2%, UNIVERSITA
%5 DEGLISTUDI
éE=" DITORINO

[T1S AperTO

AperTO - Archivio Istituzionale Open Access dell'Universita di Torino

Observation of J /gy »ynnoO

This is the author's manuscript

Original Citation:

Availability:
This version is available http://hdl.handle.net/2318/1635631 since 2017-05-18T17:56:33Z

Published version:
DOI:10.1103/PhysRevD.94.072005
Terms of use:

Open Access

Anyone can freely access the full text of works made available as "Open Access". Works made available
under a Creative Commons license can be used according to the terms and conditions of said license. Use
of all other works requires consent of the right holder (author or publisher) if not exempted from copyright
protection by the applicable law.

(Article begins on next page)

08 November 2024



UNIVERSITA
DEGLI STUDI
DI TORINO

115 AperTO

Thisisthe author'sfinal version of the contribution published as:

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.; Badini Ferroli,
R.; Ban, Y.; Bennett, D.W.; Bennett, J.V.; Berger, N.; Bertani, M.; Bettoni,
D.; Bian, JM.; Bianchi, F.; Boger, E.; Boyko, I.; Briere, R.A.; Cal, H.; Cai,
X.; Cakir, O.; Calcaterra, A.; Cao, G.F.; Cetin, SA.; Cha, J.; Chang, JF,;
Chekov, G.; Chen, G.; Chen, H.S.; Chen, J.C.; Chen, M.L.; Chen, P.L.;
Chen, S.J.; Chen, X.; Chen, X.R.; Chen, Y.B.; Cheng, H.P.; Chu, X.K_;
Cibinetto, G.; Dai, H.L.; Dai, J.P.; Dbeyss, A.; Dedovich, D.; Deng, Z.Y .;
Denig, A.; Denysenko, |.; Destefanis, M.; De Mori, F.; Ding, Y.; Dong, C.;
Dong, J.; Dong, L.Y.; Dong, M.Y .; Dorjkhaidav, O.; Dou, Z.L.; Du, S.X;
Duan, P.F.; Fang, J.; Fang, S.S.; Fang, X.; Fang, Y .; Farindli, R.; Fava, L.;
Fegan, S.; Feldbauer, F.; Felici, G.; Feng, C.Q.; Fioravanti, E.; Fritsch, M.;
Fu, C.D.; Gao, Q.; Gao, X.L.; Gao, Y.; Gao, Z.; Garzia, |.; Goetzen, K ;
Gong, L.; Gong, W.X.; Gradl, W.; Greco, M.; Gu, M.H.; Gu, Y.T.; Guan,
Y.H.; Guo, A.Q.; Guo, L.B.; Guo, R.P.; Guo, Y .; Guo, Y.P.; Haddadi, Z.;
Hafner, A.; Han, S.; Hao, X.Q.; Harris, F.A.; He, K.L.; He, X.Q.; Helnsius,
F.H.; Held, T.; Heng, Y .K.; Holtmann, T.; Hou, Z.L.; Hu, C.; Hu, H.M.; Hu,
JF.; Hu, T.; Hy, Y.; Huang, G.S.; Huang, J.S.; Huang, X.T.; Huang, X.Z.;
Huang, Y.; Huang, Z.L.; Hussain, T.; Ji, Q.; Ji, Q.P.; J, X.B.; Ji, X.L.; Jiang,
X.S,; Jang, X.Y.; Jao, J.B.; Jao, Z.; Jin, D.P,; Jin, S.; Johansson, T.; Julin,
A.; Kaantar-Nayestanaki, N.; Kang, X.L.; Kang, X.S.; Kavatsyuk, M.; Ke,
B.C,; Kiesg, P.; Kliemt, R.; Kloss, B.; Kolcu, O.B.; Kopf, B.; Kornicer, M ;
Kupsc, A.; Kihn, W.; Lange, J.S.; Lara, M.; Larin, P.; Leithoff, H.; Leng, C.;
Li, C.; Li, Cheng; Li, D.M.; Li, F,; Li, F.Y.; Li, G.; Li, H.B.; Li, H.J,; Li, J.C,;
Li, Jin; Li, K.; Li, K.; Li, Lei; Li, Q.Y.; Li, T.; 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, F.H.; Liu,
Fang; Liu, Feng; Liu, H.B.; Liu, H.H.; Liu, H.H.; Liu, H.M_; Liu, J,; Liu, JB,;
Liu, J.P.; Liu, J.Y.; Liu, K.; Liu, K.Y .; Liu, L.D.; Liu, P.L.; Liu, Q.; Liu, S.B.;

Thisfull text was downloaded from iris - AperTO: https://iris.unito.it/

iris - AperTO

University of Turin’s Institutional Research Information System and Open Access Ingtitutional Repository



