POLITECNICO DI TORINO
Repository ISTITUZIONALE

Precise Measurement of the e+e- +J/ Cross Section at Center-of-Mass Energies from 3.77 to 4.60 GeV

Original

Precise Measurement of the e+e- +J/ Cross Section at Center-of-Mass Energies from 3.77 to 4.60 GeV / Ablikim, M.;

Achasov, M. N.; Ahmed, S.; Ai, X. C.; Albayrak, O.; Albrecht, M.; Ambrose, D. J.; Amoroso, A.; An, F. F.; An, Q.; Bai, J.

Z.; Bakina, O.; Baldini Ferroli, R.; Ban, Y.; Bennett, D. W.; Bennett, J. V.; Berger, N.; Bertani, M.; Bettoni, D.; Bian, J. M;

Bianchi, F.; Boger, E.; Boyko, I.; Briere, R. A.; Cai, H.; Cai, X.; Cakir, O.; Calcaterra, A.; Cao, G. F.; Cetin, S. A.; Chai,

Junying; Chang, J. F.; Chelkov, G.; Chen, G.; Chen, H. S.; Chen, J. C.; Chen, M. L.; Chen, S.; Chen, S. J.; Chen, X,;
hen X].I R.; Chen, Y. B.; Chu, X. K.; Cibinetto, G.; Dai, H. L.; Dai, J. P.; Dbeyssi, A.; Dedovich, D.; Deng, Z. Y.; Denig,

V'.aﬂ%R' %‘nko, l.; tefani ; ri_F.; Ding, Y .; o ., Dong, L. Y.; Dong, M. Y.; Dou, Z. L.; Du, S.
iﬂ'ﬁﬂ%ﬁ'% Eaggﬁg@eza, F%Jhgg%ﬁg—%gh%é%ggCeF%Qd'ql)?ggpgclg%?anZéelI| R.; Fava, L.; Feldbauer, F.; Felici, G.;

eng, C. Q.; Fioravanti, E.; Fritsch, M.; Fu, C. D.; Gao, Q.; Gao, X. L.; Gao, Y.; Gao, Z.; Garzia, |.; Goetzen, K.; Gong, L.;
gléﬁ%swfg Gra<iil W.. i}reco, M.; Gu, M. H.; Gu, Y. T.; Guan, Y. H.; Guo, A. Q.; Guo, L. B.; Guo, R. P.; Guo, Y.; Guo,

. qfllg d &?I(‘Za ﬁ?i?ﬁ%y A.; Han, S.; Hao, X. Q.; Harris, F. A.; He, K. L.; Heinsius, F. H.; Held, T.; Heng, Y. K,;
Holtmann, T.; Hou, Z. L.; Hu, C.; Hu, H. M.; Hu, J. F.; Hu, T.; Hu, Y.; Huang, G. S.; Huang, J. S.; Huang, X. T.; Huang, X.
Puyiishad, Z. L.; Hussain, T.; lkegami Andersson, W.; Ji, Q.; Ji, Q. P.; Ji, X. B.; Ji, X. L.; Jiang, L. W.; Jiang, X. S.; Jiang,
RO 10iad03/BhysReyZettlid, @0I200ih, S.; Johansson, T.; Julin, A.; Kalantar Nayestanaki, N.; Kang, X. L.; Kang, X. S.;
Kavatsyuk, M.; Ke, B. C.; Kiese, P.; Kliemt, R.; Kloss, B.; Kolcu, O. B.; Kopf, B.; Kornicer, M.; Kupsc, A.; K&%hn, W.;

ange, J. S.; Lara, M,; Larin, P.; Lavezzi, L.; Leithoff, H.; Leng, C.; Li, C.; Li, Cheng; Li, D. M,; Li, F.; Li, F. Y.; Li, G.; Li,
LEESIOTHSS:. | 3. .o Ui, Jin: Li, K.: Li, Ko: Ui, Lei: Li, P. R Li, Q. Y. Li Ts Li, W. D.: Li, W. G.; Li, X. L.: Li, X. N.: Li, X.
Q.; Li, Y. B.; Li, Z. B.; Liang, H.; Liang, Y. F.; Liang, Y. T.; Liao, G. R.; Lin, D. X.; Liu, B.; Liu, B. J.; Liu, C. X.; Liu, D.; Liu,
FFhid. attioleFangaliel aveitableiwndeBtetrins BhdHcdnditidnslad apddifidd inithd.;daredpBriding BibRadriaphictesauiptiorLin,
theYrepasitonp.; Liu, P. L.; Liu, Q.; Liu, S. B.; Liu, X.; Liu, Y. B.; Liu, Y. Y.; Liu, Z. A.; Liu, Zhiging; Loehner, H.; Lou, X. C.;
luH.J:lu J G lu Y. lu Y. P:luo C.L.;luo. M. X.:luo T.;luo X. L.;lyu X.R:Ma, F.C:Ma H.L.:Ma. L.L.;

Ma, M. M.; Ma, Q. M.; Ma, T.; Ma, X. N.; Ma, X. Y.; Ma, Y. M.; Maas, F. E.; Maggiora, M.; Malik, Q. A.; Mao, Y. J.; Mao,
Z. P.; Marcello, S.; Messchendorp, J. G.; Mezzadri, G.; Min, J.; Min, T. J.; Mitchell, R. E.; Mo, X. H.; Mo, Y. J.; Morales
%I‘%E?I%s C.; Muchnoi, N. Y. u.; Muramatsu, H.; Musiol, P.; Nefedov, Y.; Nerling, F.; Nikolaev, I. B.; Ning, Z.; Nisar, S.;

