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Introduction BGS]]I

The decay rates of charmonium systems not only permit the determination of the strong coupling constant at the

charmonium scale under perturbative QCD, but also furnish a highly sensitive testbed to assess the validity of lattice
QCD and NRQCD implementations.

~40% of n./h,. decay modes remain unobserved, and most of the measured BFs suffer from large uncertainties. More
importantly, most of . decay modes neglect the interference effects.

Brambilla ﬁzﬁ'igg"}f{!']” ;j%ﬂjgﬁ Bodwin et al. 2001 [53]  3.07+0.53
—_— Beilin et al. 1985 [4] 2.814+0.54 ——————  DBrambilla et al. 2018 [54] 2.95+0.56
_ - . B = o
. Barnes et al. 2005 [7] 2.63 g g LR
J/W = yn. and . — yy are of great theoretical - hemiisnul  Smen :
C C -, 3{‘3&6‘;&-1;“33'"21 g:;;ﬂﬁn‘; —_— Dudek et al. 2006 [58]  0.87+0.33
. . h . d- . . 1 - Becirevic et al. 2013 [14] 2.85+0.13 . CLQCD 2016 [59] 0.37+0.01
—_ HPQCD 2012 [15] 6940, —_ 2
interest, with precise predictions. Experimenta : aEosu e
HPQCD 2023 [17] 2.40+0.04 — Liu et al. 2020 [61] 1.35+0.20
. o« .~ Mgf_lg_ljl_i_ll:_z_lfzf _[_l 5] ______ 2491012 | . HPQCD 2023 [17] 2.2310.02
— CLEO- X X . M al. 2023 [29! . 190,
measurements, however, remain challenging. D e e o o MeeiamE o
—_— Crystal Ball [22] 1.27H0.36
- PDG glul:.’nl fit 2024 [2] 1.41+0.14 || | PD‘G global fit [2] 1 (16+l],13
L LB L PR RS E N | | : L - L :
0 2 4 6 8 0 2 4 6
BUJy—yn) (%) B(n—vy) <107)

In BESIII, 1. can be produced via three different radiative transition: J/ /Y — yn., Y (3686) — yn., and h, = y1,.
The h, can be produced via 1(3686) — m°h, process.

Statistics ~200M ~10M ~IM ~2M
EM decay M1 M1 El -

Tengjiao Zhu Recent Processes on n./h. Decays at BESIII 3



Measurement of n. - yyinJ /Y - yn,

«  Using about 2.7 billion 1(3686) sample Phys Rey, Let. 15
—=134, 181
« Measured via )(3686) - wtm ] /1, avoid background from ete™ — y,gryy with J /1 sample 201 (2025)

» First observation of J /Y — yn,. = yyy

80

60

Events / 4.50 MeV/c?

+ Data

= Fit result
= Signal

Jy—=ynmin'

— = Jy—yr®n®
== Jly—yyy
Other background

Pull
)

2.8 2.9
M,, (GeVi/c?)

Nsig

B /Y = yne) X B = vy) =

= (5.23+0.26 + 0.30) x 107°
Stat. Syst.

Ny z686) X Esig X B((3686) » m+m~] /)

The result is consistent with the LQCD calculation (5.34 + 0.16) x 107° [1].

[1] Phys. Rev. D 108, 014513 (2023)
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Measurement of n. - yyinJ /Y - yn, BGS]]I

. T - yy) = ZLoMIXBUCYY) o pPDG = (11,30 4 0.56 4 0.66 + 1.14) keV
BPDG(j /h—yne) Ne Stat.  Syst. Ref

Dudek et al. 2006—+— I
CLQCD 2016 ¢
Chen et al. 2017 o |
Feng et al. 2017 - |
Li et al. 2020 —~- |
Liu et al. 2020 —— |
Zhang et al. 2022 — |
Meng et al. 2023 + |
I
|
]
I

The result is consistent with the NRQCD calculation [ 1], but
HPQCD 2023 '

significantly deviates from other calculations by more than 30.

E835 2003 et al. (pp—yy) —=—
BESIII 2013 (n_—vy) C

PDG FIT 2024 < 30 206 1o
This work (n_—Yy) %
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1

0 5 10 15
T(n,—~vY) (keV)

[1] Phys. Rev. Lett. 119, 252001 (2017)
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Measurement of . —» yy via h,. - yn,

SESII

e They(3686) — n°h,, h, = yn, process provides an extremely low background level and negligible

interference effect environment for the measurement of 7,.

* The absolute BF of 1. = yy 1s measured for the first time by a tag-and-probe method: PRI
tag side: 1/(3686) — m°he, he — 1 by reconstructing (1°))qg, Neag~0.16 M AT n el T gLl T T
. . PMC. 1 =1 GeV( 5) —_———
signal side:(3686) — m°h., h, = YN, M = VY, Ngig = 325+ 6.4 Yl’\(i(]} m;hamz ®
. Meng ef al. (2023) L]
) Y. Chen ef al. (2020) ®
Slg Nsig gSig J. Chen et al. (2017) o
_ _ rec rec __ —4 T. Chen et al. (2016) o
B(’?c . )/]/) Ntag tag tag - (245 -I—_ 0.48 i 009) x 10 H. K. Guo et al. (2011) —_—
Nc T€C / rec M. Z. Yang (2009) -9
3 — J. J. Dudek et al. (2006) ——
a ido L0 J. P. Lansberg et al. (2006) ——
S (a) >10 +Data (b) C. S. Kim et al. (2005) —o—
§ i = Signal D. Ebert ef al. (2003) O
2 [ S b —Background | A| | R s
S60 - S | —hevy ' SSTII(2025) J/y—s -
E i (ndf = 13 § - Total fit BESIII(2025) J/ y— m, —h—
340 — +Data 5 5 [ lendf = 0'4 1 1 | | | | | | | | | | | | | | | | | | | | | | |
r Signal : ) -10 -5 0 5 10
20 —Background [ — I'(n — keV
" —Total fit i l i F(n. > yy) = (748 £148 £ 030) kevV 1 —YY)(keV)
HaaiiiiR adhdhdbeg nedilhdhdiiihadhal teo~
e T T T ‘ LY SRS §P ) P y prn vy r —> e e
g.S 3.51 3.52 3.53 3.54 , 5 351 * '3_J§3N3_55 o "354  3.55 (]/l/) ) = (074 + 015)
RM(r)(GeV/e?) M(GeV/eD) L(me - vy)

