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A. Kupsc45,75, W. Kühn38, J. J. Lane67, P. Larin19, A. Lavania27, L. Lavezzi74A,74C , T. T. Lei71,k, Z. H. Lei71,58,27

H. Leithoff36, M. Lellmann36, T. Lenz36, C. Li44, C. Li48, C. H. Li40, Cheng Li71,58, D. M. Li81, F. Li1,58, G. Li1,28

H. Li71,58, H. B. Li1,63, H. J. Li20, H. N. Li56,i, Hui Li44, J. R. Li61, J. S. Li59, J. W. Li50, K. L. Li20, Ke Li1,29

L. J Li1,63, L. K. Li1, Lei Li3, M. H. Li44, P. R. Li39,j,k, Q. X. Li50, S. X. Li13, T. Li50, W. D. Li1,63, W. G. Li1,30

X. H. Li71,58, X. L. Li50, Xiaoyu Li1,63, Y. G. Li47,g, Z. J. Li59, Z. X. Li16, C. Liang43, H. Liang1,63, H. Liang35,31

H. Liang71,58, Y. F. Liang54, Y. T. Liang32,63, G. R. Liao15, L. Z. Liao50, Y. P. Liao1,63, J. Libby27, A. Limphirat60,32

D. X. Lin32,63, T. Lin1, B. J. Liu1, B. X. Liu76, C. Liu35, C. X. Liu1, F. H. Liu53, Fang Liu1, Feng Liu7,33

G. M. Liu56,i, H. Liu39,j,k, H. B. Liu16, H. M. Liu1,63, Huanhuan Liu1, Huihui Liu22, J. B. Liu71,58, J. L. Liu72,34

J. Y. Liu1,63, K. Liu1, K. Y. Liu41, Ke Liu23, L. Liu71,58, L. C. Liu44, Lu Liu44, M. H. Liu13,f , P. L. Liu1,35

Q. Liu63, S. B. Liu71,58, T. Liu13,f , W. K. Liu44, W. M. Liu71,58, X. Liu39,j,k, Y. Liu81, Y. Liu39,j,k, Y. B. Liu44,36

Z. A. Liu1,58,63, Z. Q. Liu50, X. C. Lou1,58,63, F. X. Lu59, H. J. Lu24, J. G. Lu1,58, X. L. Lu1, Y. Lu8, Y. P. Lu1,58,37

Z. H. Lu1,63, C. L. Luo42, M. X. Luo80, T. Luo13,f , X. L. Luo1,58, X. R. Lyu63, Y. F. Lyu44, F. C. Ma41, H. L. Ma1,38

J. L. Ma1,63, L. L. Ma50, M. M. Ma1,63, Q. M. Ma1, R. Q. Ma1,63, R. T. Ma63, X. Y. Ma1,58, Y. Ma47,g,39

Y. M. Ma32, F. E. Maas19, M. Maggiora74A,74C , S. Malde69, Q. A. Malik73, A. Mangoni29B , Y. J. Mao47,g,40

Z. P. Mao1, S. Marcello74A,74C , Z. X. Meng66, J. G. Messchendorp14,64, G. Mezzadri30A, H. Miao1,63, T. J. Min43,41

R. E. Mitchell28, X. H. Mo1,58,63, N. Yu. Muchnoi5,b, Y. Nefedov37, F. Nerling19,d, I. B. Nikolaev5,b, Z. Ning1,58,42

S. Nisar12,l, Y. Niu 50, S. L. Olsen63, Q. Ouyang1,58,63, S. Pacetti29B,29C , X. Pan55, Y. Pan57, A. Pathak35,43

P. Patteri29A, Y. P. Pei71,58, M. Pelizaeus4, H. P. Peng71,58, K. Peters14,d, J. L. Ping42, R. G. Ping1,63, S. Plura36,44