) S! ﬁf;‘i@.@”ﬁ@_ .; Olsen, S. L.; Ouyang, Q.; Pacetti, S.; Pan, Y.; Patteri, P.; Pelizaeus, M.; Peng, H. P.; Peters, K;
Pettersson, J.; Ping, J. L.; Ping, R. G.; Poling, R.; Prasad, V.; Qi, H. R.; Qi, M.; Qian, S.; Qiao, C. F.; Qin, L. Q.; Qin, N;
Qin, X. S.; Qin, Z. H.; Qiu, J. F.; Rashid, K. H.; Redmer, C. F.; Ripka, M.; Rong, G.; Rosner, C. h.; Ruan, X. D.;
Sarantsev, A.; Savrid©, M.; Schnier, C.; Schoenning, K.; Shan, W.; Shao, M.; Shen, C. P.; Shen, P. X.; Shen, X. Y.;
Sheng, H. Y.; Song, W. M.; Song, X. Y.; Sosio, S.; Spataro, S.; Sun, G. X.; Sun, J. F.; Sun, S. S.; Sun, X. H.; Sun, Y. J,;
Sun, Y. Z.;Sun, Z. J.; Sun, Z. T.; Tang, C. J.; Tang, X.; Tapan, |.; Thorndike, E. H.; Tiemens, M.; Uman, |.; Varner, G. S.;
Wang, B.; Wang, B. L.; Wang, D.; Wang, D. Y.; Wang, K.; Wang, L. L.; Wang, L. S.; Wang, M.; Wang, P.; Wang, P. L.;
Wang, W.; Wang, W. P.; Wang, X. F.; Wang, Y.; Wang, Y. D.; Wang, Y. F.; Wang, Y. Q.; Wang, Z.; Wang, Z. G.; Wang,
Z.H.; Wang, Z. Y.; Wang, Z. Y.; Weber, T.; Wei, D. H.; Weidenkaff, P.; Wen, S. P.; Wiedner, U.; Wolke, M.; Wu, L. H.;
Wu, L. J.: Wu, Z.; Xia, L.: Xia, L. G.: Xia, Y.; Xia8l8ie RedN$onGext pagelie v. G.: Xie, Yuehong: Xiu, Q. L.; Xu, G. F.:
Xu, J. J.; Xu, L.; Xu, Q. J.; Xu, Q. N.; Xu, X. P.; Yan, L.; Yan, W. B,; Yan, W. C.; Yan, Y. H.; Yang, H. J.; Yang, H. X.;
Yang, L.; Yang, Y. X.; Ye, M.; Ye, M. H.; Yin, J. H.; You, Z. Y.; Yu, B. X,; Yu, C. X.; Yu, J. S.; Yuan, C. Z.; Yuan, Y.;
Yuncu, A.; Zafar, A. A.; Zeng, Y.; Zeng, Z.; Zhang, B. X.; Zhang, B. Y.; Zhang, C. C.; Zhang, D. H.; Zhang, H. H.; Zhang,
H.Y.; Zhang, J.; Zhang, J. J.; Zhang, J. L.;

23 April 2024



Zhang, J. Q.; Zhang, J. W.; Zhang, J. Y.; Zhang, J. Z.; Zhang, K.; Zhang, L.; Zhang, S. Q.; Zhang, X. Y.; Zhang, Y.;
Zhang, Y.; Zhang, Y. H.; Zhang, Y. N.; Zhang, Y. T.; Zhang, Yu; Zhang, Z. H.; Zhang, Z. P.; Zhang, Z. Y.; Zhao, G.;
Zhao, J. W.; Zhao, J. Y.; Zhao, J. Z.; Zhao, Lei; Zhao, Ling; Zhao, M. G.; Zhao, Q.; Zhao, Q. W.; Zhao, S. J.; Zhao, T. C,;
Zhao, Y. B.; Zhao, Z. G.; Zhemchugov, A.; Zheng, B.; Zheng, J. P.; Zheng, W. J.; Zheng, Y. H.; Zhong, B.; Zhou, L.;
Zhou, X.; Zhou, X. K.; Zhou, X. R.; Zhou, X. Y.; Zhu, K.; Zhu, K. J.; Zhu, S.; Zhu, S. H.; Zhu, X. L.; Zhu, Y. C.; Zhu, Y. S
Zhu, Z. A.; Zhuang, J.; Zotti, L.; Zou, B. S.; Zou, J. H.. - In: PHYSICAL REVIEW LETTERS. - ISSN 0031-9007. -
118:9(2017), p. 092001. [10.1103/PhysRevLett.118.092001]

23 April 2024




arxXiv:1611.01317v2 [hep-ex] 20 Jan 2017

Precise measurement of thee™e™ — wt @~ J /1) cross section at center-of-mass energies from 3.77
to0 4.60 GeV

M. Ablikim*, M. N. Achasov-¢, S. Ahmed?, X. C. Ai!, O. Albayrak, M. Albrecht!, D. J. Ambrosé*, A. Amorosd?4-49¢
F.F. Ant, Q. An*6:e J. 7. Bal, O. Bakin&?, R. Baldini Ferrolf°4, Y. Bart!, D. W. Bennett?, J. V. Benneft, N. Bergef?,
M. Bertanf®4, D. Betton?'4, J. M. Biart?, F. Bianch#?4-4°C | E. Boge?>“, |. Boyka®, R. A. Briere, H. CaP', X. Cai**, O.
Cakir'®4, A. Calcaterrd’4, G. F. Cad, S. A. Cetirt°Z, J. Chat“, J. F. Chan§®, G. Chelkov> ¢, G. Chen, H. S. Ches,
J. C. Cheh, M. L. Chen»*, S. Cher!, S. J. Chef?, X. Cherl»%, X. R. Chert®, Y. B. Cher-?, X. K. Chu’!, G. Cibinettd'4,
H. L. Dai*®, J. P. Dat*, A. Dbeyssl*, D. Dedovich?, Z. Y. Dend, A. Denig??, I. Denysenkd®, M. Destefanig’4-49¢
F. De Mori*?4-49¢ 'y, Ding?’, C. Dong?, J. Dong%, L. Y. Dong', M. Y. Dong"%, Z. L. Dow??, S. X. Dw?, P. F. Dua,
J. Z. Fari?, J. Fang?, S. S. Fang, X. Fand%®, Y. Fand, R. Farinell?'4:21B L. Fava?549C F. Feldbaue?, G. Felict4,
C. Q. Fend®, E. Fioravanti'4, M. Fritsch'#22, C. D. FU, Q. Gad, X. L. Gad'®, Y. Gao”, Z. Gad®?, |. Garzig'4,
Goetzer’, L. Gong®, W. X. Gong-%, W. GradF?, M. Grecd?449C M. H. Gu™*, Y. T. Gu'2, Y. H. Guart, A. Q. Gud,
B. Gud®®, R. P. Gud, Y. Gud', Y. P. Gud?, Z. Haddadi®, A. Hafnef?, S. Hart!, X. Q. Had®, F. A. Harris'?, K. L. He!,
H. Heinsiug, T. Held!, Y. K. Heng"¢, T. Holtmanrt, Z. L. Hou!, C. HW?®, H. M. Hut, J. F. H#?449C T, Hu"¢, Y. Hu',
S. Huang®, J. S. Huand, X. T. Huang?, X. Z. Huand?, Z. L. Huandg’, T. Hussair®, W. lkegami Anderssofi, Q. Ji',

