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Beijing Electron Positron Collider II

BEPCII @ IHEP  
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𝐸𝐸cm = 1.84 − 4.95 GeV
2009-2024, BESIII Physics run
Design Luminosity:
ℒ𝐷𝐷 = 1 × 1033cm−2𝑠𝑠−1@𝐸𝐸cm= 3.773 GeV
Peak luminosity:

2016 achieved 1.0 × ℒ𝐷𝐷
2023 achieved 1.1 × ℒ𝐷𝐷

Jul. 1, 2024 – Aug. 31, 2028: 
BEPCII upgrade → BEPCII-U

January 2025,  restart
֍ Luminosity × 3 @𝐸𝐸cm= 4.7 GeV
ℒ𝐷𝐷 = 1 × 1033cm−2𝑠𝑠−1@𝐸𝐸cm= 3.773-4.7 GeV

֍ Beam energy up to 2.8 GeV (2028)



inner MDC

July 1 - December 31, 2024:  Replace the inner MDC with 
3 layers of cylindrical triple-GEM detectors

BESIII @ BEPCII  
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Electro Magnetic Calorimeter (EMC)
⁄Δ𝐸𝐸 𝐸𝐸 = 2.5% @1.0 GeV

𝜎𝜎𝜙𝜙𝑧𝑧 = 0.6cm @ 1.0 GeV

Main Drift Chamber (MDC)
⁄Δ𝑃𝑃 𝑃𝑃 = 0.5% @1.0 GeV

𝜎𝜎𝑥𝑥𝑥𝑥 = 130 um, 𝜎𝜎𝑑𝑑𝑑𝑑/𝑑𝑑𝑋𝑋 = 6 − 7%

Time Of Flight (TOF)   
𝜎𝜎𝑡𝑡 = 90 ps @ barrel
𝜎𝜎𝑡𝑡 = 60 ps @ end cap (upgrade in 2016)

Muon counters (MUC)
𝜎𝜎𝑟𝑟𝜙𝜙 = 1.4 − 1.7 cm

Superconducting solenoid
1 Tesla Magnetic field

֍ Optimized for
flavor physics

֍ Cover 93% of 
4π solid angle

http://english.ihep.cas.cn/bes/co/bi/202109/W020220307310135469479.png


3.8-4.96 GeV: ~22.5 𝐟𝐟𝐟𝐟−𝟏𝟏，XYZ, 𝑫𝑫𝒔𝒔
+𝑫𝑫𝒔𝒔

−, 𝜦𝜦𝒄𝒄+�𝜦𝜦𝒄𝒄− …

Datasets (totally ~50 fb−1 from 1.84 − 4.95 GeV)
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10B: light hadron, hyperon 2.7B: charmonium

20.3 𝐟𝐟𝐟𝐟−𝟏𝟏: ~73.3M 𝑫𝑫𝟎𝟎�𝑫𝑫𝟎𝟎 pairs produced @3.773 GeV
~57.4M 𝑫𝑫+𝑫𝑫− pairs produced @3.773 GeV

Tau mass scan
7.33 𝐟𝐟𝐟𝐟−𝟏𝟏: ~6.5M 𝑫𝑫𝒔𝒔

+𝑫𝑫𝒔𝒔
− pairs produced @4.128-4.226 GeV

6.4 𝐟𝐟𝐟𝐟−𝟏𝟏: ~1.0M 𝜦𝜦𝒄𝒄+�𝜦𝜦𝒄𝒄− pairs produced @4.5995-4.9509 GeV

from PDG

0.5 𝐟𝐟𝐟𝐟−𝟏𝟏

3.2 𝐟𝐟𝐟𝐟−𝟏𝟏
in 2016

1.1 𝐟𝐟𝐟𝐟−𝟏𝟏

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
1.84-1.97 GeV  13 pts   ~25 𝐩𝐩𝐟𝐟−𝟏𝟏
2.00-3.08 GeV  21 pts ~550 𝐩𝐩𝐟𝐟−𝟏𝟏
2.23-3.67 GeV  14 pts ~110 𝐩𝐩𝐟𝐟−𝟏𝟏

R scan above open-charm threshold
3.85-4.59 GeV  104 pts ~0.8 𝐟𝐟𝐟𝐟−𝟏𝟏

Data taking plan 
Mar 2025 - Jul 2025:  𝜓𝜓(3686);         Oct 2025-Jul 2026: 4.7 GeV;
Oct  2026 - Aug 2028: 4.2-5.0 GeV; Sep 2028-Jul 2030 :5.0-5.6 GeV 

https://pdg.lbl.gov/2022/web/viewer.html?file=../reviews/rpp2022-rev-cross-section-plots.pdf


Charm physics publication
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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.)

