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[ Collected 10 billion J /3 Events!

60000

 High production rate of n/n’ in //i decays

@ 50000
o
X 40000 : v" Radiative decays: 5.2 x 107/, 1.1 x 107 ¢
2 om0 650“ v" Hadronic decays: 6.5x10°1’, 2.5 x 107 1)
)
Lﬁ 20000 l'“‘ m
3 Al :
o 10000 P\ n
8 37 63 305 .
0
BES BESII BESIT n
W J/y—yn W J/y—yn i
0 20 40 Br IO‘QO
Kailu Li Light Meson decays at BESII /

> J/W-oyn = 1x107n

> J/w-oyn,nontny = 2.2x107n
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Evidence of Cusp Effectinn’ —» «

W jCCAsi(guspeffec)d + Ists tej L Cod 2 L dztsz
J CIstc] ddzo OP O thels de & O a5EA{R) d
tctsec O et WO Mmd dz detsc s
LOdditsH j2Mlsadwy o Ctdzj ydets?2

O In 7 interaction, one of the prominent features is the loop
contribution to the m scattering: The S-wave charge
exchange rescattering t*n~ - 7°7° causes a prominent
cusp at the center of mass energy corresponding to the
summed mass of two charged pions.

PRL 130, 081901 (2023

iiiE:?BGSI[[

Fit 1l

dchd

+o
.

T

_m:

-
p/PHSP / 0.0005GeV"/c*
o %o 0
-] LrI‘ED (i
T
.

o
©

0.074 0.076 0.078 0.08 0.082
M (x°x°) GeVic*
L 1 L L " 1 L

o
(o)

O By determining the strength of the S-wave nr interaction to
study the fundamental properties of QCD at low energies.

10° E M = Myee + Mone—loop + Mtwo—loop
/ P 10* , :.-',\‘._ Fit Notes
// g 5 i ...-' | Only the tree level contribution
y 107 : ~ : ——
sy n° % r s B II Consider the loop level contribution
/.'f" T t e / o & \“ ol
P (l ¢ 102 3 ’/ i Fix some parameters based on Fit Il
M v \ 2 i vl 5 to reduce the correlations
oz ° 210 E;W
* " ] 4 3x10 n events v Ignore the non-cusp terms from the loop
high term of 7w rescattering 1E contributions
EPJC 62, 511 (2009) 1071 Lnnnali . ”‘LH"-“LJ—L“
' 0.85 0.9 0 95 05

M(nr°n?) GeV/c

Pull Exp/PHSP / 0%1Gev2/

5
E,“ P’ L, w”“g‘&“’ ﬁMW’I, % J
- 5

0.08 0.1 0.12 0.14 0.16
MP(n°n%) GeV?/c*

<> Non-relativistic effective field theor
<> Evidence of the cusp effect aroun



Dalitz Plot Analysis of n > n n™n

0

Rev. D 107, 092007 (2023)

—+ Data

(b)

O The Dalitz plot is generally described as: &~ 10° .
J3 s = s
3 3T g ", > T i R Signal
X = Q—(Tn.+ — Tn"): — QTIO -1 ::x_ % 123 Background
n n > oF § i [H100 T
" @
O The squared amplitude can be expanded as: osf % e Y N, 2 10*
5 5 5 5 , S Ve U S m 190 631,686 1 events
JACX,Y)|* <1+ aY + bY* + cX +dX* +eXY + fY° + gX°Y+.. | TR N
I TR 05 052 054 056 058 0.6
< a, b, ¢ d e f, gare the Dalitz plot matrix elements. X M(r*n ) / (GeV/c?)
< cand e are related to charge conjugation violation. - — e ()
. . —— [KLOE-2[11]
. . . KLOE-2 [11]
» Ignoring the high-order term > Included the cubic term . DU I Ak COS 9
a =—1.097£0.005% 0,001 a=-1.08620.006£0.001 T e
b =0.158%0.006+0.003 b=0.162£0.006L0.003 " S I N sl .
d =0.070i0.006i0.001 d 20.08310.007i0.001 S[mpliﬁédt?:pemi:;'[47
£=0.134+0.010+0.003 f=0.118+0.011£0.003 o s e o
g =—0.053%0.017£0.003 TN’

= All parameters related with C symmetry breaking are consistent with zero

Kailu Li

-1.3 1.1 0.15 045 0 0.15 -0.05 0.05 -0.07-0.03
b d f

a g

2026/06/10

Light Meson decays at BESIII



Dalitz Plot Analysisofn -

Oz

0

T[O

Phys. Rev. D 107, 092007 (2023)

O The density distribution of the Dalitz plot has threefold symmetry due to the three identical 7°s in the final state.