Q. P.Ji%, X. B. Jit, X. L. Ji"?, L. W. Jiang*, X. S. Jiang'%, X. Y. Jiang?, J. B. Jiad®, Z. Jiad”, D. P. Jirt-, S. Jirt,

T. JohanssoHl, A. Julin®3, N. Kalantar-Nayestanaki, X. L. Kang', X. S. Kang®, M. Kavatsyuk®, B. C. K&, P. Kies&?,
R. Kliemt'?, B. Klosg?, O. B. Kolcu!B:» B, Kopf*, M. Kornicer'2, A. Kups¢?, W. Kihr?4, J. S. Lang#, M. Lara®, P.
Larin'4, L. Lavezzi?“:1, H. Leithoff?2, C. Lend”“, C. Li°°, Cheng L#%*, D. M. Li®?, F. Li*, F. Y. Li*!, G. Li*, H. B. Li',
H.J.Li', J. C. L, Jin Li*2, K. Li'3, K. Li%3, Lei Li?, P. R. Li"*!, Q. Y. Li%3, T. Li®3, W. D. Li', W. G. Li', X. L. Li33,
X.N. Lite, X. Q. Li%, Y. B. Li?, Z. B. Li*®, H. Liang'®¢, Y. F. Liang®, Y. T. Liang?, G. R. Liad!, D. X. Lin'4, B. Liu3*,
B. J. Liu', C. X. Liut, D. Liu“%-@, F. H. Liu®®, Fang Lid, Feng Lil?, H. B. Liu'2, H. H. Liu', H. H. Liu', H. M. Liu!, J. Liu!,
J. B. Liu*6¢, J. P. Ligt, J. V. Liut, K. Liu®?, K. Y. Liu?7, L. D. Liu®!, P. L. Liu®*, Q. Liu*', S. B. Liu*6:¢, X. Liu?S,

Y. B. Liu®?, Y. Y. Liu3%, Z. A. Liu™*, Zhiging Liu??, H. Loehnet®, X. C. Lou"®9, H. J. Lu'7, J. G. Lu»%, Y. Lu', Y. P. Lub@,
C. L. Luo®®, M. X. Luo®?, T. Luo*?, X. L. Luo*?, X. R. Lyu*!, F. C. M&7, H. L. Ma!, L. L. Ma??, M. M. Ma!, Q. M. Ma',
T.Ma!, X. N. Ma®?, X. Y. Mal-%, Y. M. Ma*?, F. E. Maa$*, M. Maggiord®449¢ Q. A. Malik*®, Y. J. Macd'?, Z. P. Mad,
S. Marcelld?449¢ | J. G. Messchendotp, G. Mezzadd'Z, J. Min"¢, T. J. Min', R. E. Mitchell®, X. H. Mo"¢, Y. J. Md®,
C. Morales Morale¥', N. Yu. Muchnof-¢, H. Muramats(?, P. Musiol', Y. Nefedowv?, F. Nerling?, I. B. NikolaeV-<,
Z.Ning"?, S. Nisaf, S. L. Niu®, X. Y. Niu', S. L. Olsef?, Q. Ouyang®, S. Pacett’?, Y. Part®-, P. Pattef’4,

M. Pelizaeus, H. P. Pendf-?, K. Peters®?, J. Petterssofi, J. L. Ping®, R. G. Pind, R. Poling?, V. Prasad, H. R. QZ,
M. Qi2%, S. Qiar%, C. F. Qiad!, L. Q. Qir?®, N. Qir°!, X. S. Qirt, Z. H. Qinb¢, J. F. Qid, K. H. Rashid®, C. F. Redmé¥?,
M. Ripka??, G. Rongd, Ch. Rosnéf*, X. D. Ruart?, A. Sarantset®/, M. Savri€'?, C. Schniet, K. Schoenning,

W. Shari!, M. Shad%¢, C. P. Shef, P. X. Shef’, X. Y. Sherl, H. Y. Shend, W. M. Sond, X. Y. Sond, S. Sosi¢’449¢,
S. Spatar®449¢ | G. X. Surt, J. F. Su®, S. S. Suh, X. H. Surt, Y. J. Surt®2, Y. Z. Surt, Z. J. Sui?, Z. T. Surt?,
C.J. Tangd®, X. Tangd, |. Tapart°“, E. H. Thorndiké?*, M. Tiemens®, |. Umart’?, G. S. Varnet?, B. Wang?, B. L. Wand'',
D. Wang!, D. Y. Wang!, K. Wang>%, L. L. Wang', L. S. Wang, M. Wang*?, P. Wang, P. L. Wand, W. Wand-¢,

W. P. Wang®¢, X. F. Wang?, Y. Wang”’, Y. D. Wang*, Y. F. Wang ¢, Y. Q. Wang?, Z. Wand-?, Z. G. Wang-*,
Z.H. Wang%, Z. Y. Wand, Z. Y. Wang, T. Webe??, D. H. Wei'!, P. Weidenkaff?, S. P. Wen, U. Wiednet, M. Wolke™°,
L. H.wWub, L. J. WU, Z. Wube, L. Xia’6e, L. G. Xia®?, Y. Xia'®, D. Xiao', H. Xiao'7, Z. J. Xiad®, Y. G. Xiel,
Yuehong Xié¢, Q. L. Xiub¢, G. F. Xu, J. J. Xd, L. Xu', Q. J. X3, Q. N. Xu*!, X. P. X?7, L. Yan*?4-49¢ "W, B. Yarf6-¢,
W. C. Yart6:2 Y. H. Yan'®, H. J. Yang®7, H. X. Yand', L. Yang’!, Y. X. Yang'!, M. Ye"¢, M. H. Ye7, J. H. Yin', Z. Y. You®®,
B. X. Yuh?, C. X. Yu?°, J. S. Y&, C. Z. Yuarl, Y. Yuan', A. Yuncu'®B:b| A, A. Zafar'®, Y. Zend'®, Z. Zeng% ¢, B. X. Zhand,
B. Y. Zhang ¢, C. C. Zhang, D. H. Zhangd, H. H. Zhang®, H. Y. Zhand%, J. Zhang, J. J. Zhang, J. L. Zhang,

J. Q. Zhang, J. W. Zhang*, J. Y. Zhand, J. Z. Zhang, K. Zhand, L. Zhand, S. Q. Zhan&’, X. Y. Zhang?, Y. Zhand,
Y. Zhand, Y. H. Zhand%, Y. N. Zhand!, Y. T. Zhand®¢, Yu Zhand', Z. H. Zhand, Z. P. Zhand®, Z. Y. Zhang', G. Zhad,
J. W. Zhad-%, J. Y. Zhad, J. Z. Zhad-*, Lei Zhad'%?, Ling Zhad, M. G. Zhad?, Q. Zhad, Q. W. Zhad, S. J. Zha?®,

