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[ Collected 10 billion J /3 Events!
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> J/W-oyn = 1x107n

> J/w-oyn,nontny = 2.2x107n



Dddexr kacna (cusp effect) — sto pes3kuii u3nom B
CIIEKTPE MHBAPHAHTHBIX Macc T°n’ BO3HUKAIOIIMIA BOIM3H
IIopora pOXKJICHHS Haphl T'T K3-3a CUJILHOTO
B3aMMOJICHCTBUS B KOHEYHON COCTOSHMH.

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.

O By determining the strength of the S-wave nr interaction to
study the fundamental properties of QCD at low energies.
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high term of wm rescattering
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M = Mtree + Mone—loop + Mtwo—loop

Fit

Notes

Only the tree level contribution

II

Consider the loop level contribution

111

Fix some parameters based on Fit Il
to reduce the correlations

v

Ignore the non-cusp terms from the loop
contributions

<> 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
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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
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< 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
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Dalitz Plot Analysisofn -
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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. -~
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Light Meson decays at BESIIL
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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]
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Transition Form Factor of n/n' —» yete~

< Performed an unbinned fit based on the amplitude formula.

di(P - yl*l7) 2a1 4m? 1+ 2m? q°
dq?®ly, "~ 3mqg? q?

——|{1- —) |F(g?)|?
q? M3

1

< Single-pole: F(g?) =

1-q2/A?
a)
: A% (A%+y?)
< Multi-pole: |F(g?)|* = —aDirATy?
VDM:
b, ~1.8 GeV2
<> Using the transition form factor predicted by the VMD mode b.~1.45 GeV2
. 1 n )
- Single-pole: F(g?) = e
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™
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Study of n > 171~ | .

no e " - o
"""" ‘—“M"".‘\ it <\ BESIII: 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 my = (749 + 54 £ 14) MeV /c

—e— Data 50 | —— Data

%, 10 el & g —— Mg
§ Eiiﬁgﬁﬁﬂﬁﬂh § s gggtgm:g:' Bnp—rnnete ) Bln—nn pip)
e t b g o -- - Background Il K 7
S Background IV = b ALt Background IV (107%) (107
T 10} (a) S (b) Unitary xPT [1] 2.9970.06 7.507 150
2 | £ 200 Hidden gauge [2]  3.14 +0.17 8.65 + 0.39
Rl 2 1ol VMD (2] 3.02 £0.12 8.64 £ 0.25
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« Noeventleftforn — n*n~ u"u~ hypothesis Br(n » ntn p*p™) < 4.0 x 10~* at90% CL.
* No CP-Violation found



—=— Data
— Fit result

nN—=yn't MC

- Sideband background
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BESIII: JHEP 07, 135 (2024)

©1400F G . .
D1200F e » Box-anomaly is needed to describe data
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TFF of ' — wéve‘

BESIII arXiv:2603.08120

« 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~*

|l||l||||'||||||I|T|l|[llllll||

:+ Data ' ' ' ' 6/5 2\|e Data ]
“@ 150 I e This work [~ e e B 10 —— Fit result 3
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M(rt e’ €)-M(re' n") (GeV/c?) Br(x 10) AR L =
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) n’ w w 9 _ 2 . 92 9 + )
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q
F 1 : : . _ _
slope = % = — TFF is measured for the first time: A~ = (2.92 + 0.83 + 0.15) GeV !
4= 42—
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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 -
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VMD I L) Dispersion relation — —f— CLEO — —"
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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*
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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
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» Lightest 0-+ Glueball as Dominant Constituent of X(2370)
» Exotic 1—+ states: n,(1855) and n(1600)

16



: [ToueMy uMeHHO B pan. pacnaznax J/y

@ 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



Kak nomken «BeIIIAeTEY Kanauaar B glueball

No rigorous predictions on decay patterns and their branching ratios

Clear physics picture for experimental identification of Glueball

ooC

Decay pattern similarities between 0-+ glueball and nc
¢ Decay pattern similarities to charmonium decays: they all 5 major 1, decay modes (from PDG)
decay via gluons (pLB 106 (1981) 114, PLB 109 (1982) 326, Phys. Rep. 454 (2007) 1) — 5"Golden” modes in 0 glueball traditional searches

