang!,
Z. H. Zhang', Z. L. Zhang®*, Z. Y. Zhang*®, Z. Y. Zhang™®, G. Zhao', J. Zhao®°, J. Y. Zhao''%?, J. Z. Zhao''%",
Lei Zhao™®%7, Ling Zhao', M. G. Zhao*?, S. J. Zhao®, Y. B. Zhao™®7, Y. X. Zhao®"'%?, Z. G. Zhao"®®7, A. Zhemchugov>®?
B. Zheng™, J. P. Zheng'®", W. J. Zheng"®?, Y. H. Zheng®?, B. Zhong*', X. Zhong®®, H. Zhou®®, L. P. Zhou%?,
X. Zhou™, X. K. Zhou”, X. R. Zhou™?", X. Y. Zhou®®, Y. Z. Zhou'®/, J. Zhu*?, K. Zhu', K. J. Zhu>®"%2 L. Zhu*,
L. X. Zzhu®?, S. H. Zhu®®, S. Q. Zhu*?, T. J. Zhu'®>f, W. J. Zhu'®/, Y. C. Zhu™®%7, Z. A. Zhu''%2, J. H. Zou', J. Zu"%>7

(BESIII Collaboration)

Y Institute of High Energy Physics, Beijing 100049, People’s Republic of China
2 Beihang University, Beijing 100191, People’s Republic of China
3 Beijing Institute of Petrochemical Technology, Beijing 102617, People’s Republic of China
4 Bochum Ruhr-University, D-44780 Bochum, Germany
5 Budker Institute of Nuclear Physics SB RAS (BINP), Novosibirsk 630090, Russia
5 Carnegie Mellon University, Pittsburgh, Pennsylvania 15213, USA
" Central China Normal University, Wuhan 430079, People’s Republic of China
8 Central South University, Changsha 410083, People’s Republic of China
9 China Center of Advanced Science and Technology, Beijing 100190, People’s Republic of China
10 China University of Geosciences, Wuhan 430074, People’s Republic of China
Y Chung-Ang University, Seoul, 06974, Republic of Korea
12 COMSATS University Islamabad, Lahore Campus, Defence Road, Off Raiwind Road, 54000 Lahore, Pakistan
13 Pudan University, Shanghai 200433, People’s Republic of China
14 GSI Helmholtzcentre for Heavy Ion Research GmbH, D-64291 Darmstadt, Germany
15 Guangzi Normal University, Guilin 541004, People’s Republic of China
16 Hangzhou Normal University, Hangzhou 310036, People’s Republic of China
17 Hebei University, Baoding 071002, People’s Republic of China
18 Helmholtz Institute Mainz, Staudinger Weg 18, D-55099 Mainz, Germany
19 Henan Normal University, Xinziang 453007, People’s Republic of China
20 Henan University, Kaifeng 475004, People’s Republic of China
21 Henan University of Science and Technology, Luoyang 471003, People’s Republic of China
22 Henan University of Technology, Zhengzhou 450001, People’s Republic of China
2 Huangshan College, Huangshan 245000, People’s Republic of China
24 Hunan Normal University, Changsha 410081, People’s Republic of China
25 Hunan University, Changsha 410082, People’s Republic of China
26 Indian Institute of Technology Madras, Chennai 600036, India
2T Indiana University, Bloomington, Indiana 47405, USA
28 INFN Laboratori Nazionali di Frascati (A)INFN Laboratori Nazionali di Frascati, 1-00044, Frascati, Italy;
(B)INFN Sezione di Perugia, I-06100, Perugia, Italy; (C)University of Perugia, I-06100, Perugia, Italy
2 INFN Sezione di Ferrara, (A)INFN Sezione di Ferrara, 1-44122,
Ferrara, Italy; (B)University of Ferrara, 1-44122, Ferrara, Italy
30 Imner Mongolia University, Hohhot 010021, People’s Republic of China
3L Institute of Modern Physics, Lanzhou 7380000, People’s Republic of China
32 Institute of Physics and Technology, Peace Avenue 54B, Ulaanbaatar 13330, Mongolia
33 Instituto de Alta Investigacion, Universidad de Tarapacd, Casilla 7D, Arica 1000000, Chile
34 Jilin University, Changchun 130012, People’s Republic of China
35 Johannes Gutenberg University of Mainz, Johann-Joachim-Becher-Weg 45, D-55099 Mainz, Germany
36 Joint Institute for Nuclear Research, 141980 Dubna, Moscow region, Russia
37 Justus-Liebig- Universitaet Giessen, II. Physikalisches Institut, Heinrich-Buff-Ring 16, D-85392 Giessen, Germany
38 Lanzhou University, Lanzhou 730000, People’s Republic of China
39 Liaoning Normal University, Dalian 116029, People’s Republic of China
40 Liaoning University, Shenyang 110036, People’s Republic of China
4 Nanjing Normal University, Nanjing 210023, People’s Republic of China
12 Nanjing University, Nanjing 210093, People’s Republic of China
43 Nankai University, Tianjin 300071, People’s Republic of China
44 National Centre for Nuclear Research, Warsaw 02-093, Poland
45 North China Electric Power University, Beijing 102206, People’s Republic of China
46 peking University, Beijing 100871, People’s Republic of China