The result is consistent with most theoretical estimates and 2.5 deviation from the previous work.
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Amplitude analysis of /Y — yn. - ypp BGS

* Using about 10 billion J /1) sample

* Amplitude analysis of / /i) — ypp process in the 17, mass region.
e The main background contributions come from J /1 — yrsrpp and J /3 — ppr°.

. xae? = 10° = 10°
a (a) X*Nbin=173.4/100 N (b) %¥Nbin=243.0/94 +D:'ﬂ rount a | (c) x*/Nbin=252.8/94
S 1sp > 15F ggot‘flgﬁt ' = 15
2 o - )
= = - -NR(@0™) = ol
3 s o B : P
S S Wiy | € Different /© non-resonant components can be
: : sk Interference T; S5k
ol 5 g s distinguished by angular distribution information
2 : T B P | & | gu y ahg '

U"E‘W‘\&A‘,‘I’a?*“@i“‘! 0 -ti"nﬁ\'vx}”aﬁ-‘fﬁ"ﬁﬁ,h‘ufq (1] X4 GA’HQL‘.'HM"J.'QA-&-\-‘

- 2.8 2.9 3.0 710 1.2 14 1.6 0 1.2 1.4 1.6

M (GeV/c) M, (GeV/c?) My, (GeV/c?)
x10° 10° 10°
(d) %*/Nbin=151.9/98 20 _{e) %*/Nbin=116.3/48 8 (f) %2/Nbin=319.3/100

—_ 8 —_— —_ [
= 2 E
> . 15 = d 6 - . . . .
s ¢ s, s m The mterference involving 7. arises almost
g 4 L B Z 4F
g E 2 - -
Z z 4 &L T entirely from the 0~ NR.

ML S A | A al et I s

Dt At a i i ] e ] S e i L e ekt

-3 05 00 05 10 05 00 05 L0 o3 0 2

cos6, cos6, ?,

B(J /Y = yn.) X B(n, = pp) = (2.11 £ 0.02 + 0.07) X 107>
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Amplitude analysis of / /Y = yn,. — ypp BGS]]I

* The absolute BFsof J /3 — yn.and n, - yy A
B(J /Y - yn.) X B(n, = yy) = (5.23 +£0.26 +£ 0.30) x 10~ 7

B( /Y = yn.) X B(n, = pp) = (2.11 £ 0.02 + 0.07) x 107>
B — vy) X B(e = pp) = (2.1 £ 0.3) x 1077 [1-3]

>/
& S
44 7 Z
B(J/Y = yn.) = (2291 0.19)%

B(n. = yy) = (2.28 £ 0.19) x 10~*
B(n. — pp) = (0.92 + 0.08) x 1073

\
2.
<

BM¢ = vy) X B(n: = pp)

| T | T | T T T | T T T T T T T T T T
et 4] 1624108 —_ Bnldwin et al. [53] 3 o|7+o 53
odjamirian 2.70+0.87 : DN 1
— - Beilin et al. [4] 2.81+0.54 ———— Brambillaetal [54]  29510.56 The I‘esults dCVlate ﬁOm the P DG IObal ﬁt
Ebert et al. [5] 1.13 —_— Yu et al. [55] 1.77+0.20
. Deng et al. [6] 313 ; o 1
Barnes ef al. [7] 2.63 e Feng, et al. [56] 3.200.10
i O hoan o i . et (6l s values by 3a, but are in good agreement
- udek et al. [12] 2.71+0.09 . 1
- CLQCD [13] 3.0740.07 —_— Dudek et al. [58] 0.87+0.33 Q
"~ clotifil ™ - S . Duk L. 07103 with the latest LQCD calculations.
L — HPQCD [15 2.69+0.21 |
- GuiQet al. [[16] ] 2.6740.12 CLQCD (601 2128025
. HPQCD [17] 2.40+0.04 —— Liu et al. [61] 1.35+0.20
______________________ = Mengeral. 18]  249%0.12 . HPQCD [17] 2.23+0.02
— %ED%B[:?] 1.98+0.09+0.30 o Meng ef al. [29] 2.19+0.06
—_—— 5 3.22:+0.20+0.36
—_—— Crystal Ball [22] 1.27+0.36 s R Ve dobal fit [2]  1.66+0.13 [ ] : : ( )
- P;))E 2101)11 fit2024 (2] 1.4140.14 YP‘D_G global fit 2] 166:0.13 1 Phys RGV D 52’ 4839 1995
| || l This work l 2.29i0.0110i04i0.18 | —— lhlls work 2.28i(l.01|:().04t0.18 [2] Phys Lett B 62 1 4 1 (2005)
L I 1 I I I I 1 I I 1 1 L L L L L L L : ¢ ¢ 5

o 2 4 6 8 0 2 4 6
BJly—yn) (%) B —y) (x10°%) [3] Phys. Lett. B 566, 45 (2003)
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Study of n, > n n nn

* Measured via )(3686) - yn.,n. » n n ntnn

* Significant 77, asymmetric shape: M1 form factor (E)Z ) and interference effects

* Two indistinguishable solutions by fully considering interference with NR: constructive and destructive.

