arXiv:2207.10877v2 [hep-ex] 7 Dec 2022

CPC(HEP & NP), 2021, XX(X): 1—9 Chinese Physics C Vol. XX, No. X, Xxx, 2021

Search for the weak decay (3686) — AfY " +c.c.”

M. Ablikim(Z@#F)!, M. N. Achasov'!®, P. Adlarson™, M. Albrecht?, R. Aliberti®*!, A. Amoroso®**:%°¢ M. R. An(%
£15)%°, Q. An(%#)%3% X H. Bai(@/84c)%) Y. Bai(@#)°2, O. Bakina®?, R. Baldini Ferroli?*4, I. Balossino?’4:!,
Y. Ban(3t %)42’9, V. Batozskaya'*?, D. Becker®!, K. Begzsuren®’, N. Berger®!, M. Bertani?®“, D. Bettoni?"™#,

F. Bianchi®®*%°¢ J. Bloms®, A. Bortone®#%¢ 1. Boyko®2, R. A. Briere®, A. Brueggemann®®, H. Cai(R#)™,
X. Cai(&7H)"%, A. Calcaterra®®®, G. F. Cao(¥ B §)"*, N. Cao(% T)"*®, S. A. Cetin®™*, J. F. Chang(# #)"53
W. L. Chang(# 7 %)"%%, G. Chelkov®**, C. Chen(F% 5)!*)39 Chao Chen (% 3\)50 G. Chen(F‘? AN)', H. S. Chen(F&d=
A)B58 M. L. Chen(rff EZ) Hﬂ)l 2308 Chen(Fff % 1) S. M. Chen(F 4 #%)°, T. Chen', X. R. Chen(F’?/L,m)Qs 8
X. T. Chen', Y. B. Chen(F’? A58 7, J. Chen(Fh£12)%%" W. S. Cheng( st )?p)'"’gc X. Chu(mﬂ%)?’g,

G. Cibinetto®™, F. Cossio®“, J. J. Cul(ﬁﬁﬁ)45 H. L. Dai(fR# m)l 53 J. P. Dai(K#&-F)™, A. Dbeyssi'”, R. E. de
Boer*, D. Dedovich®?, Z. Y. Deng(*F4)", A. Denig®’, 1. Denysenko®?, M. Destefanis®**%°¢ F. De Morlﬁg‘q’ﬁgc7
Y. Ding(T %)3¢, J. Dong(£#)>°3, L. Y. Dong(£#/&)>% M. Y. Dong(% # 3L)!, X. Dong(&£#)™, S. X. Du(# %
)7, P. Egorov®®®, Y. L. Fan(f£ & £)™ J. Fang(# #)"5% S, S. Fang(# & #)°8 W. X. Fang(# £3%)', Y. Fang( 7

2)', R. Farinelli*™, L. Fava®¥?:%9¢  F. Feldbauer?, G. Felici?®*, C. Q. Feng(3t % #)°%% J. H. Feng(/% & %)%,

K Fischer®, M. Fritsch?, C. Fritzsch®®, C. D. Fu(#§ &#)!, H. Gao(& )% Y. N. Gao(& /& T)*>Y, Yang Gao(rﬂ
#)%366 S, Garbolino®“, 1. Garzia®"**™®  P. T. Ge(H#&%)™, Z. W. Ge(B 4R RK)*, C. Geng(BH)5,
E. M. Gersabeck®®, A Gilman®!, K. Goetzen'?, L. Gong(%£ )%, W. X. Gong(£3J8)"%* W. Gradl®,

M. Greco®4%9¢ L. M. Gu(4 2 &), M. H. Gu(F &) Y. T. Gu(B&/7)™, C. Y Guan(%4&35)"°% A. Q. Guo(3k
%3%)2%58 L. B. Guo(3R %)%, R. P. Guo($4=8)* Y. P. Guo(3k £ %)%/ A. Guskov®??, T. T. Han(##4)%,
W. Y. Han(# X #)%, X. Q. Hao(# & /%)'®, F. A. Harris®, K. K. He(fT#u#)%°, K. L. He(4T B #k)">% F. H. Heinsius*,
C. H. Heinz*!, Y. K. Heng(#f A &)*, C. Herold®®, M. Himmelreich'??, G. Y. Hou(#% B —)"* Y. R. Hou(#%#4L)°8,
Z. L. Hou(#%% £)*, H. M. Hu(#A#H9)5% J. F. Hu®H, T. Hu(3AHF)L, Y. Hu(A %) G. s Huang(# #1536,

K. X. Huang(3 #132)%, L. Q. Huang(,\ﬁ%’i")67 L. Q. Hu:axng(’g‘)'é‘??é")28 P8 X, T. Huang(FH#)%, Y. P. Huang('g?i)"?:

#)! Z. Huang(¥ &)*>9, T. Hussain®®, N Hiisken®>3! | W. Tmoehl?®, MA Irshad®®% | J. Jackson?®, S. Jaeger?,
S. Janchiv®?, Q. Ji(24)!, Q. P. JI(EHF F)!8, X. B. Ji(FRR)H5S X, L. JiI(F&3)H58 Y. Y. Ji(F485),
Z. K. Jia( % F3)55¢ M. B. Jiang(F& %)%, S. S. Jiang(% % %)%, X. S. Jiang(/TB 1), Y. Jiang®®, J. B. Jiao( &4
)4 7. Jiao(E#)?, S. Jin(4h)®®, Y. Jin(& %)%, M. Q. Jing(#]%3%)"%% T. Johansson™,

