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Introduction Summary
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Recent measurements on 7. decay
« Measurement of n, - yy in J/Y - yn,

« Amplitude analysis of j /Y - yn. - ypp

« Measurement of n,. — yy via h, = yn,

» Measurement of n. - 2(r*n™)n in Y(3686) - yn,
- Measurement of n. - BB/VV
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Introduction

w——— E1 transition

Mev/c » The lowest-lying charmonium state
3700 | Friendly for theoretical studies: Lattice QCD,
1600 | 3 effective field theories, QCD sum rules, non-
s | :::E: relativistic potential models...

3400 | «@ % Several interesting observables

3300 | Radiative transition J/y - yn., two photon
3200 | decay n. — yy and hyperfine mass splitting
3100 | between J/y and 7., serve as a unique

3000 | window to the inner structure of charmonium
—

0+ B " (0.1.2)" g

2026/6/25 Recent Progresses on 7. Decays at BESIII 3




Introduction

» Puzzle on the decay rates

Significant discrepancy between PDG global fit and theoretical calculations

BU/y—n) (%)
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Brambilla et al. 2006 [1] 1.62+1.08 .
Khodjamirian 1980 (3] 2.70+0.87 ———e——— Bodwin et al. 2001 [53] 3.07+0.53
Beilin et al. 1985 [4] 2.81+0.54 ———e———  Brambilla et al. 2018 [54] 2.95+0.56
Ebert et al. 2003 [5] 1.13 Yu et al. 2020 [55 1.77+0.20
Deng et al. 2017 [6] 3.13 ue [55] 77+0.
Barnes et al. 2005 [7]  2.63 < Fengetal. 2017[56]  3.20+0.10
Pineda et all 2013 [8]2 2.29+0.43 Chen et al. 2017 [57] 2.10
g{‘gél‘;‘;oif"[‘:g]“ I aTie PR Dudek et al. 2006 [58]  0.87-40.33
Becirevic et al. 2013 [14] 2.85+0.13 o CLQCD 2016 [59] 0.37+0.01
g:lQe??l 2;)()1129[[115(!] g.ggfg.g CLQCD 2020 [60] 2.12+0.25
HPQCD 2023 [17] 2.40+0.04 Liu et al. 2020 [61] 1.35+0.20

___________________________ Mengetal 2025 [18] ~ 249+0.12 HPQCD 2023 [17] 2.23+0.02

CLEO-c [19] 1.98+0.09+0.30 Meng et al. 2023 [29] 2.1940.06
KEDR [21] 322+0.20+036 | | 0 E
Crystal Ball [22] L2TH38 2 | 209090 RSSO R i R S R R R R S S RS SR SRR RS SRENE
PDG global fit 2024 [2] 1.4140.14 PDG global fit [2] 1.66+0.13
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Introduction

Ty KKr (5.9 £0.5) %

o i);”/ « ~50% of n. decay modes

e e G remain unobserved

Tq KtK ntn (6.7 £1.8) x10°°

oo L) * Most of the measured BFs

Ty K nhn 7wt +cc. (5.1 +1.4) %

e KR 69420 x10° suffer from large uncertainties
Tys 2( KtK™) (1.2 £0.4) x107°

« Almost all measurements

@@@ neglect the interference effect
© © O
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» n. measurement at BESII|

At BESIII, the 7, is mainly produced in radiative transitions

_ Productions” 1l T DS

Statistics
Interference
Electromagnetic decay
Background level

~2%108

J/Y - yn.

Introduction
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Measurement of . - yy in J/{ -y,

Phys. Rev. Lett. 134, 181901 (2025)

« Using 2.7 billion y(3686) sample

« Measured via y(3686) —» n*n~J /3, avoid background from e*e™ - y;szyy In J /3 sample
- Background from j/y - y(P =n',n,7%) and J /¢ - yn°xn®
« Some non-resonant J/y — yyy observed, but no significant interference with 7,

« First observation of J /¥ —» yn. n. = yv.BUJ /Y = yn)xB(Mm, = yy) = (5.23 + 0.26 + 0.30)x107°

- x10° -
L 1.2 - +Data (68454) Risignal MC (BF=5.2x10") 80 —
= [ [yt (1193)  [Jly—ny (49863) o [ =Fpata — = Jly—yn'n®
E 1 T Ely—yyy (713) Jhy—n'y (11380) E I == Fit result = Jy—yyy
w - Jly—n® (4664) . Other background (345) = 60 = Signal Other background
- < M e Jhy—yrmin’
ok )
<
<] Z
g z
[5 2
=
= °f 1 | Lo
R R R EIRTRL CERT SR R SRR G R R L
o LU oL MR A~ 7y 1 P
L 1 L L 1 L 1 L L L

! - L Lo . | L |
2.6 2.7 2.8 2.9 3 .