T. C. Zhad, Y. B. Zhad-%, Z. G. Zhad®*, A. Zhemchugo¥*:¢, B. Zhend”, J. P. Zhen§®, W. J. Zhend?, Y. H. Zhend!,
B. Zhong®, L. Zhou"¢, X. Zhow!, X. K. Zhou'®-%, X. R. Zhou®¢, X. Y. Zhou!, K. Zhu', K. J. Zhd+%, S. Zhd,

S. H. Zhd®, X. L. Zhu??, Y. C. Zhu'62, Y. S. Zhd, Z. A. Zhu!, J. Zhuang®, L. Zotti*?449¢ B. S. Zod, J. H. Zod

(BESIII Collaboration)

I Institute of High Energy Physics, Beijing 100049, PeopRépublic of China
2 Beihang University, Beijing 100191, People’s Republic bfr@

K.
L.
F.
G.

Typeset by REVEX


http://arxiv.org/abs/1611.01317v2

3 Beijing Institute of Petrochemical Technology, Beijing2607, People’s Republic of China
4 Bochum Ruhr-University, D-44780 Bochum, Germany
5 Carnegie Mellon University, Pittsburgh, Pennsylvania 132USA
6 Central China Normal University, Wuhan 430079, People'sitic of China
7 China Center of Advanced Science and Technology, Beijied9® People’s Republic of China
8 COMSATS Institute of Information Technology, Lahore, BedeRoad, Off Raiwind Road, 54000 Lahore, Pakistan
9 G.I. Budker Institute of Nuclear Physics SB RAS (BINP), Nibisk 630090, Russia
10 GSI Helmholtzcentre for Heavy lon Research GmbH, D-6429MBtadt, Germany
1 Guangxi Normal University, Guilin 541004, People’s Repuibf China
12 Guangxi University, Nanning 530004, People’s Republic bing
13 Hangzhou Normal University, Hangzhou 310036, People’'suRkp of China
4 Helmholtz Institute Mainz, Johann-Joachim-Becher-Weg3#55099 Mainz, Germany
15 Henan Normal University, Xinxiang 453007, People’s Rejoubl China
16 Henan University of Science and Technology, Luoyang 47,1P&&ple’s Republic of China
17 Huangshan College, Huangshan 245000, People’s Republ@hafa
18 Hunan University, Changsha 410082, People’s Republic ah&h
19 Indiana University, Bloomington, Indiana 47405, USA
20 (A)INFN Laboratori Nazionali di Frascati, I-00044, Frasta
Italy; (B)INFN and University of Perugia, 1-06100, Perugitaly
2L (A)INFN Sezione di Ferrara, 1-44122, Ferrara, ltaly; (B)iersity of Ferrara, 1-44122, Ferrara, Italy
22 Johannes Gutenberg University of Mainz, Johann-JoachéThBr-Weg 45, D-55099 Mainz, Germany
23 Joint Institute for Nuclear Research, 141980 Dubna, Mosecegion, Russia
24 Justus-Liebig-Universitaet Giessen, Il. Physikalischmesitut, Heinrich-Buff-Ring 16, D-35392 Giessen, Geryan
25 KVI-CART, University of Groningen, NL-9747 AA GroningehgeNetherlands
26 Lanzhou University, Lanzhou 730000, People’s Republicloh&
27 Liaoning University, Shenyang 110036, People’s RepubliCtina
28 Nanjing Normal University, Nanjing 210023, People’s Rejmubf China
29 Nanjing University, Nanjing 210093, People’s Republic diiréa
30 Nankai University, Tianjin 300071, People’s Republic ofir@h
31 Peking University, Beijing 100871, People’s Republic ofn@h
32 Seoul National University, Seoul, 151-747 Korea
33 Shandong University, Jinan 250100, People’s Republic ah&h
34 Shanghai Jiao Tong University, Shanghai 200240, PeoplejsuBlic of China
35 Shanxi University, Taiyuan 030006, People’s Republic ah&h
36 Sichuan University, Chengdu 610064, People’s Republictoha
37 Soochow University, Suzhou 215006, People’s Republic ofaCh
38 Sun Yat-Sen University, Guangzhou 510275, People’s RemfbChina
39 Tsinghua University, Beijing 100084, People’s Republic€hina
40 (A)Ankara University, 06100 Tandogan, Ankara, Turkeyj$B)nbul Bilgi University, 34060 Eyup, Istanbul, Turkey;
(C)Uludag University, 16059 Bursa, Turkey; (D)Near Eastivémsity, Nicosia, North Cyprus, Mersin 10, Turkey
41 University of Chinese Academy of Sciences, Beijing 100Rd@ple’s Republic of China
42 University of Hawaii, Honolulu, Hawaii 96822, USA
43 University of Minnesota, Minneapolis, Minnesota 55455 AUS
44 University of Rochester, Rochester, New York 14627, USA
45 University of Science and Technology Liaoning, Anshan 14Beople’s Republic of China
46 University of Science and Technology of China, Hefei 230826ple’s Republic of China
47 University of South China, Hengyang 421001, People’s Répob China
48 University of the Punjab, Lahore-54590, Pakistan
49 (A)University of Turin, 1-10125, Turin, ltaly; (B)Univeity of Eastern
Piedmont, 1-15121, Alessandria, Italy; (C)INFN, 1-101ZFyrin, Italy
50 Uppsala University, Box 516, SE-75120 Uppsala, Sweden
51 Wuhan University, Wuhan 430072, People’s Republic of China
52 Zhejiang University, Hangzhou 310027, People’s Repulfli€lina



53 Zhengzhou University, Zhengzhou 450001, People’s RepablThina

@ Also at State Key Laboratory of Particle Detection and Hiewics, Beijing 100049, Hefei 230026, People’s RepubliCloha
b Also at Bogazici University, 34342 Istanbul, Turkey
¢ Also at the Moscow Institute of Physics and Technology, Mesb41700, Russia
@ Also at the Functional Electronics Laboratory, Tomsk Statéversity, Tomsk, 634050, Russia
¢ Also at the Novosibirsk State University, Novosibirsk, @80 Russia
f Also at the NRC “Kurchatov Institute”, PNPI, 188300, Gatehj Russia
9 Also at University of Texas at Dallas, Richardson, Texas8B85Q0SA
h Also at Istanbul Arel University, 34295 Istanbul, Turkey
i Also at Goethe University Frankfurt, 60323 Frankfurt am KaGermany
7 Also at Institute of Nuclear and Particle Physics, Shangkey Laboratory for
Particle Physics and Cosmology, Shanghai 200240, PeoBlejsublic of China

(Dated: March 10, 2017)

The cross section for the processe™ — 77~ J /% is measured precisely at center-of-mass energies from
3.77 t0 4.60 GeV using 9 fo' of data collected with the BESIII detector operating at tHePE I storage ring.
Two resonant structures are observed in a fit to the cros®sedthe first resonance has a masg41#22.0 +
3.141.4) MeV/c? and a width of(44.144.3+2.0) MeV, while the second one has a mas$43#20.0410.4+
7.0) MeV/c? and a width of(101.47353 4+ 10.2) MeV, where the first errors are statistical and second ones
are systematic. The first resonance agrees witlyt260) resonance reported by previous experiments. The
precision of its resonant parameters is improved signifizaithe second resonance is observedie™ —

n 't~ J /2 for the first time. The statistical significance of this resioce is estimated to be larger thao.

