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• Summary and prospects
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Outline



BESIII detector and datasets 
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• Datasets

• 2.93 fb−1 data 𝑒+𝑒− → 𝜓 3770 at 𝑠 = 3.773 GeV

• 7.33 fb−1 𝑒+𝑒− → 𝐷𝑠
+𝐷𝑠

∗− data collected at 𝑠 = 4.128~4.226 GeV

BESIII detector 

• Multilayer Drift Chamber (MDC)

• Time-of-Flight Detector (ToF)

• Electromagnetic Calorimeter (EMC)

• Muon Counter (MUC)



• Single tag (ST): reconstruct one 𝐷(𝑠)
• Higher efficiency 

• Relatively high background

• Double tag (DT): reconstruct both 𝐷(𝑠)
• Clean background 

• Kinematic constraint on missing particles

• Systematic uncertainties on the tag side mostly canceled

Method

4

DT Branching Fraction (BF)

• 𝑁DT = 2𝑁𝐷ഥ𝐷ℬsigℬtag𝜖DT
• 𝑁tag = 2𝑁𝐷ഥ𝐷 ℬtag𝜖tag

• ℬsig =
𝑁DT

ൗ𝑁tag 𝜖DT 𝜖tag



• Measurements of decay constant and CKM matrix element |𝑉𝑐𝑠|. 
• 𝐷𝑠

+ → 𝜏+𝜈𝜏, 𝜏+ → 𝑒+𝜈𝑒 ҧ𝜈𝜏  PRL 127, 171801 (2021)

• 𝐷𝑠
+ → 𝜏+𝜈𝜏, 𝜏+ → 𝜋+𝜋0 ҧ𝜈𝜏 PRD 104, 032001 (2021)

• 𝐷𝑠
+ → 𝜏+𝜈𝜏, 𝜏+ → 𝜇+𝜈𝜇 ҧ𝜈𝜏 arXiv:2303.12468

• 𝐷𝑠
+ → 𝜏+𝜈𝜏, 𝜏+ → 𝜋+ ҧ𝜈𝜏 arXiv:2303.12600
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Leptonic decays 

• 𝐷𝑠
∗+ → 𝑒+𝜈𝑒 first experimental search 2.9𝜎 arXiv:2304.12159

New updates!



• Measurements of form factors and CKM matrix element |𝑉𝑐𝑠|. 

• Semileptonic decays as probes for the inner structures of light mesons.

• 𝐷𝑠
+ → 𝜋+𝜋−𝑒+𝜈𝑒 arXiv: 2303.12927 

• 𝐷𝑠
+ → 𝑓0(980)𝑒+𝜈𝑒

• 𝐷𝑠
+ → 𝐾+𝐾−𝜇+𝜈𝜇 arXiv:2307.03024

• 𝐷𝑠
+ → 𝜙𝜇+𝜈𝜇, upper limit on 𝐷𝑠

+ → 𝑓0(980)𝜇+𝜈𝜇 

• 𝐷𝑠
+ → 𝜂𝑒+𝜈𝑒 and 𝐷𝑠

+ → 𝜂′𝑒+𝜈𝑒 arXiv:2306.05194
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Semileptonic decays

See Shulei Zhang’s talk on Thursday for more on leptonic and semileptonic decays 



• Measurements of branching fractions

• Test of theoretical calculations, non-perturbative QCD

• SU(3) flavor symmetry and its breaking effect

• CP violation

• Amplitude analysis

• Light meson spectroscopy 

• Quantum correlated 𝐷ഥ𝐷 pairs 

• Unique access to the strong phase measurements

• Important input in the measurement of angle 𝛾 in the CKM unitarity triangle
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Hadronic decays