N. Kalantar-Nayestanakisg7 X. S. Kang(H#)3%¢, R. Kappert®, B. C. Ke(#T & #%)™, I. K. Keshk®, A. Khoukaz®®, P.
Kiese®!, R. Kiuchi', R. Kliemt'?, L. Koch®®, O. B. Kolcu®*, B. Kopf*, M. Kuemmel*, M. Kuessner*, A. Kupsc'®™,
W. Kiihn®®, J. J. Lane®, J. S. Lange®®, P. Larin'”, A. Lavania®!, L. Lavezzi®®*%°¢ 7. H. Lei(F # 54)°3%

H. Leithoff®', M. Lellmann®', T. Lenz*', C. Li (%%«1)43 C. Ll(Ma)39 C. H. Ll(—?"?ﬂo)% Cheng Li(5%)% 66
D. M. Li(F#&K)™, F. Li(%—"‘%)l 5 Q. Ll(inl) O Li(FE)Y) M. Li(ER)P5C) 1. B. Li(F&&k)"%8 0. J. Ll(éﬁ,%
#)18 H. N LY J. Q. Li*, J. S, Li(FE#47)%, J. WL Li(F 4 0%, Ke Li(FAH)!, L. J Li', L. K. Li(F A+,

Lei Li(£&)3 M. H. Li(F# )% P. R. Li(FEFR)3F S X Li(FEW)10 S Y. Li(R M), T. Li(FH)*,
W. D. Li(FZ %)% W. G. Li(ZZE)!, X. H. Li($/4)%350 X, L. Li(F5%)" Xiaoyu Li(£&8F)"%® H. Liang(£
25366 M. Liang(£#)"%%, H. Liang(£ %), Y. F. Liang(% %'&)49 Y. T. Liang( & #14%)?%58  G. R. Liao(BT &)'3,

Received xxxx June xxxx

% This work is supported in part by National Key Research and Development Program of China under Contracts Nos.
2020YFA0406400, 2020YFA0406300; National Natural Science Foundation of China (NSFC) under Contracts Nos. 11975118,
11635010, 11735014, 11835012, 11935015, 11935016, 11935018, 11961141012, 12022510, 12025502, 12035009, 12035013, 12192260,
12192261, 12192262, 12192263, 12192264, 12192265; 12061131003; the Natural Science Foundation of Hunan Province of China
under Contract No. 2019JJ30019; the Science and Technology Innovation Program of Hunan Province under Contract No.
2020R(C3054; the Chinese Academy of Sciences (CAS) Large-Scale Scientific Facility Program; Joint Large-Scale Scientific Facility
Funds of the NSFC and CAS under Contract No. U1832207; CAS Key Research Program of Frontier Sciences under Contract
No. QYZDJ-SSW-SLH040; 100 Talents Program of CAS; The Institute of Nuclear and Particle Physics (INPAC) and Shanghai
Key Laboratory for Particle Physics and Cosmology; ERC under Contract No. 758462; European Union’s Horizon 2020 re-
search and innovation programme under Marie Sklodowska-Curie grant agreement under Contract No. 894790; German Research
Foundation DFG under Contracts Nos. 443159800, Collaborative Research Center CRC 1044, GRK 2149; Istituto Nazionale
di Fisica Nucleare, Italy; Ministry of Development of Turkey under Contract No. DPT2006K-120470; National Science and
Technology fund; National Science Research and Innovation Fund (NSRF) via the Program Management Unit for Human Resources
and Institutional Development, Research and Innovation under Contract No. B16F640076; STFC (United Kingdom); Suranaree
University of Technology (SUT), Thailand Science Research and Innovation (T'SRI), and National Science Research and Innovation
Fund (NSRF) under Contract No. 160355; The Royal Society, UK under Contracts Nos. DH140054, DH160214; The Swedish
Research Council; U. S. Department of Energy under Contract No. DE-FG02-05ER41374.


http://arxiv.org/abs/2207.10877v2

No. X Chinese Physics C Vol. xx, No. x (2021) xxxxxx 2

L. Z. Liao( £#)%, J. Libby**, A. Limphirat®®, C. X. Lin(#&1#7)°*, D. X. Lin(#4&/2)**58 T. Lin', B. J. Liu(3l
) C. X Liu(A &%), D. Liu'"% F. H. Liu(24@%)**, Fang Liu(I )", Feng L1u(3<’]4§)67 G. M. Liu®"%

H. Liv®* H. B. Liu(illfa‘:%ﬁ)l‘*, H. M. Llu(z'J 7 )% Huanhuan Liu(®] &%), Huihui Liu(®)7C %) J. B. Liu(3 #
46)P366 1. Lin(Q4E4K)7, J. Y. Liu(R &)%) K. Liu(2#0)!, K. Y. Lin(2 8 %)%, Ke Liu(237)%°, L. Liu(X|
7539 Lu Liu( %)%, M. H. Liu(¥ ££)'%f, P. L. Liu(R#)!, Q. Liu(X4#)%8, S. B. Liu(2 ##)%35¢ T, Liu(R]
)10 WL K. Liu(®] 48 52)%°, W. M. Liu(® Z &)%) X, Liu(2#)359F Y, Liu(2 3%)3*7% Y. B. Liu(] £&)%,

Z. A. Liu(2#%%)", Z. Q. Liu(X % %)%, X. C. Low(£ ¥ )", F. X. Lu(# &)™, 0. J. Lu(8 %), J. G. Lu(8 %
)% XL L. Lu(B#)', Y. Lu(# F)7, Y. P. Lu(# &M)"% Z. H. Lu', C. L. Luo(¥ M&#)37, M. X. Luo( ¥ &3%)™
T. Luo(% %)/, X. L. Luo( % £)"% X. R. Lyu(8B%&)°, Y. F. Lyu(3 Z )% F. C. Ma(& A4 )% H. L. Ma(%
HE), L. L Ma(B# &) M. M. Ma(Z9#)1%8 Q. M. Ma(Z#&4%)!) R. Q. Ma(Z#E4k)158 R. T. Ma(D %)%,
X. Y. Ma(Z3e%F)H%3 Y. Ma(& #)*%9, F. E. Maas'”, M. Maggiora®®*%¢ 'S Maldaner?, S. Malde®, Q. A. Malik%®,
A. Mangoni®®® | Y. J. Mao(§ & %)*29, 7. P. Mao(£%%)!, S. MarcellosgA 69¢ 7. X. Meng(#% 8 %)%,

