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@ BEPCII/BESIII
@ Physics accomplishments

@ Future prospects



t-charm physics for 40 years at BES: evergreen tree
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World largest data sample directly collected in
the T-charm region
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Physics accomplishments

@ Light exotics
@ Charmonium-like states
@ Charm physics

@ New physics searches



Conventional & Exotic hadrons

o Quark Model 9 e

baryon meson

@ QCD allows for hadrons beyond Quark Model

® @

dibaryon Pentaquark tetraquark

S & &6

hybrid glueball molecule
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New resonant structures at BESIII
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Dressed Cross Section (pb)

Y(4260)=Y(4230)

®Seen in more than 10 decay modes, including open charm final states
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Dressed Cross Section (pb)

Y(4260)=Y(4230)

®Seen in more than 10 decay modes, including open charm final states
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Events / 4 MeV/c?
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Observation of Z_(3985): SU(3) partner of Z,
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Three Resonances in the Cross Section of e* e—n* n~ h,

Phys. Rev. Lett. 135, 071901 (2025)
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Cross section shapes, especially at higher energy region, continue to be
quite difficult, and will require a coupled channel analysis 15
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New resonant structures at BESIII

)
. Y479 _ywario
Charmonium(-like) parhcles sk
‘3;(4390)
(4320)
4l Zc(40205 .Zc(4020) Y(4230) Z..(3985)*
| ®.(3900)° @®%:(3900) ’ o

v (3823)
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Observation of X(18??) at BESII-BESIII
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Observation of the anomalous structure around 1.84 GeV
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Observation of new decay modes of X(2370)

arXiv:2605.26495, submitted to CPC
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Observation of 1;(1855) in J/y-ynn’
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Hyperon status

i (DB} S Decuplet members

3/2T (56,07) 3/2 A(1232) 2(1385) =(1530) (2(1672)
3/2t  (56,03) 3/2 A(1600) X(1690)f =(?) 2(?)
1/2= (70,17) 1/2 A(1620) X(1750)7 Z(?) 2(7)
3/2= (70,17) 1/2 A(1700) X(?) Z(?) 2(2012)
52t (56, 2+) 3/2 A(1905) X(?) Z(?) 2(?)
7/2%  (56,2F) 3/2 A(1950) X(2030) E(?) 2(7)
11/2%t (56,4F) 3/2 A(2420) X(?) Z(7) 2(?)

Vi (DL Ex) S Octet members Singlets
1/2%  (56,0) 1/2 N(939) A(1116) X(1193) Z(1318)
1/2t  (56,03) 1/2 N(1440) A(1600) X(1660)
1/2= (70,17) 1/2 N(1535) A(1670) X'(1620) Z=(1620) A(1405)
X (1560)f
3/2~ (70,17) 1/2 N(1520) A(1690) X(1670) Z(1820) A(1520)
1/2= (70,17) 3/2 N(1650) A(1800) X(1750) =(1690)
X (1620)f
3/2= (70,17) 3/2 N(1700) A(?) X(1940)t =(?)
5/2= (70,17) 3/2 N(1675) A(1830) X(1775) £=(1950)f
1/2t  (70,03) 1/2 N(1710) A(1810) X(1880) Z=(?) A(1810)1
3/2t  (56,23) 1/2 N(1720) A(1890) X(?) Z(?)
5/2  (56,2F) 1/2 N(1680) A(1820) X(1915) Z(2030)
7/2~ (70,33) 1/2 N(2190) A(?) 24D Z(?) A(2100)
9/2~ (70,33) 3/2 N(2250) A(?) 2(?) 2(?)
9/2t (56,4F) 1/2 N(2220) A(2350) X(?) Z(7)
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Confirmation of the A(2325) !
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Events / (20 MeV/c?)

>*and Z* in y(2S)—>pK =

arXiv:2602.11501,submitted to PRL
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Observation of a new excited state >(2330) !

M=2334.7 +7.9 +16.0 MeV/c%,T'= 206.3 +9.5 +18.4 MeV
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Observation of a hew Z(1720) !