• Amplitude analysis of 𝐷𝑠
+ → 𝐾𝑠

0𝐾+𝜋0

• Observation of an 𝑎0-like state 𝑎0 1817 + with 𝑎0 1817 + →
𝐾𝑠
0𝐾+, over 10𝜎

• 𝑀 = 1.817 ± 0.008stat. ± 0.020syst. GeV/𝑐2

• Γ = 0.097 ± 0.022stat. ± 0.015syst. GeV/𝑐2

• The isospin-one partner of the 𝑓0(1710) (but mass ~100MeV higher)

or 𝑋(1812)?
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Amplitude analysis: observation of 𝑎0 1817 +

• Amplitude analysis of 𝐷𝑠
+ → 𝐾𝑠

0𝐾𝑠
0𝜋+

• An enhancement on 𝐾𝑠
0𝐾𝑠

0 mass spectrum around 1.7 GeV/𝑐2

• BF one order of magnitude larger than the expectation for 
𝑓0 1710 → 𝐾𝑠

0𝐾𝑠
0

• Implies the isospin-one partner of 𝑓0 1710 ?

PRL 129, 182001 (2022)

PRD 105, L051103 (2022)

A simultaneous amplitude analysis of 𝐷𝑠
+ → 𝐾𝑠

0𝐾+𝜋0  and 𝐷𝑠
+ → 𝐾𝑠

0𝐾𝑠
0𝜋+ in the future to study the 𝑎0-like state 



• ℬ 𝐷+ → 𝐾𝑠
0𝜋+𝜋0𝜋0 = 2.888 ± 0.058stat. ± 0.069syst. %

• Dominate intermediate processes

• ℬ 𝐷+ → 𝐾𝑠
0𝑎1 1260 +(→ 𝜌+𝜋0) = 8.66 ± 1.04stat. ± 1.39syst. × 10−3

• ℬ 𝐷+ → ഥ𝐾∗0𝜌+ = 9.70 ± 0.81stat. ± 0.53syst. × 10−3
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Amplitude analysis: 𝐷+ → 𝐾𝑠
0𝜋+𝜋0𝜋0 arXiv:2305.15879

1458 events. Purity 96.86 ± 0.46 %



• ℬ 𝐷+ → 𝐾𝑠
0𝑋 = 33.11 ± 0.13stat. ± 0.36syst. %, improved 7.1 times

• ℬ 𝐷0 → 𝐾𝑠
0𝑋 = 20.75 ± 0.12stat. ± 0.20syst. %, improved 7.6 times

• Difference with the BF of known exclusive decays containing 𝐾𝑠
0

• 1.10 ± 0.41 % for 𝐷+,  2.38 ± 0.75 % for 𝐷0

• ℬ 𝐷0 → 𝜋+𝜋+𝜋−𝑋 = 17.60 ± 0.11stat. ± 0.22syst. %

• ℬ 𝐷+ → 𝜋+𝜋+𝜋−𝑋 = 15.25 ± 0.09stat. ± 0.18syst. %

• consistent with the BF of known exclusive decays within about 3σ

• Little room for missing 𝐷0(𝐷+) → 𝜋+𝜋+𝜋−𝑋 decays

• ℬ 𝐷𝑠
+ → 𝜋+𝜋+𝜋−𝑋 = 32.81 ± 0.35stat. ± 0.82syst. %

• Partial BFs as a function of 𝑀(𝜋+𝜋+𝜋−) are measured

• Larger than the BF of known exclusive decays 24.7 ± 1.5 %
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Inclusive BF measurements 
PRD 107, 112005 (2023)

PRD 107, 032002 (2023)

Important inputs for LFU tests 

with the semileptonic B decays 

as background in 𝐵0 →
𝐷∗−𝜏+𝜈𝜏 (𝜏

+ → 𝜋+𝜋+𝜋− ҧ𝜈𝜏)

arXiv:2212.13072



• ℬ 𝐷𝑠
+ → 𝜔𝜋+𝜂 = 0.54 ± 0.12stat. ± 0.04syst. %

• First observation with a statistical significance of 7.6𝜎

• 𝜔 → 𝜋+𝜋−𝜋0, contribute in 𝐷𝑠
+ → 𝜋+𝜋+𝜋−𝑋.