J. G. Messchendorp®, G. Mezzadri®™!, H. Miao®, T. J. Min(H X it)3%, R. E. Mltchellz‘), X. H. Mo(3£88)%)!,

N. Yu. Muchnoi***, Y. Nefedov®?, F. Nerling'”?, I. B. Nikolaev'""*, Z. Ning(T#)"®3, S. Nisar®!, Y. Niu (43)*°,
S. L. Olsen®®, Q. Ouyang(EFa##)! | S. Pacetti?®Z2°¢ | X. Pan(#&# )%/, Y. Pan(&#%)%2 A. Pathakso, M. Pelizaeus®,
H. P. Peng(# #-F)5%% K. Peters'®?, J. L. Ping(‘Fm#)%", R. G. Ping(-F & R)5% S. Plura®, S. Pogodin®?,

V. Prasad®®% F. 7. Qi(F#&4)", H. Qi(F41)°*% H. R. Qi(#H %)%, M. Qi(#8"5)% T.Y. QI(X/L\ £)10.f
S. Qian(%&A&)"%, W. B. Qian(%s;mk)ss, Z. Qlan(%inl)m, C. F. Qilao(AMF)58 J. J. Qin(Z#E#)% L. Q. Qin(E ™
)X P Qin(RF F)1% XS, Qin(FE)*, Z H. Qin(R P )3T F. Qiu(Br# &)Y, S, Q. Qu(E =38)5°,

K. H. Rashid®, C. F. Redmer®'| K. J. Ren(#£¥ %)% A. Rivetti®®®, V. Rodin®®, M. Rolo®“, G. Rong(& Al)1°8,
Ch. Rosner'”, S. N. Ruan(Fe K. T)%, H. S. Sang(% 24#1)%, A. Sarantsev®®°, Y. Schelhaas®', C. Schnier?,

K. Schoenning™, M. Scodeggio?” 4?78 K. Y. Shan(###1)1%/ W. Shan(# #)?2, X. Y. Shan(# = 4£)53:66
J. F. Shangguan( £ & 414)°, L. G. Shao(®Fs2#)1°8 M. Shao(#8#1)%3%6 C. P. Shen(# & -F)'*/ H. F. Shen(# %
)18 X, Y. Shen(# K )" B. A. Shi(#18 %)%, H. C. Shi(&42#)°*%  J. Y. Shi(& T #&)', q. q. Shi(& #32)°°,
R. S. Shi(Jf % £)"58 X. Shi(%£ k)53 X. D Shi(/fF B &)5¢ J. J. Song(R¥4)'®, W. M. Song( R &),
Y. X. Song(ﬁxﬂ‘Jff‘F)@’g S. Sosio®4%9¢ 'S, Spataro®4:69¢ F. Stleler31 K. X. Su(#TH)™, P. P. Su(# % %)™
Y. J. Su(E#M#)%, G. X. Sun (3 i}bi) H. Sun®®, H. K. Sun(## %", J. F. Sun(3M&%)'8, L. Sun(31%)™,

S. S. Sun(3MEA) T, Sun(3#)"%, W. Y. Sun(F L £)% X Sun(3:4)2%" Y. J. Sun(3 % &)%6¢ Y. Z. Sun(Fk

1)L, Z. T. Sun(3#& @)% Y. H. Tan(iE&4£)™" Y. X. Tan(1§ 4 2)%356 C. J. Tang(Z &#)*, G. Y. Tang(/& £ 4&)*,

J. Tang(E#£)>, L. Y Tao(M##%)%7, Q. T. Tao(Fg#4k®)2>" M. Tat®, J. X. Teng(#4£ %)% V. Thoren™,

W. H. Tian(® L#)*7) Y. Tian(®#)258 1. Uman®™?, B. Wang(E#&)!, B. L. Wang( £ % £)°, C. W. Wang(E &
%)% D. Y. Wang(E X )29, F. Wang(ZE3£)57, H. J. Wang(E#: %)%k H. P. Wang(EZ£M)"%® K. Wang(E
A58 L. L. Wang(E & %)", M. Wang(E#)*, M. Z. Wang(E % £)**9 Meng Wang(E %)% S. Wang'?,

S. Wang(EMR)'%/ T, Wang(E4)'%F T. J. Wang(ZH#)%, W. Wang(E#)>, W. H. Wang(E LK),

W. P. Wang(E4-F)56¢ X, Wang(E£4F)*%9 X. F. Wang(E# €)**7* X, L. Wang(E£)'%f Y. Wang(ZE7)°°,
Y. D. Wang(E @)% Y. F. Wang(E%5)", Y. H. Wang(E£#%%)%, Y. Q. Wang(Z @), Yagian Wang(E L )16,
Z. Wang(E4#)"5% Z. Y. Wang(E £ $)°8 Ziyi Wang(EZF—)", D. H. Wei(#£K£)", F. Weidner®®, S. P. Wen (3L
), D. J. White?, U. Wiedner?, G. Wilkinson®, M. Wolke™, L. Wollenberg?, J. F. Wu(%4 %)% L. H. Wu(1& %
)L LT Wu(R#8)0%8 X, Wa(Z5%)107, X, H. Wa(fa42%)3%0 Y, Wa®®, 2. Wa(£%)"5, L. Xia(& %&)°>%