1500 —

LN R LI B LI NN A LI L JNL L N
—+— Data
—— Fitresults
N, total
s n2(nt)m
------- other(inc MC)
——— Continuum
—~ . — 1 (18) signal
------ interference
Non background

—
o
o
o

500

T T I T T T T I T T T T

Events / 4 MeV/¢2

PR TR TR TR AT TR SN SN SN AN TR TR T S N T 7| (I |
2.7 2.8 29 3 3.1 3.2

MGy, (GEV/c?)

B(n, - 2ttt )n) =(2.6+04+13)%

Events / 4 MeV/¢2

2000 T T T T I T T T T ] T T T T I T T T T I T T
—— Data n

n, total {
e TORTTN L
nERREEEEED other(inc MC) '
1000 - =7 oS signai
**** interference

Non background

—— Fit results 1 (a)

o ® (e(m)|e’®EZBW (m) + NR|"E} ) + faxe

1 1 1 l 1 | 1 1 |

2.7 2.8 2.9 3 3.1
MGy (GEV/c?)

3.2

B, - 2(ntn)n) =(5.5+05+1.9)%

1D fit can not distinguish J© of NR: The uncertainty caused by fully considering interference amounts to ~40%.
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Resonance parameters of n,

* Precise measurements of the 77, mass and width:

= (2984.55 + 0.09 + 0.77) MeV/c%; Ty, = (29.74 + 0.17 + 0.33) MeV
13

J/¥ = ¥ne,s e = pp: My
(3686) - Y1, N = 2(rF )N My
M,y —M; = 112.4 + 0.8 MeV/c?
M,y — M, = 112.8 £ 0.4 MeV/c?

= (2984.14 1+ 0

The results are consistent with LQCD predictions [1,2].

T T
BaBar
Belle
BESIII
BESIII
BaBar
BaBar
KEDR
LHCh
LHCh
LHCh
Belle
BESIII
LHCh
LHCh
PDG

BESIII
BESIII

T
Phys
Phys

Phys
Eur.
Eur.
Phys
Phys

. Rev. D 84, 012004 (2011)
. Rev. D 86, 052002 (2012)
Phys.
Phys.
Phys.
Phys.
. Lett. B 738, 391 (2014)

Rev. D 86, 092009 (2012)

Rev. D 89, 112004 (2014)
Rev. D 89, 112004 (2014)

Phys. ). C 75, 311 (2015)
Phys. J. C 77, 609 (2017)

. Lett. B 769, 305 (2017)
. Rev. D 98, 072001 (2018)

‘ T T T
2984.5+0.8+3.1
2982.7+1.8+2.2
2984.5+1.240.5

Rev. Lett. 108, 222002 (2012) 2984.31+0.610.6

2984.1+1.1%2.1

2979.8+0.81+3.5 —«———

2983.5+1.4+3.6
2982.2+1.510.1
2982.8+1.040.5
2986.7+0.510.9
2984.6+0.71£2.2

Phys. Rev. D 100, 052012 (2019)  2985.940.7+2.1

Eur.

Phys. J. C 80, 191 (2020)

2983.9+0.710.1

Phys. Rev. D 108, 032010:(2023)  2985.0+0.17+£0.89

2984.110.4

Phys. Rev. D 111, 052013 (2025) 2984.1410.13+0.38
Phys. Rev. Lett. 136, 051901 (2026) 2984.55+0.09+0.77

2950
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2960

2970

M®,) (MeV/c?)

f | f U f T T T T T T T T T
— —— BaBar Phys. Rc“-. D 81, 052010 (2010) 31.7£1.240.8
D —_— Belle Phys. Lett. B 706, 139 (2011) 35.1+3.1+1.6
5 —_— BaBar Phys. Rev. D 84, 012004 (2011) 36.2+2.8+3.0
I B ————+———— Belle Phys. Rev. D 86, 052002 (2012) 37.8+5.8+3.1
—_— BESIII Phys. Rev. D 86, 092009 (2012) 36.413.2+1.7
—— BESIII Phys. Rev. Lett. 108, 222002 (2012) 32.041.241.0
S —_— BaBar Phys. Rev. D 89, 112004 (2014) 34.8+3.1+4.0
] —_— BaBar Phys. Rev. D 89, 112004 (2014) 25.242.6+2.4
— _— KEDR Phys. Lett. B 738, 391 (2014) 27.243.145.4
- —_—— LHCb Eur. Phys. J. C 77, 609 (2017) 31.4£3.5+2.0
- — LHCh Phys. Lett. B 769, 305 (2017) 34.041.941.3
| —_— Belle Phys. Rev. D 98, 072001 (2018) 30.8+2.3+2.9
- —_— BESIII Phys. Rev. D 100, 052012 (2019)  33.8+1.6+4.1
i - LHCb Phys. Rev. D 108, 032010 (2023)  29.7+0.5+0.2
| - PDG 30.5+0.5
- - BESIII Phys. Rev. D 111, 052013 (2025)  28.82+0.11+0.82
= - BESIII Phys. Rev. Lett. 136, 051901 (2026) 29.74+0.17+0.33
| | | 1 | 1 1 | 1 1 1 \ 1 1 1 | 1
2980 2990 20 40 60 80
I'(m) (MeV)
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+ 0.38) MeV/c?;T, = (28.82 + 0.11 4+ 0.82) MeV