Liu, X.; Liu, Y.B.; Liu, Y.Y.; Liu, Z.A.; Liu, Zhiging; Loehner, H.; Long,
Y.F.;Lou, X.C.; Lu,H.J.;; Lu, JG.; 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
Morales, C.; Muchnoi, N. Yu.; Muramatsu, H.; Musiol, P.; Nefedov, Y .;
Nerling, F.; Nikolaev, |.B.; Ning, Z.; Nisar, S.; Niu, S.L.; Niu, X.Y.; Olsen,
S.L.; Ouyang, Q.; Pacetti, S.; Pan, Y .; Patteri, P.; Pelizaeus, M.; Pellegrino, J.;
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, J.J.; Qin, N.; Qin,
X.S,; Qin, Z.H.; Qiu, JF.; Rashid, K.H.; Redmer, C.F.; Ripka, M.; Rong, G.;
Rosner, Ch.; Ruan, X.D.; Sarantsev, A.; Savrié, M.; Schnier, C.; Schoenning,
K.; Schumann, S.; Shan, W.; Shao, M.; Shen, C.P.; Shen, P.X.; Shen, X.Y .;
Sheng, H.Y.; Shi, M.; Song, W.M.; Song, X.Y.; Sosio, S.; Spataro, S.; Sun,
G.X.; Sun, JF.; 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,
l.; Varner, G.S.; Wang, B.; Wang, B.L.; Wang, D.; Wang, D.Y.; Wang, Dan;
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.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.: Xig, L.; Xia, Y.; Xiao, D.; Xiao, H.; Xiao, Y.J.; Xiao, Z.J.; Xie, Y.G.;
Xiong, X.A.; Xiu, Q.L.; Xu, G.F.; Xu, J.J.; Xu, L.; Xu, Q.J.; 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,JH.; You, Z.Y.; Yu, B.X.; Yu, C.X.; Yu,
JS.; Yuan, C.Z.; Yuan, Y.; Yuncu, A.; Zafar, A.A.; Zalo, 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.; Zhang, J.Q.; Zhang, JW.;
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.T.; Zhang, Yu; Zhang, Z.H.;
Zhang, Z.P.; Zhang, Z.Y .; Zhao, G.; Zhao, JW.; 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, SH.; Zhu, X.L.; Zhu, Y.C.;
Zhu, Y.S,; Zhu, Z.A.; Zhuang, J.; Zotti, L.; Zou, B.S.; Zou, J.H.. Observation
of J/Y - ynm0. PHYSICAL REVIEW D. 94 (7) pp: 072005-1-072005-9.
DOI: 10.1103/PhysRevD.94.072005



The publisher's version is available at:
http://harvest.aps.org/v2/journal s/articles/10.1103/PhysRevD.94.072005/ful ltext

When citing, please refer to the published version.

Link to thisfull text:
http://hdl.handle.net/2318/1635631



arXiv:1608.07393v1 [hep-ex] 26 Aug 2016

Observation of J/v — ynn°

M. Ablikim!, M. N. Achasov®®, S. Ahmed', X. C. Ai', O. Albayrak®, M. Albrecht?, D. J. Ambrose®®, A. Amoroso®*4:3°¢
F.F. An', Q. An""?, J. Z. Bai', R. Baldini Ferroli?’“, Y. Ban®?, D. W. Bennett'?, J. V. Bennett®, N. Berger??,

M. Bertani?’?, D. Bettoni*'#, J. M. Bian**, F. Bianchi®**°°“ E. Boger?*¢, I. Boyko®*, R. A. Briere®, H. Cai®?, X. Cai'?, O.

Cakir®', A. Calcaterra?®?, G. F. Cao®, S. A. Cetin**Z, J. Chai®*“, J. F. Chang™®, G. Chelkov?**¢ G. Chen', H. S. Chen?,

J. C. Chen', M. L. Chen™*, P. L. Chen®®, S. J. Chen®°, X. Chen'*, X. R. Chen?®’, Y. B. Chen"?, H. P. Cheng'”, X. K. Chu??,
G. Cibinetto?**, H. L. Dait®, J. P. Dai®®, A. Dbeyssi', D. Dedovich?*, Z. Y. Deng?, A. Denig®®, I. Denysenko??,

M. Destefanis®®4:%°¢  F. De Mori®*4:°°¢ Y. Ding?®, C. Dong®!, J. Dong™®, L. Y. Dong!, M. Y. Dong"®, O. Dorjkhaidav?®?,
Z. L. Dou®, S. X. Du®, P. F. Duan', J. Fang™®, S. S. Fang', X. Fang?™®, Y. Fang’, R. Farinelli?!4:218 . Fava®08:59C
S. Fegan?®, F. Feldbauer®, G. Felici?®4, C. Q. Feng®"?, E. Fioravanti*4, M. Fritsch!*?®, C. D. Fu?, Q. Gao', X. L. Gao*"?,
Y. Gao®, Z. Gao?™?, I. Garzia®'*, K. Goetzen'®, L. Gong®', W. X. Gong>®, W. Gradl®*, M. Greco®*4°°¢ M. H. Gu'?,
Y. T. Gu'?, Y. H. Guan', A. Q. Guo', L. B. Guo?®, R. P. Guo!, Y. Guo!, Y. P. Guo?®, Z. Haddadi*®*, A. Hafner?*, S. Han®?,
X. Q. Hao'®, F. A. Harris?®, K. L. He', X. Q. HeS, F. H. Heinsius?, T. Held*, Y. K. Heng", T. Holtmann?, Z. L. Hou',
C. Hu?®, H. M. Hu', J. F. Hu®*4°¢ T Hu'? Y. Hu', G. S. Huang®"%, J. S. Huang'®, X. T. Huang®*, X. Z. Huang®",
Y. Huang®®, Z. L. Huang®®, T. Hussain®, Q. Ji', Q. P. Ji*®, X. B. Ji', X. L. Ji*?, X. S. Jiang"?, X. Y. Jiang®', J. B. Jiao*,
7. Jiao'", D. P. Jin»*, S. Jin!, T. Johansson®, A. Julin®, N. Kalantar-Nayestanaki’®, X. L. Kang', X. S. Kang®!,

