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Overview on BESIII Experiment



BEPCII/BESIII

Physics accomplishments

Future prospects 

Outline
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BEPCII and BESIII

BESIII: a new spectrometer
• Very good energy resolution for photon
• Excellent momentum resolution for charged particles
• Good hadron identification capabilities 
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• BEPC à BEPCII
• Luminosity:1.0×1031à 1.0×1033cm-2s-1



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



Publications (till May 2025)
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Physics accomplishments

τ mass measurement 

R value measurement 

Light exotics 

Charmonium-like states

Charm physics

New physics searches  
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τ mass measurement



Lepton Universality relation

PDG1992: 

More likely τ mass come down in case of lepton 
universality ?

025.0941.0 ±=
µ

t

g
g

τ mass measurement

Measure the τ pair production threshold by 
energy scan 

J/y and y(2S) allow to calibrate and 
monitor detector performance

First τ events



MeVm 25.018.0
17.021.096.1776 ++

--=t

τ mass: BES

0085.09886.0 ±=
µ

t

g

g

Lepton universality !

MeVm 10.0
13.012.091.1776 +

-±=t

0042.00016.1 ±=
µ

t

g

g

τ mass: BESIII

PRL69,3021(1992)

PRD90,012001(2014)



10

R value measurement



R value measurement at BESII

- R provides strong evidence for the quark model and 3 colors
- Mass of Higgs particle ? 

PRL84, 594 (2000),  PRL88, 101802 (2002), PLB677, 239 (2009)

090.0890.128)( 12 ±=-
ZMa

046.0936.128)( 12 ±=-
ZMa

1995 before BES R data

2001 with BES R data

GeVmGeVm HH 170,62 5330 <= +
-

GeVmGeVm HH 212,98 5838 <= +
-



ØR values :2.23-3.67 GeV
Ø Precision is better than 3% 
ØConstraints on (g-2)µ

PRL128(2022)062004
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R value measurement at BESIII

Full energy region in progress

Exclusive hadron cross section

Form factors of baryons and light mesons 

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



• In the time-like region, the electromagnetic form factors of
baryons characterize the internal structure of baryons

• Periodic behavior of |Gp| was first observed at BaBar and 
was later confirmed at BESIII

• Oscillation of |Gn| is observed at BESIII for the first time

Nat. Phys. 17(2021)1200

𝒆$𝒆! → 𝒑%𝒑 𝒆$𝒆! → 𝒏%𝒏
PLB817(2021)136328

Electromagnetic form factors of baryons

PRL123(2019)122003

Confirm the complex 
form of electromagnetic 

form factors

𝒆#𝒆! → 𝚲&𝚲 with data@2.396 GeV

𝑮𝑬
𝑮𝑴

= 𝟎.𝟗𝟔±𝟎.𝟏𝟒 𝐬𝐭𝐚𝐭. ±𝟎.𝟎𝟐 𝐬𝐲𝐬.

∆𝜱 = 𝟑𝟕°±𝟏𝟐° 𝐬𝐭𝐚𝐭. ±𝟔° 𝐬𝐲𝐬.
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New resonant structures at BESIII

Light hadrons 

Charmonium(-like) particles



Quark Model

QCD allows for hadrons beyond Quark Model 
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Conventional & Exotic hadrons

dibaryon Pentaquark tetraquark

hybrid                glueball molecule

baryon          meson



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 h1(1855) in J/ψ→γηηʹ

19

Isoscalar state with JPC=𝟏*+

M = 𝟏𝟖𝟓𝟓 ± 𝟗*𝟏+𝟔 MeV/c2

G = 𝟏𝟖𝟖 ± 𝟏𝟖*𝟖+𝟑 MeV

PRL129, 192002(2022) 

Critical to establish the 1−+ hybrid nonet !
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Multi-quark states
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Candidates of hadronic molecules, hybrids, and multiquark states !

Hints of a new heavy flavor spectrum

From C.Z. Yuan



Couple channel analysis of X(3872) line shape
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Field renormalization constant : 𝑍=1: pure elementary state; 
𝑍=0: pure bound (composite) state.

Hanhart, Kalashnikova, Nefediev, PRD 81, 094028 (2010)

LHCb: Z=0.15 

X(3872) lineshape

LHCb: 0.11±0.03 

A. Esposito  et al., Phys. Rev. D 105, L031503 (2022).

PRL132, 151903(2024)
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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

25



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
26



𝐾#𝐾!𝐽/𝜓

27

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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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

29

|𝑉+,| =	0.221	± 0.004	
|𝑉+-| =	0.975	± 0.006
|𝑉+.| =	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


20.3 Cb!-@ 3.773 GeV
arXiv:2410:07626

|𝑉'(| from  𝐷! → 𝜇!𝜈) and 𝐷! → 𝜏!𝜈*via 𝜏! → 𝜋!�̅�*

30

𝑵𝑫$→𝝁$𝝂𝝁
= 2890±𝟓𝟕

|𝑉*+|Highest precision of |𝑉+,| to date: ~1.2%

7.9 Cb!-@ 3.773 GeV
JHEP01(2025)089

SM=2.67

𝑵𝑫$→𝝉$𝝂𝝉
= 283±𝟑𝟐

LFU test:



|𝑉'+| from  𝐷+! → 𝜇!𝜈) and 𝐷+! → 𝜏!𝜈*
7.33 6b!'@ 4.128-4.226 GeV

PRD 108, 112001 (2023)