[1] Phys. Rev. D 81, 034508 (2010)
[2] Phys. Rev. D 85, 091503 (2012)
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Measurements of . radiative decays BGS]]I

* Observation of four h, radiative decays to multiple light hadrons %
decay modes for the first time. . 25)

"
L om I o
* The total measurement branching fraction[~0.8%] are significantly E o O :j E 6°i (H) :j ts
lower than the predicted value 5.5% of B(h, = v + 29)[1]. % " } ST I Lh QT
« The branching fraction of h, = yf,(1270) - yr*n~ is an order of @ 2;-5 5/52,('}.&13.54 52;5 3/52/\\ " :
magnitude smaller than that in J /1 decay[2]. M(ye'r) (GeV/c?) Miyrn) (GeV/e)
* This measurement could be employed to investigate the quark and 2™ am e ™ av) T
glueball mixing parameters of f,(1270)[3]. %zz _sz((d)) % o _::ﬁ
e B T
h, -yt (3.06 + 0.54 + 0.37 + 0.21) x 10~* 5.40 P M2l (Gevic) M) Govic) |
h, > yrtn n (3.524+0.50 + 0.30 + 0.24) x 1073 7.50 o R
h, > y2(mtn™) (2.19 + 0.20 + 0.16 + 0.15) x 1073 11.80 ‘;:; 20 :Si"'”’:
h. - ypp (3.34+ 0.53 + 0.33 + 0.23) x 1073 6.40 o o G:aé‘a‘T’i‘iwfzuzm)
he = ¥f;,(1270) - yrtm™ (1.81 + 0.35 + 0.19 + 0.12) x 1073 5.10 2" ] } \ }
[1] Phys. Rev. D 66, 014012 (2002). g ° ~ d,u
[2] Phys. Rev. D 91, 052006 (2015). 0 e
[3] Phys. Rev. D 40, 1517 (1989). M) (GeVic?)
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Measurements of h. —» hadrons

«  Evidence for h, » K{K*m™ + c.c. is found with a significance of 4.3¢.
B(h, > KQK*n~ +c.c.)=(73+18+0.8) x 10~*

*Only the leading-order terms

Item Value (%) Source i _
B(h, — KKx) 4109 QCD [4]/'1 30" are evaluated in the theoretical :
B(h. — KKx) 55433  NRQCD Hgé" .  calculations from both pQCD ebesonbosin b e D cenene]
B(h, —» KKn) 0224006  This work 1.60 and NRQCD 34 T IRV
r(h - 39)/1—‘(?;’( = 29) ]0 :t 0] pQCD [4] . _535 3.505 351 351; 3.52 LSE: 353 3.535 3.54 ]354; 3r55
I'(h. = 39)/T(n. = 29) 83+1.8 NRQCD [4] M(K3K*+r) (MeV/c?
I'(h, = 39)/T(n. = 2g) 0.9340.54  Refs. [7,33]
I'(h, = KKn)/T'(n, = KKx)  0.069 £0.062  This work
7) x [4] Phys. Rev. D 65, 094024 (2002). Phys. Rev. D 110 032023 (2024)
~ +Data a 4o0b t‘?otla\rt
» First observation of h, = m*m~n° and evidence for h, - Kt K~ r° % o) I ]l — i
and h, » K*K™n via(3686) - n°h, ot g
% oof (@ % 10;- 3 'l’
(B(h, » ntn~n% = (1.36 +0.16 + 0.14) X 1073 (9.60) B P I
35 351 352 353 354 3.65 35 351 352 353 3.54 355

B(h, » K*K™n°) = (3.26 + 0.84 £ 0.36) X 10™* (3.50) I + e
B(h. > K*K™n) =(3.13 £ 1.08 + 0a.38) x 107* (3.30) : G e
\B(h, » t*™n) < 4.0 x10™*atthe 90% C.L.

6 _ — Bfackground 7 E;Cngmund
» Based on isospin conservation, B(h, » KKm) = (0.20 £+ 0.05)%,
. . . 0 . = L L ot . ! ! |
consistent with previous measurement. P e e 35 851 38 35 350 3856

M(x*7"n) (GeV/c?)

200

150F

40l C

F 100j
20F
[ x%/ndf =1.02

Events / (0.002 GeV/c?)
Events/ (0.002 GeV/c?)

50F
F 2 /ndf = 0.74
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Measurements of h. — hadrons

SESII

« First observation of h, = 3(mr*m~)n° and evidence for h, —
2(nTan )nnand h, -» 2(mt 7 )w viaPp(3686) » w'h

Phys Rev D 109 O77OT8 2 24:)

; Hﬁﬂm ﬁﬁw

h, - 3(n*tn)m° (9.28 + 1.14 + 0.77) x 1073 > 50
h, - 2(n 7))’ (7.55+1.51+0.77) x 1073 4.80
h, - 2(n 7 )w (4.00 + 0.86 + 0.35) x 1073 470

2 isof
“‘q £ 5 o sideband region
# m 1 H> +ﬂ s

E I”"‘r‘ﬂ"r"—"h"‘* -if—r-.-:—'-\.-‘

 The limit of B(h, — pp) < 4.4 x 107 is a factor of 100 lower than the predlctlons found n Refs [1 2], Wthh
indicates the need for improved theoretical calculations as well as more sensitive measurements. [1]J. Phys. G 38,035007 (2011).

