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Highlights  of BESIII Results



BEPCII/BESIII

Physics accomplishments

Future prospects 
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t-charm physics for 40 years at BES:  evergreen tree

BESIII detector

1984 1988 1995 1998 2004 2008                  2009                        203X ?

BES

Construction Data taking Upgrade Data taking Construction Data taking 

BESII BESIII

BES BESII 3



3.8-4.96 GeV: ~22.5 𝐟𝐛!𝟏θXYZ, 𝑫𝒔$𝑫𝒔!, 𝜦𝒄$%𝜦𝒄! …

BESIII: > 50 $b!" from 1.84 − 4.95 GeV
4

10B: J/Y 2.7B: Y(2S)

20.3 𝐟𝐛!𝟏 @3.773 GeV Tau mass scan
7.33 𝐟𝐛!𝟏: ~6.5M 𝑫𝒔$𝑫𝒔! pairs produced @4.128-4.226 GeV

6.4 𝐟𝐛!𝟏: ~1.0M 𝜦𝒄$%𝜦𝒄! pairs produced @4.5995-4.9509 GeV

from PDG

0.5 𝐟𝐛!𝟏

3.2 𝐟𝐛!𝟏
in 2016

1.1 𝐟𝐛!𝟏

Data taking:
Nov 24, 2021 -
Feb 24, 2024 Data taking:

2020: 4.6-4.7GeV
2021: 4.7-4.95GeV

in 2021in 2017-2019

R scan below open-charm threshold
~690 𝐩𝐛!𝟏

R scan above open-charm threshold
3.85-4.59 GeV  104 pts ~0.8 𝐟𝐛!𝟏

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

………  



Quark Model

QCD allows for hadrons beyond Quark Model 
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Conventional & Exotic hadrons

dibaryon Pentaquark tetraquark

hybrid                glueball molecule

baryon          meson
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New resonant structures at BESIII

Light hadrons 

Charmonium(-like) particles
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Y(4260)⇒Y(4230)
Seen in more than 10 decay modes, including open charm final states

PRD106, 
072001 (2022)

PRD104, 052012 (2021)

𝜋#𝜋!𝐽/𝜓 𝜋#𝜋!𝜓(2𝑆)
𝜔𝜒!"

PRD99, 091103 (2019)

4.0𝜎

> 10𝜎

8.1𝜎

> 10𝜎

𝜂𝐽/𝜓
PRD109, 092012 
(2024)

> 10.0𝜎

> 10.0𝜎

PRL131, 211902 
(2023)

𝐾#𝐾$𝐽/𝜓

𝜋#𝐷$𝐷
∗!

PRL122, 102002 (2019)

𝜋#𝐷∗$𝐷
∗!

PRL130, 121901 (2023)
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𝒁𝒄 states 𝒆!𝒆" → p!p"+𝑐𝑐

PRL112(2014)132001 PRL115(2015)182002

PRL113(2014)212002PRL111(2013)242001PRL115(2015)112003PRL110(2013)252001
𝒁𝒄(3900)+ 𝒁𝒄(3900)0 𝒁𝒄(4020)0𝒁𝒄(4020)+

PRL115(2015)222002PRL112(2014)022001
𝒁𝒄(3885)+ 𝒁𝒄(3885)0 𝒁𝒄(4025)0𝒁𝒄(4025)+

𝒆$𝒆! → p$p!J/ψ 𝒆$𝒆! → p𝟎p𝟎J/ψ 𝒆$𝒆! → p$p!hc 𝒆$𝒆! → p𝟎p𝟎hc

𝒆$𝒆! → p!(𝑫%𝑫∗)$ 𝒆$𝒆! → p𝟎(𝑫%𝑫∗)𝟎 𝒆$𝒆! → p!(𝑫∗%𝑫∗)$ 𝒆$𝒆! → p𝟎(𝑫∗%𝑫∗)𝟎
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Observation of 𝒁𝒄𝒔(3985): SU(3) partner of 𝒁𝒄

𝒆$𝒆! → 𝑲$(𝑫𝒔!𝑫∗𝟎 + 𝑫𝒔∗!𝑫𝟎)

PRL126(2021)102001

Z0
cs Z+

cs

Zc(3900)−
Zc(3900)0

Zc(3900)+

Z−
cs Z̄0

cs

𝒆$𝒆! → 𝑲𝒔
𝟎(𝑫𝒔$𝑫∗! + 𝑫𝒔∗$𝑫!)