M. Kavatsyuk?®, B. C. Ke®, P. Kiese?, R. Kliemt'*, B. Kloss?*, O. B. Kolcu**?" B. Kopf*, M. Kornicer*®, A. Kupsc®?,
W. Kiithn?®, J. S. Lange®®, M. Lara'®, P. Larin'*, H. Leithoff*®, C. Leng®°“, C. Li®!, Cheng Li*"*, D. M. Li®*, F. Li"®,
F.Y. L%, G. Li', H. B. Li', H. J. Li', J. C. Li!, Jin Li**, K. Li**, K. Li'3, Lei Li®, Q. Y. Li**, T. Li**, W. D. Li*,

W. G. Lit, X. L. Li**, X. N. Li%*, X. Q. Li®*, Y. B. Li2, Z. B. Li*®, H. Liang*"¢, Y. F. Liang®”, Y. T. Liang®®, G. R. Liao*!,
D. X. Lin'*, B. Liu®®, B. J. Liu!, C. X. Liu!, D. Liu*™*, F. H. Liu®®, Fang Liu', Feng Liu®, H. B. Liu'?, H. H. Liu’,

H. H. Liu'S, H. M. Liu', J. Liu', J. B. Liu*™¢, J. P. Liu®?, J. Y. Lin!, K. Liu*, K. Y. Liu®®, L. D. Liu®*?, P. L. Liu™?,

Q. Liu*?, S. B. Liu®™*, X. Liu*", Y. B. Liu*', Y. Y. Liv®', Z. A. Liu"?, Zhiging Liu®®, H. Loehner®®, Y. F. Long>?,

X. C. Lout®9 H. J. Lu'", J. G. Lu™?, Y. Lu!, Y. P. Lu®®, C. L. Luo®, M. X. Luo®®, T. Luo**, X. L. Luo™?, X. R. Lyu*?,
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. Ma®* F. E. Maas'*,
M. Maggiora®*4:3°¢ Q. A. Malik®®, Y. J. Mao®2, Z. P. Mao!, S. Marcello®®4°°¢ | J. G. Messchendorp?®, G. Mezzadri®'Z
J. Min™®, T. J. Min*, R. E. Mitchell'®, X. H. Mo>®, Y. J. Mo®, C. Morales Morales'*, N. Yu. Muchnoi®¢, H. Muramatsu**,
P. Musiol*, Y. Nefedov?*, F. Nerling'*, 1. B. Nikolaev®¢, Z. Ning™*, S. Nisar®, S. L. Niu>®, X. Y. Niu', S. L. Olsen®?,

Q. Ouyang®™?®, S. Pacetti?’F | Y. Pan®"?, P. PatteriZ®?, M. Pelizacus?, J. Pellegrino®*4:°°“ | H. P. Peng?™*, K. Peters'?,

J. Pettersson®, J. L. Ping®?, R. G. Ping', R. Poling®®, V. Prasad’, H. R. Qi?, M. Qi*°, S. Qian™*, C. F. Qiao*?, J. J. Qin*?,
N. Qin®?, X. S. Qin', Z. H. Qin™*, J. F. Qiu', K. H. Rashid?®, C. F. Redmer?*, M. Ripka®, G. Rong', Ch. Rosner'*,

X. D. Ruan'?, A. Sarantsev?*/, M. Savri¢**Z, C. Schnier?, K. Schoenning®®, S. Schumann?®®, W. Shan®?, M. Shao*"?,

C. P. Shen?, P. X. Shen®!, X. Y. Shen', H. Y. Sheng’, M. Shi', W. M. Song', X. Y. Song', S. Sosio®*4:°°¢ 'S, Spataro®’4°0¢
G. X. Sun!, J. F. Sun®®, S. S. Sun', X. H. Sun', Y. J. Sun*™®, Y. Z. Sun', Z. J. Sun™?, Z. T. Sun'®, C. J. Tang®", X. Tang',
I. Tapan®'®, E. H. Thorndike®®, M. Tiemens®®, I. Uman®'?, G. S. Varner?®, B. Wang!, B. L. Wang??, D. Wang®?,

D. Y. Wang®?, Dan 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. D. Wang!*, Y. F. Wang'?, Y. Q. Wang?®®, Z. Wang'¢, Z. G. Wang>?, Z. H. Wang*"¢,
Z.Y. Wang', Z. Y. Wang', T. Weber?®, D. H. Wei'!, P. Weidenkaff?3, S. P. Wen', U. Wiedner?, M. Wolke®!, L. H. Wu',

L. J. Wul, Z. Wul?, L. Xia?™?, Y. Xia'®, D. Xiao', H. Xiao*®, Y. J. Xiao', Z. J. Xiao?®, Y. G. Xie™?, X. A. Xiong?,

Q. L. Xiu"?, G. F. Xu', J. J. Xu!, L. Xu!, Q. J. Xu®®, X. P. Xu®®, L. Yan®*4°°¢ W. B. Yan™*, W. C. Yan®"?, Y. H. Yan'®,
H. J. Yang®®/ H. X. Yang!, L. Yang®?, Y. X. Yang'!, M. Yeb* M. H. Ye’, J. H. Yin', Z. Y. You®, B. X. Yu>?, C. X. Yu®!,
J.S. Yu?", C. Z. Yuan', Y. Yuan!, A. Yuncu™B?® A. A. Zafar®®, A. Zallo®*?, Y. Zeng'®, Z. Zeng?"?, 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. 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. T. Zhang®"*, Yu Zhang??, Z. H. Zhang®, Z. P. Zhang", Z. Y. Zhang®?, 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. Zhao'™*, A. Zhemchugov®*¢, B. Zheng®, J. P. Zheng"®, W. J. Zheng®*, Y. H. Zheng*?,
B. Zhong?®, L. Zhou"?, X. Zhou®?, X. K. Zhou?"*, X. R. Zhou'"?, X. Y. Zhou', K. Zhu', K. J. Zhu"¢, S. Zhu', S. H. Zhu®,
X. L. Zhu', Y. C. Zhu?"?, Y. S. Zhu', Z. A. Zhu', J. Zhuang™®, L. Zotti®*4:5°¢ B. S. Zou', J. H. Zou'