— 2('T ) .
2(n*n)nn ——e ' —— 448M (3686) data
. 3 ———— PP —e— 2712M (3686) data
o K5K+H'
- KK,  —— 1 G 1]
- K'Kn® . ppr®
et n? .
2(n*n)n® K'Kn'n
—e— ppr'T ——=ppn’n’
prtnn®
_ PP K'K'non
PP ;
—— KK''*n —e 2(K'K)n?
nntn KK
K'Kn'nnl—e—— "N
L L L ! L 1 | | P I P I .
0 5 10 0 1 2 3

Br(h — X) (10°) Br(h.—~ X) (10%)
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[2] Phys. Rev. D 88, 034011 (2012).
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Summary BGS]]I

BESIII has achieved significant progress in the study of . /hdecay:

* The absolute BFs of ] /1) = yn,. and . — yy can be determined with uncertainties < 10%.

e The absolute BF of . — yy is firstly measured via ¥(3686) — n°h,, h, = y1n,, and consistent with most
theoretical estimates.

* The first observation for unknow n./h, decay modes are reported, which are important to test the QCD theory,
and more measurements will be presented.

* The radiative decay modes of h, to multiple light hadrons provide a potential avenue for the search of exotic
particles.

 The BESIII detector has completed a new round of data taking on 1(3686) (~1.37 fb~* (online)), and BESIII
experiment will provide a more powerful platform for future studies of n./h..

Thanks for your attention!
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Measurements of n. - BB/VV BGS]]I

7\45 Rev. D 112 012012 2025)

— . 0=0 r Se)
First observation of . = E°Z° via J /1) - yn, oF 252 | o o
Two indistinguishable solutions by 1D fit. 3 3 100
B, = Z°29) 4ps = (1.63 + 0.22) x 1073 £ 2%
B(n, = £°2%),,, = (1.33 + 0.20) x 1073 N uoo
-50 | 1 Ll 1 -50
5 5——
/‘ 5 0 ,;&;Hidﬂﬂm‘ imi e im;{r;**#*ﬁwiﬂm*%”“Hé;*;i;iiguii; 3 0i}M?ﬂﬂh**&;**+;ﬁ;Eg*i;;;{r;‘*#*%;sb*;ﬁ“*?*i*’*ﬁ*ﬂgﬁ;gg;;ii;
275 2.8 285 29 295 3”I;3.105‘ -\2‘?75"'2;""2.';{_;"'2?9'"'2;5:“‘:;"';5.55'

Compatible with IML model [ B(n.—~E°E . oy :
p [1] Bn.oE T 1s consistent within 20 with MEE) (Govic) , MEZ) (Gevic?)

Larger than the quark-diquark model [2] p
isospin symmetry expectations [3] 2 Rev. D 113 072003 ¢
2 (2026)

" First evidence for the doubly OZI-suppressed decay 1] £ % +paa 4.0
- wd via [ /P - > [ — Totait Vo
c Y1c N é‘ 60~ e Signal
Z i o - - Non-w¢ background
&) | [ . Non-n_back d
B, » wep) = (3.86 + 0.92 + 0.62) X 1075 = Losp | = 40p on, backgrotn
= L | S 20}
[1]J. Phys. G 38, 035007 (2011) ok = T
; .I. I. .:\I_:'_. :: ‘ll : [- " i :: 0 1
[2] Phys. Rev. D 38, 3516 (1988) R )8
[3] Phys. Rev. D 87, 012003 (2013) M. (GeVic)

Tengjiao Zhu Recent Processes on n./h. Decays at BESIII 16



Search for h, > n =] /¢ BGS]]I

7 S. \GV
»  Search for hy - w¥n~] /1) via)(3686) — m°h,, no significant signal is >110.112010 2024)
observed. 4 Dam
"3 ._ T'I"iot::lﬁt
B (3686) — °h,) - B(h, » ntn~ ] /i) < 6.7 x 1077 at the 90% C. L : ‘I ?.Ihi‘c
B(h, » ntn J/YP) < 9.4 x 10~* at the 90% C. L. 24_
2+
 This result is above the predicted upper limit of B(h, —» ¥t~ ] /) B L
of 1.2 X 10™° in Ref[1]. 0= BT T e v

M(r* 7 Jlyv) (GeV/c?)

Likelihood distribution
Likelihood distribution with additive uncertainties
Likelihood distribution with all uncertainties

e B(h, - nrn]/YP) < 1.41 X 1073 (neglecting the small difference 2
between phase space for charged and neutral mm modes).

N =8.00at 90% C.L.

