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BEPCII/BESIII

Highlights of Physics accomplishments
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BEPCII/BESIII: t-charm factory

BESIII: a new spectrometer
• Very good energy resolution for photon
• Excellent momentum resolution for charged particles
• Good hadron identification capabilities 

8SJUDGH�LQ����������
δ%(6®%(6,,ε

8SJUDGH�LQ����������
δ%(6,,®%(6,,,�

• 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: ~55 #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

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 at BESIII NP

Charmonium physics

R-QCD physics

New physics

Charm physics

Light hadron Spectroscopy
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New resonant structures  at BESIII

Light hadrons 

Charmonium(-like) particles



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)



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

PRL128(2022)062004

8

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
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Charm physics

Hyperon physics 

Flavor physics at BESIII

Ks, L production at CEPC
EPJ Plus 135 (2020) 3, 274

CEPC White paper on flavor physics,  Chinese Phys. C 49 103003



֍ 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

10

|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

֎ 3x3 unitary complex matrix
֎ 4 parameters: 3 mixing angles and 1 phase
֎ Unitarity:

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


Charm leptonic decays 𝐷(&)( → 𝑙(𝜈)
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𝑙 = 𝑒, 𝜇, 𝜏

֍ Charm leptonic decays involve weak and strong interactions 
Weak interaction: annihilation of the quark-antiquark pair via W+ → |𝑽𝒄𝒅(𝒔)|

Strong interaction: glue exchanges between charm quark and light quark→𝑓/(()

֍ Exp. decay rate + |𝑽𝒄𝒅(𝒔)|CKMfitter → 𝑓+(%)
Calibrate LQCD @charm
Extrapolate to Beauty

֍ Exp. decay rate + 𝑓+(%) of LQCD 

→ CKM matrix elements |𝑉,-(.)|

Decay constant 𝑓/(()(LQCD)

CKM matrix elementDecay rate

SM expected relative decay widths: 
𝒆/𝝂𝒆 ∶ 𝝁/𝝂𝝁: 𝝉/𝝂𝝉

𝑫/ 𝟐. 𝟑𝟓×𝟏𝟎3𝟓 ∶ 𝟏 ∶ 𝟐. 𝟔𝟕
𝑫𝒔/ 𝟐. 𝟑𝟓×𝟏𝟎3𝟓 ∶ 𝟏 ∶ 𝟗. 𝟕𝟓

→ Test lepton flavor universality (LFU)

High precision: 0.2% - 0.33%
FLAG, PRD 107, 052008 (2023)



20.3 $b!*@ 3.773 GeV
arXiv:2410:07626

|𝑽𝒄𝒅| from  𝑫% → 𝝁%𝝂𝝁 and 𝑫% → 𝝉%𝝂𝝉via 𝝉% → 𝝅%3𝝂𝝉
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𝑵𝑫#→𝝁#𝝂𝝁
= 2890±𝟓𝟕

|𝑉&'|Highest precision of |𝑉#$| to date: ~1.2%

7.9 $b!*@ 3.773 GeV
JHEP01(2025)089

SM=2.67

𝑵𝑫#→𝝉#𝝂𝝉
= 283±𝟑𝟐

LFU test:



Using
[PRD97,034511(2018)] 

→

|𝑉*+| from Λ,( → 𝑛𝑒(𝜈-
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֍ Observation of a rare beta decay Λ56 → 𝑛𝑒6𝜈7
with machine learning of Graph Neural Network

Machine learning → discriminate energy deposition patterns of neutrons 
from those of Λ in the EMC of BESIII detector 

4.5 7b!(@𝐸)* = 4.60 − 4.699GeV

Nat Commun 16, 681 (2025)

First determination from charmed baryon decays

𝑵 = 𝟏𝟑𝟒 ± 𝟏𝟑 𝑵 = 𝟏𝟑𝟏 ± 𝟏𝟐

→



|𝑉*&| from  𝐷&( → 𝜇(𝜈. and 𝐷&( → 𝜏(𝜈/
7.33 .b!&@ 4.128-4.226 GeV

PRD 108, 112001 (2023)