（by 2025-06-26）



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

֍ Any deviation of 𝑉𝑉CKM from unitarity indicates new physics
→ Measurements of CKM matrix elements [from PDG2024]

=1(SM)  

=1(SM)

֍ 𝑫𝑫/𝑫𝑫𝒔𝒔 (Semi-)leptonic decays provide direct measurements of  |𝑉𝑉𝑐𝑐𝑐𝑐| and |𝑉𝑉𝑐𝑐𝑑𝑑|

CKM Matrix
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|𝑉𝑉𝑐𝑐𝑑𝑑| = 0.221 ± 0.004 
|𝑉𝑉𝑐𝑐𝑐𝑐| = 0.975 ± 0.006
|𝑉𝑉𝑐𝑐𝑐𝑐| = 0.0410 ± 0.0012

|𝑽𝑽𝒄𝒄𝒅𝒅|𝟐𝟐+|𝑽𝑽𝒄𝒄𝒔𝒔|𝟐𝟐+|𝑽𝑽𝒄𝒄𝒄𝒄|𝟐𝟐 =1.001 ±0.007

|𝑽𝑽𝒖𝒖𝒅𝒅|𝟐𝟐+|𝑽𝑽𝒖𝒖𝒔𝒔|𝟐𝟐+|𝑽𝑽𝒖𝒖𝒄𝒄|𝟐𝟐=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 𝐷𝐷(𝑐𝑐)
+ → 𝑙𝑙+𝜈𝜈𝑙𝑙
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𝑙𝑙 = 𝑒𝑒, 𝜇𝜇, 𝜏𝜏

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

Strong interaction: glue exchanges between charm quark and light quark→𝑓𝑓𝐷𝐷(𝑠𝑠)

֍ Exp. decay rate + |𝑽𝑽𝒄𝒄𝒅𝒅(𝒔𝒔)|CKMfitter → 𝑓𝑓𝐷𝐷(𝑠𝑠)

Calibrate LQCD @charm
Extrapolate to Beauty

֍ Exp. decay rate + 𝑓𝑓𝐷𝐷(𝑠𝑠) of LQCD 

→ CKM matrix elements |𝑉𝑉𝑐𝑐𝑑𝑑(𝑐𝑐)|

Decay constant 𝑓𝑓𝐷𝐷(𝑠𝑠)(LQCD)

CKM matrix elementDecay rate

SM expected relative decay widths: 
𝒆𝒆+𝝂𝝂𝒆𝒆 ∶ 𝝁𝝁+𝝂𝝂𝝁𝝁: 𝝉𝝉+𝝂𝝂𝝉𝝉

𝑫𝑫+ 𝟐𝟐.𝟑𝟑𝟑𝟑 × 𝟏𝟏𝟎𝟎−𝟑𝟑 ∶ 𝟏𝟏 ∶ 𝟐𝟐.𝟔𝟔𝟔𝟔
𝑫𝑫𝒔𝒔
+ 𝟐𝟐.𝟑𝟑𝟑𝟑 × 𝟏𝟏𝟎𝟎−𝟑𝟑 ∶ 𝟏𝟏 ∶ 𝟗𝟗.𝟔𝟔𝟑𝟑

→ Test lepton flavor universality (LFU)

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

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.052008


20.3 fb−1@ 3.773 GeV
arXiv:2410:07626

|𝑉𝑉𝑐𝑐𝑑𝑑| from  𝐷𝐷+ → 𝜇𝜇+𝜈𝜈𝜇𝜇 and 𝐷𝐷+ → 𝜏𝜏+𝜈𝜈𝜏𝜏via 𝜏𝜏+ → 𝜋𝜋+�̅�𝜈𝜏𝜏
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𝑵𝑵𝑫𝑫+→𝝁𝝁+𝝂𝝂𝝁𝝁
= 2890±𝟑𝟑𝟔𝟔

Muons identified from MUC

|𝑉𝑉𝑐𝑐𝑑𝑑|Highest precision of |𝑉𝑉𝑐𝑐𝑑𝑑| to date: ~1.2%

7.9 fb−1@ 3.773 GeV
JHEP01(2025)089

𝜋𝜋-like：𝐸𝐸EMC > 300MeV

SM=2.67

𝑵𝑵𝑫𝑫+→𝝉𝝉+𝝂𝝂𝝉𝝉
= 283±𝟑𝟑𝟐𝟐

LFU test:

https://link.springer.com/content/pdf/10.1007/JHEP01%282025%29089.pdf
https://arxiv.org/abs/2410.07626


|𝑉𝑉𝑐𝑐𝑐𝑐| from  𝐷𝐷𝑐𝑐+ → 𝜇𝜇+𝜈𝜈𝜇𝜇 and 𝐷𝐷𝑐𝑐+ → 𝜏𝜏+𝜈𝜈𝜏𝜏
7.33 fb−1@ 4.128-4.226 GeV

PRD 108, 112001 (2023)

Precision : ~1.4%

𝑵𝑵𝐷𝐷𝒔𝒔+→𝝁𝝁+𝝂𝝂𝝁𝝁
= 2515±𝟑𝟑𝟐𝟐

10.64 fb−1@ 4.237-4.699 GeV， PRD 110, 052002 (2024)