T. Xiang(#8 )29 D. Xiao( H #)*7F, G. Y. Xiao( B £3€)% H. Xiao( H #)'®/ S. Y. Xiao(H £2)', Y. L. Xiao(H
Z AT 7. J. Xiao( K HE)*, C. Xie(# %)%, X. H. Xie(#7 )29 Y. Xie(# )", Y. G. Xie(#F )13,

Y. H. Xie(##£42)% 7. P. Xie(# % #5)°3:5¢ T. Y. Xing(fR X F)>°%, C. F. Xu', C. J. Xu(#41 &) G. F. Xu(#E L),
H. Y. Xu(##A)%, Q. J. Xu( .\}xz)ld, X. P. Xu(#:#F)*, Y. C. Xu(ﬁ'%i)“’s, Z. P. Xu(###)% F. Yan(™
F)10F L. Yan(® %)%, W. B. Yan (& 347)%35¢ W. C. Yan(FE L&R)™, H. J. Yang(# % %)%, H. L. Yang(# %

#)2, H. X. Yang(## )", L. Yang(##)?", S. L. Yang®®, Tao Yang(##%)', Y. F. Yang(##5)%, Y. X. Yang(#i%
#1)158 ) Yifan Yang(#38 L)% M. Ye(*H#)"%% M. H. Ye(*+42%)%, J. H. Yin(%& & 2)', Z. Y. You(/£#8)%

B.X. Y (nu fa#)t, C. X, Yu(ir4e/8)30, G. Yu(&£R)E5E T, Yu(F#%)°7, C. Z. Yuan(3&%4E)158) L. Yuan(&m)?,

S. C. Yuan', X. Q. Yuan(&ﬂ%}?\) Y. Yuan(&E)H%8 Z. Y. Yuan(&#8)% C. X. Yue(FH £3%)%, A. A. Zafar®®

R. Zen

B

)

F. en (‘“”fbm)‘ls7 X. Zeng(§ %)% Y. Zeng(F =)**", Y. H. Zhan(/& k%), A. Q. Zhang(3k%/%)', B. L. Zhang',
. X. Zhang(% ®#7), D. H. Zhang(3k+ %)%, G. Y. Zhang(3 /" 3L)'®, H. Zhang®, H. H. Zhang(3k & #)>*,

H. H. Zhang(3% £ %)%, H. Y. Zhang(¥ 4 F)"%%, J. L. Zhang(5k A %)™, J. Q. Zhang(% #%)", J. W. Zhang(% %
)Y, J. X, Zhang®+% J. Y. Zhang(3# $)', J. Z. Zhang(3k % £)1°®, Jianyu Zhang(3 4] F)'°8, Jiawei Zhang(3k &
)58 L. M. Zhang(% % 8)%5, L. Q. Zhang(% @ #)5*, Lei Zhang(% %)%, P. Zhang', Q. Y. Zhang(sk#k5)3%>7,
Shuihan Zhang(3 /K% )% Shulei Zhang(3 4 %)**", X. D. Zhang(3 > %)*!, X. M. Zhang', X. Y. Zhang(3 % 7#)*°,
X. Y. Zhang(3/@31)%°, Y. Zhang®, Y. T. Zhang(3 &)™ Y. H. Zhang(5k 42 4)"53 Yan Zhang(3k 5 )%,
Yao Zhang(3#)!, Z. H. Zhang®, Z. Y. Zhang(3k#& F)™, Z. Y. Zhang(3k F#1)%°, G. Zhao(R })', J. Zhao(K #)3°,
J. Y. Zhao(R # &)%) J. Z. Zhao(R & B )3 Lei Zhao(# &), Ling Zhao(& #%)', M. G. Zhao(& ¥ A])3°
010201-2



No. X Chinese Physics C Vol. xx, No. x (2021) xxxxxx 3

Q. Zhao(& 32)", S. J. Zhao(R #4)™, Y. B. Zhao(R ##®)"*, Y. X. Zhao(R F#)?*58 7. G. Zhao(& B H)>*5¢
A. Zhemchugov®*“, B. Zheng(*87%)%7, J. P. Zheng(¥$3# F)" %, Y. H. Zheng(#8[a12)°®, B. Zhong(%##)*", C. Zhong(%¥
)57 X. Zhong (47 %)%, H. Zhou( B #%)*®, L. P. Zhou(/& #1158 X. Zhou(B#)™, X. K. Zhou (B BH )%,

X. R. Zhou( B %&)%*% X. Y. Zhou(/& % £)3° Y. Z. Zhou(B %)%/ J. Zhu(kix)*°, K. Zhu(%k#)', K. J. Zhu(k#
£) L. X, Zhu(k# )%, S H. Zhu(Ck #%)%, S, Q. Zhu(*k=38)%, T. J. Zhu(kBE#)™, W. J. Zhu(k L#)10/,
Y. C. Zhu(k Z24)°*% 7. A. Zhu(k 8 %)"%® B. S. Zou(&zAkm)', J. H. Zou(shtlg)!