The mass and width of the second resonance agree witti {#60) resonance reported by tti#A BAR and
Belle experiments within errors. Finally, thé(4008) resonance previously observed by the Belle experiment
is not confirmed in the description of the BESIII data.

PACS numbers: 14.40.Rt, 13.25.Gv, 14.40.Pq, 13.66.Bc

The procesgte™ — ntx~.J/1 at center-of-mass (c.m.) didate [14] since its mass is close to the value predicted by
energies between 3.8 and 5.0 GeV was first studied by thene flux tube model for the lightest hybrid charmoniuml [15].
BABARexperiment using an initial-state-radiation (ISR) tech-Recent lattice calculations also showla~ hybrid char-
nique [1], and a new structure, thg4260), was reported with  monium could have a mass @85 + 14 MeV/c? [16] or
a mass around 4.26 Ge¥/ This observation was immedi- 4.33(2) GeV¢? [17]. Meanwhile, the diquark-antidiquark
ately confirmed by the CLEQI[2] and Belle experimehts [3] in tetraquark model predicts a wide spectrum of states which ca
the same process. In addition, the Belle experiment regportealso accommodate thé(4260) [18]. Moreover, the mass of
an accumulation of events at around 4 GeV, which was called (4260) is near the mass thresholdbf* D*~, DD;, Dy D*

Y (4008) later. Although theé"(4008) state is still controver- and f,(980).J/¢, andY (4260) was supposed to be a meson
sial — a new measurement by tBABARexperiment does not molecule candidate of these meson pdirs$ [19, 20]. A recent
confirm it [4], while an updated measurement by the Belle ex-observation of a charged charmoniumlike stAL€3900) by
periment still supports its existende [5] — the observatibn BESIII [21], Belle [5] and with CLEO data [22] seems fa-
theY -states has stimulated substantial theoretical discussio vor the DD, meson pair option [19]. Another possible in-
on their nature [6,17]. terpretation describes thg(4260) as a heavy charmonium

e (J/v) being bound inside light hadronic matter — hadro-
quantum numberg”¢ = 1-~. However, unlike the known charmonium]. _TO bet.ter identify the nature (.)f thie .
1-— charmonium states in the same mass range, such States and distinguish various models, more precise experi

; ; tal measurements, including the production crosssecti
¥(4040), ¥)(4160) and ¢ (4415) [8], which decay predomi- "M€" _ ' ;
nantly into open charm final state®{*) D*)], the Y states the mass and width of thE states, are essential.
st?ow stronrg]; cotl)Jpllng to h|c1dﬁn-charm final stg\@s [l Fur- 1y this Letter, we report a precise measurement of the
thermore, the observation of the staiég!360) andY (4660) ete™ — mtmJ /4 cross section atte~ c.m. energies from

in ete” — wtay(25) [10), together with the newly ob- 3 77 44 60 GeV, using a data sample with an integrated lu-

g +
served resonant structuresihe — wyco [L1] ande*e™ — minosity 0f9.05 fo~! [24] collected with the BESIII detector

77~ he [12], overpopulate the vector charmonium spectrum ; ; ;

e 134l . o bperating at the BEPCII storage ring [25]. THig) candidate
predicted by potential models [13]. All of this indicatesith is reconstructed with its leptonic decay modes ¢~ and
theY states may not be conventional charmonium states, an ¢7). The data sample used in this measurement includes

they are goqd candidates for new types of exotic particlesy, independent data sets. A high luminosity data set (ddibbe
such as hybrids, tetraquarks, or meson molecllés [6, 7]. “XYZ data”) contains more than 40 pB at each c.m. energy

TheY (4260) state was once considered a good hybrid canwith a total integrated luminosity of 8.2 f8, which domi-

Being produced ire*e~ annihilation, theY -states hav



4

nates the precision of this measurement; and a low luminositphoton conversion to aa™e~ pair which subsequently is
data set (dubbed “Scan data”) contains about 7=9 plbeach  misidentified as ar* =~ pair, the cosine of the opening an-
c.m. energy with a total integrated luminosity of 0.8 fb  gle of the pion-pairdos 6, .- ) candidates is required to be
The integrated luminosities are measured with Bhabha sventess than 0.98 both fof/:) — p*p~ ande™e™ events. For
with an uncertainty o1 % [24]. The c.m. energy of each data J/1p — ete” events, since there are more abundant pho-
set is measured using dimuon events, with an uncertainty dbn sources from radiative Bhabha events, we further requir
+0.8 MeV [26]. the cosine of the opening angles of both pion-electron pairs

The BESIII detector is described in detail elsewhére [25].(COS O+ .+) 10 be less than 0.98. These requirements remove
The GEANT4-based([27] Monte Carlo (MC) simulation soft- almost QII of the Bhabha and d|r;1uon b_ackground events, with
ware packag@oosT [2€], which includes the geometric de- 2" efficiency loss of less than 1% for signal events.
scription of the BESIII detector and the detector respoisse,  After imposing the above selection criteria, a cléat sig-
used to optimize event selection criteria, determine thieade nal is observed in the invariant mass distribution of thedap
tion efficiency, and estimate the backgrounds. For the sigpairs [M (¢7¢~)]. The mass resolution of th&/ (¢ ¢~) dis-
nal process, we generate 60,000:~ — 77~ J/¢ events tribution is estimated to b&3.7 & 0.2) MeV/c? for J/i) —
at each c.m. energy of the “XYZ data”, and an extrapola-,*y~, and(3.9 4 0.3) MeV/c? for J/v) — eTe™ in data for
tion is performed to the “Scan data” with nearby c.m. ener-the range of c.m. energies investigated in this study. Jhe
gies. Atete™ c.m. energies between 4.189 and 4.358 GeVmass window is defined &s08 < M (¢*/~) < 3.12 GeVic?.
the signal events are generated according to the Dalitz plah order to estimate the na/+ backgrounds contribution,
distributions obtained from the data set at correspondingve also define the/:) mass sideband &00 < M (¢7¢7) <
c.m. _energy, since there is significafft(3900) produc-  3.06 GeV/c? and3.14 < M (¢*¢~) < 3.20 GeV/c?, which
tion [, ,]. At other c.m. energies, signal eventsjs three times as wide as the signal region. The dominant
are generated using aVTGEN [29] phase space model. background comes from*e™ — ¢ (¢ = u, d, s) pro-
The J/¢ decays intou™ = andete™ with same branch- cesses, such ase~ — ntr~nt7~. Sinceqq events form
ing fractions [8]. The ISR is simulated witkkmc [30],  a smooth distribution in thg /v signal region, their contri-
and the maximum ISR photon energy is set to correspondution is estimated by thg/+) mass sideband. Contribu-
to a 3.72 GeVic* production threshold of ther*7~.J/¢)  tions from backgrounds related with charm quark produgtion
system. Final-state-radiation (FSR) is simulated VAO-  such ag:*e~ — 7.J/¢ [32], D*) D) and other open-charm
TOs [31]. Possible background contributions are estimatednesons, are estimated to be negligible according to MC sim-
with kkMc-generated inclusive MC samples™e~ — ulation studies.

