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① Motivation

② BESIII dataset and double tag method

③ Leptonic 𝐷(𝑠) decays

④ Semi-leptonic 𝐷(𝑠) decays
➢𝐷(𝑠) → 𝑃𝑙+𝜈𝑙, 𝐷(𝑠) → 𝑆𝑙+𝜈𝑙, 𝐷(𝑠) → 𝑉𝑙+𝜈𝑙, 𝐷(𝑠) → 𝐴𝑙+𝜈𝑙
(𝑃: 𝑝𝑠𝑢𝑒𝑑𝑜𝑠𝑐𝑎𝑙𝑎𝑟; 𝑆:𝑠𝑐𝑎𝑙𝑎𝑟; 𝑉:𝑣𝑒𝑐𝑡𝑜𝑟; 𝐴: 𝑎𝑥𝑖𝑎𝑙-𝑣𝑒𝑐𝑡𝑜𝑟)

⑤ Summary and prospect

2026/07/15

Outline
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⚫ Charm physics

➢ Nonperturbative region ⇒ QCD

➢ High precision frontier ⇒ Test SM

2026/07/15

Motivation
𝑫𝟎 𝑫+ 𝑫𝒔

+

⚫Current precision of |𝑉𝑐𝑑|: 𝜎 = 1.2% |𝑉𝑐𝑠|: 𝜎 = 0.4%

⚫Measure |𝑉𝑐𝑑(𝑠)| ⇒ Validate the unitarity of CKM matrix 

3/27



2026/07/15

Motivation

leptonic decay semi-leptonic decay

⚫ Decay constants and hadronic Form factor (FF) ⇒ Test and calibrate LQCD

⚫ Branching fraction (BF) ratios ℛ𝜏/𝜇
𝑋 , ℛ𝜇/𝑒

𝑋 ⇒ Test Lepton flavor universality (LFU)

⚫ BF and FF measurement in semi-leptonic decays ⇒ Study light hadrons

𝛤(𝐷 𝑠 → 𝑉(𝑆)𝑙+𝜈𝑙) ∝

𝑉𝑐𝑑 𝑠
2
𝐼 𝐴1 𝑞2 , 𝐴2 𝑞2 , 𝑉 𝑞2 , …

𝑑𝑚2𝑑𝑞2𝑑cos(𝜃ℎ) 𝑑cos 𝜃𝑙 𝑑𝜒
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BESIII dataset and double tag method

⚫ Near threshold ⇒ clean environment

⚫ Identify neutrino with missing energy

⚫ Systematic uncertainties from single 

tag mostly canceled
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𝐷(𝑠)
+ → 𝑙+𝜈𝑙

𝑫+ → 𝝁+𝝂𝝁 PRL 135, 061801 (2025)

(𝝈~𝟐. 𝟐%)

(𝝈~𝟏. 𝟐%)

𝑫+ → 𝝉+𝝂𝝉 , 𝝉+ → 𝝅+ഥ𝝂𝝉 JHEP01(2025)089

➢data sample: 20.3 fb−1@3.773 GeV
𝝅-like: 𝑬𝐄𝐌𝐂 > 𝟑𝟎𝟎 MeV 𝝁-like: 𝑬𝐄𝐌𝐂 < 𝟑𝟎𝟎 MeV

➢data sample: 7.93 fb−1@3.773 GeV

(𝝈~𝟏𝟐. 𝟐%)

(𝝈~𝟔. 𝟎%)

Consistent with SM prediction: 2.67 

⇒ No LFUV
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𝐷(𝑠)
+ → 𝑙+𝜈𝑙

PRD 108, 092014 (2023)

(𝝈~𝟑. 𝟗%)

(𝝈~𝟐. 𝟎%)

𝑫𝒔
+ → 𝝉+𝝂𝝉, 𝝉

+ → 𝝁+𝝂𝝁ഥ𝝂𝝉 JHEP09(2023)124

➢data sample: 7.33 fb−1@4.128 − 4.226 GeV

(𝝈~𝟒. 𝟐%)