(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
® Carnegie Mellon University, Pittsburgh, Pennsylvania 15213, USA
5 Central China Normal University, Wuhan 430079, People’s Republic of China
7 Central South University, Changsha 410083, People’s Republic of China
8 China Center of Advanced Science and Technology, Beijing 100190, People’s Republic of China
9 COMSATS University Islamabad, Lahore Campus, Defence Road, Off Raiwind Road, 54000 Lahore, Pakistan
10 Pudan University, Shanghai 200433, People’s Republic of China
" G.I. Budker Institute of Nuclear Physics SB RAS (BINP), Novosibirsk 630090, Russia
12 QST Helmholtzcentre for Heavy Ion Research GmbH, D-64291 Darmstadt, Germany
1 GQuangzi Normal University, Guilin 541004, People’s Republic of China
M GQuangzi University, Nanning 530004, People’s Republic of China
15 Hangzhou Normal University, Hangzhou 310036, People’s Republic of China
16 Hebei University, Baoding 071002, People’s Republic of China
' Helmholtz Institute Mainz, Staudinger Weg 18, D-55099 Mainz, Germany
8 Henan Normal University, Xinziang 453007, People’s Republic of China
19 Henan University of Science and Technology, Luoyang 471003, People’s Republic of China
20 Henan University of Technology, Zhengzhou 450001, People’s Republic of China
2L Huangshan College, Huangshan 245000, People’s Republic of China
22 Hunan Normal University, Changsha 410081, People’s Republic of China
23 Hunan University, Changsha 410082, People’s Republic of China
24 Indian Institute of Technology Madras, Chennai 600036, India
25 Indiana University, Bloomington, Indiana 47405, USA
26 (A)INFN Laboratori Nazionali di Frascati, I-00044, Frascati, Italy; (B)INFN Sezione di Perugia, I-06100, Perugia,
Italy; (C)University of Perugia, I-06100, Perugia, Italy
e (A)INFN Sezione di Ferrara, 1-44122, Ferrara, Italy; (B)University of Ferrara, I-44122, Ferrara, Italy
28 Institute of Modern Physics, Lanzhou 730000, People’s Republic of China
29 Institute of Physics and Technology, Peace Avenue 54B, Ulaanbaatar 13330, Mongolia
30 Jilin University, Changchun 180012, People’s Republic of China
31 Johannes Gutenberg University of Mainz, Johann-Joachim-Becher-Weg 45, D-55099 Mainz, Germany
32 Joint Institute for Nuclear Research, 141980 Dubna, Moscow region, Russia
33 Justus-Liebig-Universitaet Giessen, II. Physikalisches Institut, Heinrich-Buff-Ring 16, D-35392 Giessen, Germany
34 Lanzhou University, Lanzhou 730000, People’s Republic of China
35 Liaoning Normal University, Dalian 116029, People’s Republic of China
36 Liaoning University, Shenyang 110036, People’s Republic of China
37 Nanging Normal University, Nanjing 210023, People’s Republic of China
38 Nanjing University, Nanjing 210093, People’s Republic of China
39 Nankai University, Tianjin 300071, People’s Republic of China
19" National Centre for Nuclear Research, Warsaw 02-093, Poland
41 North China FElectric Power University, Beijing 102206, People’s Republic of China
42 Peking University, Beijing 100871, People’s Republic of China
43 Qufu Normal University, Qufu 273165, People’s Republic of China
44 Shandong Normal University, Jinan 250014, People’s Republic of China
45 Shandong University, Jinan 250100, People’s Republic of China
46 Shanghai Jiao Tong University, Shanghai 200240, People’s Republic of China
4T Shanzi Normal University, Linfen 041004, People’s Republic of China
48 Shanxi University, Taiyuan 030006, People’s Republic of China
010201-3



No. X Chinese Physics C Vol. xx, No. x (2021) xxxxxx 4

19 Sichuan University, Chengdu 610064, People’s Republic of China
50 Soochow University, Suzhou 215006, People’s Republic of China
51 South China Normal University, Guangzhou 510006, People’s Republic of China
52 Southeast University, Nanjing 211100, People’s Republic of China
53 State Key Laboratory of Particle Detection and Electronics, Beijing 100049, Hefei 230026, People’s Republic of
China
54 Sun Yat-Sen University, Guangzhou 510275, People’s Republic of China
55 Suranaree University of Technology, University Avenue 111, Nakhon Ratchasima 30000, Thailand
56 Tsinghua University, Beijing 100084, People’s Republic of China
5T (A)Istinye University, 34010, Istanbul, Turkey; (B)Near East University, Nicosia, North Cyprus, Mersin 10, Turkey
58 Unidversity of Chinese Academy of Sciences, Beijing 100049, People’s Republic of China
5 University of Groningen, NL-9747 AA Groningen, The Netherlands
50 University of Hawaii, Honolulu, Howaii 96822, USA
51 University of Jinan, Jinan 250022, People’s Republic of China
52 University of Manchester, Ozford Road, Manchester, M18 9PL, United Kingdom
53 University of Muenster, Wilhelm-Klemm-Strasse 9, 48149 Muenster, Germany
5 University of Oxford, Keble Road, Oxford OX13RH, United Kingdom
55 University of Science and Technology Liaoning, Anshan 114051, People’s Republic of China
56 University of Science and Technology of China, Hefei 230026, People’s Republic of China
57 University of South China, Hengyang 421001, People’s Republic of China
58 University of the Punjab, Lahore-54590, Pakistan
89 (A)University of Turin, I-10125, Turin, Italy; (B)University of Eastern Piedmont, 1-15121, Alessandria, Italy;
(C)INFN, I-10125, Turin, Italy
0 Uppsala University, Box 516, SE-75120 Uppsala, Sweden
™V Wuhan University, Wuhan 430072, People’s Republic of China
" Xinyang Normal University, Xinyang 464000, People’s Republic of China
™ Yunnan University, Kunming 650500, People’s Republic of China
™ Zhejiang University, Hangzhou 310027, People’s Republic of China
™S Zhengzhou University, Zhengzhou 450001, People’s Republic of China