𝑵𝑵𝐷𝐷𝒔𝒔+→𝝁𝝁+𝝂𝝂𝝁𝝁
= 𝟑𝟑𝟎𝟎𝟔𝟔 ± 𝟐𝟐𝟔𝟔

𝑵𝑵𝑫𝑫+→𝝉𝝉+𝝂𝝂𝝉𝝉 = 𝟐𝟐𝟐𝟐𝟐𝟐𝟑𝟑 ± 𝟐𝟐𝟑𝟑

LFU test: SM=9.75

via 𝑒𝑒+𝑒𝑒− → 𝐷𝐷𝑐𝑐∗+𝐷𝐷𝑐𝑐∗−via 𝑒𝑒+𝑒𝑒− → 𝐷𝐷𝑐𝑐∗±𝐷𝐷𝑐𝑐∓

9

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.112001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.112001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.052002


|𝑉𝑉𝑐𝑐𝑐𝑐| and 𝑓𝑓𝐷𝐷𝑠𝑠+ from  𝐷𝐷𝑐𝑐+ → 𝜇𝜇+𝜈𝜈𝜇𝜇 and 𝐷𝐷𝑐𝑐+ → 𝜏𝜏+𝜈𝜈𝜏𝜏

Precision : ~0.9% Precision : ~0.9%|𝑉𝑉𝑐𝑐𝑐𝑐| 𝑓𝑓𝐷𝐷𝑠𝑠+(MeV)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.112001


Charm semi-leptonic decays 𝐷𝐷(s)
+ → 𝜋𝜋(𝐾𝐾)𝑙𝑙+𝜈𝜈𝑙𝑙
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֍ The weak and strong interactions can be separated: 

Weak interaction: CKM matrix elements |𝑉𝑉𝑐𝑐𝑑𝑑(𝑐𝑐)|

Form factors 𝑓𝑓+ℎ(0) describe strong interaction can be calculated in LQCD 

֍ Exp. partial decay rate → 𝑞𝑞2 dependence of 𝑓𝑓+
𝜋𝜋(𝐾𝐾)(𝑞𝑞2) ,

→ extract 𝑓𝑓+
𝜋𝜋(𝐾𝐾)(0) with|𝑉𝑉𝑐𝑐𝑑𝑑(𝑐𝑐)|CKMfitter as input → calibrate QCD

֍ Exp. partial decay rate + LQCD calculation of 𝑓𝑓+
𝜋𝜋(𝐾𝐾)(0)

→ CKM matrix elements |𝑉𝑉𝑐𝑐𝑑𝑑(𝑐𝑐)|

Partial decay rate
CKM matrix element

Form factor (LQCD)

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

(X = 1 for 𝐾𝐾−，𝜋𝜋−， �𝐾𝐾0, 𝜂𝜂（’）；X = 1
2

for 𝜋𝜋0) 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.052008


|𝑉𝑉𝑐𝑐𝑐𝑐|, 𝑓𝑓+𝐾𝐾(0) from 𝐷𝐷0 → 𝐾𝐾−𝑙𝑙+𝜈𝜈𝑙𝑙 and 𝐷𝐷+ → �𝐾𝐾0𝑙𝑙+𝜈𝜈𝑙𝑙
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7.93 fb−1@ 3.773 GeV,  PRD 110, 112006 (2024)

Simultaneous fit to the partial decay rates

Test LFU：

Extract |𝑉𝑉𝑐𝑐𝑐𝑐|Branching fractions:

Precision:
0.4%

SM=9.75

Precision : ~0.23%

https://arxiv.org/abs/2408.09087


|𝑉𝑉𝑐𝑐𝑐𝑐| from 𝐷𝐷𝑐𝑐+ → 𝜂𝜂(′)𝑙𝑙+𝜈𝜈𝑙𝑙
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7.33 fb−1@ 4.128-4.226 GeV

֍ 𝑫𝑫𝒔𝒔
+ → 𝜼𝜼(′)𝒆𝒆+𝝂𝝂𝒆𝒆 ֍ 𝑫𝑫𝒔𝒔

+ → 𝜼𝜼(′)𝝁𝝁+𝝂𝝂𝝁𝝁

→ Improve the BFs:                                        → Improve the BFs:

→ Form factor and |𝑉𝑉𝑐𝑐𝑐𝑐|:                                 → Form factor and |𝑉𝑉𝑐𝑐𝑐𝑐|:

PRL132,091802(2024)
PRD108,092003(2023)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.091802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092003


→ Form factor:

→ LFU:                                                   
SM=0.94-0.95

𝒇𝒇+
𝜼𝜼′(𝟎𝟎)|𝑉𝑉𝑐𝑐𝑑𝑑| from 𝐷𝐷+ → 𝜂𝜂′𝑙𝑙+𝜈𝜈𝑙𝑙
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20.3 fb−1@ 3.773 GeV,  PRL 134, 111801 (2025)