(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 Carnegie Mellon University, Pittsburgh, Pennsylvania 15213, USA
6 Central China Normal University, Wuhan 430079, People’s Republic of China
7 China Center of Advanced Science and Technology, Beijing 100190, People’s Republic of China
8 COMSATS Institute of Information Technology, Lahore, Defence Road, Off Raiwind Road, 54000 Lahore, Pakistan
® G.I. Budker Institute of Nuclear Physics SB RAS (BINP), Novosibirsk 630090, Russia
10 @ST Helmholtzcentre for Heavy Ton Research GmbH, D-64291 Darmstadt, Germany
Y GQuangzi Normal University, Guilin 541004, People’s Republic of China


http://arxiv.org/abs/1608.07393v1

2 Quangzi University, Nanning 530004, People’s Republic of China
13 Hangzhou Normal University, Hangzhou 310036, People’s Republic of China
1 Helmholtz Institute Mainz, Johann-Joachim-Becher-Weg 45, D-55099 Mainz, Germany
15 Henan Normal University, Xinziang 453007, People’s Republic of China
16 Henan University of Science and Technology, Luoyang 471003, People’s Republic of China
Y7 Huangshan College, Huangshan 245000, People’s Republic of China
18 Hunan University, Changsha 410082, People’s Republic of China
9 Indiana University, Bloomington, Indiana 47405, USA
20 (A)INFN Laboratori Nazionali di Frascati, I-00044, Frascati, Ttaly; (B)INFN and University of Perugia, I-06100, Perugia,
Ttaly
2L (A)INFN Sezione di Ferrara, I-44122, Ferrara, Italy; (B)University of Ferrara, I-44122, Ferrara, Italy
22 Institute of Physics and Technology, Peace Ave. 54B, Ulaanbaatar 13330, Mongolia
2 Johannes Gutenberg University of Mainz, Johann-Joachim-Becher-Weg 45, D-55099 Mainz, Germany
24 Joint Institute for Nuclear Research, 141980 Dubna, Moscow region, Russia
25 Justus-Liebig- Universitaet Giessen, II. Physikalisches Institut, Heinrich-Buff-Ring 16, D-35392 Giessen, Germany
26 KVI-CART, University of Groningen, NL-97{7 AA Groningen, The Netherlands
2T Lanzhou University, Lanzhou 730000, People’s Republic of China
% Liaoning University, Shenyang 110036, People’s Republic of China
29 Nangjing Normal University, Nanjing 210028, People’s Republic of China
30 Nanjing University, Nanging 210093, People’s Republic of China
3L Nankai University, Tianjin 300071, People’s Republic of China
32 Peking University, Beijing 100871, People’s Republic of China
33 Seoul National University, Seoul, 151-747 Korea
34 Shandong University, Jinan 250100, People’s Republic of China
35 Shanghai Jiao Tong University, Shanghai 200240, People’s Republic of China
36 Shanzi University, Taiyuan 030006, People’s Republic of China
37 Sichuan University, Chengdu 610064, People’s Republic of China
38 Soochow University, Suzhou 215006, People’s Republic of China
39 Sun Yat-Sen University, Guangzhou 510275, People’s Republic of China
10 Tsinghua University, Beijing 100084, People’s Republic of China
4 (A)Ankara University, 06100 Tandogan, Ankara, Turkey; (B)Istanbul Bilgi University, 34060 Eyup, Istanbul, Turkey;
(C)Uludag University, 16059 Bursa, Turkey; (D)Near East University, Nicosia, North Cyprus, Mersin 10, Turkey
42 Ungversity of Chinese Academy of Sciences, Beijing 100049, People’s Republic of China
13 Ungversity of Hawaii, Honolulu, Hawaii 96822, USA
4 University of Minnesota, Minneapolis, Minnesota 55455, USA
15 Unidversity of Rochester, Rochester, New York 14627, USA
16 Unigversity of Science and Technology Liaoning, Anshan 114051, People’s Republic of China
4T University of Science and Technology of China, Hefei 230026, People’s Republic of China
18 University of South China, Hengyang 421001, People’s Republic of China
19 University of the Punjab, Lahore-54590, Pakistan
50 (A)University of Turin, I-10125, Turin, Italy; (B)University of Eastern Piedmont, I-15121, Alessandria, Italy; (C)INFN,
1-10125, Turin, Italy
51 Uppsala University, Box 516, SE-75120 Uppsala, Sweden
52 Wuhan University, Wuhan 430072, People’s Republic of China
53 Zhejiang University, Hangzhou 310027, People’s Republic of China
51 Zhengzhou University, Zhengzhou 450001, People’s Republic of China

@ Also at State Key Laboratory of Particle Detection and FElectronics, Beijing 100049, Hefei 230026, People’s Republic of
China
b Also at Bogazici University, 34342 Istanbul, Turkey
¢ Also at the Moscow Institute of Physics and Technology, Moscow 141700, Russia
4 Also at the Functional Electronics Laboratory, Tomsk State University, Tomsk, 634050, Russia
¢ Also at the Nowvosibirsk State University, Novosibirsk, 630090, Russia
f Also at the NRC ”Kurchatov Institute”, PNPI, 188300, Gatchina, Russia
9 Also at University of Texas at Dallas, Richardson, Texas 75083, USA
b Also at Istanbul Arel University, 34295 Istanbul, Turkey
© Also at Goethe University Frankfurt, 60323 Frankfurt am Main, Germany
3 Also at Institute of Nuclear and Particle Physics, Shanghai Key Laboratory for Particle Physics and Cosmology, Shanghai
200240, People’s Republic of China