(𝝈~𝟐. 𝟐%)

𝑫𝒔
+ → 𝝉+𝝂𝝉, 𝝉

+ → 𝝅+ഥ𝝂𝝉

Consistent with SM prediction: 9.75±0.01 7/27
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𝐷(𝑠)
+ → 𝑙+𝜈𝑙

PRD 108.112001(2023)

(𝝈~𝟐. 𝟔%)

(𝝈~𝟏. 𝟒%)

𝑫𝒔
+ → 𝝉+𝝂𝝉, 𝝉

+ → 𝒆+𝝂𝒆ഥ𝝂𝝉,

𝝁+𝝂𝝁ഥ𝝂𝝉, 𝝅
+ഥ𝝂𝝉, 𝝅

+𝝅𝟎ഥ𝝂𝝉
arXiv:2606.11593v1

➢data sample: 7.33 fb−1@4.128 − 4.226 GeV

(𝝈~𝟏. 𝟗%)

(𝝈~𝟏. 𝟎%)

𝑫𝒔
+ → 𝝁+𝝂𝝁

Consistent with SM prediction: 9.75±0.01 8/27
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Decay constant 𝑓𝐷(𝑠)
+

𝝈~𝟎. 𝟑%

➢𝑓𝐷+ and 𝑓𝐷𝑠+ are measured with precision of 1.2% and 0.7% at BESIII,  and they are consistent with 

the LQCD calculations.

𝝈~𝟏. 𝟐%

𝝈~𝟐. 𝟑%

𝝈~𝟎. 𝟐%

𝝈~𝟎. 𝟖%

𝝈~𝟎. 𝟕%
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𝐷(𝑠) → 𝑃𝑙+𝜈𝑙: 𝐷 → ഥ𝐾𝑙+𝜈𝑙

(𝝈~𝟎. 𝟓%)

(𝝈~𝟎. 𝟓%)

arXiv:2601.21185, 2601.21196

➢data sample: 20.3 fb−1@3.773 GeV

(𝝈~𝟎. 𝟔%)

(𝝈~𝟎. 𝟕%)

Consistent with SM prediction: 0.975±0.001

(𝝈~𝟎. 𝟐%)

Improved precision
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𝐁𝐞𝐬𝐭 𝐩𝐫𝐞𝐜𝐢𝐬𝐢𝐨𝐧! !

Extracted Wilson coefficient deviates from the SM 
prediction with a significance of 1.9σ
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𝐷(𝑠) → 𝑃𝑙+𝜈𝑙: 𝐷 → 𝜂(′)𝑙+𝜈𝑙
PRL 134, 111801 (2025)

(𝝈~𝟏𝟓. 𝟐%)

(𝝈~𝟏𝟏. 𝟑%)

𝑫+ → 𝜼𝒍+𝝂𝒍 arXiv: 2506.02521v2

(𝝈~𝟒. 𝟔%)

(𝝈~𝟒. 𝟏%)

𝑫+ → 𝜼′𝒍+𝝂𝒍

➢data sample: 20.3 fb−1@3.773 GeV

𝜂 − 𝜂′ mixing angle:

(𝝈~𝟗. 𝟕%)

No LFUV

(𝝈~𝟐. 𝟗%)

(𝝈~𝟐. 𝟓%)(𝝈~𝟗. 𝟖%)

Improved precision
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(𝐟𝐢𝐫𝐬𝐭 𝐨𝐛𝐬𝐞𝐫𝐯𝐚𝐭𝐢𝐨𝐧)
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𝐷(𝑠) → 𝑃𝑙+𝜈𝑙: 𝐷𝑠
+ → ഥ𝐾𝑙+𝜈𝑙

(𝝈~𝟏𝟎. 𝟐%) (𝝈~𝟔. 𝟏%)

(𝝈~𝟔. 𝟎%)

PRL 136, 161802 (2026)

➢data sample: 7.33 fb−1@4.128 − 4.226 GeV

No LFUV

First measurement
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Form factor 𝑓+
𝑃(0)

𝝈~𝟎. 𝟒%

➢𝑓+
𝐾 0 and 𝑓+

𝜋(0) are measured with precision of 0.2% and 1.4% at BESIII,  and they are consistent 

with the LQCD calculations.