125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160

161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176

177

178

47 Qufu Normal University, Qufu 278165, People’s Republic of China
48 Shandong Normal University, Jinan 250014, People’s Republic of China
49 Shandong University, Jinan 250100, People’s Republic of China
50 Shanghai Jiao Tong University, Shanghai 200240, People’s Republic of China
51 Shanxzi Normal University, Linfen 041004, People’s Republic of China
52 Shanzi University, Taiyuan 030006, People’s Republic of China
53 Sichuan University, Chengdu 610064, People’s Republic of China
5 Soochow University, Suzhou 215006, People’s Republic of China
55 South China Normal University, Guangzhou 510006, People’s Republic of China
56 Southeast University, Nanjing 211100, People’s Republic of China
57 State Key Laboratory of Particle Detection and Electronics, Beijing 100049, Hefei 230026, People’s Republic of China
58 Sun Yat-Sen University, Guangzhou 510275, People’s Republic of China
59 Suranaree University of Technology, University Avenue 111, Nakhon Ratchasima 30000, Thailand
O Tsinghua University, Beijing 100084, People’s Republic of China
51 Turkish Accelerator Center Particle Factory Group, (A)Istinye University, 34010, Istanbul,
Turkey; (B)Near East University, Nicosia, North Cyprus, 99138, Mersin 10, Turkey
52 Unidversity of Chinese Academy of Sciences, Beijing 100049, People’s Republic of China
3 Unaversity of Groningen, NL-9747 AA Groningen, The Netherlands
54 University of Hawaii, Honolulu, Hawaii 96822, USA
55 University of Jinan, Jinan 250022, People’s Republic of China
56 University of Manchester, Oxzford Road, Manchester, M13 9PL, United Kingdom
57 University of Muenster, Wilhelm-Klemm-Strasse 9, 48149 Muenster, Germany
58 University of Ozford, Keble Road, Ozford OX13RH, United Kingdom
59 University of Science and Technology Liaoning, Anshan 114051, People’s Republic of China
"0 University of Science and Technology of China, Hefei 230026, People’s Republic of China
v University of South China, Hengyang 421001, People’s Republic of China
"2 University of the Punjab, Lahore-54590, Pakistan
™3 University of Turin and INFN, (A)University of Turin, I-10125, Turin, Italy; (B)University
of Eastern Piedmont, I-15121, Alessandria, Italy; (C)INFN, I-10125, Turin, Italy
™ Uppsala University, Box 516, SE-75120 Uppsala, Sweden
S Wuhan University, Wuhan 480072, People’s Republic of China
" Xinyang Normal University, Xinyang 464000, People’s Republic of China
T Yantai University, Yantai 264005, People’s Republic of China
™ Yunnan University, Kunming 650500, People’s Republic of China
™ Zhejiang University, Hangzhou 310027, People’s Republic of China
80 Zhengzhou University, Zhengzhou 450001, People’s Republic of China

@ Also at the Moscow Institute of Physics and Technology, Moscow 141700, Russia
b Also at the Novosibirsk State University, Novosibirsk, 630090, Russia
¢ Also at the NRC ”Kurchatov Institute”, PNPI, 188300, Gatchina, Russia
4 Also at Goethe University Frankfurt, 60323 Frankfurt am Main, Germany