• Potential intermediate process 𝐷𝑠
+ → 𝜔𝑎0 980 + and 𝐷𝑠

+ → 𝜂𝑏1 1235 + can be 
searched for with larger statistics.
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𝐷𝑠
+ → 𝜔𝜋+𝜂 PRD 107, 052010 (2023)

78 ± 16 signals
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BF involving 𝐾𝐿
0 

CP asymmetries

No significant 

CPV is found

• First measurements of their BFs.

• The interference between Cabibbo-favored (CF) and doubly Cabibbo-suppressed 
(DCS) amplitudes can lead to a significant asymmetry between the BFs of 𝐷0 →
𝐾𝑠
0𝑋 and 𝐷0 → 𝐾𝐿

0𝑋

• ℛ 𝐷0, 𝑋 =
ℬ 𝐷0→𝐾𝑠

0𝑋 −ℬ 𝐷0→𝐾𝐿
0𝑋

ℬ 𝐷0→𝐾𝑠
0𝑋 +ℬ 𝐷0→𝐾𝐿

0𝑋
~2tan2𝜃𝐶 , 𝜃𝐶 is the Cabibbo mixing angle.

PRD 105, 092010 (2022)



• First observation

• ℬ 𝐷0 → 𝐾+𝜋0𝜋0 = 2.1 ± 0.4stat. ± 0.1syst. × 10−4

• ℬ 𝐷0 → 𝐾∗(892)+𝜋0 < 4.5 × 10−4

• ℬ 𝐷0 → 𝐾+𝜋0𝜂 = 2.1 ± 0.5stat. ± 0.1syst. × 10−4

• ℬ 𝐷0 → 𝐾∗(892)+𝜂 = 4.7−1.6stat.
+1.9 ± 0.2syst. × 10−4
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Doubly Cabibbo-Suppressed decays

𝐷0 → 𝐾+𝜋−𝜋0 𝐷0 → 𝐾+𝜋−𝜋0𝜋0

PRD 105 112001 (2022)

JHEP09(2022)107

• ℬ 𝐷0 → 𝐾+𝜋−𝜋0 = 3.13−0.056stat.
+0.60 ± 0.015syst. × 10−4

• ℬ 𝐷0 → 𝐾+𝜋−𝜋0𝜋0 < 3.6 × 10−4 at 90% C.L.



• Quantum-correlated 𝐷ഥ𝐷 pairs.

• Most precise measurements 𝛿𝐷
𝐾𝜋 = 187.6−9.7−6.4

+8.9+5.4 °

• 𝑟𝐷
𝐾𝜋exp −𝑖𝛿𝐷

𝐾𝜋 =
𝐾+𝜋−|𝐷0

𝐾+𝜋−|ഥ𝐷0

𝛿𝐷
𝐾𝜋: Strong phase difference between DCS and CF decays 

𝑟𝐷
𝐾𝜋: Ratio of amplitude between DCS and CF decays

• Asymmetry between CP-odd and CP-even eigenstate decays into 𝐾−𝜋+

• 𝒜𝐾𝜋 ≡
ℬ 𝐷−→𝐾

−𝜋+ −ℬ 𝐷+→𝐾
−𝜋+

ℬ 𝐷−→𝐾
−𝜋+ +ℬ 𝐷+→𝐾

−𝜋+
=

−2𝑟𝐷
𝐾𝜋cos𝛿𝐷

𝐾𝜋+𝑦

1+ 𝑟𝐷
𝐾𝜋 2 = 0.132 ± 0.011 ±0.007

30% more precise than previous BESIII measurement [PLB 734 (2014) 227–233].