8.6σ 12.9σ

֍ Observe 𝐷𝐷+ → 𝜂𝜂′𝑙𝑙+𝜈𝜈𝑙𝑙
𝐷𝐷+ → 𝜂𝜂′𝜇𝜇+𝜈𝜈𝜇𝜇 𝐷𝐷+ → 𝜂𝜂′𝑒𝑒+𝜈𝜈𝑒𝑒

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.111801


֍ Observation of 𝒇𝒇𝟎𝟎(𝟗𝟗𝟐𝟐𝟎𝟎)

֍ Form factor

𝑓𝑓+
𝑓𝑓0 0 in 𝐷𝐷𝑐𝑐+ → 𝜋𝜋+𝜋𝜋−𝑒𝑒+𝜈𝜈𝑒𝑒
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7.33 fb−1@ 4.128-4.226 GeV 

Simple pole parameterization

PRL132,141901(2024)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.141901


Amplitude analysis of 𝐷𝐷0(+) → 𝐾𝐾−𝜋𝜋+𝜋𝜋0(−)𝑒𝑒+𝜈𝜈𝑒𝑒
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𝐷𝐷+ → 𝐾𝐾−𝜋𝜋+𝜋𝜋0𝑒𝑒+𝜈𝜈𝑒𝑒 𝐷𝐷0 → 𝐾𝐾−𝜋𝜋+𝜋𝜋−𝑒𝑒+𝜈𝜈𝑒𝑒
𝑵𝑵 = 𝟏𝟏𝟐𝟐𝟔𝟔𝟎𝟎 ± 𝟑𝟑𝟔𝟔 𝑵𝑵 = 𝟔𝟔𝟑𝟑𝟏𝟏 ± 𝟑𝟑𝟑𝟑

֍ Form factors and fit fractions

֍ Measurement of BFs
20.3 fb−1@ 3.773 GeV,  arXiv:2503.02196

https://arxiv.org/abs/2503.02196


Using
[PRD97,034511(2018)] 

→

|𝑉𝑉𝑐𝑐𝑑𝑑| from Λc+ → 𝑛𝑛𝑒𝑒+𝜈𝜈𝑒𝑒
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֍ Observation of a rare beta decay Λc+ → 𝑛𝑛𝑒𝑒+𝜈𝜈𝑒𝑒
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 fb−1@𝐸𝐸cm = 4.60 − 4.699GeV

Nat Commun 16, 681 (2025)

First determination from charmed baryon decays

𝑵𝑵 = 𝟏𝟏𝟑𝟑𝟐𝟐 ± 𝟏𝟏𝟑𝟑 𝑵𝑵 = 𝟏𝟏𝟑𝟑𝟏𝟏 ± 𝟏𝟏𝟐𝟐

→

https://arxiv.org/abs/2410.13368
https://www.nature.com/articles/s41467-024-55042-y
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.034501


֍ Measurements of the BFs
→ Are important component of heavy-flavor physics program.
→ Probe and calibrate non-perturbative QCD
→ Understand SU(3) flavor symmetry and its breaking effect
→ Test theoretical calculations of BFs and improve theoretical predictions of CP violation

֍ Amplitude analysis of multi-body decays
→ Information of 𝐷𝐷 → 𝑉𝑉𝑃𝑃,𝑃𝑃𝑃𝑃, 𝑆𝑆𝑃𝑃, 𝑆𝑆𝑉𝑉,𝑉𝑉𝑉𝑉,𝐴𝐴𝑃𝑃,𝐴𝐴𝑉𝑉,𝑇𝑇𝑃𝑃…
→ Light hadron spectroscopy

Topological Diagrammatic for 𝐷𝐷/𝐷𝐷𝑐𝑐+ decays:

Calculation is not reliable, need exp. input 

Charmed mesons hadronic decays
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Color-allowed tree T Color-suppressed tree C W-exchange E W-annihilation  A

H.-Y. Cheng, et al. PRD 85,034036 



Amplitude analysis of 𝐷𝐷𝑐𝑐+ → 𝜋𝜋+𝜋𝜋+𝜋𝜋−𝜋𝜋0
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7.33fb−1 @ 4.178 − 4.226GeV , PRL 134, 011904 (2025)

֍ Observation of 𝐷𝐷𝑐𝑐+ → 𝑓𝑓0(980)𝜌𝜌(770)+
(Mainly involves W-external-emission diagram)

Taking from 𝑫𝑫𝒔𝒔
+ → 𝑲𝑲+𝑲𝑲−𝝅𝝅+

BESIII, PRD 104, 012016 (2021) Deviates from PDG 
value (0.313±0.010)
by >4𝜎𝜎

𝑓𝑓0(980)

𝜔𝜔

𝜙𝜙
𝑎𝑎1+ 𝜋𝜋(1300)