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

Decays involving hadronic resonances

ry #'(958)x ( 1.8740.26) %

¢ Narrow partial decay width: ~ a few MeV (no dominant 2 1/(958)KK ( 16140.25) %
decay modes, v/ OZI rule) VS >100MeV (dominant OZI B Decays into stable hadrons
Mg KK (7.0 £0.4 )%
allowed decay for most mesons) e KKi ( 132£0.15) %
M3 nrt 7 (17 £05)%

& 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

OZ| allowed decays




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

Buadr B cienyronmx Moaax:

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



Spln-Parlty determlnatlon of the X (237 0) Jpre= (-*

T T T T T T T T

2 = ]

180 (a) (I, = 82.68/69 3
t Data ]

—— MC projection ]

&(: % 140 [l Background _;
> o 120 e
g 100 e
A = 80
= £ 60
o 40
20 | ) |
2 929426 5 25 545658 3 072 22 24 26 2.3 3
MKSK;‘n' (GeV/c?) f0(980)] Moo (GeV/c?) Mooy (GEV/C?)
¢ Analysis advantage of J/p—yKo%Ko%n’: X(2370) measurements (agree with 0-+ predictions):
+ Almost background free channel (exchange symmetry and C-parity Jre = 0-+ with significance >9.8¢
conservation) M = 2395 +11+26.9; MeV
+ 10billion J/y data [ = 188+18.,,+124 4 MeV
+ Very good BESIII detector performance B(J/y—vX(2370))B(X(2370)—£1(980)n’)B(fo(980)— KOsK0s)
@ Clear signal of X(1835),X(2370),nc with fo(980) selection = (1.31 £ 0.22+2.85.0,84)x10-5

@& Best PWA fit can well describe the data

For the first time, the spin-parity of the X(2370) is determined to be 0-+: provide a crucial
foundation for the comparison between measurements and 0-+ Glueball predictions -



Mass, Width, High Production Rate and Narrow Partial Decay Width

) ) Decay channel ale260720366 B (X 10_4)
(a) Combined: M = 2359 *13 MeV/c? (b) Combined: " = 170 *33 MeV —
J/p — vX(2370) - yK K= 3.25 4+ 0257073
;;,((29:3)[)'):1-&'];(9;0)1] —=®— Measured mass ﬁ((‘;;:)?):lfﬁg?mn 7 ~+®— Measured width J/T,b — ’YX(2370) — YT 32 + 0 11_?(9)
I Combined mass I Combined width J/’Qb N "YX(2370) N ’yﬂ'ﬂ'?’], 194 :|: 0041_822
YOI Gl —— s T/ — vX(2370) — vKKn' 0.39 4 0.05 + 0.10
Y B n
KN =220 /N 4 =032 ~
X(2370) > 'y 1o X(2370) — 2'x"y —a— KKn " ﬁ)(980)f7 "L
... M WSUT R (R I . mrn” fo(980)n’, f,(500)," ...
2250 2300 2350 2400 2450 50 150 250 350
My 70 (MeV/c?) Ty 70 (MeV) nzn: ag(980)7° f(500)7, fy(1500)7.£,(1710)7 ..

arxiv:2605.26495

KK K*(1430)K, K*(800)K an(980)7" ...
Combined results (consistent with lightest 0-+ glueball predictions)

& Mass: My 1370, = 2359*2MeV/c?

® Width: [y 5370, = 17075cMeV

¢ Based on BR measurements in 4 channels + accounting for missing decay modes:

+ Reasonable to have the high production rate: B(J/y — yX(2370)) > 1 x 1073

+ Narrow partial decay width: S-wave two-body decay with 1~10% —partial width ~ a few MeV
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Flavor-singlet property measurement for the X(2370)

e
_ THa) Jhy = KK 3 N
o1k - W
E E t Data E E .
§ e — PHSP MC s 1 | Data
3 g T
S 10 S 5
2 3 2 b
£ 6 g
& b &
2. — E Eo
b T T T T TN T PN T
14 18 22 26 3 14 18 22
Moo (GeVie?) Myogs 0 (GeVie?)

Events / (0.0050 GeV/c?)

Jhyp — yKIK 2" 7
K(892)° signal region

i Data

—Fitresult 3
-~ X(2370) |
Polynomial

22 24 26
Myagr o (GeVie?)

® No evidence of the decay of X(2370) — K *(892)15 0 (significance is only 0.10)

+ Branching fraction ratio in K'K 7" mode:

+ Branching fraction ratio w.r.t. total X(2370) production: B[X(2370) — K*(892)K] < 1.6% @90% C.L.