> KLOE: ~420 pb™1 (= 1.4 - 10° ¢) data

23 3T,
Z=X2+Y2=—Z — — 1)?
3 i=1(Qn )

a = —0.0301 £ 0.00354,; i8;88§§ syst
IAX,V)|? x 1+ 2aZ

» BESIIIL: 10 billion ] /y radiative decays

a = —0.0406 + 0.0035 + 0.0008
< a is consistent with A2 and KLOE measurement within 2.8¢

<> The cusp effect is investigated, but no obvious contribution is found. -~

—a&— This work

-
o
[$)]

Data/PHSP / (2 MeV/c?)

0.95

* ¢+ This work

o,

— Fit 1(a)
et Fit 2(o1,3)

|

H’

03

Kailu L1

—03
M(rr9) (GeV/c2)

04

Entries / 0.02

6000

4000

T

2000

L

Light Meson decays at BESIIL

——

IIIIIII?IIIIII

foii PDG(0:=-0.028820.0012) [23)
—&— Khuri-Treiman dispive* [54]

(b)

—a—A2[13]
—&a—BESIII2015 [12]
—»—KLOE [10]

—o— WASA at COSY [8]
—&—CBall [25]

—A— SND [51]

—o— CBarrel [52]
—— GAMS2000 [53]

—=— Dispive Analysis [14]
—a— Dispive Analysis [14]
—— Dispive Analysis [5]
—o—NREFT [4]

—£5— ChPT NNLO [3]

—+~— Bethe-Salpeter Eq. [50]
—— ChPT NLO* [47]

-0.08 -0.06 -0.04 -0.02 0

0.02 0.04

a(n—n’r’n?)

2026/06/10



Transition Form Factor of n/n' —» yete~

< Performed an unbinned fit based on the amplitude formula.

dr(P - yl*1)  2a 1 4m? 2m} q* 2412
dq?T,  3mq? e e )\ @l
: (A2 — 1L
<> Single-pole: F(g*) = Yy a)
_ AZ(A%+y?)
< Multi-pole: |F(g%)|? = (A2—qD)24A2y2
VDM:

bjal. 82 GeV
<> Using the transition form factor predicted by the VMD mode bq é 1 4-5 Ge V
o . _ ] 2N 1 !
Single-pole: F(g*©) = anz
2
* Slope parameter: b, = %qz)l = A2

q%=0



Ay, = (0.802 + 0.007 + 0.008) GeV//c?
Yo = (0.113 £ 0.009 + 0.002) GeV/c?

A, =(0.749 £ 0.026 £ 0.008) GeV/c?

TFFof n/n’ — yete™

_10%¢ BESIIL: PRD 109, 072001 (20¢4) S o A LA R RS AR RS AR
X . 2 ] L ‘ ' - 2/ndf=0.
% 3: (a,) n — ye'l'e— . L(aftr;dfﬂ.a % 103 (b) n - -ye‘l'e . );aftadf 0.8 1
O 107¢ — it result E 'O} 2 — fit result

r ~— sideband E — sideband
8 L peaking bkg 8 peaking bkg _
S 10%; e E = 2)-2
S ¢ “riatss. : =) " = 1574+0048+0016 (GeV/c )
B e o] [ ot
= _1 il | . ev/e L e bl .mﬂmﬂﬂﬂﬁ’“’#. y ol

0 0.050.10.15020.250.30.350.4 ' 0.1 0.2 03 0.4 05 06 07 08

M(e'e) (GeVic?) ___M(e'e) (GeVic?)
:13104 'IHHIIHJIIHI+'I—”” § ’ + o
> J/b-yn »ynny © 40 + J/b-yn »ynny
O - = | n-yutu
o
5 O -
S S =
2 2 |
= S -
> am 0 = (1.645 + 0.343 + 0.017) GeV /c?
I 0.024) GeV /c? B
of R N N
gwwwﬁm 5t e watete e, '¢ : "W B e
0 0.1 0.2 0.3 0.4 BESIII: PRD112, 052007 (2025)2 0.3 Kk 0.3

o= 2 8
2026-7-30 M(e'e) (GeVic?) M(*p) (GeVic?)