€+€_, M+M_a T+T—7 YV ’Y]SRJ/'(/J, VISR¢(2S)7 and q(j . . .
with ¢ = u, d, s, ¢] with comparable integrated luminosities In order to determine the signal yields, we make use of both

to the “XYZ data”. fitting and counting methods on tblé(éj“f—) distrib_ution. In
. . the “XYZ data”, each data set contains many signal events,

Events with four charged tracks with zero net charge arynd an unbinned maximum likelihood fit to the(¢+0-) dis-
selected. For each charged track, the polar angle in the drifripution is performed. We use a MC simulated signal shape
chamber must satisfycos | < 0.93, and the point of clos-  convolved with a Gaussian function (with standard deviatio
est approach to the*e™ interaction point must be within 1 9 MeV, which represents the resolution difference between
+10 cm in the beam direction and withincm in the plane  the data and the MC simulation) as the signal probability: den
perpendicular to the beam direction. Taking advantageef thgity function (PDF), and a linear term for the background. Fo
fact that pions and leptons are kinematically well separatehe “Scan data”, due to the low statistics, we directly count
in the signal decay, charged tracks with momenta larger thaghe number of events in th&/+ signal region and that of the

1.06 GeVt in the laboratory frame are assumed to be lepnormalized background events in thgy) mass sideband, and
tons, and the others are assumed to be pions. We use the ggge the difference as the signal yields.

ergy deposited in the electromagnetic calorimeter (EMC) to , )
separate electrons from muons. For both muon candidates, The cross section affe™ — 77~ .J/¢ ata certaine*e™
the deposited energy in the EMC is required to be less thaf:M- €Nergy/s is calculated using

0.35 GeV, while for both electrons, it is required to be large sig

than 1.1 GeV. To avoid systematic errors due to unstable op- o(v/3) = N ’
eration, the muon system is not used here. Each event is re- Ling(1+0)eB
quired to have one ™7~ ¢*¢~ (¢ = ¢ or 1) combination.

@)

where N*i8 is the number of signal events;, is the inte-

To improve the momentum and energy resollut|on gnq tcbrated luminosity of datal, + ¢ is the ISR correction factor,
reduce the background, a four-constraint (4C) kinematis fit g the detection efficiency, anl is the branching fraction

. - L — Jr — + —
applied to the event with the hypothesise™ — m 76747, J/1 — £+¢~ [8]. The ISR correction factor is calculated
which constrains the total four-momentum of the final stateusing thexkmc [30] program. To get the correct ISR photon
partic;les to t.ha_t c_)f the initial colliding beams. Thé/ndf of energy distribution, we use thgs dependent cross section
the kinematic fit is required to be less th&0y 4. line shape of thete~ —s x+m—.J/4 process, i.eo(y/3) to

To suppress radiative Bhabha and radiative dimuomeplace the default one efkmc. Sinceos(4/s) is what we
(ete™ — ~ete /yuTu~) backgrounds associated with measure in this study, the ISR correction procedure needs to



be iterated, and the final results are obtained when theidara TABLE I The measured masses and widths of the resonances fro
converges. Figuiid 1 shows the measured cross sextigh) the fit to thee e~ — 777~ J/4 cross section with three coherent

from.both .the “XYZ data” and “Scan %ta” (Numerical results Breit-Wigner functions. The numbers in the brackets cqoes to
are listed in the supplemental materiall[33]). a fit by replacingR; with an exponential describing the continuum.
To study the possible resonant structures indhe~ —  The errors are statistical only.
w*w*J/;p process, a binned maximum likelihood fit is per- Parameters Fit result
formed simultaneously to the measured cross sectigs) F61.9
o . . L o M(R1) 3812.61 g5 (-++)
of the “XYZ data” with Gaussian uncertainties and the “Scan (R 476,09+ T4
data” with Poisson uncertainties. The PDF is parameterized tot (R1) 96as (1)
as the coherent sum of three Breit-Wigner (BW) functions, M(Rp)  4222.0 £3.1 (42209 +£2.9)

together with an incoherent(3770) component which ac- Lior(R2)  44.1+4.3(44.1+3.8)
counts for the decay af(3770) — 77~ J/4, with ¢)(3770) M(Rs) 4320.0 & 10.4 (4326.8 £ 10.0)
mass and width fixed to PDG|[8] values. Due to the lack of Tiot(R3) 101.47%58 (98.2125-¢

data near the)(3770) resonance, it is impossible to deter-
mine the relative phase between thg770) amplitude and

the other amplitudes. The amplitude to describe a resonanggsonance?s again. The statistical significance of resonance
Ris written as Rj5 in this model is estimated to be6o (including system-

atic uncertainties)A(—21n £) = 70.7, Andf = 4] using the
A(Vs) = M V1270 o TiotBr [ P(V5) ¢, (2) same method as above.
Vs s — M2+ iMTyo \| ®(M)

