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�±,0: 20.3 fb-1   @���=3.773 GeV： �+�−→ ψ(3770)→��

��
±: 7.33 fb-1  @���=4.128 − 4.226GeV：�+�−→ ����

∗→�����

�+

�− 2004：Started BEPCII upgrade, 
             BESIII construction
2009-now：BESIII physics run
• 2009-now（BEPCII）
 ����� = 1.0 × 1033 ��−2 ∙ �−1

BESIII detector

Beijing Electron Positron Collider Il(BEPCII) Beijing Spectrometer(BESIII)

Absolute branching fraction
Amplitude analysis 

etc. 

Clean samples
Production of charm hadron pair

Tag one side 
to study another side Hadronic decays
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Ø Topological Diagram Approach

Ø � → �� ⟹  high efficiency, low background, (usually) high precision, no interference. Good for Acp, � - �’ 
mixing etc..

Ø � → ��, � → �� , (� → ��)⟹ Understand the nature of light scalar mesons, �0(980),  �0(980), �(700), �0(500) 
etc..

Ø � → �� ⟹ Clarifying the non-perturbative mechanism. Well defined quark content of V. Better than the PP and 
VV, due to the multiple-amplitude composition of PP and the polarization in VV.

Ø � → �� ⟹ Polarization in charmed decays. 

Ø � → �� ⟹ Study axial-vector mesons, �1(1260), �1(1400)etc..

W-exchange E W-annihilation  A

Color-suppressed tree (C) Color-allowed tree (T) 
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ü Observation of W-annihilation-free decay �+ → ��
���(���)+

• ℬ(�+ → ��
0�0(980)+, �0(980)+ → �+�) = (1.33 ± 0.05���� ± 0.04����)%

• Provide sensitive constraints in the extraction of contributions from external and internal W-emission 
diagrams of � → ��

• Understand the inconsistency between theory and experiment of the � → �0(980)+�[1-3].

PRL 132, 131903 (2024)2.93fb-1@���=3.773 GeV
1113 candidates with  98.2% purity

Among � → �0(980)+�, �+ → �0(980)+��
0 is the 

only decay free of weak-annihilation contributions.

[1]Phys. Rev. D 105, 033006 (2022).        [2]Phys. Rev. D 67, 034024 (2003).       [3] Phys. Rev. D 81, 074031 (2010)

two-quark state-
internal W-emission

tetraquark state-rescattering 
�0

∗(1430)0�+ → ��
0�0(980)+

external W-emission

�0(980)+

4

Hypothesis:



ℬ(�0 → �+�−�) =
(1.24 ± 0.04 ± 0.03)%

ℬ(�+ → �+�0�) =
(2.18 ± 0.12 ± 0.03)%

7.9fb-1@���=3.773 GeV PRD 110, L111102 

�0 → �+�−�

�+ → �+�0�

��(���)+

��(���)+

1678 candidates with 74% purity

1226 candidates with 66% purity

�(�� → ��(���)+�−)/�(�� → ��(���)−�+) = �. � 
+�. �
−�. �����

± �. �����

�(�+ → ��(���)+��)/�(�+ → ��(���)��+) = �. � ± �. ����� ± �. �����

⟹ Disagrees with theoretical predictions by orders of magnitude

ü Observation of � → ��(���)� 

5[1] Phys. Rev. D 105, 033006(2022).

BF ratios:

In the diquark scenario, the external W-emission dominates the � →
��(���)� decays contrary to expectations of its negligible contribution due 
to the very small �0(980) decay constant[1]. New mechanism needed?



ü First observation of an altered ��(���) line-shape  
     (due to triangle loop rescattering)

Fit1: ��0(980) three-channel coupled Flatte formula,

the fitted pole position is inconsistent with previous measurement.

To consider the rescattering process �+ → ��
∗(����)��+ →

��(���)+� , we perform Fit2 and Fit3

Fit2:  (1 + |�|�����loop)��0(980)

Fit3:  (1 + |�|�loop)��0(980) with �� fixed to zero.

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

ü BF measurement
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20.3fb-1@���=3.773 GeV 1624 candidates with 85% purity arXiv: 2505.12086
 



ℬ(�→�+�−�0)
ℬ(�→�+�−)

=0.230 ± 0.014���� ± 0.010����

deviates from PDG value(0.313 ± 0.010)  
by > 4σ.