Precision : ~1.4%

𝑵3𝒔$→𝝁$𝝂𝝁
= 2515±𝟓𝟐

10.64 6b!'@ 4.237-4.699 GeV， PRD 110, 052002 (2024)

𝑵3𝒔$→𝝁$𝝂𝝁
= 𝟓𝟎𝟕 ± 𝟐𝟔

𝑵𝑫$→𝝉$𝝂𝝉 = 𝟐𝟖𝟒𝟓 ± 𝟖𝟑

LFU test: SM=9.75

𝑒+𝑒* → 𝐷;∗+𝐷;∗*𝑒+𝑒* → 𝐷;∗±𝐷;∓

31



|𝑉'+| and 𝑓,!" from  𝐷+! → 𝜇!𝜈) and 𝐷+! → 𝜏!𝜈*

Precision : ~0.9% Precision : ~0.9%
|𝑉*,| 𝑓9!"(MeV) 32
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New physics searches



ØNot enough !

CP asymmetry：10-10 ® present universe

CP asymmetry in SM：10-20～ 10-16
34

matter

antimatter

10 000 000 00 1

10 000 000 00 0

New source for CP asymmetry？
CPV in SM is small ： # events                Experiments

B meson (2001)   : O(1) 103 𝑩 𝒇𝒂𝒄𝒕𝒐𝒓𝒚

K meson (1964)  : O(10-3)    106 𝑭𝒊𝒙 𝒕𝒂𝒓𝒈𝒆𝒕𝒔

D meson (2019)  : O(10-4) 108 LHCb

Hyperon  :                  O(10-4) O(108) 𝑭𝒊𝒙 𝒕𝒂𝒓𝒈𝒆𝒕𝒔, 𝑩𝑬𝑺𝑰𝑰𝑰



The most precise 𝑪𝑷 𝒕𝒆𝒔𝒕 𝒊𝒏 𝜦 and 𝜦 decay

10 billion 𝐽/𝜓 Paras. This Work (10 billion 𝑱/𝝍) Previous Results (1.3 billion 𝑱/𝝍)

𝜶𝑱/𝝍 𝟎. 𝟒𝟕𝟒𝟖 ± 𝟎. 𝟎𝟎𝟐𝟐 ± 𝟎. 𝟎𝟎𝟐𝟒 𝟎. 𝟒𝟔𝟏 ± 𝟎. 𝟎𝟎𝟔 ± 𝟎. 𝟎𝟎𝟕

𝚫𝚽 𝟎. 𝟕𝟓𝟐𝟏 ± 𝟎. 𝟎𝟎𝟒𝟐 ± 𝟎. 𝟎𝟎𝟖𝟎 𝟎. 𝟕𝟒𝟎 ± 𝟎. 𝟎𝟏𝟎 ± 𝟎. 𝟎𝟎𝟗

𝜶$ 𝟎. 𝟕𝟓𝟏𝟗 ± 𝟎. 𝟎𝟎𝟑𝟔 ± 𝟎. 𝟎𝟎𝟏𝟗 𝟎. 𝟕𝟓𝟎 ± 𝟎. 𝟎𝟎𝟗 ± 𝟎. 𝟎𝟎𝟒

𝜶% −𝟎. 𝟕𝟓𝟓𝟗 ± 𝟎. 𝟎𝟎𝟑𝟔 ± 𝟎. 𝟎𝟎𝟐𝟗 −𝟎. 𝟕𝟓𝟖 ± 𝟎. 𝟎𝟏𝟎 ± 𝟎. 𝟎𝟎𝟕

𝑨𝑪𝑷 −𝟎. 𝟎𝟎𝟐𝟓 ± 𝟎. 𝟎𝟎𝟒𝟔 ± 𝟎. 𝟎𝟎𝟏𝟏 −𝟎. 𝟎𝟎𝟔 ± 𝟎. 𝟎𝟏𝟐 ± 𝟎. 𝟎𝟎𝟕

𝜶𝒂𝒗𝒈 𝟎. 𝟕𝟓𝟒𝟐 ± 𝟎. 𝟎𝟎𝟏𝟎 ± 𝟎. 𝟎𝟎𝟐𝟎 ---

Nat. Phys. 15, 631 (2019)10 billion J/𝝍 (PRL. 129, 131801 (2022))

Standard mode prediction : ACP~ 10-4 (PRD 34, 833 (1986))

More than 10 
standard deviation 
shift from all 
previous 
measurements

Polarization: max 25%
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CP test in -�y®L`S

First measurements:

Df1=1.011 ± 0.094 ± 0.010
Df2=2.128 ± 0.094 ± 0.010
|GE/GM|=0.086+-0.029+-0.010

Df1+Df2=(3.139 ± 0.133 ± 0.014)

6WURQJ (0�
(0�+93

Nature Communications, 15,8812,(2024)
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CP tests at BESIII

SM predicts very small violations of CP 

symmetry.

Sizeable CP violations prerequisite for 

Baryogenesis

BESIII: 10 billion 𝑱/𝝍 events

CPV at BESIII: ~ 10-3

More data strongly needed!

𝟏𝟎𝟏𝟑𝑱/𝝍 per year @STCF ??



• 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 the maximum Ecm up to 5.6 GeV → more physics opportunity

R
=σ

(e
+ e

- à
ha

dr
on

)/
σ(

e+ e
- à
𝜇$
𝜇!

)

𝛀𝒄%𝛀𝒄
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Future prospects

Continue to run for >5 years?? 

More exciting results are expected in the near future! 



非常感谢！