M,, (GeV/c) M, (GeVic?)
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https://doi.org/10.1103/PhysRevLett.134.181901

Measurement of . - yy in J /3y — y1,

HPQCD 2023

X107
E 'l EZEC'—EO T WlppG Jhy—yn,
* BU/Y - yn)XBme = yy) = (5.23 £ 0.26 £ 0.30)x107%, s ||i}} [lseswz03n-p Meocrr
~ T \ [[]cLEO+BESIN 2013 [ This Letter n -y,
consistent with Lattice QCD calculation = a0l ||if) Oweacozzs Mwengotat oo
Fe - N\ PPy
« Using PDG value B(J/y - yn.) input, T'(n, - yy) = g 0fi LR
(11.30 + 0.56 + 0.66 + 1.14) keV, consistent with the ol
e e g . . . . i B e e ——— %107
non-relativistic QCD calculation, inconsistent with 0 02 04 06 08 1 12 14
BM YY)
Lattice QCD, PDG global fit, and the process pp — yy —
Clacozots o |
« Question: Do we really have a reliable quoted gf;:;:;_-;g;; N
Li et al. 2020 -~ |
BU/W = yne)? R |
|
|

E835 2003 et al. (pp—Yy) —=—
BESIII 2013 (n_—vv)

PDG FIT 2024 - 30 20 1o
This work (n_—YY) ——
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1
0 5 10 15
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B(J/y - yn.) in PDG global fit

Potential source of discrepancy : Interference effect is ignored in most of measurements

Mode Rate Scale factor

r n.(18) — n'(958)7wm (1.59 +0.34) x10~2 1.7
e n.(1S) — K*(892)K (892) (5.5 £1.1) x10* 1.2 . . .
o m(18) - 69 (14204 10" 29 v 1100 Negative correlation: mainly
e 1e(18) = ww (2.140.8) x1073 2.4 x| 16 100 .
e IS AT 64224 10 12 w1 140 contributed by By /Y - yn.)xB(1: = f)
37 Ne — _7T . . ¢ X16 8 9 8 100
rs  1.(1S) — KKn (1.11 £0.15) x10 2 1.3 xig| 10 12 12 7 100
Ta1 n.(18) = KK ntm~ (6.7 £1.8) x10° 2.4 Xs7| 32 30 26 15 20 100
s 1.(18) = 2( Kt K") (1.2 £0.4) x1073 1.6 xjg[ 19 18 15 9 12 59 100
s 1.(18) = 2(nt7) (7.5 +1.3) x103 1.6 Xw 9 9 8 5 6 19 12 100
o 1.(1S) — pp (1.11 £0.12) x10 3 1.4 Xs| 7 6 6 3 4 17 10 5

zoL 3 xsg| 14 18 18 10 15 29 17 10
Msa 1:(1S) — pprt (3.4 £0.5) x10 1.2 . N R R

— —4 52
fss ne(15) — A4 (9.4 +1.8) x10 ) 1.2 xsa| 10 10 10 5 7 28 17 7
l60 T]c(].S) — Yy (213 i015) x10~ 1.5 Xs5 9 11 13 7 10 22 13 7 100
rhe(1P) - 41 37 29 17 22 -76 -45 -20 20 100

1P 1 +5) x1072 . X0
30 he(1P) = yme(15) (64 £5) x10 12 XZ?%)” 12 12 10 -6 -8 -36 -25 -25 9 29 100
F(25) 3 @)ool 1 1 1 1 1 3 2 .3 -1 3 2 100
w925 = 7n(18) (3.6 £0.5) %10 13 Lx//¢05),,. | 20 30 -34 -20 -30 -42 25 -16 3243 18 2 100_|
r xB 7,18 18 -19 -9 -12 -50 -30 -11 -23 -19 -39 -55 -30 41 21 2 30
7405) - J/4h(18) = . (18S) (1.82 40.15) x 102 16 res) 2 a4 4 4 a4 3 2 4 4 4 1 a4 45 0 0 2
248 . 3 X1 Xg X9 X1 X18 X37 X383 X41 X45 X48 X52 X544 Xs5 o Xeo xhe(1P )30 X¢(2S)199 XJ/¢(15)248
%2 Bt = n. K" (1.20 £0.08) x10~ 1.3
Mas)  7Me(1S) WIDTH 30.0 +£0.5 (MeV) 1.2
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Combination of three BFs