PRL129(2022)112003
12



𝐾#𝐾!𝐽/𝜓
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𝑍!" in 𝑒#𝑒$ → 𝐾𝐾 + 𝑐𝑐

PRL131, 211902 (2023)

arXiv: 2407.20009

1.2𝜎

1.1𝜎

𝐾#𝐾!𝜓(3686)

M= 4208.4 ± 3.1MeV/𝑐)

Γ = 6.1 ± 5.7MeV

M= 4316.0 ± 2.7MeV/𝑐)

Γ = 9.0 ± 8.6MeV

JHEP02, 120 (2025)

KsKs𝜓(3686)

High statistics needed !
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Multi-channel joint analysis of Tcc(4020) arXiv:2603.05564



15

Three Resonances in the Cross Section of e+ e-→π+ π- hc

Phys. Rev. Lett. 135, 071901 (2025)

Cross section shapes, especially at higher energy region，continue to be 
quite difficult, and will require a coupled channel analysis 

%20https:/link.aps.org/doi/10.1103/ljnf-4jfr
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New resonant structures at BESIII

Light hadrons 

Charmonium(-like) particles



PRL91, 022001 (2003) 

Observation of X(18??) at BESII-BESIII

JPC=0-+ Are they the same state?  Nature is 

still mysterious. It is crucial to 

understand their connections

PRL95, 262001 (2005)
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PRD 88, 091502 (2013)

J/ψ→γ 3(π+π−)

Observation of the anomalous structure around 1.84 GeV
J/ψ→γ 3(π+π−)

Resonance M( MeV/c2) G( MeV/c2)

X(1880) 1882.1±1.7±0.7 30.7±5.5±2.4

X(1830) 1832.5±3.1±2.5 80.7±5.2±7.7

Narrow state around  NN-bar threshold !

PRL132,151901 (2024)

Featured in Physics:
“Evidence of a new subatomic particle”



EPJC 80, 746 (2020)

J/y®gKKh¢ X(2370) 

new glueball candidates ?

Pseudoscalars  above 2 GeV: X(2370)

Rept.Prog.Phys. 86 (2023) 2, 026201

BESIII实验发现胶球存在的迹象



Observation of new decay modes of X(2370) 

New decay modes X(2370)→ η′ππ, η′KK, KSKSη, KSKSπ0, ηππ, a0(980)π0

arXiv:2605.26495, submitted to CPC



Observation of h1(1855) in J/ψ→γηηʹ

21

Isoscalar state with JPC=𝟏12

M = 𝟏𝟖𝟓𝟓 ± 𝟗1𝟏2𝟔 MeV/c2

G = 𝟏𝟖𝟖 ± 𝟏𝟖1𝟖2𝟑 MeV

PRL129, 192002(2022) 

Critical to establish the 1−+ hybrid nonet !



Observation of π1(1600) in χc1 → π+π−η′

M = 1828 ± 8+11 -33 MeV/c2,
Γ = 638 ± 26+35-86 MeV

arXiv:2604.12524 submitted to PRL

Ø 𝝅𝟏 (𝟏𝟔𝟎𝟎) observed >𝟐𝟏𝝈
Ø Isospin =1
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Just four of them are baryons ! 
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Hyperon status 

s d
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L* and S*  in y(2S)®p0 L `S

Confirmation of the L(2325) !

JHEP 02(2025), 212 
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S* and X* in y(2S)®p K `S
arXiv:2602.11501,submitted to PRL

Observation of a new excited state S(2330) !

M=2334.7 ±𝟕. 𝟗 ±𝟏𝟔. 𝟎 𝐌𝐞𝐕/𝐜𝟐, G= 206.3 ±𝟗. 𝟓 ±𝟏𝟖. 𝟒 𝐌𝐞𝐕
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S* and X*  in J/y®K`SX
arXiv:2604.27028,submitted to PRL

Observation of a new X(1720) !

M=1721.0 ±𝟓. 𝟐 ±𝟑. 𝟒 𝐌𝐞𝐕/𝐜𝟐
G= 31.3 ±𝟏𝟖. 𝟑 ±𝟏𝟓. 𝟒 𝐌𝐞𝐕



Precision  Charmonium Decay Dynamics 
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Precision study of ψ(3686)→π+π−J/ψ decay dynamics 

XXX算法

C𝐥𝐞𝐚𝐫 𝝅!𝝅" threshold enhancement  

37M events

PRL136,141902(2026)

M = 285.5 ± 2.6 MeV/𝑐*

G= 16.4 ± 0.8 MeV

Resonance-like hypothesis (𝜋!𝜋" atom ?)