• Using the predominantly CP-even tag 𝐷 → 𝜋+𝜋−𝜋0,

𝒜𝐾𝜋
𝜋𝜋𝜋0 ≡

ℬ 𝐷𝑋→𝐾
−𝜋+ −ℬ 𝐷+→𝐾

−𝜋+

ℬ 𝐷𝑋→𝐾
−𝜋+ +ℬ 𝐷+→𝐾

−𝜋+
=

(−2𝑟𝐷
𝐾𝜋cos𝛿𝐷

𝐾𝜋+𝑦)𝐹+
𝜋𝜋𝜋0

1+ 𝑟𝐷
𝐾𝜋 2

+(1−𝐹+
𝜋𝜋𝜋0)(2𝑟𝐷

𝐾𝜋cos𝛿𝐷
𝐾𝜋+𝑦)

𝒜𝐾𝜋
𝜋𝜋𝜋0 = 0.130 ± 0.012 ± 0.008

• 𝐷 → 𝐾𝑆,𝐿
+ 𝜋+𝜋− tags,  sensitive to both 𝑟𝐷

𝐾𝜋cos𝛿𝐷
𝐾𝜋 and 𝑟𝐷

𝐾𝜋sin𝛿𝐷
𝐾𝜋

• Measured BF of 𝐷0 → 𝐾𝐿𝜋
0, 𝐷0 → 𝐾𝐿𝜔, 𝐷0 → 𝐾𝐿𝜋

0𝜋0
14

Strong phase difference 𝛿𝐷
𝐾𝜋

Eur. Phys. J. C (2022) 82:1009



• 𝐷0 → 𝜋+𝜋−𝜋+𝜋−

• 𝐹+ = 0.735 ± 0.015 ± 0.005

PRD 106 092004 (2022)
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CP-even fraction measurements

• 𝐷0 → 𝐾+𝐾−𝜋+𝜋−

• 𝐹+ = 0.730 ± 0.037 ± 0.021

PRD 107 032009 (2023)

• 𝐷0 → 𝐾𝑠
0𝜋+𝜋−𝜋0

• 𝐹+ = 0.235 ± 0.010 ± 0.002

arXiv: 2305.03975



• The BESIII experiment reports many important results on charmed meson decays.

• Observation of 𝑎0-like state 𝑎0 1817 +

• Improved strong phase measurements

• Provide important knowledge on charmed mesons 

• 20 fb−1 𝜓(3770) data will be collected by 2024.

• Updates of the measurements with larger datasets are expected.

• Strong phase measurements

• 𝐷 decays
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Summary and prospects



Back up
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𝐷𝑠 Datasets
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Leptonic decays 𝐷𝑠
+ → 𝜏+𝜈𝜏

Work Dataset 𝝉+ decay ℬ(𝐷𝑠
+ → 𝜏+𝜈𝜏) (%) 𝒇𝐷𝑠+ 𝑽𝒄𝒔  (MeV)

PRL 127, 171801 (2021) 6.32 fb−1 4.178~4.226 GeV 𝜏+ → 𝑒+𝜈𝑒 ҧ𝜈𝜏 5.27 ± 0.10 ± 0.13 244.4 ± 2.3 ± 2.9 ± 1.0 

PRD 104, 032001 (2021) 6.32 fb−1 4.178~4.226 GeV 𝜏+ → 𝜋+𝜋0 ҧ𝜈𝜏 5.30 ± 0.25 ± 0.20 245.1 ± 5.8 ± 4.7 ± 1.0 

arXiv:2303.12468 7.33 fb−1 4.128~4.226 GeV 𝜏+ → 𝜇+𝜈𝜇 ҧ𝜈𝜏 5.34 ± 0.16 ± 0.10 246.2 ± 3.7 ± 2.3 ± 1.0 

arXiv:2303.12600 7.33 fb−1 4.128~4.226 GeV 𝜏+ → 𝜋+ ҧ𝜈𝜏 5.41 ± 0.17 ± 0.13 247.6 ± 3.9 ± 3.2 ± 1.0 

BESIII results

New updates!

arXiv:2303.12600  𝜏+ → 𝜋+ ҧ𝜈𝜏
 using BDT training method 

arXiv:2303.12468 𝜏+ → 𝜇+𝜈𝜇 ҧ𝜈𝜏
Extract the singal using 𝐸extra 𝛾

tot , 

total energy of extra showers in 

the calorimeter.