S. Pogodin37, V. Prasad34, F. Z. Qi1, H. Qi71,58, H. R. Qi61, M. Qi43, T. Y. Qi13,f , S. Qian1,58, W. B. Qian63,45

C. F. Qiao63, J. J. Qin72, L. Q. Qin15, X. P. Qin13,f , X. S. Qin50, Z. H. Qin1,58, J. F. Qiu1, S. Q. Qu61,46

C. F. Redmer36, K. J. Ren40, A. Rivetti74C , V. Rodin64, M. Rolo74C , G. Rong1,63, Ch. Rosner19, S. N. Ruan44,47

N. Salone45, A. Sarantsev37,c, Y. Schelhaas36, K. Schoenning75, M. Scodeggio30A,30B , K. Y. Shan13,f , W. Shan25,48

X. Y. Shan71,58, J. F. Shangguan55, L. G. Shao1,63, M. Shao71,58, C. P. Shen13,f , H. F. Shen1,63, W. H. Shen63,49

X. Y. Shen1,63, B. A. Shi63, H. C. Shi71,58, J. L. Shi13, J. Y. Shi1, Q. Q. Shi55, R. S. Shi1,63, X. Shi1,58, J. J. Song20,50



2

T. Z. Song59, W. M. Song35,1, Y. J. Song13, Y. X. Song47,g, S. Sosio74A,74C , S. Spataro74A,74C , F. Stieler36,51

Y. J. Su63, G. B. Sun76, G. X. Sun1, H. Sun63, H. K. Sun1, J. F. Sun20, K. Sun61, L. Sun76, S. S. Sun1,63, T. Sun1,63,52

W. Y. Sun35, Y. Sun10, Y. J. Sun71,58, Y. Z. Sun1, Z. T. Sun50, Y. X. Tan71,58, C. J. Tang54, G. Y. Tang1,53

J. Tang59, Y. A. Tang76, L. Y Tao72, Q. T. Tao26,h, M. Tat69, J. X. Teng71,58, V. Thoren75, W. H. Tian52,54

W. H. Tian59, Y. Tian32,63, Z. F. Tian76, I. Uman62B , S. J. Wang 50, B. Wang1, B. L. Wang63, Bo Wang71,58,55

C. W. Wang43, D. Y. Wang47,g, F. Wang72, H. J. Wang39,j,k, H. P. Wang1,63, J. P. Wang 50, K. Wang1,58,56

L. L. Wang1, M. Wang50, Meng Wang1,63, S. Wang39,j,k, S. Wang13,f , T. Wang13,f , T. J. Wang44, W. Wang59, W.57

Wang72, W. P. Wang71,58, X. Wang47,g, X. F. Wang39,j,k, X. J. Wang40, X. L. Wang13,f , Y. Wang61, Y. D. Wang46,58

Y. F. Wang1,58,63, Y. H. Wang48, Y. N. Wang46, Y. Q. Wang1, Yaqian Wang18,1, Yi Wang61, Z. Wang1,58, Z. L.59

Wang72, Z. Y. Wang1,63, Ziyi Wang63, D. Wei70, D. H. Wei15, F. Weidner68, S. P. Wen1, C. W. Wenzel4,60

U. W. Wiedner4, G. Wilkinson69, M. Wolke75, L. Wollenberg4, C. Wu40, J. F. Wu1,63, L. H. Wu1, L. J. Wu1,63,61

X. Wu13,f , X. H. Wu35, Y. Wu71, Y. J. Wu32, Z. Wu1,58, L. Xia71,58, X. M. Xian40, T. Xiang47,g, D. Xiao39,j,k,62

G. Y. Xiao43, H. Xiao13,f , S. Y. Xiao1, Y. L. Xiao13,f , Z. J. Xiao42, C. Xie43, X. H. Xie47,g, Y. Xie50, Y. G. Xie1,58,63