While PDG global fit is not reliable, a combination of three product BFs may work

What we have

D * B(J/Y = yn.)xB(n. — X) (Measured in radiative decay)
=)
Qf > * B(n. = X)xB(n, - f) (X = yy/vp, Measured in two-
\,\ﬁbk N &Vj photon process or pp annihilation)
& 7@;} What we need
7 > _
X °\ * BU /i = yn)xB(. - f) (Measured in J /i decays)
S =
[BU/Y = yne)xBme = X)IX[B(n. » X)XB(1m: > f)]
B - (o XB C - - =
U/ = yn)*xBme = f) B(1. - X) J TITESTACEICREY)

_ |[BU/Y = yn)xBMe = X)IXBJ /Y = yn)XB1e > f)
BU/Y = vne) _\/ B(nc - X)xB(n — f)
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Events / (3.5 MeV/¢?)

« Using 10 billion j/y sample

Amplitude analysis of J/y - yn. - ypp

Phys. Rev. Lett. 136, 051901 (2026)

« Amplitude analysis of J/y — ypp process in the 1. mass region (2.7,3.05) GeV/c?

- Background from j/y - yFRpp and J/yp - n°pp

- Significant n, asymmetric shape: M1 form factor (£;) and interference effects

 No significant N* - yp observed.
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https://doi.org/10.1103/PhysRevLett.136.051901

Events / (3.4 (MeV/ ¢?))

nenS

Events / (0.02)

L]

Amplitude analysis of J/y - yn. - ypp

Amplitude analysis result: B(J /¥ - yn.)xB(n. - pp) = (2.11 + 0.02 + 0.07)x107°>

x10°

n
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(b) x*/Nbin=243.0/94  +Data
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« Angular distributions
effectively distinguish different

J¥ non-resonant components

* Interference with n, arises
almost entirely from 0~ non-

resonant component

 Full available information
distinguish the multi-solution

issue observed in 1D fit

12




Amplitude analysis of J /¢ - yn, - ypp

B(J/Y - yn)xB(m, = yy) = (5.23 £ 0.26 + 0.30)x107° B(J/Y - yn.) = (2.29 + 0.19)%
B(n, —= yy)xB(n, = pp) = (2.1 + 0.3)x10~7 —> B~ yy)=(228+£0.19)x10™*
n) — -3

B(J /v - yn)xB(n,. - pp) = (2.11 + 0.02 + 0.07)x105 B(n. - pp) = (0.92 £ 0.08)x10

T T T T T T | T T T | T T T | T T T T I T T T I T T T | T

Brambilla et al. [1] 1.62+1.08 .
Khodjamirian [3] 2.70+0.87 ———e—— Bodwin ef al. [53] 3.07+0.53
S Beilin ef al. [4] 2.81+0.54 ————e———  Brambilla ef al. [54] 2.95+0.56
° Ebert et al. [5] 1.13
. Do et L3 — Yu et al. [55] 1.7740.20
° Barnes ef al. [7] 2.63 - Feng, etal. [56] 3.20+0.10
—_—— Pineda et al. [8] 2.29+0.43 . Chen et al. [57] 2.10
- Dudek ef al. [12] 2.710.09
- CLQCD [13] 3.07+0.07 —_— Dudek et al. [58] 0.87+0.33
—— Becirevic et al. [14] 2.85+0.13 . CLQCD [59] 0.3710.01
| HPQCD [15] 2.69+0.21
- Gui et al. [16] 2.67+0.12 — CLQCD [60] 2.1240.25
o HPQCD [17] 2.40+0.04 — Liu et al. [61] 1.35£0.20
______________________ .. Mengetal. 18] 2494012 . HPQCD [17] 2.23+0.02
= CLEO-c [19] 1.98+0.09+0.30 Meng ef al. [29 "
—_— KEDR [21] 3.22+0.20+0.36 = engetal. 9] 2192006
—_— Crystal Ball [22] 1.2740.36 | [T T T e T,y T T T T T
- PDG global fit 2024 [2]  1.41+0.14 - PDG global fit [2] 1.66+0.13
- This work 2.29+0.01+0.04+0.18 . This work 2.2850.010.0420.18
1 1 1 I 1 1 1 I 1 1 1 1 1 L 1 1 1 1 I 1 1 1 I 1 1 1 I 1
0 2 4 6 8 0 2 4 6
-4
B(J/y—yn) (%) BM_—YY) (x107)
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Measurement of . — yy via h,. = yn,

arxiv: 2601.11236

« (3686) » m°h,, h, - yn, provides a clean environment with low background and
negligible quantum interference for studying 7,