➢The precision of FF 𝑓+
𝜋 0 is expected to be ~0.5% with 20.3 fb−1 data (results will soon be ready).

𝝈~𝟎. 𝟐%

𝝈~𝟎. 𝟓%

𝝈~𝟏. 𝟑%

𝝈~𝟎. 𝟖%

𝝈~𝟏. 𝟒%
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𝐷(𝑠) → 𝑆𝑙+𝜈𝑙: 𝑫
𝟎 → 𝒂𝟎(𝟗𝟖𝟎)

−𝒆+𝝂𝒆
PRD 111,  L091501 (2025)➢data sample: 7.93 fb−1@3.773 GeV

First measurement of 𝒇+
𝒂𝟎(𝟎)
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|𝑉𝑐𝑠| & |𝑉𝑐𝑑|

𝝈~𝟎. 𝟎𝟐%

➢The 𝐷 → ഥ𝐾𝑙+𝜈𝑙 processes provide |𝑉𝑐𝑠| with the highest precision (~0.5%).

➢The 𝐷 → 𝑙+𝜈𝑙 processes provide |𝑉𝑐𝑑| with the highest precision (~1.2%); The precision of |𝑉𝑐𝑑| is 

expected to be ~0.9% with 20.3 fb−1 data via 𝐷 → 𝜋𝑙+𝜈𝑙 process.

𝝈~𝟎. 𝟓%

𝝈~𝟎. 𝟓%

𝝈~𝟏. 𝟑%
𝝈~𝟎. 𝟑%

𝝈~𝟏. 𝟐%
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𝐷 𝑠 → 𝑉(𝑆)𝑙+𝜈𝑙: 𝐷
0 → 𝐾−𝜋0𝑒+𝜈𝑒

(𝝈~𝟏. 𝟎%)

(𝐬𝐢𝐠𝐧𝐢𝐟𝐢𝐜𝐚𝐧𝐜𝐞: 𝟕. 𝟗𝝈)

𝑲∗(𝟖𝟗𝟐)−

arXiv: 2603.00743v1

➢data sample: 20.3 fb−1@3.773 GeV

First amplitude analysis giving the observation of 𝐾2
∗(1430)

(𝝈~𝟐. 𝟏%)

First model-independent measurement of the 

phase shift (magnitude) of the S-wave

No LFUV
➢ isospin conservation test:

16/27
𝐇𝐢𝐧𝐭𝐬 𝐨𝐟 𝐢𝐬𝐨𝐬𝐩𝐢𝐧 𝐛𝐫𝐞𝐚𝐤𝐢𝐧𝐠 𝐞𝐟𝐟𝐞𝐜𝐭



2026/07/15

𝐷 𝑠 → 𝑉(𝑆)𝑙+𝜈𝑙: 𝐷
0 → 𝐾−𝜋0𝜇+𝜈𝜇

(𝝈~𝟔. 𝟗%)

PRL 134, 011803(2025)

(𝝈~𝟐. 𝟒%)

First measurement

No LFUV

(𝝈~𝟖. 𝟑%)
➢data sample: 7.93 fb−1@3.773 GeV

17/27



2026/07/15

𝐷 𝑠 → 𝑉(𝑆)𝑙+𝜈𝑙: 𝐷
0 → ഥ𝐾0𝜋−𝑙+𝜈𝑙

(𝝈~𝟏. 𝟎%)

arXiv: 2603.04136v1

(𝝈~𝟐. 𝟒%)