Y. H. Xie7, Z. P. Xie71,58, T. Y. Xing1,63, C. F. Xu1,63, C. J. Xu59, G. F. Xu1, H. Y. Xu66, Q. J. Xu17, Q. N. Xu31,64

W. Xu1,63, W. L. Xu66, X. P. Xu55, Y. C. Xu78, Z. P. Xu43, Z. S. Xu63, F. Yan13,f , L. Yan13,f , W. B. Yan71,58,65

W. C. Yan81, X. Q. Yan1, H. J. Yang51,e, H. L. Yang35, H. X. Yang1, Tao Yang1, Y. Yang13,f , Y. F. Yang44,66

Y. X. Yang1,63, Yifan Yang1,63, Z. W. Yang39,j,k, Z. P. Yao50, M. Ye1,58, M. H. Ye9, J. H. Yin1, Z. Y. You59,67

B. X. Yu1,58,63, C. X. Yu44, G. Yu1,63, J. S. Yu26,h, T. Yu72, X. D. Yu47,g, C. Z. Yuan1,63, L. Yuan2, S. C. Yuan1,68

X. Q. Yuan1, Y. Yuan1,63, Z. Y. Yuan59, C. X. Yue40, A. A. Zafar73, F. R. Zeng50, X. Zeng13,f , Y. Zeng26,h,69

Y. J. Zeng1,63, X. Y. Zhai35, Y. C. Zhai50, Y. H. Zhan59, A. Q. Zhang1,63, B. L. Zhang1,63, B. X. Zhang1,70

D. H. Zhang44, G. Y. Zhang20, H. Zhang71, H. H. Zhang59, H. H. Zhang35, H. Q. Zhang1,58,63, H. Y. Zhang1,58,71

J. J. Zhang52, J. L. Zhang21, J. Q. Zhang42, J. W. Zhang1,58,63, J. X. Zhang39,j,k, J. Y. Zhang1, J. Z. Zhang1,63,72

Jianyu Zhang63, Jiawei Zhang1,63, L. M. Zhang61, L. Q. Zhang59, Lei Zhang43, P. Zhang1, Q. Y. Zhang40,81,73

Shuihan Zhang1,63, Shulei Zhang26,h, X. D. Zhang46, X. M. Zhang1, X. Y. Zhang55, X. Y. Zhang50, Y. Zhang69, Y.74

Zhang72, Y. T. Zhang81, Y. H. Zhang1,58, Yan Zhang71,58, Yao Zhang1, Z. H. Zhang1, Z. L. Zhang35, Z. Y. Zhang76,75