¢ Also at Key Laboratory for Particle Physics, Astrophysics and Cosmology, Ministry of Education; Shanghai Key Laboratory
for Particle Physics and Cosmology; Institute of Nuclear and Particle Physics, Shanghai 200240, People’s Republic of China

¥ Also at Key Laboratory of Nuclear Physics and Ion-beam Application (MOE) and Institute
of Modern Physics, Fudan University, Shanghai 200443, People’s Republic of China
9 Also at State Key Laboratory of Nuclear Physics and Technology,
Peking University, Beijing 100871, People’s Republic of China
k" Also at School of Physics and Electronics, Hunan University, Changsha 410082, China
* Also at Guangdong Provincial Key Laboratory of Nuclear Science, Institute of
Quantum Matter, South China Normal University, Guangzhou 510006, China
3 Also at Frontiers Science Center for Rare Isotopes, Lanzhou University, Lanzhou 730000, People’s Republic of China
k Also at Lanzhou Center for Theoretical Physics, Lanzhou University, Lanzhou 730000, People’s Republic of China
Y Also at the Department of Mathematical Sciences, IBA, Karachi 75270, Pakistan

M(T¢7) AT EACH CENTER-OF-MASS ENERGY

Figure 1 shows the M (¢T¢7) at each c.m. energy (/s = 4.61 — 4.95 GeV)
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Fig. 1. The M(£T¢7) distribution at each c.m. energy. Dots with error bars are data, the red histograms are signal MC and
the blue shaded histograms stand for the background from the inclusive MC samples.

179 Figure 2 shows the Daltiz plots at each c.m. energy, evident f states can be seen above /s = 4.70 GeV.
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Fig. 2. The Dalitz plots of the data samples at each c.m. energy.

CROSS SECTIONS

The c.m. energies (y/s), integrated luminosities (£), numbers of events in the signal region (N°"®) and in the
sideband regions (N®9¢); signal yields (N*'8), event selection efficiencies (¢), ISR correction factors ((1 +d)), vacuum
polarization factors (|1 + II|?), Born cross sections (03°™), and Born cross section ratios of ete™ — KJK3.J/1 to

ete” > KTK~J/¢ (%) are shown in Table 1.

In the maximum likelihood fit to the dressed cross sections of ete™ — K™K~ J/1, assuming the obtained signal
events obey Poisson (N8 < 10) or asymmetric Gaussian (N®'® > 10). The Poisson is defined as
ei(Nfic+f_Nsid0)

. obs
PPoisson = (Nﬁt + f : Nﬁlde)N : W?

(1)
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Tab. 1. The c.m. energies (/s), integrated luminosities (£), numbers of events in the signal region (N°b%) and in the sideband
regions (N®*'9°), signal yields (N*'8), event selection efficiencies (¢), ISR correction factors ((1+6)), vacuum polarization factors

oBorn(KAKS /)

Born

(ﬁ), Born cross sections (o2°™), and Born cross section ratios SBom(RER=J/g). Lhe first uncertainties of o and
%ﬁ% are statistical, and the second ones systematic. The uncertainties of N are only statistical.

Vs (GeV) L (pbfl) Nobs  yside Nsis € (1+6) ﬁ o Born (pb) ;;::((g%gg_ﬂ/ﬁ))
4.61 103.65 3 1 2757209 0.322  1.137  1.055 0.571530 £0.04 0.3797557% 4+ 0.026
4.63 521.53 38 36.25755% 0.306  1.181  1.054 1.537028 +0.10 0.11670 252 4 0.008
4.64 551.65 22 10 19507392 0304 1.200 1.054 0.777322+0.05 0.8327552 +0.056
4.66 529.43 26 6 2450754 0308 1.158  1.054 1.037023 4+0.07 0.6547035% 4 0.044
4.68 1667.39 94 26 87.5073%:% 0.334 1.043  1.054 1.207013+0.08 0.77270172 4 0.052
4.70 536.54 40 10  37.507S7F  0.365  0.953  1.055 1.607022 4+0.11 0.63570237 +0.043
4.74 163.87 18 0 18.00735) 0403 0.886 1.055 2.4470% +0.23 0.11175885 +0.007
4.75 366.55 37 9 3475757 0398 0.892 1.055 2127032 +0.20 0.56270755 & 0.038
4.78 51147 60 12 57.007%13 0.388 0931 1.055 2457935 4+0.23 0.39970172 +0.027
4.84 525.16 34 73225782 0358 1.015  1.056 1.3470325 +0.12 0.47475315 +0.032
4.92 207.82 13 4 12.007355 0328 1.082  1.056 1.29703 +£0.12 0.38470355 +0.026
4.95 159.28 9 4 800753 0312 1.103 1.056 1.1570739 £0.11 0.18015:3%2 +0.012

Tab. 2. The four solutions of (I'ccB) and ¢ for the third Breit-Wigner function, which represents the resonance Y (4710). The
uncertainties are statistical only.