We present the first study of the process J/¢ — ynm° using (223.7 & 1.4) x 10° J/¢ events
accumulated with the BESIII detector at the BEPCII facility. The branching fraction for J/¢ —
nr® is measured to be B(J/1) — ynn®) = (2.14 £ 0.18(stat) + 0.25(syst)) x 107°. With a Bayesian
approach, the upper limits of the branching fractions B(J/¢¥ — ~vao(980), ao(980) — nx°) and



B(J /1 — va2(1320), a2(1320) — nn°) are determined to be 2.5 x 107° and 6.6 x 107¢ at the 95%
confidence level, respectively. All of these measurements are given for the first time.

PACS numbers: 11.30.Er, 13.20.Gd, 12.38.Qk

I. INTRODUCTION

The nature of the lightest scalar meson nonet has been
a hot topic in hadron physics for many years [1]. In par-
ticular, the nature of the isovector ag(980) is still not un-
derstood. It is interpreted by theorists to be a qq state
with a possible admixture of a KK bound-state com-
ponent due to the proximity to the KK threshold [1-
3]. The ap(980) mass is known to be about 980 MeV
and the dominant decay mode is ao(980) — nm. The
radiative decay of the J/1¢ to the enigmatic scalar me-
son a((980) will provide useful information on the na-
ture of ap(980) state [4, 5]. Especially, in Ref. [5], the
predicted branching fraction is B(J/¢¥ — ~vao(980)) =
(3.1 4+ 1.5) x 1073 based on the factorization of mixing
and effective coupling constants. Therefore, search for
production of the neutral ap(980) in the isospin-violating
decay J/v — ynm° will discriminate between different
models [4, 5].

The radiative J/1¢ decays with the total isospin of the
hadronic final state I = 0, such as J/¢ — ymm or J/v) —
~nn, have been studied by previous experiments [6-10],
while only a few processes with isotriplet hadronic final
states, such as J/1¢ — y7¥ and J/vp — y7°7%70, have
been measured [11, 12]. Tt is therefore of interest to study
the isospin violating decay J/v — yn7°, which can be
used to test charmonium decay dynamics [5].

In this paper, we present the first study of the de-
cay J/v — ~nm’ based on a sample of (223.7 +
1.4) x 10% J/v events [13], collected by the Beijing
Spectrometer (BESIII) located at the Beijing Electron
Positron Collider (BEPCII).

II. BESIII DETECTOR AND DATA SAMPLES

The accelerator BEPCII and the BESIII detector [14]
are major upgrades of the BESII experiment at the
BEPC accelerator [15, 16] for studies of hadron spec-
troscopy, charmonium physics, and 7-charm physics [17].
The BESIII detector with a geometrical acceptance of
93% of 47 consists of the following main components:
(1) a small-cell main drift chamber (MDC) with 43 lay-
ers used to track charged particles. The average single-
wire resolution is 135 pum, and the momentum resolution
for 1 GeV/c charged particles in a 1 T magnetic field is
0.5%. (2) a time-of-flight system (TOF) used for par-
ticle identification. It is composed of a barrel made of
two layers, each consisting of 88 pieces of 5 cm thick and
2.4 m long plastic scintillators, as well as two end caps
with 96 fan-shaped, 5 cm thick, plastic scintillators in
each end cap. The time resolution is 80 ps in the barrel
and 110 ps in the end caps, providing a K /7 separation

of more than 20 for momenta up to about 1.0 GeV/ec.
(3) an electro-magnetic calorimeter (EMC) used to mea-
sure photon energies. The EMC is made of 6240 CsI (T1)
crystals arranged in a cylindrical shape (barrel) plus two
end caps. For 1.0 GeV photons, the energy resolution
is 2.5% in the barrel and 5% in the end caps, and the
position resolution is 6 mm in the barrel and 9 mm in
the end caps. (4) a muon counter made of resistive plate
chambers arranged in 9 layers in the barrel and 8 layers
in the end caps, which is incorporated into the iron flux
return yoke of the superconducting magnet. The position
resolution is about 2 cm.

The event selection optimization, efficiency estima-
tion, and background evaluation are performed are per-
formed through Monte Carlo (MC) simulations, for
which the GEANT4-based [18] MC simulation pack-
age BOOST [19] is used. The BOOST software in-
corporates the geometric and material description of
the BESIIT detector components, the detector response
and digitization models, and detector running condi-
tions and performance. The production of the J/t
resonance is simulated with the MC event generator
KKMC [20, 21], while known decay modes are gen-
erated with EVTGEN [22, 23], with branching frac-
tions set to world average values from the Particle Data
Group (PDG) [1]. The LUNDCHARM [24] model
is used for the remaining, unknown decays. A sam-
ple of 200x10° generic J/1 decay events (named in-
clusive MC sample thereafter) is used to study poten-
tial backgrounds. A sample of 10° exclusive MC sig-
nal events J/¢p — ~nn® — 5y is generated uniform-
ly in phase space. For additional signal studies, sam-
ples of 10° exclusive J/v — ~vag(980),ao(980) — nm°
and J/1 — ya2(1320),a2(1320) — nn® MC events are
generated with angular dependence in the 1 and 7° dis-
tributions based on experimental information [22, 23].
For further background studies, we use 10° exclusive
MC events for each of the following processes: J/¢ —
nw(n = yy,w = ), Jfb = no(n = vy, ¢ = y71°),
J/p — yn'(n’ — 27% or ’ — qw). All exclusive sam-
ples listed previously are generated without consideration
of angular dependence in phase space.