M=1721.0 +5.2 +3.4 MeV/c?
I'= 31.3 +18.3 +15.4 MeV

27



Precision Charmonium Decay Dynamics




Precision stud y(3686)—>ntn-J/y decay dynamics
PRL136,141 02(2026)

| A AR AR RIS d —1000""M =(285.5 + 2.6) Mev/c?
&; - § 800 I'= (16.4 + 0.8) MeV
=10°F = O F ¢ data ¢
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Clear m*m~ threshold enhancement

Resonance-like hypothesis ("7~ atom ?)



QCDME (ChPT)+FSI: Fitting r'esulTs
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Events / 0.005 (GeV/c)?

Ratio
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Test Chromo-EDM of charm quark y(3686)—n*n-J/y

PRL136,231903(2026)
CP Obser'vable: Parameter J/p —ete” J/p—putpu”
B X e Acp (><10—4) 33£29+£04 —-1.2+£244+0.1
Q3 = Pet * (Dt — D= )Pet * 7o - s (Acp) (x107%) 0.6+ 1.84+0.1
Prt+ # Pr- d’ [CK] (e-cm) (2.6 £7.8+0.4+0.6) x 1071
d.. [Cornell] (e-cm) (3.5 4 10.5 4+ 0.6 £0.5) x 107 '°
|d..| (e-cm) <2.1x1071%
YP Kuang, JP Ma, et al Phys.Rev.D 85 (2012) 114010
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L Searching for hyperon EDM at BESIII
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Dominant contribution

arXiv:hep-ph/0412158

Psionic form factor

Fy and H,

AL
7/

E

X.G. He, J.P. Ma, Phys. Lett. B 839(2023)137834
X.G. He, J.P. Ma, B. McKellar, Phys. Rev. D 47 (1993) R1744-R1746

Detailed dynamics in J /i decay to hyperon pair, have been studied:
qvHo +vHY F 4 + U“VVS%HT) v(4;)

_ i
A = €,(Du(ly) (FV)/” + MGW

P violation term

Complex form factor, F, # 0
indicate P violation

can also be represented as G,

and G,

Hy is included in this term

Hr(q?) =

2e 5
3m2 gvdp(q®)
My

Assuming dg(q?) = dg(0)

dg(g?): electric dipole form factor

dg(0) : electric dipole moment
Physics Letters B 551 (2003) 16-26
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Most precise A hyperon EDM measurement

EDM extracted via full : o BESIII: arXiv:2506.19180, accepted by Science
. extracted via full angular analysis: — - _
Re(dgA) = (—3.y1 £32405)x10%¢-cm € € ~J/WALA- PR AP
Im(dy) = (29 +2.6+0.6)x107 - cm
which corresponds to an upper bound of:
ldy|l < 6.5%107° e-cm (95% CL)
* Improves sensitivity by more than 2 orders of magnitude over previous best.

Prior direct A EDM limit (Fermilab, 1981): |d,]| < 1.5 x 10~ e - cm.

10" 310"
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e o BESIII: milestone for hyperon
EDM measurement
A 107 %e cm ( FermilLab

10~ e cm)

: first achievement for £+ B~
=0 and E° at level of 1071% cm
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(a) Sensitivity for Re(dp) and I'm(dp) a litmus test for new thSlCS

(1]

J. Fu, H.B. Li, J. Wang, F. Yu, and J. Zhang,
PhysRevD.108.L091301 STCF: improved by more than one order of magnitude



Search for CPV in E decay

_ o)
|_) pT (\‘30%\6

SPin...,.
a/[gne ATT ‘\)((\e Phys. Rev. D 99, 056008 (2019) &,
qd |') o‘o?’“ Phys. Lett. B 772, 16 (2017) Wy
+,— o
I—) Am
L prt
Through the sequential decays of Z, the B.p (CPV phase)
can be directly measured!
) v Z a,LEt,anE,Vra;/}/,Oa%\/,O

CPV tests in hyperon decays

=~ 5 A =t 5 At
i § = (05,00 &, 07, 7, Op, bp, 05, Pp)
S = |S| exj(i&s [+ is) §=|Slexpg(=is|+ ibs)
P=|memkgp+u%) P = —|P| exp(—iép|+ i8p)
/ _ A i — —
N\ CP-odd phases A a+a B+ B & tan(dp — ds) tan(Ep — &s)
CP -— — and Bcp = -
a—a a—a Bcp =  tan(ép —&s) ,

34

The perfect reaction for hyperon CPV searches!