Precision : ~1.4%

𝑵0𝒔#→𝝁#𝝂𝝁
= 2515±𝟓𝟐

10.64 .b!&@ 4.237-4.699 GeV， PRD 110, 052002 (2024)

𝑵0𝒔#→𝝁#𝝂𝝁
= 𝟓𝟎𝟕 ± 𝟐𝟔

𝑵𝑫#→𝝉#𝝂𝝉 = 𝟐𝟖𝟒𝟓 ± 𝟖𝟑

LFU test: SM=9.75

via 𝑒/𝑒3 → 𝐷.∗/𝐷.∗3via 𝑒/𝑒3 → 𝐷.∗±𝐷.∓
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|𝑽𝒄𝒔| and 𝒇𝑫𝒔" from  𝑫𝒔( → 𝝁(𝝂𝝁 and 𝑫𝒔( → 𝝉(𝝂𝝉

Precision : ~0.9% Precision : ~0.9%
|𝑉&+| 𝑓9!"(MeV) 15



Charm semi-leptonic decays 𝐷(4)( → 𝜋(𝐾)𝑙(𝜈)
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֍ The weak and strong interactions can be separated: 

Weak interaction: CKM matrix elements |𝑉#$(%)|

Form factors 𝑓/0(0) describe strong interaction can be calculated in LQCD 

֍ Exp. partial decay rate → 𝑞H dependence of 𝑓0
1(2)(𝑞3) ,

→ extract 𝑓0
1(2)(0) with|𝑉,-(.)|CKMfitter as input → calibrate QCD

֍ Exp. partial decay rate + LQCD calculation of 𝑓0
1(2)(0)

→ CKM matrix elements |𝑉,-(.)|

Partial decay rate
CKM matrix element

Form factor (LQCD)

Low precision: >1.5%
FLAG, PRD 107, 052008 (2023)

(X = 1 for 𝐾!，𝜋!， #𝐾,, 𝜂（’）；X = (
.

for 𝜋,) 



|𝑉*&|, 𝑓(5(0) from 𝐷6 → 𝐾7𝑙(𝜈) and 𝐷( → 8𝐾6𝑙(𝜈)
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7.93 $b!*@ 3.773 GeV,  PRD 110, 112006 (2024)

Simultaneous fit to the partial decay rates

Test LFUφ

Extract |𝑉#%|Branching fractions:

Precision:
0.4%

SM=9.75

Precision : ~0.23%



֍ Measurements of the BFs
→ Probe and calibrate non-perturbative QCD
→ Understand SU(3) flavor symmetry and its breaking effect
→ Test theoretical calculations of BFs

֍ Amplitude analysis of multi-body decays
→ Information of 𝐷 → 𝑉𝑃, 𝑃𝑃, 𝑆𝑃, 𝑆𝑉, 𝑉𝑉, 𝐴𝑃, 𝐴𝑉, 𝑇𝑃…
→ Light hadron spectroscopy

Topological Diagrammatic for 𝐷/𝐷./ decays:

Calculation is not reliable, need exp. input 

Charmed mesons hadronic decays

18

Color-allowed tree T Color-suppressed tree C W-exchange E W-annihilation  A

+��<��&KHQJ��HW�DO��35'�����������



Amplitude analysis of 𝐷(% → 𝐾)*𝐾+*𝜋%
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7.33$b!*@ 4.178 − 4.226GeV, arXiv:2503.11383