@ Suppression of X(2370) - K *(892)1‘(—' 0 mode indicates the X(2370) to be a flavor-singlet state

o BIX(2370) — K*(892)°K + ¢.c. —» KYK07°

X(2370) - K9K97°

<0.081@90%C.L.

+ First flavor-singlet hadron state observed above 1GeV

arxiv:2607.20366

Jly = yyw
O yidol = 1.62
13
o - £
H
y — : e ) ll‘ IG 18 2
1 L
PRD 83 (2011) 11502

@ LQCD prediction: no flavor singlet formed via s5/uii + dd mixing above 1GeV (supported by PDG data)

& Study in J/y — yyw and J/y — yyd

Events / (16.5 MeV/c?)

%

Jly = yrd

Suppression of gg contents

1000 72/N,, = 115.40/80= 1.44 ]
(a)

a

=3

S
T

3 B

J/p >R3> 7w J/Y >R =79

Resonance R

LN

0!

5| .

o -Vr"‘.*"#\‘-?f‘r\"‘e«"“..:%

Nz s 16 18 2 22
My, 6) (GeVic)

PRD 111(2025) 052011

(x107°) [29] (x107°) [30]
n(1405) 3.54 4 0.209°5 3.57 4 0.1879:59
X (1835) 011 3.37 4+ 0.197978
(2370) < 0.04 <0.11

+ Strong suppression of X(2370) — yw, y¢: disfavor s5/uii + dd content

+ Significantly lower than the decay rates of 7(1405) and X(1835): disfavor #/#’ excitation
@ Narrow partial decay widths ~a few MeV: disfavor gg, multi-quark or hybrid states (typical OZI decay width ~100MeV)
® Flavor-singlet property B[X(2370) — K*(892)K] < 1.6 % (decay width <2MeV): disfavor 7/’ excitation (expected 15-

200MeV)

B(J/w — yX(2370)) > 1 x 1073

s5/uii + dd content should be strongly suppressed in X(2370)
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Lightest 0-* Glueball as Dominant Constituent of X(2370)

@ Properties of the X(2370)

+ High production rate in J/y radiative decays

+ Decay pattern similarities to 7 . . .
‘ The combination of these signatures

+ Flavor-singlet state enable us to identify whether a particle
is a glueball or not

+ Narrow partial decay widths

+ Strong suppressions of ym,y¢ decays
@ These properties are fully consistent with the expected signatures of glueball
+ Other interpretations can hardly explain all of them simultaneously

@ The lightest 0-+ glueball is needed for a natural and complete explanation of the X(2370) properties

The lightest 0~ glueball is the dominant constituent of the X(2370)
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Observation of Exotic 1-+ Isovector state 7(1600)

60 - 800 T T TTT T TTT T T T T | T T
€ ' ;::‘;2;1 - (b) x2/n,,, = 349.46/233 T 1200; (a) %3Ny, =171.56/117 | Data .
PRD 84 112009 . {.1‘:.1:;11' g + ‘1-_)\1000_ — MC projection ]
40 «e L1270 % 600 % B Background
— x,(1600)% | 0] I G gool 0 . By ol 1
+ .'C_> L - 8 N R A
o i i
ﬂ S 4000 S 600" oyt ]
20 TJ = = L 3 : X(2200)x
* i 3 a £ 400f 4 R R
fal S 200 ST M )
T g, S W L 200} .
(1] IR R 00 e o s w4 [ A ;
05 10 15 20 25 30 35 0 Prppigrapsly 0 LT P I e Lo e ]
M(n'xr) [GeV/ic?) . 0.5 1 1. 2 2.5
M., (GeV/c) arxiv:2604.12524 M, (GeV/c?)

@ CLEO-c results: evidence of an exotic P-wave 1’z amplitude with 46 and but no significant phase motion

& PWAiny — yy.(x.y = 7 7~n’) with higher y’ data sample @ BESIII:
+ First observation of Exotic 1-+ Isovector state 7(1600) with a significance >210

+ The significance of phase motion is also greater than 11¢

+ Difference mass shape descriptions achieve the consistent pole position:
(1690 = 1632) —i(217 = 51“19) MeV
Bly,, — m(1600)*z%] X B[z, (1600)* — 7n*n'] = (4.30 £0.14%}03) x 10~
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Observation of Exotic 1-+ Isoscalar n1(1855)