1552 candidates with >75% purity

W-annihilation decay
𝐵𝐵𝐵𝐵 = (1.92 ± 0.30) × 10−3
(PDG)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.012016
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.011904


Amplitude analysis of 𝐷𝐷𝑐𝑐+ → 𝜋𝜋+𝜋𝜋+𝜋𝜋−𝜋𝜋0𝜋𝜋0
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7.33fb−1 @ 4.178 − 4.226GeV , PRL 134, 201902 (2025)

֍ First observation of  𝐷𝐷𝑐𝑐+ → 𝜔𝜔𝜌𝜌(770)+
1888 candidates with >79% purity

Pure 𝑊𝑊-annihilation Pure 𝑊𝑊-external emission

D>S>P

S>P>D

Naive prediction:   PRL 128,011803
transverse dominates than longitudinal in charm decays

Deviates from PDG value 
(0.313±0.010) by >3𝜎𝜎

֍ Polarization puzzle

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.201902


Amplitude analysis of 𝐷𝐷𝑐𝑐+ → 𝐾𝐾𝑆𝑆0𝐾𝐾𝐿𝐿0𝜋𝜋+
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7.33fb−1 @ 4.178 − 4.226GeV, arXiv:2503.11383

֍ Measurement of 𝜙𝜙 → 𝐾𝐾𝑆𝑆0𝐾𝐾𝐿𝐿0
2310 candidates with >78% purity

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

֍ First observation of 𝐾𝐾𝑆𝑆0 − 𝐾𝐾𝐿𝐿0 asymmetry

Predictions by H.-Y. Cheng et al., PRD109, 073008（2024）

https://arxiv.org/abs/2503.11383
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.012016
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.073008


𝐷𝐷𝑐𝑐+ → 𝐾𝐾+𝐾𝐾−𝜋𝜋+ Phys. Rev. D 104 (2021) 012016
𝐷𝐷𝑐𝑐+ → 𝐾𝐾𝑆𝑆0𝐾𝐾+𝜋𝜋0 Phys. Rev. Lett. 129 (2022) 182001
𝐷𝐷𝑐𝑐+ → 𝜋𝜋+𝜋𝜋+𝜋𝜋− Phys. Rev. D 106 (2022) 112006
𝐷𝐷𝑐𝑐+ → 𝜋𝜋+𝜋𝜋+𝜋𝜋−𝜂𝜂 Phys. Rev. D 104 (2021) L071101
𝐷𝐷𝑐𝑐+ → 𝜋𝜋+𝜋𝜋0𝜂𝜂′ JHEP 04 (2022) 058
𝐷𝐷𝑐𝑐+ → 𝜋𝜋+𝜋𝜋0𝜋𝜋0 JHEP 01 (2022) 052
𝐷𝐷𝑐𝑐+ → 𝐾𝐾+𝜋𝜋+𝜋𝜋− JHEP 08 (2022) 196
𝐷𝐷𝑐𝑐+ → 𝐾𝐾+𝜋𝜋+𝜋𝜋−𝜋𝜋0 JHEP 09 (2022) 242
𝐷𝐷𝑐𝑐+ → 𝐾𝐾𝑆𝑆0𝐾𝐾𝑆𝑆0𝜋𝜋+ Phys. Rev. D 105 (2022) L051103
𝐷𝐷𝑐𝑐+ → 𝐾𝐾𝑆𝑆0𝐾𝐾−𝜋𝜋+𝜋𝜋+ Phys. Rev. D 103 (2021) 092006
𝐷𝐷𝑐𝑐+ → 𝐾𝐾+𝐾𝐾−𝜋𝜋+𝜋𝜋0 Phys. Rev. D 104 (2021) 032011
𝐷𝐷𝑐𝑐+ → 𝐾𝐾+𝐾𝐾−𝜋𝜋+𝜋𝜋+𝜋𝜋− JHEP 07 (2022) 051
𝐷𝐷𝑐𝑐+ → 𝐾𝐾𝑆𝑆0𝜋𝜋+𝜋𝜋0 JHEP 06 (2021) 181
𝐷𝐷𝑐𝑐+ → 𝜋𝜋+𝜋𝜋0𝜂𝜂 Phys. Rev. Lett. 123 (2019) 112001
𝐷𝐷𝑐𝑐+ → 𝜋𝜋+𝜋𝜋+𝜋𝜋−𝜋𝜋0 Phys. Rev. Lett. 134 (2025) 011904
𝐷𝐷𝑐𝑐+ → 𝜋𝜋+𝜋𝜋+𝜋𝜋−𝜋𝜋0𝜋𝜋0 Phys. Rev. Lett. 134 (2025) 201902
𝐷𝐷𝑐𝑐+ → 𝐾𝐾𝑆𝑆0𝐾𝐾𝐿𝐿0𝜋𝜋+ arXiv:2503.11383
𝐷𝐷𝑐𝑐+ → 𝜋𝜋+𝜋𝜋0𝜋𝜋0𝜂𝜂 to be submitted soon