Study of n » n*m~ 171" |, ., <

BESIIL: PRD 111 (2025) 072008
(arXiv:2501.10130)

» BESIIL: 10 billion J/y radiative decays Br(n - n*n~e*te™) = (3.07 + 0.12 + 0.19) x 10~*

» Allow to access dynamic but with limited statistics

—e— Data

—— Model |

Model Il
Background |
Background Il
..... Background llI
_______ Background IV

(a)

5 0 E+J}ll§l FYE 2 T S { % SN T TR 4
a 7}] IY++T+++ foY‘r+rl '+
5F t
0 0.05 0.1 0.15 0.2
M(e'e’)(GeV/c?)

Events / (6 MeV/kc?)

Pull

10 |

50 |
40|
30 F

20

—— Data
—— Model |
—— Model Il

(b)

Background |

Background Il
---- Background Ill
------ Background IV

.'L#+++ dobaty 44 M 4ot ot 4

+
+

+"I’" T+ 'I'+ "Tf+'+1’ +T" T

0.05 0.1 0.15
M(*)(GeV/c?)

0.2

my = (749 £ 54 + 14) MeV /c

Bn—ntnete ) Bn—nn putu)
(107%) (107?)
Unitary xPT [1] 2.9970-06 7.507 550
Hidden gauge [2] 3.14 £0.17 8.65 + 0.39
3.02 +0.12 8.64 +0.25
CMD-2 [4] 3.77373£3.0
WASA [5] 43402 +04 < 3.6 x 10°

2.68 £ 0.09 £ 0.07

« Noeventleftforn — n*n~ u"u~ hypothesis Br(n » ntn p*p™) < 4.0 x 10~* at90% CL.
A No CPRViolation found

11



—=— Data
— Fit result

nN—=yn't MC

- Sideband background

(a)

s | ]
5 of N hy b3k
o t $rery } ¥ ¢
t
5E 4
0 0.1 0.2 0.3 0.4 0.5 0.6
M(e'e) (GeVic?)
45 - —— Data
& 40 —— Fit result (a)
Q F — = Jy—sy'nsa Tnn-pt MC
% 35 S - Jy—=yn, st MC
s 30 Jy—sym'nn'n MC
© 25F Jy—=yyop—n' Tt MC
~ 20}
0 E
T 15F
2 1f
w -
5
5 -
= L AR L S TR AL 2 1
o 'ﬁ'+ +f Tmireetr v
5E +
0.1 0.2 0.3 04 0.5 0.6 0.7
M(u'w) (GeVic?)
2026-7-30

BESIII: JHEP 07, 135 (2024)

©1400F G . .
D1200F e » Box-anomaly is needed to describe data
gwoo scepand » o — 't is also necessary
~ 800 ¥?/ndof = 1.04 . . .
B oo » First time to assess the form factors with n’ —
c — — L] .
$ 400 ntn~ 1t~ within VMD
L
200
0let AT RPN I T _Z
03 04 05 06 0.7 09 1 b, =1.30+0.19 (GeV/cZ)
5F t
#, Vg
0 iy b
03 04 05 06 0708 09 1 This work 7207020742 (b)
M. (GeV/Cz) TPC/Two-Gamma — s
- CELLO —_—
o F TR (b) CLEO |- o
S 30; . jﬁ:;ﬂ:i:,;%": e M Lepton-G [— i
I A BESIII- . o
e 2F VMD |~ =
E 15? Quark Loop - u
& 10 +loop ChPT .
w5k Dispersion [ .-
5 - P.A fit to data [~ e
5 T ST T (I W/ 77 71744477 WA RN WP R B
B Of ot 08 1 1214 1618 2 22 24 26
PR 05 06 07 08 b . (GeV/CZ)-2
M(r*r) (GeVic?) n

10



I+I'I'IO

/ ¥Y
/ _
TFF of n — (De+ e BESTII arXivi2603.08120
« With 10 billion J /3 events, 609.1 + 27.7 n" > we*e™ signal events are observed