• First experimental search

• ℬ 𝐷∗
𝑠
+ → 𝑒+𝜈𝑒 = 2.1−0.9stat.

+1.2 ± 0.2syst. × 10−5 statistical significance 2.9𝜎

• Upper limit at 90% C.L. 4.0 × 10−5

• 𝐷𝑠
∗+ decay constant 𝑓

𝐷𝑠
∗+ = 213.6−45.8stat.

+61.0 ± 43.9syst. MeV

• Upper limit at 90% C.L. 353.8 MeV

• Indirectly constrains the upper limit on the total width Γ
𝐷𝑠
∗+
total from MeV to keV level.
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𝐷𝑠
∗+ → 𝑒+𝜈𝑒  arXiv:2304.12159



• Study the light scalar meson 𝑓0(980)

• Measured BF of 𝐷𝑠
+ → 𝑓0 980 𝑒+𝜈𝑒, 𝑓0 980 → 𝜋+𝜋− is 1.72 ± 0.31stat. ± 0.10syst., 2.6 time more 

accurate than previous analysis.

• First time measurement of form factor, 𝑓+
𝑓0

0 V𝑐𝑠 = 0.504 ± 0.017stat. ± 0.035syst.

• Using the relation between the BF and the mixing angle 𝜙 involved in the 𝑞ത𝑞 mixture picture for 𝑓0(980)

as sin𝜙
1

2
𝑢ത𝑢 + 𝑑 ҧ𝑑 + cos𝜙𝑠 ҧ𝑠, we find that the s ҧ𝑠 compoment is dominant. 
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𝐷𝑠
+ → 𝜋+𝜋−𝑒+𝜈𝑒  

Comparison of form 

factor with theoretical 

calculations 

arXiv: 2303.12927 



• A partial wave analysis is performed. The structure of the 𝐾+𝐾− system 
is dominated by the vector meson 𝜙.

• ℬ 𝐷𝑠
+ → 𝜙𝜇+𝜈𝜇 = 2.25 ± 0.09stat. ± 0.07syst. × 10−2, 4.3 times 

better than world average value.

• ℬ 𝐷𝑠
+ → 𝑓0(980)𝜇+𝜈𝜇 ∙ ℬ 𝑓0 980 → 𝐾+𝐾− < 5.45 × 10−4 at 

90% confidence level, assuming that the only S-wave contribution is 
from 𝑓0 980 .

• Form factor ratio 
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𝐷𝑠
+ → 𝐾+𝐾−𝜇+𝜈𝜇 

Projection of data and PWA fit results on kinematic variables. 

arXiv:2307.03024



𝐷𝑠
+ → 𝜂𝑒+𝜈𝑒   and 𝐷𝑠

+ → 𝜂′𝑒+𝜈𝑒  

23

arXiv:2306.05194

• Measured BF 

• ℬ 𝐷𝑠
+ → 𝜂𝑒+𝜈𝑒 = 2.251 ± 0.039stat. ± 0.051syst. %

• ℬ 𝐷𝑠
+ → 𝜂′𝑒+𝜈𝑒 = 0.810 ± 0.038stat. ± 0.024syst. %

• Improved by a factor of 1.3 and 1.7

• Form factor measurements

• 𝑓+
𝜂
0 V𝑐𝑠 = 0.4553 ± 0.0071stat. ± 0.0061syst.

• 𝑓+
𝜂′

0 V𝑐𝑠 = 0.529 ± 0.024stat. ± 0.008syst.

• Combined with the BESIII measurements of 𝐷+ → 𝜂(′)𝑒+𝜈𝑒, 
the 𝜂 − 𝜂′ mixing angle 𝜙𝑃 = (40.0 ± 2.0stat. ± 0.6syst.)°
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Amplitude analysis: 𝐷𝑠
+ → 𝐾𝑠

0𝐾+𝜋0 

1050 events

94.7% purity 
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Amplitude analysis: 𝐷𝑠
+ → 𝐾𝑠

0𝐾𝑠
0𝜋+ 

412 events

97.3% purity
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