The systematic uncertainty for the cross section measure-
whereM, TI'yo; andT'+.— are the mass, full width and elec- ment mainly comes from uncertainties in the luminosity-effi
tronic width of the resonanc&, respectively; B is the  ciencies, radiative correction, background shape andchran
branching fraction of the decait — wt7~J/¢; ®(\/s) ing fraction of J/v» — ¢*T¢~. The integrated luminosities
is the phase space factor of the three-body deBay— of all the data sets are measured using large angle Bhabha
Tt~ J /4 [8], and¢ is the phase of the amplitude. The fit has scattering events, with an uncertainty of 1%![24]. The un-
four solutions with equally good fit quality [34] and iderglc ~ certainty in the tracking efficiency for high momentum lep-
masses and widths of the resonances (listed in Table I)ewhiltons is 1% per track. Pions have momenta that range from
the phases and the product of the electronic widths with th€.1 to 1.06 GeW, and their momentum weighted tracking
branching fractions are different (listed in Table 1I). &gl  efficiency uncertainty is also 1% per track. For the kine-
shows the fit results. The resonaréehas a mass and width matic fit, we use a similar method as in Réf.|[36] to improve
consistent with that 0¥ (4008) observed by Belle_[5] within  the agreement of thg? distribution between data and MC
1.00 and2.90, respectively. The resonand® has a mass simulation, and the systematic uncertainty for the kingenat
4222.0 + 3.1 MeV/c?, which agrees with the average mass,fit is estimated to be 0.6% (1.1%) fartn~ (eTe™) events.
42514+ 9 MeV/c? [8], of theY (4260) peak [155] within3.0o.  For the MC simulation of signal events, we use both the
However, its measured width is much narrower than the avers Z.(3900)F model {5,[2]L 22] and the phase space model
age width,1204+12 MeV [8], of theY (4260). We also observe to describe the*e™ — 77~ .J/¢ process. The efficiency
a new resonancks;. The statistical significance dt; is esti-  difference between these two models is 3.1%, which is taken
mated to bg.90 (including systematic uncertainties) by com- as systematic uncertainty due to the decay model.
paring the change ak(—21n £) = 74.9 with and without the

litude in the f d taking the ch ¢ ber of The efficiency for the other selection criteria, the trigger
fi3 amplitude in the fit, an faking the change of number Olsimulation, the event start time determination and the FSR
degree of freedom\ndf = 4 into account. The fit quality is

2 ) . simulation are quite highx 99%), and their systematic er-
estimated using &2-test method, with¢?/ndf = 93.6/110. d gh{ 99%) y

; ; \ . rors are estimated to be less than 1%. In the ISR correc-
Fit models taken from previous experimenis |[1-5] are also in °

. dand led i fid | I ol tion procedure, we iterate the cross section measurement un
;/oef:gi[?haag 4are ruled outwith a confidence level equivale ; (1 + &)e converges. The convergence criterion is taken as
.a0.

the systematic uncertainty due to the ISR correction, wisich

As an alternative description of the data, we use an ex1%. We obtain the number of signal events by either fitting
ponential [35] to model the cross section near 4 GeV as irr counting events in tha/ (¢+¢~) distribution. The back-
Ref. [4], instead of the resonanf¥e. The fit results are shown ground shape is described by a linear distribution. Varying
as dashed lines in Fifgl 1. This model also describes data vetiie background shape from a linear shape to a second-order
well. A x2-test to the fit quality giveg?/ndf = 93.2/111. polynomial causes a 1.6% (2.1%) difference for the sig-
Thus, the existence of a resonance near 4 GeV, such as the resd yield for theu™ .~ (eTe™) mode, which is taken as the
onanceR; or theY (4008) resonance [3], is not necessary to systematic uncertainty for background shape. The bragchin
explain the data. The fit has four solutions with equally goodfraction of J /¢ — ¢*¢~ is taken from PDG8], the errors are
fit quality [34] and identical masses and widths of the reso-0.6% for bothJ/vy decay modes. Assuming all the sources of
nances (listed in Tab[é I), while the phases and the product systematic uncertainty to be independent, the total syatem
the electronic widths with the branching fractions areatif uncertainties are obtained by adding them in quadrature, re
ent (listed in Tabl&ldl). We observe the resonartzeand the  sulting in 5.7% for theu™ ~ mode, and 5.9% for thet e~
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FIG. 1: Measured cross sectiotie "e™ — =7~ .J/) and simultaneous fit to the “XYZ data” (left) and “Scan datagiit) with the coherent
sum of three Breit-Wigner functions (red solid curves) areldoherent sum of an exponential continuum and two BregrAéfi functions (blue
dashed curves). Dots with error bars are data.

TABLE II: The values ofl',+ .- B(R — « 7~ J/v) (in eV) from a fit to theeTe™ — 77 ~.J /2 cross sectiong; and¢. (in degrees) are
the phase of the resonanBg and R3, the phase of resonanég (or continuum) is set to 0. The numbers in the brackets cpores to the fit
by replacing resonanck; with an exponential to describe the continuum. The errestatistical only.

Parameters Solution | Solution Il Solution 1l Solution IV
[t - B(3770) — whm~ J /4] 0.540.1 (0.4 £0.1)
Pote-B(Ry — 7rm J/4) 8.8%55 () 68515 () 72595 () 56596 ()
Dore-B(Re — ntn~J/y)  13.34+1.4(12.0+£1.0) 9.240.7 (8.9+0.6) 2.34+0.6 (2.14+0.4) 1.6 +0.4 (1.5+0.3)
r B(

Rs = nrnJ/p)  21.1+39(17.9+3.3) 1770511705 133723 (124719) 11703 (0.8 +0.3)

€+€7
o1 —58+11(-33£8)  —11675, (-817) 65755 (8173%) 84+13(33+£9)
$2 —156+5(—132+3) 68424 (107 £20) —11575 (—=957%) 1104 16 (144 + 14)
mode. served, one with a mass 04222.0 + 3.1 + 1.4) MeV/c?

i _ and a width of(44.1 + 4.3 + 2.0) MeV, and the other with
In both fit scenarios to the"e™ — wx " J/¢ cross sec- 3 mass 0f(4320.0 + 10.4 =+ 7.0) MeV/c® and a width of
tion, we observe the resonanfig and z;. Since we can not (101.41353 4+ 10.2) MeV, where the first errors are statistical
distinguish the two scenarios from data, we take the differynq the second ones are systematic. The first resonance agree
ence in mass and width as the systematic uncertainties, i.gip the Y (4260) resonance reported BBABAR CLEO and
1.1 (6.8) MeV#? for the mass and 0.0 (3.2) MeV for the ggjie [115]. However, our measured width is much narrower
width of R» (R3). The absolute c.m. energy of all the data ihan they (4260) average width([8] reported by previous ex-
sets were measured with dimuon events, with an uncertaintyeriments. This is thanks to the much more precise data from
of +0.8 MeV. Such kind of common uncertainty will prop- gesj; which results in the observation of the second reso-
agate only to the masszes of the resonances with the sam@nce The second resonance is observed for the first time in
amount, i.e.+0.8 MeV/c*. In both fits, they(3770) ampli-  the procesgte~ — T J/1. Its statistical significance is
tude was added mcoherently. The_possmle mterfere_neeteff estimated to be larger thah6o. The second resonance has
of 1(3770) component was investigated by adding it coher-; mass and width comparable to tHé4360) resonance re-
ently in the fit with various phase. The largest deviatiorhef t ported by Belle anBABARIN ete~ — w7~ 1)(25) [1d. if
resonant parameters between the fits with and without intet;,e assume it is the same resonance asthes60), we ob-
ference for the)(3770) amplitude are taken as systematic er-garve a new decay channel6{4360) — n+~.J /¢ for the
ror, which is 0.3 (1.3) MeW” for the mass, and 2.0 (9.7) MeV it time, Finally, we can not confirm the existence of the
for the width of theR, () resonance. Assuming all the Y (4008) resonance {3,/ 5] from our data, since a continuum
systematic uncertainties are independent, we get thesiggal 1o also describes the cross section near 4 GeV equally well
tematic uncertainties by adding them in quadrature, whsch i i
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TABLE lII: The c.m. energy {/s), integrated luminosity4), number ofJ /4 signal events{*'#), detection efficiencye), radiative correction
factor (1 4 &) and measured cross section(¢te™ — 77~ .J/4)] of “XYZ data”. The first errors are statistical and the sedames are
systematic.