@ Also at the Moscow Institute of Physics and Technology, Moscow 141700, Russia
b Also at the Novosibirsk State University, Novosibirsk, 630090, Russia
¢ Also at the NRC ”Kurchatov Institute”, PNPI, 188300, Gatchina, Russia
4 Also at Goethe University Frankfurt, 60323 Frankfurt am Main, Germany
¢ Also at Key Laboratory for Particle Physics, Astrophysics and Cosmology, Ministry of Education; Shanghai Key
Laboratory for Particle Physics and Cosmology; Institute of Nuclear and Particle Physics, Shanghai 200240, People’s
Republic of China
£ Also at Key Laboratory of Nuclear Physics and Ion-beam Application (MOE) and Institute of Modern Physics,
Fudan University, Shanghai 200443, People’s Republic of China
9 Also at State Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing 100871, People’s
Republic of China
b Also at School of Physics and Electronics, Hunan University, Changsha 410082, China
¢ Also at Guangdong Provincial Key Laboratory of Nuclear Science, Institute of Quantum Matter, South China Normal
University, Guangzhou 510006, China
7 Also at Frontiers Science Center for Rare Isotopes, Lanzhou University, Lanzhou 730000, People’s Republic of China
¥ Also at Lanzhou Center for Theoretical Physics, Lanzhou University, Lanzhou 730000, People’s Republic of China
Y Also at the Department of Mathematical Sciences, IBA, Karachi , Pakistan

Abstract Using (448.1+2.9) x 10° 1(3686) events collected with the BESIII detector, we perform the first
search for the weak baryonic decay 1(3686) — ATY™ +c.c.. The analysis procedure is optimized using a
blinded method. No significant signal is observed, and the upper limit on the branching fraction (B) of
¥(3686) — AFE™ 4-c.c. is set as 1.4x 107° at the 90% confidence level.

Key words weak decay, upper limit, BESIII detector
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I INTRODUCTION

The weak decays of J/¢ and 1(3686) are ex-
tremely rare compared to their dominant strong and
electromagnetic decays. For example, the branching
fractions of the semi-leptonic and hadronic weak de-
cays of the J/t are predicted to be less than 10~°
in the framework of the standard model (SM)[1, 2].
Over the past few years, the BESIII collaboration pre-
viously searched for the baryon and lepton number
violating decay J/¢ — ATe~[3] and the flavor chang-
ing neutral current decay v (3686) — Alpete[4],
as well as the weak decays J/¢p — D~ e'v,[5] and
J/p — D~etr,[6]. Throughout this paper, the
charge conjugated channels are always implied. To
date, however, no signal has been observed in these
channels.

Searches for purely baryonic weak ¢ (3686) decays
involving a charmed baryon A in the final state have
not been previously performed. Figure 1 shows the
lowest order Feynman diagram for the rare baryonic
decay 1(3686) — AF%~ in the SM. Here, ¢ quark
acts as a spectator, the ¢ quark transforms into a
S, du pair is produced via W-boson exchange, and
ut pair is then produced from the vacuum. These
quarks and anti-quarks hadronize into A} and £~. In
Ref. [7], the branching fraction of 1(3686) — A}%~
was predicted to be of the order of 107 to 10~
in the SM, which is comparable to those of the de-
cays of ¥(3686) — charmed meson + anything. New
physics mechanisms beyond the SM, such as the top-
color model[8] and Randall-Sundrum model[9], may
enhance this decay branching fraction significantly.
The experimental study of v(3686) — AXY~ may
therefore offer important information for a compre-
hensive understanding of the weak decay mechanisms
of charmonium states.

A sample of (448.1£2.9) x 10° ¢ (3686) events[10]
is collected using electron and positron collisions,
thereby offering an ideal opportunity to search for the
1(3686) — A+X~ decay. By analyzing this data sam-
ple, we report the first search for 1(3686) — A3,

C > c
d A
u
(3636)
W, U
u -
c > S
Figure 1. Feynman diagram for the process

(3686) — AT S in the SMJ7).

II BESIII DETECTOR AND
MONTE CARLO SIMULATION

The BESIII detector[11] records symmetric ete™
collisions provided by the BEPCII storage ring[12],
which operates with a peak luminosity of 1 x
1032 em~2s~! in the center-of-mass energy range from
2.0 to 4.95 GeV. BESIII has collected more than
32 fb~! of data samples in this energy region[13].
The cylindrical core of the BESIII detector consists
of a helium-based multilayer drift chamber (MDC),
plastic scintillator time-of-flight system (TOF), and
CsI(T1) electromagnetic calorimeter (EMC), which
are all enclosed in a superconducting solenoidal mag-
net providing a 1.0 T magnetic field. The solenoid
is supported by an octagonal flux-return yoke with
resistive plate counter muon identification modules
interleaved with steel. The charged-particle momen-
tum resolution at 1 GeV/c is 0.5%, and the dE/dx
resolution is 6% for electrons from Bhabha scattering.
The EMC measures photon energies with a resolution
of 2.5% (5%) at 1 GeV in the barrel (end cap) region.
The time resolution in the TOF barrel region is 68 ps,
while that in the end cap region is 110 ps.

Simulated event samples produced with the
GEANT4-based[14] Monte Carlo (MC) package, which
includes a geometric description of the BESIII de-
tector and the detector responses, are used to de-
termine the detection efficiency and estimate the
backgrounds. The simulation includes the beam
energy spread and initial state radiation (ISR) in
the eTe™ annihilations, modeled with the genera-
tor KKMC[15, 16]. The inclusive MC sample con-
sists of the production of the charmonium reso-
nances and the continuum processes incorporated in
KKMC. The known decay modes are modeled with
EVTGEN[17] using branching fractions taken from
the Particle Data Group[18], and the remaining un-
known decays are taken from the charmonium states
with LUNDCHARM([19, 20]. Final state radiation from
charged final-state particles is incorporated with the
PHOTOS package[21]. In this analysis, the 1(3686) —
AFY" and ¥ — pr are generated according to
phase space, and the AT — pK 7t is generated us-
ing an amplitude analysis model[22].
ous BESIII published papers|3, 4], AT is only recon-
structed via A} — pK 7t which provides the best
sensitivity among all decay modes.

As in previ-
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IIT EVENT SELECTION
DATA ANALYSIS

AND

The procedure for selecting candidate events from
the process 1(3686) — AFX~, where the A+ baryon
decays to pK~nt and the £~ baryon decays to pr®,
is outlined below.