400 -_ T T T T T T T T T T T T T T T T T _- c{]_\ 10 — % 7
-~ | (a) x¥dof= 157 12 [ 4oma Xy T
L 300 C B —e-Data . [0)) b - — Fitted
% - ; — g: - = % Background
S Bk o ] = Z [ fy(1500)
2 200F {1 — 1" (n1855) ] s € skovnm
:@ C _ I13WA fit projection (exclude 1) ] a ..g I
c B W — PWA fit projection (baseline fit) — o
2 100 S - g i
L B = & Soa )
[ G i _
CF T et 1 = F 4 e pepds " { ‘I"
0 [ - ! g ol D R RS S 0 j 2 e 2.5 3
1.5 2 2.5 3 J / 1.5 2 2.5 3 IVI(nhighn')(n'—ryn*n‘)(GeV/cz)
M(nm)(GeV/c?) Y=y M(mm)(GeV/c?) CPC 49 (2025) 123001
PRL 129 192002(2022), PRD 106 072012(2022)
n 6P = 1-(17) ¢ J/Y—ynn’ is a good channel for ni(1-+) search
~ _
\ K, IG(]P)=§ (1) |® Observation of an isoscalar 1-+ n1(1855) in J/p—ynn’ (>190)

1607 0% (1-H + M= 1855+9+6_1MeV, '=188+18+3_g MeV, B(J/Pp—yn1(1855)—ynn’)=(2.70+0.41+0-16_5 35)x 10-6
6P = 0t (1-+) -
= # No significant 77;,(1855) is observed in y.;, = nnn":

B(x1 — m(1855)m)B(n,(1855) — ') < 9.79 x 107>

@ Mass consistent with LQCD on hybrid, and more interpretations (KK Molecule/Tetraquark)
25
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Decay list of light meson in BESIII

RiC / Ph SiCS Channel Expt. branching ratio  Discussion
y n— 2y 39.41(20)% Chiral anomaly, n-n" mixing

n— 3n° 32.68(23)% my — my
n— 1lyy 2.56(22) x 10~* % PT at ©(p®), leptophobic B boson,
Standard Model Tests: fight Higes scalars
. . n— n°z% <12x 1073 x PT, axion-like particles (ALPs)
» Chiral symmetry :?md anomalies . = 4y <28 % 10-4 <10-1[55]
» Extract n — ' mixing angle and quark mass ratio TS A 22.92(28)% m, — my, C/CP violation,
+ Theory inputs to HLbL for (g — 2), light Higgs scalars
« QCD scalar dynamics h— mtmy 4.22(8)% Chiral anomaly, theory input for singly-virtual TFF
and (g — 2),, P/CP violation
n—rtr yy <21x1073 % PT, ALPs
n—etey 6.9(4) x 1073 Theory input for (g — 2),.,
. dark photon, protophobic X boson
Fundamental Symmetry Tests: n—utuy 3.1(4) x 1074 Theory input for (g — 2),, dark photon
« C, CP violations n—ete <7x 1077 Theory input for (g — 2),, BSM weak decays
« P, CP violations n— utp 5.8(8) x 1076 Theory input for (g — 2),, BSM weak decays,
+ Lepton flavor violations e P/CP violation
n— a7 ety C/CP violation, ALPs
> eg] 2.68(11) x 10~* Theory input for doubly-virtual TFF and (g — 2),,,
P/CP violation, ALPs
. . ) n—amw puid| <3.6x10* Theory input for doubly-virtual TFF and (g — 2),,
BSM Physics in Dark Sector: P/cP ziolationv i ’
» Vector bosons (B boson, dark photon and X n—eteete” | 2.40(22) x 1075 Theory input for (g — 2),,
boson) n—eteputp | <1.6x 1074 Theory input for (g — 2),
« Dark scalars n— ﬂiﬂ_u:,u_ <3.6 x l(l*4 Theory input for (g — 2),
. n—n'r 'y <5x10 Direct emission only
Pseudoscalars (ALPS) n— mretu, <1.7 x 107* Second-class current
+ BSM weak decays T <4.4 % 1075 [56] P/CP violation IO i
n - 270 <35 % 104 P/CP violation Phys. Rept. 945 (2022) 1-105
n — 4n° <6.9 x 1077 P/CP violation