» Absolute BF measurement by tagging 7. recoiling system of (7%);44, N¢qg~1.6%10°

« Based on the (%), select signal n, = yy, Ngi; = (32.5 + 6.4)

* B(n, = yy) = (2.45 + 0.48 + 0.09)x10~*, consistent with most theoretical calculations

and 2.5¢ deviation from combined BFs in J/y radiative decay

x10° —_ T | L T
g [ N PGy s T
NI L AT ——
%80 %10 + D.ata (b) HPQCD (2023) °
St = Signal Y. Meng et al. (2023) °
L Y. Chen e al. (2020) )
gﬁo i ; Background J. Chen t’al. (2017) ®
< | — YYY T. Chen et al. (2016) °®
P! 3 h— | H. K. Guo et al. (2011) — o——
€ x¥mdf = 1.3 S [ —Total fit M.Z.Y ,_(2009) <"
40 > 5, 4 IIderl(ZOOG) ——
2k +Data = x“/ndf|= 0.4 | J. P. Lansberg et al. (2006) ——
L . - / C. S. Kim et al. (2005) —o—
r Signal i ‘ D. Ebert et al. (2003) °
20+ —Background 0 1 1 B ILor NI EE S e R
B — Total fit Lol ; L lBi‘l;;IlIQ()ZS» Jhy— m, —h—
I ] | t o adRNAN d 404 : ”H| | |l
gs .351....352. L .353.. 354- - g lééluj_‘lh Tl %NILML‘J“ 'é o by by b e e
. - . . N S 3.51 3.52 3.53 3.54 55 -10 -5 0 5 10
RM(1%)(GeV/c?) M )(GeV/cz) '(m —yy)(keV)
C
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https://arxiv.org/2601.11236/

2026/6/25

Measurement of . - 2(r*7)n in Y(3686) — yn,

Phys. Rev. D. 111, 052031 (2025)

B(n, - 2(n*n )r))—(26+04+13)%

1500

« Measured in ¥(3686) = yn., n, = 2(r ' )n

500

Events / 4 MeV/¢2

—

o

o

=)
I

- —+— Data
- — Fitresults

L n, total

L i n2(mr

....... other(inc MC)

| ——— Continuum

| — — n(1S) signal
interference
Non background

®) -

Events / 4 MeV/¢?

| I3.2 2.7 2.8
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—
o
o
o

- Significant n, asymmetric shape: M1 form factor (E)) and interference effects
« Two indistinguishable solutions: one constructive, one destructive

* Large uncertainty ~40% due to non-resonant component: 1D fits can not distinguish
J¥ of non-resonant background

B(n, - 2(n*n )n)—(55+05+19)%

2000

| —i— Data

M, total

—— Fit results

Sty 1502(1[“7!-»]

- eeeeee other(inc MC)
| ——— Continuum

| - = nc(1S) signal
=== interference
Non background



https://doi.org/10.1103/PhysRevD.111.052013

in ¥ (3686) - yn,

Measurement of ., —» 2(n 7 )n

 Precise measurements of the n. mass and width

M (MeV/c?)
2984.55 £+ 0.09 £+ 0.37
Y (3686) - yn,, ne, = 2(mtn)n  2984.14 + 0.13 + 0.38

I' (MeV)
29.74 £ 0.17 £ 0.33
28.82 £ 0.11 £+ 0.82

Decay mode
J/b = yne, e = pp

* (Mjy — M, ) = 112.4 + 0.8 MeV/c2 in pp and 112.8 + 0.4 MeV/c? in 2(z*n )7, consistent