(TeeB)s (eV) 0.16 £0.04 0.20 £ 0.06 1.29 +£0.23 1.61 +0.36
o3 (rad) 0.25+043 —-1.60+0.45 —0.924+0.19 —-2.76+0.16
while the asymmetric Gaussian is defined as
B (Nt _ nsig)2
1 202 fit si,
— e i , N"" < N®'s
PGaussian == m.(al—i_ah) (it ysig)2 (2)
202 , Nﬁt > Nsig

1
Vem(oit+on)

where f is the normalization factor of signal to sideband region (0.5), Nfi is the expected number of signal events,
and o7 and oy, are the low and high uncertainties of the number of signal events. The likelihood is structured as

L=11Ix.
i

where P; is Ppojsson if V%8 < 10 or Pgaussian if N8 > 10.

Figure 3 shows the four solutions of the fits to the dressed cross sections of e*e™ — KK~ .J /1 with the coherent sum
of three Breit-Wigner functions, and Table 2 shows the quantities of the four solutions. The systematic uncertainties
of the fit parameters are listed in Table 3.

Born 0 0
The Born cross section ratios M, shown in Table 1 and Fig. 4, are determined by the ratio likelihood

simulations, where the Born cross sections of eTe™ — K3K3J /1 (oB°™(KYKY.J/1)) are obtained from Ref. [2]. The
O_Born(Kg Kg‘ J/¢)
(the kinematic fit, ISR correction, K¢ reconstruction, and MUC depth are unrelated).

The average Born cross ratio % over /s = 4.61 — 4.95 GeV is determined to be 0.5127057% + 0.035

based on combined ratio likelihood simulations, where the first uncertainties are statistical, while the second one
systematic. The common items of the systematic uncertainties have been canceled. The P-value for the ratio being
greater then 0.5 is 0.621 which indicates a 0.310 significance isospin-violation effect in ete™ — KK.J /1.

3)

systematic uncertainties of are estimated by taking into account correlations among uncertainties
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Tab. 3. The systematic uncertainties in the measurement of resonance parameters, including that due to the c.m. energy

(\/5), the parameterization of the fit function (Fitting), the c.m. energy spread (ES), and the uncommon (o7"**) and common
(U%D e5%) systematic uncertainties from the cross section measurement. The symbol “~” represents the uncertainty, which can

be neglected.

Parameter Vs  Fitting ES  ogPress  gDress  Sum
M; (MeV/®)  0.80 2091 011  3.03 21.1
T3 (MeV) ~ 2967 001  1.09 29.7
- 0.09 - - 0.01 0.09

(TeeB)3 (V) 0.01 - - 0.01 0.01
- 0.26 - 0.03 0.04 0.26

- 0.06 - 0.03 0.05 0.08

- 0.40 - 0.08 0.41

3 (rad) - 0.69 - 0.08 0.69
— 0.42 0.01 0.02 0.42

- 0.70 - 0.02 0.70
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SYSTEMATIC UNCERTAINTIES ON THE Z.. MEASUREMENT

Systematic uncertainties for the Born cross sections of Z.4 states include the detection efficiencies, vacuum polariza-
tion and ISR factor, which are estimated in the cross section measurement of ee™ — KK~ .J /1. These uncertainties
are multiplicative.

Tab. 4. Systematic uncertainties on the Z.s Born cross sections. The first five uncertainties are additive systematic uncertainties
on the yields of Z.s while the last two uncertainties are multiplicative.