BF of 𝐷𝐷𝑐𝑐+ hadronic decays
17 Amplitude analyses published/submitted

7.33 fb−1 @4.178 − 4.226 GeV, JHEP05(2024)335

֍ Global fit to ST and  DT yields and obtain:

Multi-body decays based on amplitude models

42965 events in
signal region

14728 events in
combined sideband

Agree with PDG with much improved precision
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https://link.springer.com/article/10.1007/JHEP05(2024)335


֍ Observation of W-annihilation-free decay 𝑫𝑫+ → 𝑲𝑲𝑺𝑺
𝟎𝟎𝒂𝒂𝟎𝟎(𝟗𝟗𝟐𝟐𝟎𝟎)+

Provide sensitive constraints in the extraction of
contributions from internal W-emission diagrams

Amplitude analysis of 𝐷𝐷+ → 𝐾𝐾𝑆𝑆0𝜋𝜋+𝜂𝜂
2.93fb−1 @3.773GeV

PRL 132, 131903 (2024)

1113 candidates with 98% purity𝑎𝑎0(980)+
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.131903


֍ Observation of D → 𝒂𝒂𝟎𝟎(𝟗𝟗𝟐𝟐𝟎𝟎)𝝅𝝅

=
=

→ Disagrees with theoretical predictions by orders of magnitude

֍ Observation of 𝑫𝑫𝒔𝒔
+ → 𝒂𝒂𝟎𝟎(𝟗𝟗𝟐𝟐𝟎𝟎)𝝅𝝅

→ Larger than pure W-annihilation decays 𝑫𝑫𝒔𝒔
+ → 𝝎𝝎𝝅𝝅+, 𝑫𝑫𝒔𝒔

+ → 𝝆𝝆𝝅𝝅+ by one order of magnitude

Amplitude analysis of 𝐷𝐷0 → 𝜋𝜋+𝜋𝜋−𝜂𝜂,  𝐷𝐷+ → 𝜋𝜋+𝜋𝜋0𝜂𝜂

24

𝑫𝑫𝟎𝟎 → 𝝅𝝅+𝝅𝝅−𝜼𝜼

𝑫𝑫+ → 𝝅𝝅+𝝅𝝅𝟎𝟎𝜼𝜼

7.9 fb−1@𝐸𝐸cm = 3.773GeV, PRD 110, L111102 (2024)

1678 candidates with 74% purity

1226 candidates with 66% purity
3.19 fb−1@𝐸𝐸cm = 4.176GeV

PRL123, 112001(2019)

ℬ 𝐷𝐷0 → 𝜋𝜋+𝜋𝜋−𝜂𝜂 =
1.24 ± 0.04 ± 0.03 %

ℬ 𝐷𝐷+ → 𝜋𝜋+𝜋𝜋0𝜂𝜂 =
2.18 ± 0.12 ± 0.03 %

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.112001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.L111102


Amplitude analysis of 𝐷𝐷+ → 𝐾𝐾𝑆𝑆0𝜋𝜋+𝜂𝜂
20.3fb−1 @3.773GeV

arXiv: 2505.12086

1624 candidates with 85% purity
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֍ First observation of an
altered 𝑎𝑎0(980) line-shape
due to triangle loop rescattering

Fit1: 𝑃𝑃𝑎𝑎0(980) three-channel coupled Flatte formulae,
the fitted pole position is inconsistent with previous measurement.

To consider the rescattering process 𝐷𝐷+ → �𝐾𝐾0∗(1430)0𝐾𝐾+ → 𝑎𝑎0(980)+𝜂𝜂
we perform Fit2 and Fit3
Fit2:  (1 + |𝐶𝐶|𝑒𝑒𝑖𝑖𝜙𝜙𝐶𝐶𝐴𝐴loop)𝑃𝑃𝑎𝑎0(980)

Fit3:  (1 + |𝐶𝐶|𝐴𝐴loop)𝑃𝑃𝑎𝑎0(980) with 𝜙𝜙𝐶𝐶 fixed to zero.

Fit2 and Fit3 give good descriptions of the altered 𝑎𝑎0(980) line-shape.