QCDME (ChPT)+FSI: Fitting results

XXX算法

l FSI is necessary for high mass spectrum

l QCDME : 𝜓(3686) is the mixture of S-D wave!

l Chiral symmetry provide a reasonable description

ZY Wang, Z Liu ,X Liu PRD 113, L031502 (2026)

YH Chen, XK Dong, FK Guo .., PRD 113, 054018 (2026)

Chiral unitary approach

Dispersion theory +FSI 
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YP Kuang, JP Ma, et al Phys.Rev.D 85 (2012) 114010

Test Chromo-EDM of charm quark ψ(3686)→π+π−J/ψ

CP observable: 

Phys. Rev. Lett. 136, 231903 (2026)

PRL136,231903(2026)
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Searching for hyperon EDM at BESIII

𝒜 = 𝜖( 𝜆 /𝑢 𝜆) 𝑭𝑽𝛾( +
𝑖

2𝑀+
𝜎(,𝑞,𝑯𝝈 + 𝛾(𝛾.𝑭𝑨 + 𝜎(,𝛾.𝑞,𝑯𝑻 𝜈(𝜆1)

Dominant contribution

Psionic form factor
𝑭𝑽 and 𝑯𝝈
can also be represented as 𝑮𝟏
and 𝑮𝟐

𝑃 violation term

Complex form factor, 𝐹. ≠ 0
indicate 𝑃 violation

𝑯𝑻 is included in this term

𝐻0(𝑞*) =
2𝑒
3𝑚12

* 𝑔3𝑑4(𝑞*)

Assuming 𝑑4(𝑞*) ≡ 𝑑4(0)
𝑑$(𝑞%): electric dipole form factor
𝑑$ 0 : electric dipole moment
Physics Letters B 551 (2003) 16–26

Detailed dynamics in 𝐽/𝜓 decay to hyperon pair, have been studied:

arXiv:hep-ph/0412158

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



• EDM extracted via full angular analysis:
Re 𝑑5 = −3.1 ± 3.2 ± 0.5 ×10!67 𝑒 ⋅ cm
Im(𝑑5) = (2.9 ± 2.6 ± 0.6)×10!67 𝑒 ⋅ cm

which corresponds to an upper bound of: 
𝑑5 < 6.5×10!67 𝑒 ⋅ 𝑐𝑚 (95% 𝐶𝐿)

• Improves sensitivity by more than 2 orders of magnitude over previous best.

BESIII: arXiv:2506.19180, accepted by Science

33

Prior direct Λ EDM limit (Fermilab, 1981): 𝒅𝚲 < 𝟏. 𝟓 × 𝟏𝟎#𝟏𝟔𝒆 · 𝒄𝒎.

Most precise Λ hyperon EDM measurement
𝒆$𝒆! → 𝑱/𝝍 → 𝚲%𝚲, 𝚲 → 𝒑𝝅!, %𝚲 → %𝒑𝝅$

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



34The perfect reaction for hyperon 𝐶𝑃𝑉 searches!

𝑒!𝑒" → 𝐽/𝜓 → Ξ,Ξ
↳
↳

↱𝚲𝝅
↱spin-aligned

quantum entangled𝒑𝝅2

=𝒑𝝅3
#𝚲𝝅

Search for CPV in 𝚵 decay

Through the sequential decays of Ξ, the 𝐵89 (CPV phase) 
can be directly measured!

Phys. Rev. D 99, 056008 (2019)
Phys. Lett. B  772, 16 (2017)



Search for CPV in Ξ" → Λ𝜋" with 𝐽/𝜓 → 𝛯" )𝛯!
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PRL 136, 201802 (2026) , 10)4 J/𝜓 : 5.8×10. Ξ2/Ξ3pairs (0.3% bkg)

The weak CP and strong phases are extracted :

(𝝃𝑷 − 𝝃𝑺) = (−0.2 ± 1.2 ±0.1 )×10!* rad
(𝜹𝑷 − 𝜹𝑺) = (0.3 ± 1.2 ±0.2 )×10!* rad

𝛼5 = − 0.3813(26)(5)
/𝛼5 =     0.3873(26)(6)
Φ5 = −0.0008 72 10 rad
=Φ5 = 0.0020 72 6 rad
𝛼+ = 0.7434 39 15
/𝛼+ = −0.7478 38 15

𝐴89< := =%$>=%
=%!>=%

= (−7.8 ± 4.8 ±0.8 )×10!?

𝐴895 := =&$>=&
=&!>=&

= (−2.9 ± 4.3 ±0.7 )×10!?