III. EVENT SELECTION

The J/¢p — nm° decays, with subsequent decays
n — vy and 7 — ~v, have a topology of five photons
in the final state. To select signal candidates, we require
at least five photons and no reconstructed charged parti-
cles in an event. The photon candidates are required to
have at least 25 MeV deposited energy in barrel region
(|cos@] < 0.8) of the EMC, while 50 MeV are required



in the end cap regions (0.86 < |cosf| < 0.92), where 6
is the polar angle of the electromagnetic shower. Timing
information of the EMC is used to suppress electronic
noise and energy depositions that are unrelated to the
event. Photon candidates within 50 ns relative to the
most energetic shower are selected.

A four-constraint (4C) kinematic fit imposing energy-
momentum conservation under the hypothesis eTe™ —
5y is performed, and x%, < 30 is required. All
further selections are based on the four-momenta
updated by the 4C fit. The variable A =
V(M s, —my)2 + (M, —mg0)? is used to identify
which photons originate from the decays of n and 7,
respectively; here, M, . is the invariant mass of two
photons and m,, (myo) is the mass of n (79) listed in
PDG [1]. We try all possible combinations of the five
selected photons, and the one with the minimum A is
selected. To suppress backgrounds with two 70 in the
final state (e.g., J/¢ — ~7°7%), we define the vari-
able Ao = /(My,4, — Mg0)? + (M, — mgpo)?. An
event is rejected if any combination of photons satis-
fies Ayo < 0.05 GeV/c?. The invariant mass spectra
of the photon pairs from the 1 and 7° decays are shown
in Fig. 1. We fit a Gaussian function plus a third order
polynomial background to the mass spectra to obtain the
mass resolution, which is determined to be 8 MeV /c? for
the 7 meson and 5 MeV/c? for the 7¥. The 1 signal region
is defined as |M,,, — m,| < 0.024 GeV/c?. The n° sig-
nal region is defined as |M.,,,, — myo| < 0.015 GeV /c?,
and the 7° sidebands are defined as 0.030 GeV/c®> <
| M.y — migo| < 0.045 GeV/c?.

The scatter plot of the invariant mass of the n candi-
date versus that of y7¥, obtained after applying above
selection criteria, is shown in Fig. 2(a). A strong peak,
which is associated with the background process from the
production of w mesons with the w — y7° final state, is
visible in Fig. 2(b). The signature of the w — 7" decay
is more evident from the invariant mass spectrum shown
in Fig. 2(b), obtained after additionally selecting the 7
and ¥ candidates. To reject w backgrounds, we require
|M, 0 —mg| > 0.07 GeV/c?, where m,, is the nominal w
mass [1].

IV. BRANCHING FRACTION AND YIELD
MEASUREMENTS

After all selection criteria discussed in the previous
section are applied, we obtain event candidates for the
decay J/v» — ~nm®. The potential background con-
tribution is studied using both data and MC samples.
The background events from the data are selected using
the 7¥ sidebands, defined in Sec. III. In addition, the
background events are studied with the inclusive J/1)
MC sample; the background events with the same final
state are found to be from the J/v — wn(w — 7°)
and J/¢ — ¢n(¢ — v7°) decays. Apart from these
two background channels, other background contribu-
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Figure 1. Distributions of the 4+ invariant mass from the 7
(a) and 7° (b) candidate decays. The arrows with dotted lines
indicate the signal region, and the solid arrows indicate the
sidebands.

tions are found to be represented by the 7° sidebands.

To scale the background events from the 7% sideband
regions to the signal region, a normalization factor f is
defined as the ratio of the number of background events
in the 7° signal region and in the 7° sideband regions. To
obtain f, we fit to the 7% mass spectrum a combination
of the ¥ signal shape, obtained from the exclusive signal
MC, combined with a third order Chebychev polynomial
to represent the background distribution. The polynomi-
al background is integrated in the signal region (s1) and
in the sideband regions (s2) and the normalization factor
is found to be f = z—; =1.09.

To obtain the number of yn7® events, an unbinned
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Figure 2. (a) Scatter plot of y192 versus yn” masses after
selecting event candidates with x3- < 30 and Ao > 0.05
GeV/c?. (b) The yn invariant mass spectrum after addition-
al selection criteria are applied for photon-pair candidates in
the n and 7° signal regions.

maximum likelihood fit is performed to the mass spec-
trum of the n candidates, in the 7% signal and sideband
regions separately. The 7 signals are parametrized by
the shape obtained from the signal MC. The background
shape is described by a third order Chebychev polyno-
mial. The fit is shown in Fig. 3. The number of 1 can-
didates obtained from the fit in the 7° signal region is
N = 746 + 34, while in the 7° sideband regions the corre-
sponding number is Ngjgeband = 138 £16. The number of
signal events is estimated to be Ngs = N — f Ngideband =
596 + 38.

The number of peaking background events from
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Figure 3. (color online) Result of the fit to the n mass dis-
tributions in the 7° signal (a) and sideband (b) regions. The
circular dots with error bars show the distribution. The sol-
id curve represents the fit result, while the short-dashed and
dot-dashed curves represent the 7 signals and backgrounds,
respectively.

J/p — wn(w — y7%) and J/¢p — én(¢ — y7¥) is ob-
tained from exclusive MC samples, and the correspond-
ing background yields are given as Ny y ., = 122 £ 4
and Ny 4y = 16.540.1. The errors given here are the
statistic errors from MC samples.