֍ BF measurement

https://arxiv.org/abs/2505.12086


W-exchange 𝑬𝑬𝟏𝟏, 𝑬𝑬𝟐𝟐, and 𝑬𝑬𝟑𝟑

internal W-emission CW-emission T

Charmed baryon decay
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֍ Λ𝑐𝑐+ may reveal more information of strong- and weak-interactions in charm region,
complementary to 𝐷𝐷/𝐷𝐷𝑐𝑐
→ Most charmed baryons eventually decay to Λ𝑐𝑐+

Topological Diagrams for 𝜦𝜦𝒄𝒄+ decays:

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

inner W-emission 𝑪𝑪‘

H.-Y. Cheng  et al.，Chinese Journal of 
Physics，78(2022）324-362 



֍ Observation of 𝛬𝛬𝑐𝑐+ → 𝛬𝛬𝑎𝑎0(980)+

ℬ 𝛬𝛬𝑐𝑐+ → 𝛬𝛬𝜋𝜋+𝜂𝜂 =
1.94 ± 0.07stat ± 0.11syst %

ℬ 𝛬𝛬𝑐𝑐+ → 𝛬𝛬𝑎𝑎0 980 +,𝑎𝑎0 980 + → 𝜋𝜋+𝜂𝜂 = 1.05 ± 0.16stat ± 0.05syst ± 0.07ext %

→ ℬ 𝛬𝛬𝑐𝑐+ → 𝛬𝛬𝑎𝑎0 980 + = 1.23 ± 0.21 % Larger than theoretical calculations by 1-2 orders.

Observation 𝑎𝑎0(980)+ in 𝛬𝛬𝑐𝑐+ → 𝛬𝛬𝜋𝜋+𝜂𝜂
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6.1 fb−1@𝐸𝐸cm = 4.600 − 4.843GeV, PRL 134, 021901(2025)

𝑎𝑎0(980)+ Σ(1835)+
1312 ± 45 signal events  with 80% purity

significance decay asymmetry 𝛼𝛼

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.021901


Strong-phase inputs for γ measurement
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֍ CKM angle γ can be determined directly
in 𝐵𝐵± → 𝐷𝐷𝐾𝐾± （golden mode） decay
→ Phase-space integrated decay rate:

֍ Extract γ using different D decays:
→ Self-conjugate decays (e.g. 𝐾𝐾𝑆𝑆0ℎ+ℎ−):  "GGSZ " → 𝑐𝑐𝑖𝑖 , 𝑠𝑠𝑖𝑖 (amplitude-weighted cos sin 𝛥𝛥𝛿𝛿𝐷𝐷in phase-space 𝑖𝑖)

[PRD 68 (2003) 054018; PRD 67 (2003) 071301]

→ CF and DCS decays (e.g. 𝐾𝐾π, 𝐾𝐾ππ0, 𝐾𝐾πππ):  "ADS" → 𝛿𝛿𝐷𝐷
𝑓𝑓 , 𝑅𝑅𝐷𝐷

𝑓𝑓

[PRL 78 (1997) 3257; PRD 63 (2001) 036005]

→ (Quasi-)CP eigenstates (e.g. ℎ+ℎ−):  "GLW" → CP fraction 𝐵𝐵+; …
[PLB 265 (1991) 172; PLB 253 (1991) 483]

֍ D strong-phase parameters provide the crucial inputs for γ measurement

2 2( ) 2 cos( )( ) γf
B D

f f f
BD D DBr rB RrD rK δ δΓ ∝ +→ + − 



Coherence factor
Strong-phase difference

between 𝐷𝐷0 → 𝑓𝑓 and �𝐷𝐷0 → 𝑓𝑓
Magnitude ratio between

𝐷𝐷0 → 𝑓𝑓 and �𝐷𝐷0 → 𝑓𝑓 amplitudes

May limit precision to γ

DK −

B−

DK −

( )Df K −

B( )
B

ir e δ γ−

D( )i
Dr e δ

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.072008
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.032006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.112009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012006
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.121801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.052006
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.121801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.L031102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.L031101
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.112007
https://linkinghub.elsevier.com/retrieve/pii/S0370269324001722
https://www.sciencedirect.com/science/article/pii/S0370269323000321?via%3Dihub
https://doi.org/10.1007/s11433-022-1995-0
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.68.054018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.67.071301
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.78.3257
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.63.036005
https://doi.org/10.1016/0370-2693(91)90034-N
https://doi.org/10.1016/0370-2693(91)91756-L


֍ Studies of quantum correlations in
𝑒𝑒+𝑒𝑒− → 𝛾𝛾∗ → 𝑋𝑋𝐷𝐷�𝐷𝐷

→ Quantum correlated C-odd 𝐷𝐷0�𝐷𝐷0 pairs used at
𝜓𝜓 3770 for D-decay strong phase measurements

֍ First observation of quantum correlations in 𝑒𝑒+𝑒𝑒+ → 𝑋𝑋𝐷𝐷�𝐷𝐷
and C-even constrained 𝐷𝐷�𝐷𝐷 pairs

Quantum Correlated 𝐷𝐷0�𝐷𝐷0 pairs

𝐷𝐷�𝐷𝐷 →
CP eigenvalue       -1               -1             +1            -1              +1             -

7.13 fb−1 @4.13 − 4.23 GeV
arXiv:2506.07906

𝜅𝜅=1: coherent
𝜅𝜅=0.5: incoherent
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https://arxiv.org/abs/2506.07906