* The result 1s an order of magnitude smaller than the BF predicted by § ;’:
Kuang et al. (about 2%) [2], and closer to the prediction calculated by 0.4
Pyungwon Ko (0.05%) [3]. 02 .
00. I .2. I I4I I I6I I ISI l I10” 12 14. I .16. I .18. I .20
[1] Phys. Rev. D 86, 074033 (2012). N

[2] Phys. Rev. D 37, 1210 (1988).
[3] Phys. Rev. D 52, 1719 (1995).
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Measurements of . radiative decays

SESII

. . . . )
e First observation of h, — yn with a significance of 9.00. HEP 08, (2024) 180
o 505 —+— Data « 15 —+ Data
N e . . . S “OF —— Fitresult S | — Fitresult
* A measurement of B(h, — yn’) is obtained with the improved 2 o - Background 2 | Background
. . o | W sideband o [ [ sideband
precision by more than a factor of two. 3 20 ][] s +
z 10} 2 , # ,
* NO Signiﬁcant hC - yno Signal is found? B(hc - yno) < 5'0 x 10_5 . 3.48 3.5 3.52 3.54 Q%L;;w‘ 3.52 ;.54'
at th e 90% C L M(yn) (n—>vY) (GeVic?) M(yn) (n—n'Tnd) (GeVic?)
40 .
B(he — ') (x1073) B(he — yn)(x10~%) B(he — vn)/B(he — ') (%) “ e D‘ata . 100 7t D'a’a
This work 1.40 £0.11 £ 0.04 £0.10 3.77+0.55 £ 0.13 £ 0.26 27.0+44+1.0 S e =
BESIII[1] 1.52 £0.27 + 0.29 47+15+1.4 30.7+11.3 £ 8.7 - b Sidefand = | sme:and
O <, 50
* Our result prefers the prediction in Ref.[1], which indicates the g @

contributions from both the quark-,antiquark content and the gluonic fis a5 58 s ~)5 fag" oie 35 ;o4
content are at the same level in n7(").

. o L —+— Data

* The improved measurements can be used to test the SU(3)-flavor S eF — e
. . = I Background

symmetries in QCD theory[2]. g f ++
[1] Phys. Rev. Lett. 116, 251802 (2016). S URRE:
[2] Phys. Rev. D 103, 114006 (2021). ST itk ‘

. . f46 348 35 352 354 % 5 10 15

[3] Phys. Rev. D 36,2761 (1987); Int. J. Mod. Phys. A 15, 159 (2000); Phys. Lett. B 807, 135534 (2020). e o1 6%
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   𝜼 𝒄 /  𝒉 𝒄


   𝜼 𝒄


   𝜂 c → 𝛾 𝛾


  Amplitude analysis of  J / 𝜓 → 𝛾  𝜂 c → 𝛾 p  p -


   𝜂 c →  𝜋 +  𝜋 −  𝜋 +  𝜋 − 𝜂


   𝒉 𝒄


   h c


   h c → h a d r o n s


   𝜂 c /  h c


   𝜂 c


  J / 𝜓 → 𝛾  𝜂 c


   𝜂 c → 𝛾 𝛾


  J / 𝜓 → 𝛾  𝜂 c


  𝜓 ( 3686 ) → 𝛾  𝜂 c


   h c → 𝛾  𝜂 c


  𝜓 ( 3686 ) →  𝜋 0  h c


   𝜂 c


  J / 𝜓 → 𝛾  𝜂 c


  𝜓 ( 3686 ) → 𝛾  𝜂 c


   h c → 𝛾  𝜂 c


   h c


  𝜓 ( 3686 ) →  𝜋 0  h c


   𝜂 c → 𝛾 𝛾


  J / 𝜓 → 𝛾  𝜂 c


  𝜓 ( 3686 )


  ℬ  (  J / 𝜓 → 𝛾  𝜂 c ) × ℬ  (   𝜂 c → 𝛾 𝛾 ) =    N  s i g   N  𝜓  (  3686 )   ×  𝜖  s i g × ℬ  (  𝜓 ( 3686 ) →  𝜋 +  𝜋 − J / 𝜓 ) = ( 5 . 23 ± 0 . 26 ± 0 . 30 ) ×   10  − 6


  𝜓 ( 3686 ) →  𝜋 +  𝜋 − J / 𝜓


   e +  e − →  𝛾  I S R 𝛾 𝛾


  J / 𝜓


  J / 𝜓 → 𝛾  𝜂 c → 𝛾 𝛾 𝛾


  ( 5 . 34 ± 0 . 16 ) ×   10  − 6


   𝜂 c → 𝛾 𝛾


  J / 𝜓 → 𝛾  𝜂 c


  Γ  (   𝜂 c → 𝛾 𝛾 ) =   ℬ  (  J / 𝜓 → 𝛾  𝜂 c ) × ℬ  (   𝜂 c → 𝛾 𝛾 )   ℬ  P D G  (  J / 𝜓 → 𝛾  𝜂 c ) ×  Γ   𝜂 c  PDG =  (  11 . 30 ± 0 . 56 ± 0 . 66 ± 1 . 14 )   keV


  𝜎


   𝜂 c → 𝛾 𝛾


   h c → 𝛾  𝜂 c


  𝜓  (  3686 ) →  𝜋 0  h c ,  h c → 𝛾  𝜂 c


   𝜂 c


   𝜂 c → 𝛾 𝛾


  ℬ  (   𝜂 c → 𝛾 𝛾 ) =    N   𝜂 c  s i g   N   𝜂 c  t a g =    N  r e c  s i g /  𝜀  r e c  s i g   N  r e c  t a g /  𝜀  r e c  t a g = ( 2 . 45 ± 0 . 48 ± 0 . 09 ) ×   10  − 4


   {      tag side :   𝜓  (  3686 ) →  𝜋 0  h c ,  h c → 𝛾  𝜂 c   by   reconstructing     (  𝜋 0 𝛾 )  t a g ,    N  t a g ~ 0 . 16   M    signal side: 𝜓  (  3686 ) →  𝜋 0  h c ,  h c → 𝛾  𝜂 c ,  𝜂 c → 𝛾 𝛾 ,    N  s i g = 32 . 5 ± 6 . 4