Br(n' - wete™) = (1.79 £ 0.09 +£ 0.12) x 10~*

:+Data : . : . h@ 2 —.| T LI T T T 17T I T T b;t; T | L LI T |—
n’g\ |~ Fit result This work — SRR ; 10 — Fit result
= 150 [ Signal MC ] 5 .
@ .~ Peaking background 4 . U :l Peaking background
S [ Inclusive background | BESINQOLS) = ~ [ Inclusive background
= - "R vMD, |- S Other background _
s | < -
W i vMD, |- <
g sr P I }l f
= vMmp, |- E I AL
s 7= r. & L PP B B L L . @ E
(?.05 0.1 0.15 0.2 0.25 0.: 1 12 14 16 18 2 22 24 26 LE I H H
M(r e’ €)-M(r o) (GeV/e?) Br(x 10°) Pl Hhe
6, 2 3 C
‘A , L |2 _ 2°m Mn,aI‘nf_ww ‘F(QQ)F 0 ¢ 4 b 8 §
n' —ete~w (M,’?I_MB)S - ¢ %% §*§+ %
(M2, — ¢2 — M2)2 — 4M24? S0 0.02 0.04 0.06 0.08 0.1 0.2 0.14 0.16 0.18
) n’ w w 9 _ 2 .. 92 0 + . )
5 (2 — B~ sin” 0) M(e'e) (GeV/e?)
q
F 1 : : i _ _
slope = % = — TFF is measured for the first time: A=! = (2.92 + 0.83 + 0.15) GeV !
47 |42=0
2026-7-30 ! 10
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Transition Form Factor of n/n' —» yete~

Summary of the TFF for n/n’

| L | R T i T LB LA B l|
This Work B BESIII: PRD 109, 072001 (2024) I B B B2 I I L I
A2 — BESIII: PRD 109, 072001 (2024 -
NA60 —h— BESII(2015) — —_—
TPC/Two-Gamma * Lepton-G |— =
CELLO —— BESIII: PRD112, 052007 (2025) TPC/Two-Gamma — —
CLEO - . WZW Lagragian — — CELLO B N R
VMD I L) Dispersion relation — —f— CLEO — —"
Quark Loop — - Pade Approximant — - VMD =
Brodsky-Lepage [~ = el pe””':j:::: Quark Loop — .
1-loop ChPT . a Brodsky-Lepage — .
Dispersion — - w— Sampleliyee) — —_— 1-loop ChPT — u
P.A.fit to data [— Smms';:i'y";: T Dispersion [~ -
BrTTISERERE [ i 4 P.A.fit to data —
1.2 1.4 1.6 1.8 2 0-‘.114..,1|6...118...é.. PRI S NI T NSNS AR | U OO [N T T A T B
b (GeV/c2)? : : : 08 1 12 14 16 18 2 22 24 26
n ) A? ] (GeV/c?)? b, (GeV/c?)®

Combined the two n - ye*e™ samples: n' —yete : by =1574%0.048 £0.016 (GeV/c?)~?

— 2
bn — (1707 i 0076 i 0029) GBV/C n, N 7-["'7'[_3"'3_: bn, — 130 i 019 (GeV/CZ)_Z

n—yupu:b, = (1.645=+0.343 + 0.017) GeV /c*

2026-7-30

n' - wete™: A71 =(2.92 +0.83 £ 0.15) Gell/z‘1



Hp

Double Dalitz decaysn - e*e"ete™ . éjjj_j,, Q

(pa)

£(ps)