Kailu Li Light Meson decays at BESIII



Rich r@Physics

Decay list of light meson in BESIII

Expt. branching ratio

Standard Model Tests:
+ Chiral symmetry and anomalies

« Theory inputs to HLbL for (g — 2),
* QCD scalar dynamics

+ Extract n — n' mixing angle and quark mass ratio

Channel Discussion

W —nrtn- 42.6(7)% Large-N, xPT, light Higgs scalars

= A 28.9(5)% Chiral anomaly, theory input for singly-virtual TFF
and (g — 2),, P/CP violation

n — nr'n° 22.8(8)% Large-N. xPT

n — wy 2.489(76)% [58] Theory input for singly-virtual TFF and (g — 2),,

n — wete” 2.0(4) x 1074 Theory input for doubly-virtual TFF and (g — 2),

n — 2y 2.331(37)% [58] Chiral anomaly, 7-1" mixing

n — 3x° 2.54(18)% ) my, — my

N = utuy 1.09(27) x 1074 Theory input for (g — 2),, dark photon

n —ete"y

Fundamental Symmetry Tests:
+ C, CPviolations

+ P, CP violations

+ Lepton flavor violations

BSM Physics in Dark Sector:

* Vector bosons (B boson, dark photon and X
boson)

* Dark scalars

+ Pseudoscalars (ALPs)

+ BSM weak decays

W= ataptul

7 — ntnete”

n — nn%te-

W — atn—al

" — 2(zFn)

n — atn 22°

T = 2@ )’

n — K=nT
n — ntetu,
n — 7y

n = nyy

n — 4n°

n —>ete
N — putu”

) — (it

Kailu L1

T —TT Ty

4.73(30) x 1074
<29 x 107°

2.4(*}5) x 107

3.61(17) x 1073

8.4(9) x 107
1.8(4) x 1074
<18 x 1073
<4 x 107°
<21x 1074
3.20(24) x 1073

8.3(3.5) x 10~% [59]

<4.94 x 107° [60]
<5.6x 107°

<1.8x 107°
<4 x 107

Theory input for (g — 2),, dark photon

Theory input for doubly-virtual TFF and (g — 2),,,
P/CP violation, dark photon, ALPs

Theory input for doubly-virtual TFF and (g — 2),,
P/CP violation, dark photon, ALPs

C/CP violation, ALPs

m, — my, C/CP violation,
light Higgs scalars

Theory input for doubly-virtual TFF and (g — 2),

ALPs
Weak interactions
Second-class current
Vector and scalar dynamics, B boson,

light Higgs scalars
Vector and scalar dynamics, B boson,

light Higgs scalars
(S-wave) P/CP violation
Theory input for (g — 2),, BSM weak decays
Theory input for (g — 2),, BSM weak decays
Theory input for (g — 2),
B boson Phvs QAL (N c
P/CP violation ' VS: Rept. 945 (2022) 1-105
P/CP violation




Search for CLFV processn’ —» epandn — eu

w<><i?%<

a) Dipole interaction. ) Four-fermion interaction. ) Gluon-fermion interaction.

* Many New Physics models introduce Charge Lepton Flavor Violatlon (CLFV) processes

* Highly suppressed in SM « (Amfj/Mﬁ,)2~1O‘5°

« Latest result B(n—eu)<6.0x107¢ from CLEO in 2000 and B(n' — eu) < 4.7 x 10~* from SPES2 in 1996

* Forn' — eu with J/y — yn' process is used. B(n — ep) <6.3x1077

B(n — ep) < 6.8x10~7
« While forn — ey, J /i — yn' = yn*m ™1 is used to suppress continuum backgrounds
BESIII: arXiv:2606.22373

© 4 signaimc ¢ Data - — SignalMC — Inclusive MC — Data | — SignalMC — Inclusive MC +- Data
S 3.5 []Inclusive MC [ ] Continuum i N
o _f o
= 3 ?11’ - eu BESIII Preliminary® L qmn—oeu
o g S 10k > 1
&~ 25 § i C
o 2 | ) : h
- E ‘ ~ i % 05
‘2 15 3 § 5 E
05|
0.‘.LL, | PRI X . o 8...I.. PRI PR S T T T
09 092 094 096 098 1 o 02" oes 0% 098 1 502 0% 0% 058 06
Me! (GeV/c?) M(r' et ®) (GeV/e?) M(e"w") (GeV/e?)
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Observation of the X(2370) in KgKO

SJZ'O and 7V
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¢ Decay modes of X(2370)— ', KKn',KK,mnn, KKn, a(980)x observed

¢ Such high decay pattern similarity between the X(2370) and n¢ strongly supports the
glueball interpretation of the X(2370)
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& Decay modes of X(2370)— nzn’,KKn',KKr,xnn, KKn, a(980)x observed