It is required that there are at least four charged
tracks and two photons in the candidate events. The
polar angle of each charged track is required to be in
the range |cosf| < 0.93, coinciding with the coverage
of the MDC. The charged tracks from A7 — pK 7"
decays must originate from the interaction point with
a distance of closest approach less than 1 cm on the
transverse plane (|V,,|) and less than 10 cm along the
2z axis (|V.]). For the charged tracks from ¥~ decays,
the requirements of |V,,| and |V,| are loosened to be
less than 10 cm and 20 cm, respectively, due to the
relatively long lifetime of the £~. No secondary ver-
tex is considered because there is only one charged
track from the ¥~. Particle identification (PID) for
the charged pion, kaon, and proton is performed us-
ing the dE/dx and TOF information. The particle
type with the highest probability is assigned to each
track.

The 7° candidates are identified as photon pairs
reconstructed from the EMC showers. Each EMC
shower is required to be within a 700 ns time window,
which is applied to suppress electronic noise and en-
ergy depositions unrelated to the event. The energy
deposited in nearby TOF counters is included in the
energy of the EMC showers to improve the photon re-
construction efficiency and energy resolution. At least
two photon candidates are required, with a minimum
energy of 25 MeV in the barrel region (|cosf| < 0.80)
or 50 MeV in the end cap region (0.86 < |cosf| < 0.92).
The opening angle between the photon candidate and
the nearest charged track must be greater than 10°.

A five-constraint (5C) kinematic fit is performed
on the hypothesis of ete™ — pK ~7wtpyy, with the in-
variant mass of the vy combination constrained to the
7% nominal mass. The helix parameters of charged
tracks of the MC events have been corrected to im-
prove consistency with the data, following Ref. [23].
Events satisfying xZ. < 60, which has been optimized
based on the Punzi method [24], are kept for further
analysis. If there are multiple candidates in an event,
the one with the smallest x2. is retained.

After applying all the above requirements, there
are two main background sources [25], 1(3686) —
K*(892)"pA (K*(892) — 7°K~, A — 7*p) and
(3686) — K*°(892)pL~ (K*°(892) » ntK—, ¥~ —

pr®).  The former and latter are suppressed by
requiring the invariant mass of ntp (M(n"p)) ¢
[1.090,1.130] GeV/c? and the invariant mass of K ~7 "
(M(K~7")) ¢ [0.756,1.036] GeV/c?, respectively.
These requirements have also been optimized with the
Punzi method [24]. The requirements of M (7" p) and
M(K~7") reject 94.2% of background events with
an efficiency loss of 45.5%. At present, the branch-
ing fraction of ¢(3686) — K*°(892)p~~ is absent.
With the same (3686) data sample, we estimate the
branching fraction of 1(3686) — K*°(892)p~~ + c.c.
to be (3.240.2,,:.)x107* by examining the M (K ~7)
distribution of the accepted candidate events. Based
on this, we estimate that the 1)(3686) — K*°(892)p% -
background channel contributes to approximately 91
background events; however, they do not form a peak
in the M (pK =) distribution.

Figure 2(a) and 2(b) show the distributions of
the invariant mass of pr® (M (pr®)) versus the invari-
ant mass of pK~ 7t (M (pK ~nT)) surviving the event
selection for the signal MC sample and data, respec-
tively. The ¥~ candidates are required to be within
the interval M (pr°) € (1.150,1.230) GeV/c?, which
corresponds to three times the resolution around £~
peak. The signal yield of 1(3686) — A}%¥~ is ex-
tracted from an unbinned maximum likelihood fit to
the M (pK ~7t) distribution, as shown in Fig. 3. In
the fit, the lineshapes of signal and background are
modeled by the signal MC simulation and a first-order
Chebyshev polynomial, respectively. In addition, the
yields of signal and background are free to float. In
Fig. 3, the background level is significantly higher
than that expected by the inclusive 1(3686) MC sam-
ple, which may be due to some unknown decay, for ex-
ample, 1(3686) — mt K~ pX~ +c.C.|non_x~. With the
same 1(3686) data sample, we estimate the branching
fraction of 9(3686) — 7+ K~ pX~ |,on_x+ to be (1.494
0.034tat.) X 10™* by examining the M (pm™) distribu-
tion of the accepted candidate events. Based on this,
we estimate that the 1(3686) — 77K~ pX~ |non_ i
background channel contributes to approximately five
background events; however, they do not form a peak
in the M(pK~n") distribution. Although there is
still room for various background channels, they do
not all form a peak in the M (pK ~7t) distribution.
Because no significant signal is observed from the
1(3686) data, conservative upper limits will assume
that all the fitted signals are from >~ after the follow-
ing two checks. First, the events in the ¥~ sideband
region shows that the non-X~ contribution in the se-
lected candidates is negligible. Second, an analysis of
2.93 fb~* of data taken at /s =3.773 GeV shows that
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no peaking background of the continuum production
of ete™ = AF %~

To estimate the upper limit on the branching frac-
tion of (3686) — AFYX~, we use a likelihood scan
method after incorporating systematic uncertainties

is estimated.

as discussed in next section.
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in the signal MC sample and data.
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Figure 3. (color online)Fit to the M (pK ~w™")
distribution for the candidate events from
¥(3686) — AT ¥ . Points with error bars are
data. The red (black) dashed line is the signal
(background), and the blue solid curve is the

total fit. The pink dashed line is the inclusive

MC sample. The red solid curve is the signal
shape enlarged by a factor of 100.

IV SYSTEMATIC UNCETTAINTY

Systematic uncertainties for the upper limit on
the branching fraction can be classified into two cat-
egories: additive terms and multiplicative terms.