Measurement of 𝛿𝛿𝐾𝐾𝜋𝜋
7.13 fb−1 @4.13 − 4.23 GeV

arXiv:2506.07907

֍ δKπ is the strong-phase difference between  𝐷𝐷0 → 𝐾𝐾−𝜋𝜋+and 𝐷𝐷0 → 𝐾𝐾+𝜋𝜋− decays

, 𝑟𝑟𝐾𝐾𝜋𝜋𝐷𝐷 is the magnitude of the ratio

→ is an key input for measurements of the charm mixing parameters and CKM angle γ

֍ Use the quantum correlated pairs to measure δKπ
→ CP tags (𝐾𝐾+𝐾𝐾−, 𝜋𝜋+𝜋𝜋−, 𝜋𝜋+𝜋𝜋−𝜋𝜋0, 𝐾𝐾𝑆𝑆0𝜋𝜋0)

(𝑟𝑟𝐾𝐾𝜋𝜋𝑐𝑐𝑐𝑐𝑠𝑠δKπ)

→ 𝐾𝐾𝑆𝑆0𝜋𝜋+𝜋𝜋− tags (𝑟𝑟𝐾𝐾𝜋𝜋𝑐𝑐𝑐𝑐𝑠𝑠δKπ and 𝑟𝑟𝐾𝐾𝜋𝜋𝑠𝑠𝑖𝑖𝑛𝑛δKπ)

֍ Extract δKπ
agree with global average  

֍ BESIII combination (combined fit with BESIII measurement using 2.93 fb−1𝜓𝜓(3770) data)

[BESIII, EPJC 82,1009(2022)]

[LHCb, CERN-LHCb-CONF-2024-004]
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https://arxiv.org/abs/2506.07907
https://link.springer.com/article/10.1140/epjc/s10052-022-10872-2
https://cds.cern.ch/record/2905625


7.93 fb−1 @3.773 GeV, JHEP 06(2025)086

Strong-phase measurement of 𝐷𝐷0 → 𝐾𝐾𝑆𝑆/𝐿𝐿
0 𝜋𝜋+𝜋𝜋−

֍ Measurement of 𝐷𝐷0 → 𝐾𝐾𝑆𝑆/𝐿𝐿
0 𝜋𝜋+𝜋𝜋−strong phase parameters: 

𝑐𝑐𝑖𝑖[𝑠𝑠𝑖𝑖] ≡ amplitude-weighted cos sin 𝛥𝛥𝛿𝛿𝐷𝐷 in phase-space 𝑖𝑖
→ is an key input for direct measurement of CKM angle γ

֍ Impact on the γ measurement
→ Uncertainty: 0.9°with constraints
→ Uncertainty: 1.5°without constraints
Statistical uncertainty of current 𝛾𝛾measurement: 5°

֍ Expected γ precision

equal binning

optimal binning

modified-optimal binning

with optimal binning

Belle II [PTEP 2019, 123C01 (2019)]:
𝟏𝟏.𝟑𝟑∘ with 50 ab−1

LHCb [LHCb-PUB-2016-025 (2016)]:
< 𝟏𝟏∘ with   50 fb−1,  phase-1 upgrade ( 2030),
< 𝟎𝟎.𝟐𝟐∘ with 300 fb−1 , phase-2 upgrade (>2035)

Uncertainties due to strong-phases 
in 𝐷𝐷 → 𝐾𝐾𝑆𝑆0ℎ+ℎ− decays with 20fb−1data → 0.5°

BESIII white paper 31

[LHCb, JHEP02(2021)169]

https://arxiv.org/abs/2506.07907
https://iopscience.iop.org/article/10.1088/1674-1137/44/4/040001
https://academic.oup.com/ptep/article/2019/12/123C01/5685006
https://inspirehep.net/files/b9a05c7be58c07c0e7ce348d4d96db02
https://doi.org/10.1007/JHEP02(2021)169


֍ BESIII made significant contributions to charmed flavor physics and hadron physics.

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

𝑓𝑓𝐷𝐷+~1.2%, 𝑓𝑓𝐷𝐷𝑠𝑠+~0.9%, |𝑉𝑉𝑐𝑐𝑑𝑑|~1.2%, |𝑉𝑉𝑐𝑐𝑐𝑐|~0.9%, 𝑓𝑓+𝐾𝐾 0 ~0.23%

֍ Charm hadronic decays are key labs to understand non-perturbative QCD;

study the properties of light hadron (𝑎𝑎0 980 , 𝑓𝑓0 980 , 𝑓𝑓0 500 …);
and provide crucial inputs to model-independent determination of γ and charm mixing/CPV

Strong-phase measurement: 0.9° on 𝛾𝛾 (<0.5°with 20fb−1)

֍ BESIII’s Future prospects
→ More interesting results are coming using 20.3 fb−1𝜓𝜓(3770) data.
→ BEPCII-U will extend the lifetime of BESIII (will continue to run till ~2030).

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

Summary and Prospects
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