֍ Measurement of 𝜙 → 𝐾=>𝐾?>
2310 candidates with >78% purity

Taking from PDG
Deviates from PDG value 
(0.740±0.031) by >3𝜎

֍ First observation of 𝐾LM − 𝐾NM asymmetry

Predictions by H.-Y. Cheng et al., PRD109, 073008δ2024ε



W-exchange 𝑬𝟏, 𝑬𝟐, and 𝑬𝟑

internal W-emission CW-emission T

Charmed baryonic decays
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֍ Λ,/ may reveal more information of strong- and weak-interactions in charm region,
complementary to 𝐷/𝐷.
→ Most charmed baryons eventually decay to Λ,/

Topological Diagrams for 𝜦𝒄) decays:

Non-factorization amplitude
→ Calculation is not reliable, 
need exp. input

inner W-emission 𝑪‘

H.-Y. Cheng  et al.θChinese Journal of 
Physicsθ78(2022ε324-362 



Recent studies on the Λ,% measurments at BESIII 
l Λ1$ leptonic	decays

p Λ𝒄$ → 𝛬𝑒$𝜈3, 𝛬𝜇$𝜈4 : PRL 129.231803 (2022). PRD 108.L031105 (2023).
p Λ𝒄$ → 𝑝𝐾!𝑒$𝜈3 : PRD 106.112010 (2022).
p Λ𝒄$ → X𝑒$𝜈3 : PRD 107.052005 (2023).
p Λ𝒄$ → 𝑛𝑒$𝜈3 : Nature	Commun.	16,	681	(2025).

l Λ1$ hadronic	decays(two body)
p Λ𝒄$ → nπ$ : PRL 128.142001 (2022).
p Λ1$ → 𝑝𝜂5 : PRD 106.072002 (2022).
p Λ1$ → 𝑝𝜂, 𝑝𝜔 : JHEP 11.137 (2023).
p Λ6$ → Ξ7𝐾$ : PRL	132,	031801(2024).
p Λ1$ → Σ$𝜂5 : arXiv 2505.18004	(JHEP	accepted).
p Λ1$ → 𝑝𝜋7 : PRD	111,	L051101	(2025).	
p Λ1$ → 𝑝𝐾87, Λ𝜋$, Σ7𝜋$, Σ$𝜋7 :	arXiv	2508.11400.

l Λ1$ hadronic	decays(multi-body)
p qΛ6! → r𝑛𝑋 : PRD 108.L031101 (2023).
p Λ6$ → 𝐾97𝑋 : JHEP	06.194	(2025).
p Λ𝒄$ → n𝐾87𝜋$𝜋7 :		PRD	109,	053005	(2024).
p Λ6$ → 𝛬𝜋$𝜂 : PRL	134,	021901	(2025).
p Λ𝒄$ → Σ7𝐾$𝜋7,Σ7𝐾$𝜋$𝜋! : CPC	49,	073001	(2025).
p Λ𝒄$ → Λ𝐾87𝐾$,	Λ𝐾∗ Λ𝐾87𝜋$ : PRD	111,	012014	(2025).



֍ Observation of 𝛬A6 → 𝛬𝑎>(980)6

ℬ 𝛬t/ → 𝛬𝜋/𝜂 =
1.94 ± 0.07uvwv ± 0.11uxuv %

ℬ 𝛬t/ → 𝛬𝑎y 980 /, 𝑎y 980 / → 𝜋/𝜂 = 1.05 ± 0.16uvwv ± 0.05uxuv ± 0.07z{v %

→ ℬ 𝛬t/ → 𝛬𝑎y 980 / = 1.23 ± 0.21 % Larger than theoretical calculations by 1-2 orders.

Observation 𝑎6(980)( in 𝛬*( → 𝛬𝜋(𝜂

22

6.1 7b!(@𝐸)* = 4.600 − 4.843GeV, PRL 134, 021901(2025)

𝑎4(980)0 Σ(1835)0
1312 ± 45 signal events  with 80% purity

significance decay asymmetry 𝛼



Charm physics publications
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Published: 202 (PRL&Nature Commun. 39)
+ 5 (accepted)

In this talk, a selection of latest results in charm physics from BESIII is presented.