The J/1) — ynm® branching fraction is calculated using
the following expression:

Ny — N, - N
oy _ Vsig J/p—wn J/Y—¢n
B(J /¢ = ynm”) = Ny % By % Bro X €rec M

where N/, is the total number of J/v events [13], and



B, and B,o are the branching fractions of the n and 7°
decays to two photons, respectively [1]. The detection
efficiency, e,ec = (24.5 + 0.2) %, is obtained from the
simulated signal events. The resulting branching fraction
is calculated to be B(J /¢ — ynn®) = (2.1440.18) x 1075.

We also investigate the intermediate resonant process
J/Yp — vX — ynn°, where X stands for a(980) or
a2(1320). The n7° invariant mass spectrum in the 7
and 7" signal regions is shown in Fig. 4. We perform
an unbinned maximum likelihood fit to determine the
branching fractions of the radiative J/1 decays into these
two mesons. For the a((980) signal shape, we use the
Flatté formula [25] with the parameters from the KK
model [26], while the a3(1320) signal shape is described
by a Breit-Wigner (BW) function with the mass and
width taken from PDG [1]. The a((980) and a3(1320)
signal shapes are convoluted with corresponding resolu-
tion functions, and multiplied by the efficiency distribu-
tion. The resolution and efficiency as functions of the nm®
invariant mass are obtained using the signal MC sam-
ple. The resolution function is modeled by a sum of two
Gaussians, with central values, widths and ratios fixed
to the values obtained by analyzing the mass resolutions
of the a((980) and a2(1320) resonances. The background
shape consists of a third order Chebychev polynomial
and two functions obtained from MC study for the back-
ground channels J/v — v/, 0’ — 27% and J/v — v/,
7 = yw .

Events/(0.04GeV/c?)

1 15 2
M, o (GeVic?)

2.5 3

Figure 4. Invariant n7° mass spectrum after final events se-
lection and 1 and 7° mass cuts (points with error bars). The
solid curve shows the phase space of J/v — ynr®.

The spectrum in Fig. 5 is obtained from the fit to the
first region, [0.8, 2.0] GeV/c®. The event yields are 5
for ap(980) and 57 for a2(1320). The statistical signifi-
cance is 0.50 for ap(980) and 2.90 for a2(1320). Using a
Bayesian method [1], we determine the upper limits for

the a(980) and a3(1320) production, at the 95% confi-
dence level (C.L.), by finding the value NS?gL such that

NIE
fo i Estig

= =0.95,
fo Estig

where Ny is the number of signal events, and £ is the
value of the likelihood function of N, obtained in the fit.
We find the upper limits at the 95% C.L. on the number
of the ap(980) and a2(1320) to be N;JOI(J%O) = 26.0 and

NUL ) = 92.1.
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Figure 5. (color online). Fit to the n7° mass spectrum in
the [0.8, 2.0] CeV/c? region. The points with error bars are
data; the solid curve shows the overall fit projection; the
short-dashed curve represents the ao(980) signal; the dot-
ted curve represent the a2(1320) signal; the dot-dashed curve
corresponds to the two background channels J/¢ — 7/,
7 — 2n% and J/¢ — ', B = ~qw; and the long-dashed
curve shows the remaining non-resonant 777r0 events.

We study the upper limits under different assumptions
for the shapes of the ao(980) and a2(1320) signal and
non-resonant 777r0 processes. For the non-resonant 777r0
process, we replace the third-order Chebychev polyno-
mial with a fourth-order Chebychev polynomial or the
nr¥ distribution from the signal MC. We also fit the sig-
nals of ap(980) and a3(1320) together with background
described above. All these variations are applied in
three different mass regions: [0.8, 2.0] GeV/c?, [0.8, 1.92]
GeV/c? and [0.8, 2.08] GeV/c?. In addition, the fractions
of the background channels are varied within one stan-
dard deviation due to the MC statistics and the used
branching fractions. The signal shapes are varied by
using different parameters of the ao(980) and as(1320)
functions. In the Flatté formula for the a(980), the pa-
rameters from the K K model are substituted by the ¢
model and ¢gg model parameters [26, 27]. In the case of



the a2(1320), the mass and width of the BW function are
varied within the uncertainties of the quoted values [1].
We take the largest upper-limit number of signal events
among different models as a conservative estimate, where
we have the upper limits N;{)Ifgso) = 33.8 corresponding
to the gqg model, while N;JJZBQO) = 107.9 corresponding
to a 1o variation in the width for the as(1320).

The upper limit on the product of branching fractions
is determined by

B(J/¢p — vX, X — nr°)

UL
NX

< )
N{]/qp X (1 — O'Sys,) X 877 X Bﬂ.o X e

(2)

where N{¥ is corresponding number of signal events.
The efficiency is 16.7% (20.1%) for the ao(980)
(a2(1320)), obtained from the J/¢ — vao(980) (J/¢ —
~va2(1320)) MC sample. ogys is the total systemat-
ic uncertainty of the quantities in the denominator in
Eq. (2). The upper limits on the branching fractions
are B(J/1 — ~vap(980) — ynm®) < 2.5 x 1075 and
B(J/¢ — vas(1320) — ynm?) < 6.6 x 1075 at the 95%
C.L.

V. SYSTEMATIC UNCERTAINTIES

To estimate systematic uncertainties in our measure-
ment of the branching fractions, we consider the fol-
lowing effects: photon detection efficiency, photon ener-
gy scale, photon energy resolution, photon position re-
construction, the kinematic fit, and the fitting proce-
dures. Uncertainties associated with our fitting proce-
dures stem from the background shape, MC modeling of
angular distributions, fitting region, background subtrac-
tion. External factors include the total number of J/1
events, branching fractions of the intermediate states and
uncertainties in the branching fractions of the two back-
ground channels J/¢¥ — wn and J/¢ — ¢n.