»Expected to proceed through two virtual photons, TFF BESIIT: arXiv:2605.04898v1
—_ F ™ 7 T 71T T T T T T T TS 20 Ty, T T T ‘, T f T +' '_ L
X C ] as i — e - ]
§ 20:‘ ]/lp — yn (a) { § J/l/) yr’ ! r] mn n(b) * This work — ]
& | Model 1 8 5 Modell 1 KLOE :
w150 —— Data 41 o i : ]
8 r n-ye'e ] 8 105 ] FData driven approach —m— :
S 10F normee 1 O i : 1
I — RBKG 1 I a VMD % ]
@ 5: + ] é 5k ] r ]
= 5k . - - s Hidd .
(D) r g o ] r en gauge - 1
> 1 = * 1 i ]
82 ( == s —S D —— T _L = 01 L ' — l l . 0 i é :I% ‘Il-
0.5 052 054 056 058 0.6 0.5 052 054 056 058 0.6 B(n — ete~ete™)(x1079)
M(eteete™) (GeV/c?) M(eteete”) (GeV/c?)
Te—eTe
n—ete etTe
Source (x10-5)
Mode Nebs e (%) B (x107°) Hidden gauge [11] 2.68 £ 0.13 1 peuri, arxiv:10102378
I 35.9+ 6.7 13.1 2.51 +0.47 Modified VMD [11] 2.67+0.13
! 29.5+6.1 4.7 2.80 +0.58 Data driven approach [12] 2.17 £ 0.20 CFC12(2018)023109

KLOE [13] 2.40 + 0.22

BESIII [14] (2.63+0.34+0.16)x10> Combined result
2026-7-30 13
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Phys. Rev. D 105,112010 (2022)

Stlldy of T]/T]’ — l+ [~ l+ [~ Phys. Rev. D 111, 052002 (2025)

arXiv: 2605.04898 (Submit to PRD)

<> The double Dalitz decays through two virtual photons intermediate _ noeterutut
with internal photon conversion to [*1~ pairs. 2 3 | SR @
o (6] iy -'rn::-::w’?nee
Up o ) Jiy—man-ypp
f([)l) (I l) g § :7 Polynomial background|
) P : Y i
(1) . s 2 e
tpa) - oo os STQGIQ. c;ga 4 & .3{“"’**"*?'éi".é‘?".""’"99”**”""“'?
ORTETS 2 0.45 05 0.55 0.6
o o e
. . e n —=e'e e'e n—oee e e’
<» The branching fraction: o [ NN < Ty T
§ 20| Ts‘:‘gnalI o ] % 201 ]
(5} - Jiy—oyn’, n'ovee
Theoretical predictions Experiment = packground a 15F
= S
VMD Data driven approach BESIII E 10} . S 10F
— _ _ _ w 2 |
n-eteete” | 267(13)x 1075 | 2.71(2) x10™° | (26+0.3+0.2)x 1075 > ;l_.'.IZH;l = *in 5 5
%.9 0.92 094 0.96 0.98 1 0 ! -
n' -eteete” | 232(4)%x107% | 2.10(45)x107® | (45+1.0+05)x 107> M(e*ee*e) (GeVic?) 05 052 054 056 058 06
M(e*c*e*e*L(GgV/cj) B
n-eteutuy~ | 2.15(22) x 1076 | 2.39(7) x 107° < 6.88 x 1076 ‘ e R
n —sete utu™ | 797(31) x 1077 | 6.39(9) x 1077 <1.75x 107° c 1 ! | z
5 Soigaerong || 711 E
n—utu utu~ | 3.80(26)x 107° | 3.98(15) x 10~° <359x 1077 § 0y b ket g |
n > wutupty | 219(10) x 1078 | 1.69(36) x 1078 <5.28 x 1077 s ° ;;;%,_,6;;,,+,w;,H;.H,L;,_éé.é,..,,,;e@ew‘ T {HM H’
09 082 094 09 088 1 /5051 052 053 051 055 056 057 0.58 059 0.6

M ppp)

=% The ULs are quite close to the SM predictions.

Kailu Li Light Meson decays at BESIII 2026/06/10



Study of n > ete”  and u*

»SM:n — [T~ proceeds via fourth-order electromagnetic transition,
dominated by a two-photon intermediate state

>1n — ete”: Suppressed, helicity factor is proportional to m?