with Lattice QCD predictions

2026/6/25

T T T T T T T T T T T T T T T T T T T T T T
BaBar Phys. Rev. D 84, 012004 (2011) I2984.510.8ﬂ.l ! — ! BaBar Phys. Rev. D 81, 052010 (2010) 31.741.2+0.8
Belle Phys. Rev. D 86, 052002 (2012) 2982.7+1.8+2.2 —_— Belle Phys. Lett. B 706, 139 (2011) 35.1+3.1+1.6
BESIIIT Phys. Rev. D 86, 092009 (2012) 2984.5+1.2+0.5 —— BaBar Phys. Rev. D 84, 012004 (2011) 36.2+2.8+3.0
BESIII Phys. Rev. Lett. 108, 222002 (2012) 2984.3+0.6+0.6 —eee Belle Phys. Rev. D 86, 052002 (2012) 37.8+5.8+3.1
BaBar Phys. Rev. D 89, 112004 (2014) 2984.1+1.1+2.1 —_— BESIIT Phys. Rev. D 86, 092009 (2012) 36.4+3.2+1.7
BaBar Phys. Rev. D 89, 112004 (2014) 2979.8+0.8+3.5 ——t——— — BESIII Phys. Rev. Lett. 108, 222002 (2012) 32.0+1.2+1.0
KEDR Phys. Lett. B 738, 391 (2014) 2983.5+1.4+3.6 ———— BaBar Phys. Rev. D 89, 112004 (2014) 34.8+3.1+4.0
LHCb Eur. Phys. J. C 75, 311 (2015) 2982.2+1.5+0.1 —_— —_— BaBar Phys. Rev. D 89, 112004 (2014) 25.2+2.6+2.4
LHCb Eur. Phys. J. C 77, 609 (2017) 2982.8+1.0+0.5 ——— KEDR Phys. Lett. B 738, 391 (2014) 27.2+3.1+54
LHCb Phys. Lett. B 769, 305 (2017) 2986.7+0.5+0.9 -_ LHCb Eur. Phys. J. C 77, 609 (2017) 31.4+3.5£2.0
Belle Phys. Rev. D 98, 072001 (2018) 2984.6+0.7+2.2 —_—— LHCb Phys. Lett. B 769, 305 (2017) 34.0+1.9+1.3
BESIII Phys. Rev. D 100, 052012 (2019) 2985.9+0.7+2.1 —_ Belle Phys. Rev. D 98, 072001 (2018) 30.8+2.3+2.9
LHCb Eur. Phys. J. C 80, 191 (2020) 2983.9+0.7+0.1 —— BESIIT Phys. Rev. D 100, 052012 (2019) 33.8+1.6+4.1
LHCb Phys. Rev. D 108, 032010 (2023) 2985.0+0.17+0.89 LHCb Phys. Rev. D 108, 032010 (2023) 29.7+0.5+0.2
BESIIIT arXiv.2406.08225 (2024) 2984.14+0.13+0.38 - BESIII arXiv.2406.08225 (2024) 28.82+0.11+0.82
This work 2984.55+0.09+0.77 This work 29.74+0.17+0.33
1 1 1 1 I 1 1 1 1 | 1 1 1 1 1 L 1 1 | 1 1 1 l 1 1 1 1
2950 2960 2970 2980 2990 20 40 60 80
MM, (MeV/c?) () (MeV)
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Measurement of n. - BB/VV

J/¥ = ynene — E°8°
“ 7 " Phys.Rev. D. 113, 072003 (2026) " %
« First observation of n, — =Z0E° =" =
- Two indistinguishable solutions g :
B(n, = E°E2°% )ges = (1.63 £ 0.22)x1073 =
B("C - EO?‘O )COTL — (133 i OZO)X]-O_S D-_2.75 2.8 285 29 295 3 3.05 ) 2?75 2.8 2.85 29 295 3 3.05
MEE) (GeV/c2) MEZ") (GeVic?)
J/Y = ¥Ne e > 0@ -
Phys. Rev. D. 112, 012012 (2025) = 8 4 pata
- First evidence for doubly OZI-suppressed E o - signal 4.00
% - - Non-mw¢ background
decay mode 1, - w¢ < 4f - Non-n, background
e B(n, -» w¢) = (3.86 £ 0.92 + 0.62)x107° ; 20 J
B(1(3686) = y1:(25))XB(1:(25) - we) < 1.85x10~7 TS
Phys. Rev. D. 111, 032001 (2025) My e (GEV/e?)
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Summary

» Precision BF measurements of two decays J/y - yn. and n. - yy by combining
three processes with uncertainty < 10%.

> (3686) - n'h,, h, - yn, allows absolute measurement on 7, decays, consistent
with most theoretical calculations, more hadronic decays are on-going.

» The measurement precision of the . mass and width has been improved.

> First observation/search for unknown 7, decay modes are reported, more works
are on-going.

» The upgraded BESIII detector has completed a new round of data taking on
Y (3686) (~1.37 fb~*(online)) and BESIII experiment will provide a more powerful
platform for studying of 7. in the future.

Thank You!
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