Z. Y. Zhang44, G. Zhao1, J. Zhao40, J. Y. Zhao1,63, J. Z. Zhao1,58, Lei Zhao71,58, Ling Zhao1, M. G. Zhao44,76

S. J. Zhao81, Y. B. Zhao1,58, Y. X. Zhao32,63, Z. G. Zhao71,58, A. Zhemchugov37,a, B. Zheng72, J. P. Zheng1,58,77

W. J. Zheng1,63, Y. H. Zheng63, B. Zhong42, X. Zhong59, H. Zhou50, L. P. Zhou1,63, X. Zhou76, X. K. Zhou7,78

X. R. Zhou71,58, X. Y. Zhou40, Y. Z. Zhou13,f , J. Zhu44, K. Zhu1, K. J. Zhu1,58,63, L. Zhu35, L. X. Zhu63,79

S. H. Zhu70, S. Q. Zhu43, T. J. Zhu13,f , W. J. Zhu13,f , Y. C. Zhu71,58, Z. A. Zhu1,63, J. H. Zou1, J. Zu71,58
80

(BESIII Collaboration)81

1 Institute of High Energy Physics, Beijing 100049, People’s Republic of China82

2 Beihang University, Beijing 100191, People’s Republic of China83

3 Beijing Institute of Petrochemical Technology, Beijing 102617, People’s Republic of China84

4 Bochum Ruhr-University, D-44780 Bochum, Germany85

5 Budker Institute of Nuclear Physics SB RAS (BINP), Novosibirsk 630090, Russia86

6 Carnegie Mellon University, Pittsburgh, Pennsylvania 15213, USA87

7 Central China Normal University, Wuhan 430079, People’s Republic of China88

8 Central South University, Changsha 410083, People’s Republic of China89

9 China Center of Advanced Science and Technology, Beijing 100190, People’s Republic of China90

10 China University of Geosciences, Wuhan 430074, People’s Republic of China91

11 Chung-Ang University, Seoul, 06974, Republic of Korea92

12 COMSATS University Islamabad, Lahore Campus, Defence Road, Off Raiwind Road, 54000 Lahore, Pakistan93

13 Fudan University, Shanghai 200433, People’s Republic of China94

14 GSI Helmholtzcentre for Heavy Ion Research GmbH, D-64291 Darmstadt, Germany95

15 Guangxi Normal University, Guilin 541004, People’s Republic of China96

16 Guangxi University, Nanning 530004, People’s Republic of China97

17 Hangzhou Normal University, Hangzhou 310036, People’s Republic of China98

18 Hebei University, Baoding 071002, People’s Republic of China99

19 Helmholtz Institute Mainz, Staudinger Weg 18, D-55099 Mainz, Germany100

20 Henan Normal University, Xinxiang 453007, People’s Republic of China101



3

21 Henan University, Kaifeng 475004, People’s Republic of China102

22 Henan University of Science and Technology, Luoyang 471003, People’s Republic of China103

23 Henan University of Technology, Zhengzhou 450001, People’s Republic of China104

24 Huangshan College, Huangshan 245000, People’s Republic of China105

25 Hunan Normal University, Changsha 410081, People’s Republic of China106

26 Hunan University, Changsha 410082, People’s Republic of China107

27 Indian Institute of Technology Madras, Chennai 600036, India108

28 Indiana University, Bloomington, Indiana 47405, USA109

29 INFN Laboratori Nazionali di Frascati , (A)INFN Laboratori Nazionali di Frascati, I-00044, Frascati, Italy;110

(B)INFN Sezione di Perugia, I-06100, Perugia, Italy; (C)University of Perugia, I-06100, Perugia, Italy111

30 INFN Sezione di Ferrara, (A)INFN Sezione di Ferrara, I-44122,112

Ferrara, Italy; (B)University of Ferrara, I-44122, Ferrara, Italy113

31 Inner Mongolia University, Hohhot 010021, People’s Republic of China114

32 Institute of Modern Physics, Lanzhou 730000, People’s Republic of China115

33 Institute of Physics and Technology, Peace Avenue 54B, Ulaanbaatar 13330, Mongolia116

34 Instituto de Alta Investigación, Universidad de Tarapacá, Casilla 7D, Arica 1000000, Chile117
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The measured Born cross sections of e+e− → D∗+
s D∗−

s are summarized in Table I and Table II. A covariance error185

matrix which includes the correlations between the uncertainties at different scan points is provided in the other186

Supplementary Material [1].187

TABLE I. The center-of-mass energies (ECM) [2–4], the integrated luminosities (Lint) [4–6], the initial radiative correction
factors (1 + δISR), the efficiencies (εST), the numbers of D∗+s D∗−s (N

D∗+
s D∗−

s
), the vaccuum polarization factors ( 1

|1−Π|2 ) and

the measured Born cross sections of e+e− → D∗+s D∗−s (σBorn) at the 76 energy points. The first uncertainties are statistical
and the second ones systematic.

ECM (GeV) Lint (pb−1) 1 + δISR εST N
D∗+

s D∗−
s

1
|1−Π|2 σBorn (pb)

4.22626 1100.94 0.780 0.2836±0.0012 917±37 1.06 32.7±1.4±8.4
4.228 8.193 0.525 0.2759±0.0015 11.4±4.1 1.06 84±17±18
4.233 8.273 0.580 0.2774±0.0015 41.6±6.9 1.06 272±28±33
4.2357 530.3 0.646 0.2854±0.0015 3622±64 1.06 321.9±8.0±25
4.238 7.83 0.659 0.2778±0.0015 62.7±8.6 1.06 381±37±30
4.241 8.571 0.672 0.2773±0.0015 88±10 1.06 479±41±31

4.24166 55.88 0.675 0.2857±0.0015 593±26 1.06 478±18±31
4.243 8.487 0.682 0.2780±0.0015 75.6±9.7 1.06 408±39±26
4.2438 538.1 0.684 0.2818±0.0015 5996±83 1.06 503±13±32
4.246 8.554 0.694 0.2727±0.0015 87±10 1.06 468±41±30
4.248 8.596 0.701 0.2727±0.0015 112±11 1.06 594±46±38
4.253 8.657 0.720 0.2712±0.0014 84±11 1.05 434±44±28