∆Φ89
< := @%$>@%

*
= (0.6 ± 5.1 ±0.2 )×10!? rad

∆Φ=1.2205(159)(56) rad

Three CPV tests: The most precise decay parameters: 
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Charm physics



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

֍ Any deviation of 𝑉!"# from unitarity indicates new physics
→ Measurements of CKM matrix elements [from PDG2024]

=1(SM)  

=1(SM)

֍ 𝑫/𝑫𝒔 (Semi-)leptonic decays provide direct measurements of  |𝑉%&| and |𝑉%'|

CKM Matrix

37

|𝑉67| =	0.221	± 0.004	
|𝑉68| =	0.975	± 0.006
|𝑉69| =	0.0410	± 0.0012

|𝑽𝒄𝒅|𝟐+|𝑽𝒄𝒔|𝟐+|𝑽𝒄𝒃|𝟐 =1.001	±0.007

|𝑽𝒖𝒅|𝟐+|𝑽𝒖𝒔|𝟐+|𝑽𝒖𝒃|𝟐=0.9984	±0.0009

Precision: (0.6-1.8)%

Precision: 0.7%

Charm decays + LQCD
Expected precision < 1% at BESIII

B decays + LQCD

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


|𝑉'(| from  𝐷! → 𝜇!𝜈)

38

𝑉AB = 0.2265 ± 0.0023 ± 0.0011 ± 0.0009 ± 0.0007
𝑓C'= (213.5 ± 2.1 ± 1.1 ± 0.8 ± 0.7) MeV (~1.2%)

PRL 135, 061801 (2025)

~1.2%

𝑓C'|𝑉AB| = (48.02 ± 0.48 ± 0.24 ± 0.12DEFGH ± 0.15IJ) MeV
𝑫𝒔$ → 𝝁$𝝊𝝁

𝑫𝒔$ → 𝝉$𝝊𝝉

LQCD

~0.9%

𝐷$ → 𝜇$𝜈M

LQCD

𝑫$ → 𝝁$𝝊𝝁



Amplitude	analysis	of		𝐷𝟎 → 𝐾+,𝝅𝟎𝜼
arXiv:2512.23389 

3
9

39

֍ 𝐷4 → 𝜂𝐾
∗
(892)4

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

֍ 𝐷4 → 𝐾A4𝑎4 980 4

Helps determine the 8𝑻-diagram contribution
[2]	Phys.	Rev.	D 110,	094052(2024)	by	H.	Y.	Cheng	et	al.

Favor prediction under tetraquark model



Amplitude	analysis	of	𝑫! → ϕ(𝑲𝑺
𝟎𝑲𝑳

𝟎)𝜋!
𝑫! → 𝑲𝑺𝟎𝑲𝑳𝟎𝜋!

4
0

ArXiv: 2605.11464

ℬ(P→R(
)R*

))
ℬ(P→R'R+)

=0.611 ± 0.023

𝜙

Test isospin symmetry breaking with 
the 𝜙 → 𝐾%𝐾# and 𝜙 → 𝐾&𝐾& couplings

40



Observation of 𝚲𝒄O → 𝒏𝒆O𝝂𝒆 with Machine Learning

• A novel Deep Learning is utilized to separate signals from dominant 
background from Λ?@ → Λ → 𝑛𝜋A 𝑒@𝜈

• Train GNN with ParticleNet using control data based on 10B 𝐽/𝜓 decays
• First observation of Λ?@ → 𝑛𝑒@𝜈B

• ℬ Λ?@ → 𝑛𝑒@𝜈B = 0.357 ± 0.034CDED ± 0.014CFCD % (> 10𝜎)

• Demonstrate a level of precision comparable to the LQCD prediction. 

Nature Comm. 16, 681 (2025)

41



Not included in the talk, but more results on: 

• p0 space-like form factor
• Nucleon-hyperon interactions
• Inclusive hadron cross sections
• Light meson physics
• Hyperon radiative decays 
• Meson spectroscopy
• Rare decays
• ……..

42
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Not included in the talk, but more results on: 

• p0 space-like form factor
• Nucleon-hyperon interactions
• Inclusive hadron cross sections
• Light meson physics
• Hyperon radiative decays 
• Meson spectroscopy
• Rare decays
• ……..
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• BEPCII/BESIII upgraded in 2024 

• Optimization Ecm at 4.7 GeV with luminosity 3 times higher than

the current BEPCII → more effective data taking

• Extend Ecm up to 5.6 GeV → more physics opportunity

More exciting results are 

expected in the near future ! 

BEPCII-CW ?  
44

Future prospects



非常感谢！
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Ø Topological Diagram Approach

Ø 𝑫 → 𝑷𝑷: high efficiency, low background, no interference, (usually) high precision.
Good for Acp, 𝜼 - 𝜼’ mixing etc..

Ø 𝑫 → 𝑺𝑷 , 𝑫 → 𝑺𝑽 , ( 𝑫 → 𝑺𝑺 ): Understand the nature of light scalar mesons,
𝑎4(980), 𝑓4(980), 𝐾(700), 𝑓4 500 etc..

Ø 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.

Ø 𝑫 → 𝑽𝑽 : Polarization in charmed decays.
Ø 𝑫 → 𝑨𝑷 : Study axial-vector mesons, a1(1260) K1(1400) etc..

Why	study	hadronic	decays	of	charmed	mesons?