In 2025, 
18 (published)+5(accepted)+14（submitted）
(5 in PRL/Nature Commun.)

δby 2025-06-26ε
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Hyperon: a unique role in particle physics 
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Hyperons production at BESIII 

Symmetries tests
Hyperon decays
Hyperon-nucleon interactions
Hyperon spectroscopy

Hyperon structure
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Advantage: data near to the thresholds 
Ø Meson and Baryon pairs productions near 

thresholds: form-factors in the time-like 
production, precision branching fractions,  
relative phase

Ø High production in charmonium decays 

Ø CP violation with quantum-entangled  pair
productions of hyperons

Energy scan at BESIII



Classic paper
Phys. Rev. D34, 833 (1986) 



QM phase measurements require interference

A

B

|A+B|-|A+B|=4|A||B|sindssinfCP

ds

+fCP ds+fCP

B
_

A+B
_

A+
B

_

measureable CPV asymmetry
requires:   

1) non-zero fCP
2) interfering amplitude

3) non-zero ds

non-zero fCP is not enough!!-fCP

ds-fCP

A

B=|B|eids + ifCP

A

B=|B|eids - ifCP

CP

A: non-CPV process to the same final state
ds; strong phase difference between A and B
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𝜶, 𝜷 𝒂𝒏𝒅 𝜸 parameters for hyperon decays 
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Phys.	Rev.	108	1645	(1957)	1957

CP asymmetry

� =
|S|2 � |P |2

|S|2 + |P |2

<latexit sha1_base64="ksLfYnESRNwSEMGLEdtkp/HerCM="></latexit>



Unpolarized part 

Polarized part 

Entangled part 

Correlated 5-dim. angular distribution

Polarization-term can be used to determine a- and a+ simultaneously
L

31

If D𝚽 ≠ 0, L and L are transversely polarized



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

Nat. Commun. 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!

Theoretical preditions: X.G. He et al. Sci.Bull. 67 (2022) 1840-1843



• 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
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e+ e
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𝜇$
𝜇!

)

𝛀𝒄#𝛀𝒄
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Future prospects



Summary and Prospects

36

BEPCII/BESIIIBESIII made significant contributions to charmed flavor physics

Charm (semi-)leptonic decays are crucial for calibrating lattice QCD; 
determining CKM matrix elements; and testing lepton flavor universality.

𝒇𝑫;~𝟏. 𝟐%, 𝒇𝑫𝒔;~𝟎. 𝟗%, |𝑽𝒄𝒅|~𝟏. 𝟐%, |𝑽𝒄𝒔|~𝟎. 𝟗%, 𝒇0𝑲 𝟎 ~𝟎. 𝟐𝟑%

Charm hadronic decays are key labs to understand non-perturbative QCD;
study the properties of light hadron (𝒂𝟎 𝟗𝟖𝟎 , 𝒇𝟎 𝟗𝟖𝟎 , 𝒇𝟎 𝟓𝟎𝟎 …)

Significant progresses on hyperon polarization and CP tests

BESIII’s Future prospects
→ More interesting results are coming using 𝟐𝟎. 𝟑 𝐟𝐛!𝟏𝝍(𝟑𝟕𝟕𝟎) data.
→ BEPCII-U continues to run till >2030

3× luminosity above 4 GeV & max energy to 5.6 GeV

From BEPC to CEPC, the physics flavor is forever !



Many thanks！



J. Phys. G 47 (2020) 1, 010501 

Search for Hyperon Electric Dipole Moments 

n SM (CKM) n SM (𝜃𝜃) n < d (Current data) n < d (Expectations) 

Phys. Rev. D 108 (9), L091301 (2023) 

ØA non-zero intrinsic EDM would violate 
both parity (P) and time-reversal (T) 
symmetries

Ø When CPT symmetry is conserved, T 
violation is equivalent to CP violation. 