4.25797 828.4 0.736 0.2717±0.0014 10534±117 1.05 554±14±35
4.258 8.88 0.736 0.2639±0.0014 95±11 1.05 480±46±31
4.263 8.629 0.752 0.2570±0.0014 106±13 1.05 553±55±35
4.2668 531.1 0.764 0.2637±0.0014 6592±134 1.05 537±16±34
4.268 8.548 0.769 0.2548±0.0014 95±19 1.05 496±83±32
4.273 8.567 0.785 0.2497±0.0014 88±18 1.05 455±77±29
4.2777 175.7 0.802 0.2475±0.0014 1887±56 1.05 472±17±30
4.278 8.723 0.803 0.2477±0.0014 92±12 1.05 462±52±30
4.283 8.596 0.822 0.2371±0.0013 80±11 1.05 417±53±27

4.28788 502.4 0.840 0.2410±0.0013 4678±88 1.05 401±13±26
4.288 9.01 0.841 0.2346±0.0013 107±13 1.05 524±57±34
4.298 8.453 0.889 0.2272±0.0013 74±11 1.05 380±54±24

4.30789 45.08 0.955 0.2246±0.0012 255±23 1.05 231±22±22
4.308 8.599 0.955 0.2167±0.0012 37.0±9.0 1.05 182±45±17

4.31205 501.2 0.988 0.2112±0.0012 2301±71 1.05 191.8±8.8±18
4.318 9.342 1.056 0.1989±0.0011 11.7±7.6 1.05 51.8±38±5.0
4.328 8.657 1.230 0.1740±0.0010 18.3±8.3 1.05 86.1±51±8.3

4.33739 505 1.548 0.1481±0.0008 545±54 1.05 41.1±6.9±3.9
4.338 8.7 1.567 0.1424±0.0008 6.4±6.5 1.05 28.9±48±2.8
4.348 8.542 2.191 0.1042±0.0006 12.9±7.6 1.05 57.7±78±5.5
4.358 8.063 2.283 0.0921±0.0006 11.4±7.1 1.05 58.7±88±5.6

4.35826 543.9 2.298 0.0938±0.0006 297±53 1.05 22.1±9.7±2.1
4.368 8.498 1.455 0.1269±0.0008 9.8±7.2 1.05 54.5±61±5.2

4.37737 522.7 1.037 0.1787±0.0011 847±63 1.05 76.3±6.7±7.3
4.378 8.158 1.021 0.1764±0.0011 4.3±6.9 1.05 25.5±44±2.4
4.3874 55.57 0.872 0.2144±0.0013 157±22 1.05 132±18±13
4.388 7.46 0.864 0.2083±0.0013 27.5±8.3 1.05 179±49±17
4.393 7.43 0.828 0.2217±0.0013 28.9±8.6 1.05 185±48±18

4.39645 507.8 0.814 0.2347±0.0014 1983±74 1.05 178.5±7.5±17
4.398 7.178 0.806 0.2285±0.0014 33.9±8.8 1.05 224±50±21
4.408 6.352 0.789 0.2408±0.0014 32.5±9.8 1.05 235±59±15

4.41558 1090.7 0.785 0.2485±0.0014 7362±126 1.05 301.7±9.0±19
4.418 7.519 0.787 0.2458±0.0014 66±11 1.05 399±55±26
4.423 7.436 0.790 0.2419±0.0014 47±10 1.05 287±53±18
4.428 6.788 0.797 0.2429±0.0014 50±11 1.05 329±59±21

4.43624 569.9 0.810 0.2443±0.0014 4735±99 1.05 365±12±23
4.438 7.634 0.813 0.2400±0.0014 72±12 1.05 418±61±27
4.448 7.677 0.834 0.2375±0.0014 60±11 1.05 342±54±22
4.458 8.724 0.859 0.2350±0.0014 65±11 1.05 319±52±20
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TABLE II. The center-of-mass energies (ECM) [2–4], the integrated luminosities (Lint) [4–6], the initial radiative correction
factors (1 + δISR), the efficiencies (εST), the numbers of D∗+s D∗−s (N