5 (GeV) L (pb™1) Neig e 1+6 o (pb)
3.7730  2931.8 3093.3 £ 61.5 0.423 0.73228.5 4+ 0.6 & 1.7
3.8077 505 34.7+6.9 0.396 0.87116.7+3.3+1.0
3.8962 526 36.1+7.1 0.393 0.85617.143.4+1.0
4.0076  482.0 325.8+21.7 0.392 0.90116.0 + 1.1 + 1.0
4.0855 52,6 33.9+6.9 0.374 0.96115.0 + 3.1 +0.9
41886  43.1 26.9+6.5 0.394 0.85815.5+3.840.9
42077  54.6 114.9+11.6 0.446 0.74053.4 + 5.4 + 3.1
42171 541 130.5+12.2 0.458 0.73160.3 + 5.7 + 3.5
4.2263  1091.7 3853.1 & 68.1 0.465 0.74885.1 + 1.5+ 4.9
42417  55.6 203.5+15.1 0.453 0.80284.4 + 6.3 + 4.9
42580  825.7 2220.9 & 53.7 0.444 0.85359.5 + 1.4 + 3.4
43079 449 101.7+11.2 0.398 0.91752.0 + 5.7 4 3.0
43583  539.8 621.5+28.8 0.372 1.02225.4 + 1.2+ 1.5
43874 552 50.5+81 0.331 1.15520.0 + 3.2+ 1.2
4.4156  1073.6 574.5 +28.3 0.302 1.22712.1 4 0.6 0.7
44671 1099 63.4+9.8 0.293 1.24013.3+2.140.8
45271  110.0 50.0£8.8 0.293 1.22310.6 + 1.9 + 0.6
45745  47.7 26.1+6.1 0.281 1.21313.4+3.24+0.8
45995  566.9 143.4+15.9 0.274 1.2056.4 0.7 + 0.4




TABLE IV: The c.m. energy {/s) and measured cross sectier(¢"e™ — 77~ J/¢)] of “Scan data”. The first errors are statistical and the

second ones are systematic.

Vs (GeV) o (pb) Vs (GeV) o (pb) Vs (GeV) o (pb) Vs (GeV) o (pb)
3.8874 9731406 3.8924 14370%% +0.8 3.8974 207734 4+1.2 39024 185Ti5E+1.1
3.9074 16.073%*+0.9 3.9124 12273 +0.7 39174 3675 £02 3.9224 26.977; +1.6
3.9274 2420130414 39324 6.8733*4+04 39374 1357137 £0.8 3.9424 171735 £1.0
3.9474 2227118 +£13 39524 18.072%°+1.0 3.9574 21.07139+1.2 39624 15573%% +0.9
3.9674 1447352408 39724 997037406 3.9774 927157405 39824 2527105 +15
3.9874 10.073%4' +0.6  3.9924  1.070%° +£0.1  3.9974 1857374+ 1.1 4.0024 21.27770 +1.2
4.0074  21.07105 £1.2  4.0094 1047:%%+0.6 4.0114 2507150 +1.4 4.0134 1337555 +0.8
4.0154  14.873%540.9 40174 3657102 +21 4.0224 3277155 +£1.9 40274 91707 +£05
4.0324 2237103+ 1.3  4.0374 24717 £0.1 4.0474 —1.27%°+0.1 4.0524 24.8%50 £ 1.4
4.0574  14.775%7 £0.9  4.0624 1337331 +£0.8 4.0674 10.773%5% £0.6  4.0774 191755 £1.1
4.0874 12.213%3°40.7  4.0974 75717 +04 41074 9.9712°+06 41174 7271472 +04
41274 10.073%7£0.6  4.1374 2987151 £1.7 41424 1247325 £0.7 41474 957151 +£06
41574 2941130 £ 1.7 41674 68753 +04 41774 260755 £1.5 41874 44712 +03
41924  27.77186 £1.6 41974 3537192420 4.2004 4917130 +2.8 42034 2647150 £1.5
42074 29.7T131 4 1.7 4.2124 6927188 £4.0 4.2174 6437125 £3.7 42224 83.77200 449
4.2274 124.57229 £ 7.2 4.2324 6947137 £4.0 4.2374 9947740 £5.8 4.2404 7471155 +4.3
4.2424 4701155 £27 42454 6057152435 4.2474 66.37150 +3.8 42524 4571117 +£2.7
4.2574 7597171 444 42624 5827150 +34 4.2674 7567172 +44 42724 53.07155 £3.1
4.2774 3841 710 £2.2  4.2824 6057158 £35 4.2874 60.1715% £3.5 4.2974 3247115 £1.9
4.3074  64.01153£3.7 43174 3917138 £23 43274 2797132 +£1.6 43374 31.07155 £ 1.8
4.3474  14.0735* +0.8 43574 3757118422 43674 3487137 +20 43774 1717332+ 1.0
4.3874  20.5%5%% £ 1.2 43924 2387037 +1.4 43974 17575 £1.0 44074 477 L0 +03
44174 16.973%% £ 1.0 44224 19172* + 1.1 44274 99712406 44374 187135 £1.1
44474 3.075%%2 402 44574 6.9701 404 44774 1227122407 44974 10753 +0.1
45174  12.7H1%2 £0.7 45374 1367155 +0.8 4.5474 14.771%8 +0.9 45574 4.971%°+0.3
4.5674  7.87%5 £05 45774 87TV 405 45874 20757 +£0.1