  𝜎


  Γ  (   𝜂 c → 𝛾 𝛾 ) =  (  7 . 48 ± 1 . 48 ± 0 . 30 )   keV


    Γ  (  J / 𝜓 →  e +  e − )  Γ  (   𝜂 c → 𝛾 𝛾 ) =  (  0 . 74 ± 0 . 15 )  


  J / 𝜓 → 𝛾  𝜂 c → 𝛾 p  p -


  J / 𝜓


  J / 𝜓 → 𝛾 p  p -


   𝜂 c


  J / 𝜓 →  𝛾  F S R p  p -


  J / 𝜓 → p  p -  𝜋 0


   J P


   𝜂 c


   0 −


  ℬ  (  J / 𝜓 → 𝛾  𝜂 c ) × ℬ  (   𝜂 c → p  p - ) = ( 2 . 11 ± 0 . 02 ± 0 . 07 ) ×   10  − 5


  J / 𝜓 → 𝛾  𝜂 c → 𝛾 p  p -


  J / 𝜓 → 𝛾  𝜂 c


   𝜂 c → 𝛾 𝛾


  ℬ  (  J / 𝜓 → 𝛾  𝜂 c ) × ℬ  (   𝜂 c → p  p - )


  ℬ  (   𝜂 c → 𝛾 𝛾 ) × ℬ  (   𝜂 c → p  p - )


  ℬ  (  J / 𝜓 → 𝛾  𝜂 c ) × ℬ  (   𝜂 c → 𝛾 𝛾 )


  ℬ  (  J / 𝜓 → 𝛾  𝜂 c ) × ℬ  (   𝜂 c → p  p - )


  = ( 2 . 11 ± 0 . 02 ± 0 . 07 ) ×   10  − 5


  ℬ  (  J / 𝜓 → 𝛾  𝜂 c ) × ℬ  (   𝜂 c → 𝛾 𝛾 ) = ( 5 . 23 ± 0 . 26 ± 0 . 30 ) ×   10  − 6


  ℬ  (   𝜂 c → 𝛾 𝛾 ) × ℬ  (   𝜂 c → p  p - ) = ( 2 . 1 ± 0 . 3 ) ×   10  − 7


  ℬ  (   𝜂 c → 𝛾 𝛾 ) = ( 2 . 28 ± 0 . 19 ) ×   10  − 4


  ℬ  (  J / 𝜓 → 𝛾  𝜂 c ) =  (  2 . 29 ± 0 . 19 ) %


  ℬ  (   𝜂 c → p  p - ) = ( 0 . 92 ± 0 . 08 ) ×   10  − 3


  𝜎


   𝜂 c →  𝜋 +  𝜋 −  𝜋 +  𝜋 − 𝜂


   𝜂 c


   E 𝛾 7


  𝜓  (  3686 ) → 𝛾  𝜂 c ,  𝜂 c →  𝜋 +  𝜋 −  𝜋 +  𝜋 − 𝜂


  ℬ  (   𝜂 c → 2 (  𝜋 +  𝜋 − ) 𝜂 ) =  (  2 . 6 ± 0 . 4 ± 1 . 3 ) %


  ℬ  (   𝜂 c → 2 (  𝜋 +  𝜋 − ) 𝜂 ) =  (  5 . 5 ± 0 . 5 ± 1 . 9 ) %


   J P


  𝜎 ⊗  (  𝜖 ( m )    |   e  i 𝜙  E 𝛾 2 B W ( m ) + N R | 2  E 𝛾 3 ) +  f  B K G


   𝜼 𝒄


   𝜂 c


  J / 𝜓 → 𝛾  𝜂 c ,  𝜂 c → p  p - :    M 1 =  (  2984 . 55 ± 0 . 09 ± 0 . 77 )   MeV /  c 2 ;  Γ 1 =  (  29 . 74 ± 0 . 17 ± 0 . 33 )   MeV


  𝜓  (  3686 ) → 𝛾  𝜂 c ,  𝜂 c → 2  (   𝜋 +  𝜋 − ) 𝜂 :  M 2 =  (  2984 . 14 ± 0 . 13 ± 0 . 38 )   MeV /  c 2 ;  Γ 2 =  (  28 . 82 ± 0 . 11 ± 0 . 82 )   MeV


   {       M  J / 𝜓 −  M 1 = 112 . 4 ± 0 . 8   MeV /  c 2     M  J / 𝜓 −  M 2 = 112 . 8 ± 0 . 4   MeV /  c 2


   h c


  ℬ (  h c → 𝛾 + 2 g )


   h c → 𝛾  f 2 ( 1270 ) → 𝛾  𝜋 +  𝜋 −


  J / 𝜓


   f 2 ( 1270 )


   h c


   h c → 𝛾  𝜋 +  𝜋 −


   (  3 . 06 ± 0 . 54 ± 0 . 37 ± 0 . 21 ) ×   10  − 4


  5 . 4 𝜎


   h c →   𝛾 𝜋 +  𝜋 −   𝜂


   (  3 . 52 ± 0 . 50 ± 0 . 30 ± 0 . 24 ) ×   10  − 3


  7 . 5 𝜎


   h c → 𝛾 2  (   𝜋 +  𝜋 − )