D∗+
s D∗−

s
), the vaccuum polarization factors ( 1

|1−Π|2 ) and

the measured Born cross sections of e+e− → D∗+s D∗−s (σBorn) at the 76 energy points. The first uncertainties are statistical
and the second ones systematic. (continued)

ECM (GeV) Lint (pb−1) 1 + δISR εST N
D∗+

s D∗−
s

1
|1−Π|2 σBorn (pb)

4.46706 111.09 0.882 0.2324±0.0013 745±39 1.05 285±16±18
4.478 8.167 0.911 0.2239±0.0013 25.6±8.5 1.05 133.4±43±8.5
4.498 7.997 0.961 0.2064±0.0012 33.3±9.4 1.05 183±53±12
4.518 8.674 0.998 0.2007±0.0012 18.8±8.8 1.05 94.2±47±6.0

4.52714 112.12 1.015 0.2003±0.0012 326±31 1.05 124.3±13±8.0
4.538 9.335 1.026 0.1941±0.0012 34.4±8.9 1.05 161.2±46±10
4.548 8.765 1.032 0.1924±0.0012 31±8.6 1.05 154.9±47±9.9
4.558 8.259 1.031 0.1937±0.0012 22.4±8.2 1.05 118.0±47±7.6
4.568 8.39 1.031 0.1895±0.0012 30.6±8.4 1.05 162.3±49±10
4.5745 48.93 1.028 0.1983±0.0012 143±20 1.05 124.8±19±8.0
4.578 8.545 1.027 0.1900±0.0012 20.2±7.4 1.05 105.3±42±6.7
4.588 8.162 1.019 0.1904±0.0012 25.8±8.4 1.05 141.6±50±9.1

4.59953 586.9 1.014 0.1986±0.0012 1842±70 1.05 135.5±7.2±8.7
4.61186 103.83 1.005 0.1995±0.0012 308±29 1.05 128.9±13±8.3
4.628 521.52 0.991 0.1997±0.0006 1481±63 1.05 124.8±6.9±8.0

4.64091 552.41 0.984 0.2027±0.0006 1414±63 1.05 111.8±6.3±7.2
4.66124 529.63 0.972 0.2045±0.0012 1408±61 1.05 116.4±6.4±7.5
4.68192 1669.31 0.961 0.2099±0.0006 4939±111 1.05 127.7±5.0±8.2
4.69882 536.45 0.956 0.2055±0.0013 1746±65 1.05 144.4±7.2±9.2
4.7397 164.27 0.945 0.2133±0.0006 547±35 1.05 144.2±10±9.2
4.75005 367.21 0.943 0.2148±0.0013 1238±53 1.05 145.0±7.7±9.3
4.78054 512.78 1.018 0.2044±0.0012 1413±58 1.06 115.4±6.4±7.4
4.84307 527.29 0.996 0.1932±0.0012 1049±51 1.06 90.2±5.5±7.1
4.91802 208.11 0.992 0.2018±0.0012 516±32 1.06 107.8±7.9±6.9
4.95093 160.37 1.006 0.1984±0.0012 323±26 1.06 88.3±8.2±5.7

The other fitting parameters of the dressed cross sections are summarized in Table III.188

TABLE III. The other fitting parameters of the dressed cross sections

Result 1 Result 2 Result 3
a1 (MeV) 4.3±2.1 2.74±0.94 2.85±0.87

(Γe+e−B(D∗sD
∗
s ))2 (eV) 74.6 ± 7.3 46.0 ± 6.1 123 ± 14

φ2 (rad) -1.29±0.12 -0.981±0.068 -2.244±0.070
(Γe+e−B(D∗sD

∗
s ))3 (eV) 6 ± 22 1.3 ± 2.8 1.13 ± 0.48

φ3 (rad) 1.15±0.58 0.96±0.89 -1.07±0.45
n 9.73±0.18 9.270±0.044 9.301±0.045

a0 (×104 GeVn−1) 7.1 ± 2.3 3.16 ± 0.54 3.2 ± 1.8
φ0 (rad) 2.959±0.043 3.087±0.022 2.675±0.029
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