Source Systematic uncertainty on yields or efficiencies

Detector resolution 0.1
Efficiency curves Negligible
Signal model 0.2
Backgrounds 0.1
f states 0.3
Z.s resonance parameters See the main texts

Detection efficiency 15%

In addition, we take into account the systematic uncertainties from the detector resolution, efficiency curves,
signal models of Z., backgrounds and f states, Z.s resonance parameters, which are summarized in Table 4. The
difference of detector resolution between data and MC is estimated to be 3.2 MeV/c? by studying the control sample
of ete™ — K+ D*OD*~. We smear the resolution function and redo the M. (K*.J/1) fit and the change is taken
as the systematic uncertainty. Through the similar procedure to estimate systematic uncertainties, we vary the
efficiency curves within 10 uncertainties, change the signal model under different J* assumptions, vary the kernel
width parameter of the background shapes and add shapes of f state at /s > 4.70 GeV. We also generate signal MC
samples for each signal model, and we take the largest difference between the resultant efficiencies and the nominal
efficiencies as the systematic uncertainty. We vary the resonance parameters within +1¢ regions and take the largest
changes of the yields as the uncertainties.

These additive systematic uncertainties on the fitted yields are then converted into Born cross sections. Then the
the root of quadratic sum of converted uncertainties and multiplicative uncertainties, which will be discussed later, is
assigned as the o of a Gaussian function. Then the Gaussian function will be used to convolve with the distributions
of the nominal — In L values.

Multiplicative uncertainties are related to the detection efficiencies, vacuum polarization and ISR factor, which part
of which has been estimated in the measurement of the line shape. Except for the uncertainty of MC model which is
irrelevant to detection efficiencies of Z.g, all uncertainties in the measurement of line shape will be considered in the
convolution of systematic uncertainties. Different spin-parity assumptions will affect the angular distribution of final
states thus affect the detection efficiencies. We take the largest relative change among all energies to the nominal
uncertainty in different spin-parity assumptions, 15.0%, as the systematic uncertainty.

The convolved — In L distributions are shown in red curves in Figs. 5 and 6, which are used to determine the upper
limits at the 90% confidence level. The upper limits are shown in Table 5.
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Tab. 5. The detection efficiencies ¢, and upper limits 0™ (eTe™ — K~ ZX% 4 c.c.) - B(Zd, — K1J/4) of Born cross sections
for Z.s states at the 90% confidence level, where the systematic uncertainties are incorporated. The VP and ISR factors are

taken from Table 1.

/5 (GeV) €(Zs(3985)) €(Zes(4000)) oo™ - B[Z.5(3985)]UF (pb) 0B - B[Z.,(4000)]UF (pb)

4.63
4.64
4.66
4.68
4.70
4.74
4.75
4.78
4.84
4.92

0.408
0.402
0.404
0.415
0.428
0.456
0.444
0.426
0.397
0.376

0.409
0.399
0.396
0.414
0.429
0.449
0.445
0.428
0.401
0.375

0.2
0.2
0.2
0.1
0.2
0.6
0.3
0.3
0.3
0.6

0.9
0.7
0.7
0.8
3.3
1.9
1.5
0.8
1.4
1.3
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Fig. 5. The scans for the upper limits of Born cross sections of e"e™ — K~ Z.5(3985)" + c.c.. The blue arrows indicate the
upper limits at the 90% confidence level by integrating the red regions consisting of smeared likelihood values with systematic
uncertainties considered.
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228 PARTIAL WAVE ANALYSIS

229 Partial wave analysis (PWA) using helicity formalism is performed on each c.m. energy to study the intermediate
s states. However, no significant Z.s signal is detected because of the limited statistics. The fo(0*T+) and fo(21T)
21 components can be not well distinguished either. The PWA results with different fp2 combinations are used to
2»  generate alternative signal MC samples to do efficiency uncertainty study for ete™ — KTK~J/t¢ cross section
23 measurement. Figures 7 and 8 show the comparison of distributions between data and one of the PWA results at four
au  c.m. energies with higher statistics (v/s = 4.68,4.70,4.78,4.84 GeV). For the data sets with /s < 4.70 GeV, the PWA
23 results are based on the f(980) + fo(1500) assumption. For the data sets with /s > 4.70 GeV, the PWA results are
25 based on a single fy(z) with mass and width free in the fit.
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Fig. 7. The comparisons of M(K*J/v) and M (K" K~) between real data and the PWA result. The black dots with error
bars are real data, the red line is the sum of the fit result and background from J/¢ sideband. The PWA results at (a, b)
Vs =4.68 GeV and (c, d) /s = 4.70 GeV are based on the fo(980) + fo(1500) assumption.
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