PRL 136, 201802 (2026) , 1010 J/¢ 5.8x10° &

Search for CPV in 27 = A" with J/y —» 55+

—

Illlllllllllllllll

0.4 FAD=1.2205(159)(56) rad
0.2 —
Al 0
0.2\
_04 :_l 1 1 1
E _é :11 ................ .1. ................... 1 ...................
-1 0.5 0 0.5
cosf
The most precise decay parameters:
az =—0.3813(26)(5)
az = 0.3873(26)(6)
®d=- = —0.0008(72)(10) rad
dz = 0.0020(72)(6) rad

ay= 0. 7434(39)(15)
—0.7478(38)(15)

=t pairs (0.3% bkg)
1998 BChPT LO model I
—e— 1998 BChPT LO model 11
2001 K-matrix approach
2004 BM-exchange method
2017 BChPT NNL model
2022 SM prediction
—_— 2004 HyperCP
—— —_———— 2024 BESIII 10% J /1) — =°=0
—o— 2024 BESIII 10" J/4 — E,E}
— 2022 BESIII 1.3 - 10° J /4 — E;E;
—— ————— This work
—100 0 100 =30 0 20
(6p — bs) - 1073 [rad]  (£p — £5) - 1073 [rad]
Three CPV tests:
= az+az —
Agpi= 2122 = (~7.8 £ 4.8 £0.8)x107
ap+ay _
Ab, =22 — (29443 +40.7)x1073
AA—COA_
= Pz+dx
ADEp:="22 = (0.6 + 5.1 40.2)x1073 rad

The weak CP and strong phases are extracted :

(&p — &) = (=02 + 1.2 +0.1)x1072 rad
(8p — 8¢) = (0.3 4+ 1.2 £0.2)x1072 rad 35



Charm physics



CKM Matrix

% CKM matrix elements are fundamental parameters of the Standard Model (SM):

Vg 1— 222 A AN i) 4
I_‘/gd_ AN (1 —p—in) —AN? 1
Vid /-

Charm decays + LQCD B decays + LQCD

Expected precision < 1% at BESIII

% Any deviation of Vg from unitarity indicates new physics
- Measurements of CKM matrix elements [from PDG2024] Precision: (0.6-1.8)%

IV ud|?+|Vaus|>+|Vup|2=0.9984 +0.0009 =1(SM) V4| = 0.221 J_r/
Veal2+|Ves |2+ Vep 2 <0.001 +0.007 ) =1(SM) Ves| = 0.975 + Q006
P

Vepl =0.0410 £ 0.0012
recision: 0.7%

$ D/Dg (Semi-)leptonic decays provide direct measurements of Vo] and [Veq|


https://pdg.lbl.gov/2024/reviews/contents_sports.html

Veq| from D™ — u*v,

PRL 135, 061801 (2025)
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fo+=(213.5+ 21+ 1.1+ 0.8+ 0.7) MeV (~1.2%)
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Amplitude analysis of D? - K2n'n

% D° - nK (892)°

Impacts predictions from the topological diagram approach,
affecting CP violation and DCS branching fraction estimates.

c > > s (i > % qr
q,

3 j
w+ ( g
s qj
0
i < < d q < g
PEy

Ey

% D° - KJa,(980)°

Branching Fraction (x10?)