   (  2 . 1 9 ± 0 . 20 ± 0 . 16 ± 0 . 15 ) ×   10  − 3


  11 . 8 𝜎


   h c → 𝛾 p  p -


   (  3 . 34 ± 0 . 53 ± 0 . 33 ± 0 . 23 ) ×   10  − 3


  6 . 4 𝜎


   h c → 𝛾  f 2 ( 1270 ) → 𝛾  𝜋 +  𝜋 −


   (  1 . 81 ± 0 . 35 ± 0 . 19 ± 0 . 12 ) ×   10  − 3


  5 . 1 𝜎


   h c → h a d r o n s


   h c →  𝜋 +  𝜋 −  𝜋 0


   h c →  K +  K −  𝜋 0


   h c →  K +  K − 𝜂


  𝜓 ( 3686 ) →  𝜋 0  h c


   {      ℬ  (   h c →  𝜋 +  𝜋 −  𝜋 0 )   =  (  1 . 36 ± 0 . 16 ± 0 . 14 ) ×   10  − 3       ( 9 . 6 𝜎 )    ℬ  (   h c →  K +  K −  𝜋 0 ) =  (  3 . 26 ± 0 . 84 ± 0 . 36 ) ×   10  − 4         ( 3 . 5 𝜎 )    ℬ  (   h c →  K +  K − 𝜂 )     =  (  3 . 13 ± 1 . 08 ± 0 a . 38 ) ×   10  − 4   ( 3 . 3 𝜎 )    ℬ  (   h c →  𝜋 +  𝜋 − 𝜂 )       < 4 . 0 ×   10  − 4   at   the   90 %   C . L .                                              


   h c →  K S 0  K +  𝜋 − + c . c .


  𝜎


  ℬ (  h c →  K S 0  K +  𝜋 − + c . c . ) =  (  7 . 3 ± 1 . 8 ± 0 . 8 ) ×   10  − 4


  ℬ  (   h c → K  K - 𝜋 ) =  (  0 . 20 ± 0 . 05 ) %


  𝜎


  𝜎


   h c → h a d r o n s


   h c → 3 (  𝜋 +  𝜋 − )  𝜋 0


   h c →   2 ( 𝜋 +  𝜋 − )  𝜋 0 𝜂


   h c → 2  (   𝜋 +  𝜋 − ) 𝜔


  𝜓 ( 3686 ) →  𝜋 0  h c


   h c → 3 (  𝜋 +  𝜋 − )  𝜋 0


   (  9 . 28 ± 1 . 14 ± 0 . 77 ) ×   10  − 3


  > 5 𝜎


   h c →   2 ( 𝜋 +  𝜋 − )  𝜋 0 𝜂


   (  7 . 55 ± 1 . 51 ± 0 . 77 ) ×   10  − 3


  4 . 8 𝜎


   h c → 2  (   𝜋 +  𝜋 − ) 𝜔


   (  4 . 00 ± 0 . 86 ± 0 . 35 ) ×   10  − 3


  4 . 7 𝜎


  ℬ  (   h c → p  p - ) < 4 . 4 ×   10  − 5


   𝜂 c /  h c


  J / 𝜓 → 𝛾  𝜂 c


   𝜂 c → 𝛾 𝛾


   𝜂 c → 𝛾 𝛾


  𝜓  (  3686 ) →  𝜋 0  h c ,  h c → 𝛾  𝜂 c


   𝜂 c /  h c


   h c


  𝜓  (  3686 )


    f b  − 1


   𝜂 c /  h c


   𝜂 c → B  B - / V V


   𝜂 c →  Ξ 0    Ξ - 0


  J / 𝜓 → 𝛾  𝜂 c


   {        ℬ  (   𝜂 c →  Ξ 0    Ξ - 0 )  d e s =  (  1 . 63 ± 0 . 22 ) ×   10  − 3        ℬ  (   𝜂 c →  Ξ 0    Ξ - 0 )  c o n =  (  1 . 33 ± 0 . 20 ) ×   10  − 3


   𝜂 c → 𝜔 𝜙


  J / 𝜓 → 𝛾  𝜂 c


  ℬ  (   𝜂 c → 𝜔 𝜙 ) =  (  3 . 86 ± 0 . 92 ± 0 . 62 ) ×   10  − 5


    ℬ  (   𝜂 c →  Ξ 0    Ξ - 0 )  ℬ  (   𝜂 c →  Ξ −    Ξ - + )


  𝜎


  𝝈


   h c →  𝜋 +  𝜋 − J / 𝜓


   h c →  𝜋 +  𝜋 − J / 𝜓


  𝜓 ( 3686 ) →  𝜋 0  h c


   {      ℬ  (  𝜓 ( 3686 ) →  𝜋 0  h c ) ⋅ ℬ  (   h c →  𝜋 +  𝜋 − J / 𝜓 ) < 6 . 7 ×   10  − 7   at   the   90 %   C . L    ℬ  (   h c →  𝜋 +  𝜋 − J / 𝜓 ) < 9 . 4 ×   10  − 4   at   the   90 %   C . L .                                                                                            


  ℬ  (   h c →  𝜋 +  𝜋 − J / 𝜓 )


  1 . 2 ×   10  − 5


  ℬ  (   h c → 𝜋 𝜋 J / 𝜓 )


  < 1 . 41 ×   10  − 3


  𝜋 𝜋


   h c


  𝜂 ( ′ )


   h c → 𝛾 𝜂


  9 . 0 𝜎 .


  ℬ (  h c → 𝛾  𝜂 ′ )


   h c → 𝛾  𝜋 0


  ℬ  (   h c → 𝛾  𝜋 0 ) < 5 . 0 ×   10  − 5


  at   the   90 %   C . L .