The systematic uncertainty from the photon detection
is studied by comparing the photon detection efficiency
between MC simulation and a control sample consisting
of the J/¢ — pr decays. The relative efficiency differ-
ence is about 1% for each photon [28]. In this paper,
5% is taken as the systematic error for the efficiency of
detecting five photons in the final state.

The uncertainty in the photon energy scale is deter-
mined to be 0.4% [29]. After varying photon energy ac-
cording to this factor, we obtain the difference in the
branching fraction of 1.9%.

To estimate the uncertainty associated with the pho-
ton energy resolution, the photon energy is smeared by
the Gaussian with energy dependent width, ogmear =
0.0083 x E,. This factor is determined from the differ-
ence in relative energy resolution between data and MC
of 4% [29]. With this smearing applied to the exclusive
signal MC, we determine the corresponding efficiency and

find that the systematic error associated with the photon
energy resolution is 0.9%.

The difference in energy resolution between data and
MC also affects the kinematic fit. When we adjust the
energy error in the reconstructed photon error matrix by
4% [29], we obtain a 1.1% difference in the branching
fraction measurement.

The uncertainty in photon position reconstruction is
studied by changing the position parameter of each pho-
ton in the signal MC and the difference is found to be
negligible (less than 0.1%).

When fitting two photons invariant mass distributions
of the n and 7° candidate, we vary the background shape
by replacing a third order Chebychev polynomial with
a second or fourth order polynomial. The difference of
2.4% with respect to our nominal result is associated with
these effects.

The angular distributions of the  and ¥ in the signal
MC are based on the phase space model. To obtain the
uncertainty associated with this assumption, we change
the angular distributions for the n and 7° by assuming
a form: dN/dcos, /0 ~ (14 cos 9?7/”0). We find the
difference in the branching fraction of 9.2% from this
effect.

In the nominal fit, the mass spectrum of the 7 is
fitted in the range from 0.45 GeV/c? to 0.65 GeV/c?.
Alternative fits within ranges from 0.43 GeV/c? to 0.67
GeV/c? and from 0.47 GeV/c? to 0.63 GeV/c? are per-
formed, and the difference in the branching fraction of
1.6% is taken as the systematic uncertainty.

The uncertainty due to background subtraction is ob-
tained by changing the 7° sidebands from 0.03 GeV/c? <
| M., —mqo| < 0.045 GeV/c? to 0.035 GeV/c* < | M., —
myo| < 0.05 GeV/c?, which corresponds to a 1o change
in sideband separation from the mass peak. The differ-
ence is found to be 2.0%, which is taken as the uncer-
tainty from the background subtraction.

The number of J/1) events is determined from an in-
clusive analysis of the J/v¢ hadronic decays, and has an
uncertainty of 0.6% [13]. The uncertainties due to the
branching fractions of n — vy and 7 — ~v are tak-
en from PDG [1]. The uncertainties due to the branch-
ing fractions of the background channels J/v — wn and
J/v — ¢n are obtained by varying the respective val-
ues within 1o [1]. The uncertainty associated with the
branching fractions of background channels is determined
to be 3.2%.

All the contributions are summarized in Table I. The
total systematic uncertainty is given by the quadratic
sum of the individual errors, assuming all sources to be
independent.

VI. SUMMARY

Based on 223.7 million J/v events collected with the
BESIII detector, the J/1) — ynr® decay has been first-
ly observed. The branching fraction of the J/v — ynn°



Table I. Summary of systematic uncertainties(%) in the mea-
surement of the branching fractions. Bg9so) is the branch-
ing fraction of J/¢ — vao(980) — ynn® and B, (1320) is the
branching fraction of J/v — yas(1320) — ynx°.

Sources B(J/¢Y = ynm°) Bag980) Bas(1320)
Photon efficiency 5.0 5.0 5.0
Photon energy scale 1.9 3.6 3.8
Photon energy resolution 0.9 0.6 0.5
Kinematic fit 1.1 2.4 2.6
Background shape 2.4 - -
MC model 9.2 - -
Fitting region 1.6 - -
Background subtraction 2.0 - -
Number of J/1 events 0.6 0.6 0.6
Intermediate decays 0.6 0.6 0.6
Bug 3.2 - -
Total 11.8 6.7 6.9

process is measured to be (2.1440.18(stat)£0.25(syst)) x
107°. With the Bayesian approach, upper limits for
the intermediate production of ao(980) and a3(1320)
have been obtained at the 95% C.L. The upper lim-
its are B(J/v — vap(980) — ynn®) < 2.5 x 1075 and
B(J/v — va2(1320) — ynr®) < 6.6 x 1075, including
systematic uncertainties.

For comparison, the branching fraction for the pro-
cess J/¥ — 7 f2(1270) — 47070 is (4.0 £ 0.09 £ 0.58) x
10~* [8], while for J/¢ — ~fo(1500) — ~7mO7Y it is
(0.34+£0.0340.15) x 10~* [8]. This study shows that the
suppression rates for isospin-one processes in J/ radia-
tive decays, compared to isospin-zero decays, are consis-
tent with naive theoretical expectations [4], i.e., at least
one order of magnitude. It is noticed that the upper limit
on B(J/v — ~vag) x B(ag — nn°®) is much lower than the
theoretical calculation in Ref. [5]. The result in this paper
indicates that the decay mechanism of J/¢ — va(980)
may be totally different from ¢ — a0 (980), so the factor-
ization method may not work for the J/1 — va¢(980) de-

cay [5]. Our measurement provides important constraints
on theoretical calculations.
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