Additive terms contain uncertainties caused by
the chosen signal shape, background shape, and fit
The effect due to the signal shape is esti-
mated by replacing the signal MC shape with the
signal MC shape convolved with a Gaussian resolu-
tion function with a mean of 1.0 MeV/¢? and a reso-
lution of 1.3 MeV/c?. These parameters are obtained
from a fit to the M (pK~7") spectrum using a data
sample taken above At A~ production threshold. The
effect from the background shape is evaluated using
first-order and second-order Chebyshev polynomials.
The effect from the fit range is estimated with fit
ranges of [2.26,2,31] GeV/c?, [2.26,2,32] GeV/c? and
[2.25,2,31] GeV/c*. Among all of these terms, the
case yielding the largest upper limit is chosen for fur-

range.

ther analysis.

The sources of multiplicative systematic uncer-
tainties include the number of ¥ (3686) events, track-
ing efficiency, PID efficiency, 7° reconstruction, the
¥~ mass window, kinematic fit, the quoted branch-
ing fractions of intermediate states, and the signal
MC model. The systematic uncertainties on the re-
quirements of M (7w p) and M (7" K~) are estimated
by changing individual veto regions by 10 MeV/c?.
The associated effects on the upper limits are less
than 0.1% which are negligible. The other system-

atic uncertainties are discussed below.

(a) Number of 1(3686) events: The total number
of 1(3686) events in the data sample was de-
termined to be (448.1£2.9) x 10° with inclusive
hadronic events in Ref.[10]. The uncertainty of
the total number of (3686) events, 0.6%, is

assigned as a systematic uncertainty.

(b) Tracking and PID efficiencies: The uncertain-
ties from the tracking and PID efficiencies have
been studied with the high purity control sam-
ples ¥(3686) — mwtm~J/1[26].
uncertainty due to the tracking or PID effi-
ciency is assigned to be 1.0% for each track.

The systematic

c) m° reconstruction: e systematic uncertainty
0 truction: Th temati taint
of the 7° reconstruction efficiency has been
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studied with the control sample of J/v — pm in
Ref.[26]. The associated systematic uncertainty
is assigned to be 1.0% for each 7°.

(d) ¥~ mass window: To estimate the systematic
uncertainty from the ¥~ mass window, we use
the control sample of 1(3686) — YL~ with
Yt — pr® and £~ — pr®. The difference be-
tween the acceptance efficiencies of data and
MC simulation, 0.1%, is taken as the corre-
sponding systematic uncertainty.

(e) 5C kinematic fit: To examine the systematic
uncertainty due to the 5C kinematic fit, we ex-
amine the signal efficiencies with and without
correcting the MDC helix parameters for the
signal MC events. The change in the signal
efficiency, 0.2%, is assigned as the systematic
uncertainty.

(e) Quoted branching fraction: The branching frac-
tions of AY — pK 7, ¥- — pr°, and 70 — 4y
are quoted from the Particle Data Group|[1§],
which are (6.280.32)%, (51.57+0.30)%, and
(98.82340.034)%, respectively. They contribute
to a total uncertainty of 5.2%, which is regarded
as a systematic uncertainty.

(f) MC model:  The signal MC sample of
1(3686) — AFY~ is generated according to
phase space.
certainty on the MC model, we generate al-
ternative signal MC samples using the J2BB1
model[27] with an angular distribution of 1+
acos?f. To be conservative, two extreme sce-

To estimate the systematic un-

narios corresponding to a« = —1 and o =1 are
considered. The difference in the efficiencies be-
tween the phase space model and the J2BB1
model, 11.0%, is taken as the corresponding sys-
tematic uncertainty.

Assuming that all sources are independent, the
total multiplicative systematic uncertainty is de-
termined to be 13.5% by adding all uncertainties
quadratically. The systematic uncertainties are sum-
marized in Table 1.

Table 1.
ties in the branching fraction measurement.

Multiplicative systematic uncertain-

Source Uncertainty (%)
Number of (3686) events 0.6
Tracking efficiencies 4.0
PID efficiencies 4.0
70 reconstruction 1.0
¥~ mass window 0.1
5C kinematic fit 0.2
Quoted branching fractions 5.2
MC model 11.0
Total 13.5

LiILmax

B (x10°)

Figure 4.

(color online) Distributions of the
likelihoods versus the branching fraction of
¥ (3686) — ATX". The results obtained with
and without incorporating the systematic un-
certainties are shown in the red solid and blue
dashed curves, respectively. The black arrow
shows the result corresponding to the 90%
confidence level.

V RESULT

The branching fraction of ¥(3686) — A+r¥ " is cal-

culated using

Bih(3686)  AFS )= — D ()

¢ Nw(sasa) 1B, - €

where Ny es6) is the total number of ¢(3686) events
in the data sample, IIB; is the product of the
branching fractions of the intermediate decays AT —
pK-nt, ¥~ — pr°, and 7° — v, and € is the de-
tection efficiency, which is determined to be (11.03+
0.08)% based on MC simulation.

No significant signal is observed, and the upper
limit on the signal yield is set to be 21.1 at the 90%
confidence level by assuming the fitted signal yield is
entirely from the process 1/(3686) — A*X~. The raw
likelihood distribution versus B(1(3686) — A+X¥™)
is represented by the blue dashed curve in Fig. 4.
This curve is then smeared by a Gaussian function
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with a mean of 0 and a width equal to the multi-
plicative systematic uncertainty of 13.5% according
to Refs.[28, 29]. The updated likelihood distribution
is shown as the red solid curve in Fig. 4. By inte-
grating the red dashed curve from zero to 90% of the
physical region, the upper limit on the branching frac-
tion of ¥(3686) — AX ¥~ at the 90% confidence level
is set to be

B(1(3686) = AFX7) <1.4x 107",
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