> Di . diction: Br(n » ete™) = (5.37 £ 0.04 4+ 0.02) X 1077 . Messerli, M. Hoferichter, B.-L. Hoid, S.
DlSperSIVE! pre 1Ct10n. BT‘(T] N [.l+[,l_) — (454 i 0.04 i 002) X 10—6 Holz, and B. Kubis, arXiv:2512.13776

BESIIT: arXiv:2512.07144v2

* Withn sample from J/¢ = yn',n > 'm0, J/Y >y Wf 4 b 37.9+6.7
background is highly reduced compared with J /Y — yn ;’3 1af- —g“ ”:“: ' '
A
Br(n - ptp) = (58+1.0£02) X107 5 o _1ETEE
. ;,, 8; Jhy—=yntnntT
* No event left for 1 — e"e™ hypothesis P
Brin - ete™) < 2.2x 1077 at 90% CL Z : J[
K K e ;)52 . 0;4: -‘-l[l..Sﬁbr‘ [;I.Silirl I0.6
PDG: Br(n » utu™) = (5.74+0.8) x 107 && Br(n » ete™) <7 x 10~7 at 90% CL M, (GeV/c?)
2026-7-30 14

15



fiecon L @ESEdC O o

U Lightest O+ Glueballas Dominant Constituent of X(23)/0
U Exoticl 1 statesq, (1859 and ~ (1600)

16



s yd sz d d3) dedats gy

@ Gluon rich environment in J/y radiative decay
@ LQCD prediction on high glueball production ce(07) O A . Go-

PLB 827 (2022) 136960, arXiv: 2605.01757, arXiv:2607.17294

oA

+ Lightest 0-+ glueball: (2.31 £+ 0.80) x 10~* PRD100(2019) 054511
+ Mixing mechanism between 0-+ ¢ and 0-+glueball: (2 ~ 20) X 1073 even with tiny mixing angle (20 ~ 5¢)

@ Distinctive property vs. normal hadrons :

¢ Well isolate glueball signal experimentally
+ Higher glueball production rate

Y
C
<
J/
& glueball ‘J’j;:ghod ons

< hadrons J/y

~ aas4
+ Isospin filter: final states dominated by 1=0 processes

+ Spin-parity filter: C parity must be + ( Jre=0-+, 0++--)
+ Clean environment in et+e- collision: very different ~ OLOLs2

from p-p collision
= J/ Radiative decay is an ideal place to search for glueballs 6

17



No rigorous predictions on decay patterns and their branching ratios

Clear physics picture for experimental identification of Glueball

Flavor-singlet state: due to generalized G-parity
conservation, K*K mode is forbidden for 0-+ glueball

Decay pattern similarities to charmonium decays: they all
decay via gluons (PLB 106 (1981) 114, PLB 109 (1982) 326, Phys. Rep. 454 (2007) 1)

Narrow partial decay width: ~ a few MeV (no dominant
decay modes, 1/ OZI rule) VS >100MeV (dominant OZI
allowed decay for most mesons)

Suppression of G — yw, y¢»: no quark component and no
direct interaction with photon VS yw, y¢ as flavor filters
for ss/uii + dd content

Decay pattern similarities between 0-+ glueball and nc

5 major 1. decay modes (from PDG)
— 5“Golden” modes in 0-*glueball traditional searches

Decays involving hadronic resonances

M n'(958) 7= ( 1.87+0.26) %

M 17'(958)KK ( 1.61+0.25) %
Decays into stable hadrons

M4 KK (7.0 £0.4 )%

M5 KK ( 1.3240.15) %

M3 nrt 7 (17 £05)%

OZ| allowed decays

18



Discovery of the X(237 0)

ool X212

5 W
S
S

Events/(0.02GeV/c?)

100}

) J((23’0)

-
-
-
-
——
-
-~
-

1416182022242628

PRL 106, 072002 (2011) M, (GeV/c?)

[ — Fit result

[ %% Signal X(2370)
[ Sy — KK '+ ce
[ -='n’ sideband

[$)]
o

o
N L e

Events/(0.01GeV/c?)

——
JNHYK Kn, nsr'mn, n-yy
i — = Chebychev

== PHSP
Total bkg

ki

sl ‘2 A..A,‘ 2 0.-.. 5 . 2 6 2 T
iy (GeVic?)  EPIC (2020) 80:746

#Discovered (6.40) by BESIIl in J/w — yxt7n ™5’ in 2011

o Produced in the gluon-rich J/y radiative decays

@)

{ ]

® Its mass is consistent with LQCD prediction on the 0-+ glueball

#Observed in flavor symmetric decay modes of 777"’ and KKn’ (8.30) —
favorite decay modes of 0-+ glueball

] duvls o fdzj HE® i dn

RBSHOA

& Decay modes of X(2370)— nzn,KKn',KKn,n7n, KKn, a(980)x observed
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