PRL 134, 011904 (2025)

Taking from ��
+ → �+�−�+  PRD 104, 

012016 

�0(980)

�

�
�1
+ �(1300)

7.33fb-1@���=4.128-4.226 GeV 2310 candidates with >78% purity

• ℬ(��
+ → ��+, � → �+�−�0) =

(5.08 ± 0.32 ± 0.10) × 10−3

• ℬ(��
+ → ��+, � → �+�−) =

(2.21 ± 0.05 ± 0.07)%

ü Observation of ��
+ → ��(���)�(���)+(Mainly involves W-

external-emission diagram)

• ℬ(��
+ → �+�+�−�0) =

(2.04 ± 0.08 ± 0.05)%

Taking from ��
+ → �+�−�+  PRD 104, 012016 

ü Measurement of � 
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ü Observation of the pure W-annihilation decay ��
+ → ��+

• ℬ(��
+ → ��+) = (0.99 ± 0.08stat

+0.05
−0.07syst

)%

ℬ(�→�+�−�0)
ℬ(�→�+�−)

=0.222 ± 0.019stat ± 0.016syst

deviates from PDG value(0.313 ± 0.010)  by > 3σ.

PRL 134, 201902 (2025)

• ℬ(��
+ → ��+) = (3.98 ± 0.33���� ± 0.021����)%, 

 pure W-annihilation
doninated by D-wave(50%)
 

pure external W emission
doninated by S-wave

D>S>P

S>P>D

7.33fb-1@���=4.178-4.226 GeV 1888 candidates with >79% purity

ü Measurement of � 
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arXiv:2503.11383

ℬ(�→��
0��

0)
ℬ(�→�+�−)

=0.597 ± 0.023stat ± 0.024syst

deviates from PDG value(0.740 ± 0.033) by > 3σ.
• New effects may be needed in theory?
• Sum of � branching ratios < 100%? possibly indicating new decays or 

recalibration of � → �+�−?

ü Observation of the ��
� −��

� asymmetry in the � → ��/L
0 � 

(Interference of CF and DCS decays)

• ℬ ��
+ → ��

0�∗(892)+ −ℬ ��
+ → ��

0�∗(892)+ 
ℬ ��

+ → ��
0�∗(892)+ +ℬ ��

+ → ��
0�∗(892)+ 

=− 0.134 ± 0.05����. + 0.034����.

7.33fb-1@���=4.128-4.226 GeV 1552 candidates with >75% purity

Predictions by H. Y. Cheng et al., PRD109, 073008ü Measurement of � 
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PRD 110.092006 (2024)
7.93fb-1@���=3.773 GeV 

1177  candidates with >89% purity

Consistent with the previous BESIII measrement but with 
improved precision

PRD 104, 012006

ℬ(�+ → ��
0�∗(892)+)

= (8.72 ± 0.28����. + 0.15����.) × 10−3

ü Precise measurement of �+ → ��
��∗(���)+ 
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JHEP 05(2025)1957.93fb-1@���=3.773 GeV 
26709  candidates with >98% purity

• ℬ(�+ → �−�+�+�0) = (6.06 ± 0.04 ± 0.07)%

• ℬ(�+ → �∗0�+) =(6.52 ± 0.11 ± 0.26)%, consistent with the world average 

result. 

ü Measurement of �+ → �∗��+ 

(dominated by S-wave)
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Global fit to ST 
and  DT yields 

15 decay 
modes
 

• Agree with PDG with much improved precision

• No significant asymmetries are observed.

signal region
(42965 
events )

sideband region(14728 events)
JHEP 05(2024)335

 

Numbers of producted ��
+��

− pairs: 

Provides important input for the relative BF 
measurements of BESIII. 

7.33fb-1@���=4.178 - 4.226 GeV



20.3fb-1@���=3.773 GeV JHEP06(2025)220
• Understanding of the decay dynamics of charm quarks.
• The BF of DCS decay is expected to be (0.5 - 2.0) tan⁴�� times CF. 

(�� is the Cabibbo mixing Angle)
• First observations of �0 → �+�−�, �0 → �+�−�0�, �+ → �+�+�−� 

and �+ → �+��.

--Doubly Cabibbo-Suppressed (DCS) decays

11 decay 
modes
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--Doubly Cabibbo-Suppressed (DCS) decays arXiv:2506.15533

Improved by a factor of two compared to the PDG

20.3fb-1@���=3.773 GeV

Smaller than all other experimental 
results and theoretical predictions 14



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

● The copious decay products also provide idea platform to investigate the 

natures of light mesons, such as �0(980), �0(980), �0(500), �1(1260), �…

● More interesting results are coming using 20.3 fb−1�(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
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