Source D"channel D7 channel
BESIII 9.88 +0.37 £0.42 13.3 £ 0.5 £ 0.4 [35]
qq model 0.55 [2] 6.5 [2]
Tetraquark 9.5-15.0 [2] 13.5 [2]

Favor prediction under tetraquark model

Helps determine the T-diagram contribution

arXiv:2512.23389
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i PR % 5
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——Data
& 600 — Total fit
§ = Background
)
> — a,(980)K",
o 400 )
(S '| K'(892)n
?_; L — (Kmn
£ Jo0k
&7 -
o |
L F#:f‘ “llu__ﬁttk
Pt e gt |
0 0.8 1 1.2 1i4 ;i :
M, (GeVie?) M., (GeVic?)
sN
Amplitude BF (107?)

D' — KZ2a0(980)°,a0(980) — 7' 9.88 £0.37 & 0.42
D° - K2a2(1320)°, a2(1320)° — 7% 0.08 +0.11 4 0.11
D° — K*(892)°n, K*(892)° — K27°  1.2240.09 4+ 0.11
D° — K*(1410)°n, K*(1410)° — K27° 0.56 +0.14 + 0.16
D — (K37°)s—waven 0.64 +0.10 £ 0.10
D° — K*(1680)°n°, K*(1680)° — K57 0.19 4 0.07 + 0.05
D® — K3(1980)%n°, K3(1980)° — K§n 0.4540.15 4+ 0.16

39
[2] Phys. Rev. D 110, 094052(2024) by H. Y. Cheng et al.



Amplitude analysis of D* - G(K2K)n*

D™ - K S K LT[ ArXiv: 2605.11464 <&, ¢ XNy, = 67.9/56 = 1.2
Q
= (@
Amplitude Phase (rad) FF (%) BF (107?) §1500— .
DY = ¢t 0.0(fixed) 29.24 +0.97+0.65 1.69+ 0.06 % 0.04 N | Daia — Fitresult
Dt — K?K*(892)t 2.34+0.09+0.09 40.21+0.83+0.26 2.33 =+ 0.06 +0.03 S 1000} BKG - $(1020)7*
Dt — KZK*(892)T 5.5040.094+0.09 38.064+0.794+0.25 2.20+0.06 + 0.03 & K'(892)'KY - K (892K
2 500}
(5]
>
- - - - - = -=-=-=-=-==-= | \ , J gt |
o il T o o gy s Y s | | T,
I 0,0 0y 15 2 25 3
@) _0.611 £ 0.023 | Mg GeVIe
EmT T T s e Test isospin symmetry breaking with
— ——— the » - K*K~ and ¢ - K°K° couplings
BRAMON [3] 0.62 .
FISCHBACH [5] 0.68 . 0.9
BENAYOUN [0] 0.71 [ _ — PHSP cor. Ave. in Charm: 0.611 = 0.023
DUBNICKA [17] 0.644+0.017 -
CHBCOTIE W R B | (b i === PHSP + QED corr. || PDG average: 0.740 = 0.031
HEC 1977 [9] " 71;0'05 0.8 —— PHSP + QED r VMD corr.  [__|PDG fit: 0.690 = 0.014
HBC 1978 [10] 0.82:0.08 —_— B
OLYA 1978 [7] 0.70-0.06 = -
CMD2 1995 [11] 0.68+0.03 — s 8 L
CMD3 2018 [12] 0.638:0.022 — 0.7
PDG average [1] 0.740+0.031 == B : I
....... PDGRCII 0600014 e ] L L
BESIII Ds [20] 0.593+0.031 —— 0.6— : :
This work 0.628+0.032 — - | I
Ave. in Charm 0.611+0.023 = L : |
| 1 1 1 1 | 1 1 1 1 1 1 1 1 I | I— i 1 l 1 1 1 1 I 1 1 1 1
0 05 1 0.9 0.95 1 1.05 1.1
¢ +g°
R g/
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Observation of AY — ne* v, with Machine Learning

Nature Comm. 16, 681 (2025)

03 -02 -0.1 0 0.1 0.2 0.3 0.4 0.5 0.6

NRQI\I/I Physl. Rev. D 40I (1989) 295|5 I ; I I
RQM Phys. Rev. D 56 (1997) 348 °
HQET  Phys. Rev. C 72 (2005) 035201 .
CcQM Phys. Rev. D 90 (2014) 114033 .
RQM Eur. Phys. J. C 76 (2016) 628 .
SU@3) Phys. Rev. D 93 (2016) 056008 —e—i
QCDSR . Phys. G 44 (2017) 075006 o
SU@3) JHEP 11 (2017) 147 ——t
LFQM  Chin. Phys. C 42 (2018) 093101
SUB3) Phys. Lett. B 792 (2019) 214 ——t
o MBM Phys. Rev. D. 101 (2020) 094017 .
= LFCQM  Phys. Rev. D 103 (2021) 054018
%l: : glzz : SU@3) Phys. Lett. B 823 (2021) 136765 ——
5ol % 3 ol HBM Phys. Rev. D 107 (2023) 033008 —e—i
- g, QCDSR  Phys. Rev. D 108 (2023) 074017 —
20F LQCD  Phys. Rev. D 97 (2018) 034511 —e—i
0 0 BESIII exp. —_—
3 3 1 1 1 1 1 1 I !
3 gqﬂyquz,u;u”’Hdul‘J&l%ll’u#m;*!iyr 3 gqwﬁi;xﬁ,;*1&1;;}};,l‘ {m_iu‘uq{m_ 03 02 -01 0 0.1 0.2 03 0.4 05 0.6
) 01 02 03 04 05 06 07 08 0.9 ’ 01 02 03 04 05 (;6 07 08 09 B(A: = ne+ve)(%)

GNN output for n/A classification GNN output for ii/A classification

A novel Deep Learning is utilized to separate signals from dominant
background from AL - A(» nn®)etv

Train GNN with ParticleNet using control data based on 10B J /1 decays

First observation of AT — ne*v,
» B(A} - netv,) = (0.357 £ 0.034pa¢ £ 0.0145y5:)% (> 100)

Demonstrate a level of precision comparable to the LQCD prediction.



Not included in the talk, but more results on:

120
m PRL m Other m Nature(Phys.,Com.) = Accepted m Submitted

0 space-like form factor
. . 100  Total: 842 [773 + 15 (accepted) + 54 (submitted)
Nucleon-hyperon interactions

. : 80  PRL 149 +Nat. (Phys., Com.) 6
Inclusive hadron cross sections

60

Light meson physics
Hyperon radiative decays
Meson spectroscopy
Rare decays °
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Not included in the talk, but more results on:
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Future prospects
» BEPCII/BESIIT upgraded in 2024
 Optimization E,,, at 4.7 GeV with luminosity 3 times higher than
the current BEPCII — more effective data taking
« Extend E,,, up to 5.6 GeV — more physics opportunity

...................

1x101pgrade vs BEPCII /g

D

More exciting results are - 8x10°]

expected in the near future !

Peak luminosity (cm™2s

N
X

Pk
o

BEPCII-CW ? <A 5
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Why study hadronic decays of charmed mesons?
» Topological Diagram Approach

Mode Amplitude
D° - K+n~ 245(1.23T + E)
M, D() — K()ﬂ'o %ﬁd‘(c . E)
O M. D% = Ko Ads [\/Li (C+ E)cos¢ — Esin qﬁ}
D° - K% s, [% (C + E) sing + Ecos (/)}
Dt - K%t Aas(C +0.71A)
Dt - K*n° 754as(1.23T — 0.714)
\ M,
[ D =K'y Aas [\/%(I.OST+A) cos ¢ — 0.81A sinc/)]
|
| " D - Kty . [\/Li(l.OST—f—A)sin¢+0.81Acos¢}
DF - KOK+ 245 (1.27T + 1.03C)

» D — PP: high efficiency, low background, no interference, (usually) high precision.
Good for Acp, 11 - 7’ mixing etc..

>» D->SP, D->SV , (D—-SS): Understand the nature of light scalar mesons,
a,(980), f,(980), K(700), f,(500) etc..

» D — VP : Clarifying the nonperturbative mechanism. Well defined quark content of V.
Better than the PP and VV, due to the multiple-amplitude composition of P and the
polarization in VV.

» D — VV : Polarization in charmed decays.
> D — AP : Study axial-vector mesons, a,(1260) K,(1400) etc..