No LFUV

(𝝈~𝟏. 𝟏%)

(𝐟𝐢𝐫𝐬𝐭 𝐨𝐛𝐬𝐞𝐫𝐯𝐚𝐭𝐢𝐨𝐧)

(𝝈~𝟏. 𝟗%)
(𝝈~𝟐. 𝟕%)

(𝝈~𝟎. 𝟕%)

➢data sample: 20.3 fb−1@3.773 GeV
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2026/07/15

𝐷 𝑠 → 𝑉(𝑆)𝑙+𝜈𝑙: 𝐷
+ → 𝐾𝑆

0𝜋0𝑙+𝜈𝑙

(𝝈~𝟐. 𝟏%)

(𝝈~𝟏. 𝟕%)

No LFUV

(𝐟𝐢𝐫𝐬𝐭 𝐨𝐛𝐬𝐞𝐫𝐯𝐚𝐭𝐢𝐨𝐧)

(𝝈~𝟐. 𝟓%)
(𝝈~𝟒. 𝟑%)

PRL 135, 171801(2025)

First comprehensive angular and the decay-rate CP 

asymmetry analysis

➢data sample: 20.3 fb−1@3.773 GeV
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2026/07/15

𝐷 𝑠 → 𝑉(𝑆)𝑙+𝜈𝑙: 𝐷𝑠
+ → 𝐾−𝜋+𝑙+𝜈𝑙

(𝝈~𝟒. 𝟎%)

arXiv:2605.07176v1

No LFUV

(𝐟𝐢𝐫𝐬𝐭 𝐨𝐛𝐬𝐞𝐫𝐯𝐚𝐭𝐢𝐨𝐧)

First model-independent measurement of the differential decay 

rates and the forward backward asymmetries

➢data sample: 7.33 fb−1@4.128 − 4.226 GeV
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2026/07/15

𝐷 𝑠 → 𝑉(𝑆)𝑙+𝜈𝑙: 𝐷
0 → 𝜌(770)−𝑒+𝜈𝑒

(𝝈~𝟑. 𝟎%)

PRD 110, 112018 (2024)

(𝝈~𝟓. 𝟖%) (𝝈~𝟕. 𝟓%)

Improved precision

➢data sample: 7.93 fb−1@3.773 GeV
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𝑟𝑉 & 𝑟2

➢The precision of 𝑟𝑉 and 𝑟2 reach 1.3% and 1.9% at BESIII. 

➢More accurate theoretical calculations are needed.

𝝈~𝟒. 𝟕%
𝝈~𝟏. 𝟑% 𝝈~𝟏. 𝟗%

𝝈~𝟓. 𝟏%
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𝐷 𝑠 → 𝐴𝑙+𝜈𝑙: 𝐷 → ഥ𝐾1𝑒
+𝜈𝑒

PRL 135, 091801 (2025)

First measurements of the hadronic FFs in the SL transitions of 

heavy mesons into axial-vector mesons

➢data sample: 20.3 fb−1@3.773 GeV

➢ up-down asymmetry :

Consistent with SM prediction: 0.092±0.022
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𝐷 𝑠 → 𝐴𝑙+𝜈𝑙: 𝐷 → ഥ𝐾1𝜇
+𝜈𝜇

PRD 111, L071101 (2025)

➢data sample: 7.93 fb−1@3.773 GeV

First observation

𝟏𝟐. 𝟓𝝈

𝟔. 𝟎𝝈

No LFUV

➢ isospin conservation test:
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2026/07/15

𝐷(𝑠) → 𝐴𝑙+𝜈𝑙: 𝐷 → 𝑏1𝑒
+𝜈𝑒 & 𝐷𝑠

+ → 𝑓1𝑒
+𝜈𝑒

PRL 136, 021801 (2026) 𝑫𝒔
+ → 𝒇𝟏𝒆

+𝝂𝒆 arXiv: 2601.16938v1𝑫 → 𝒃𝟏(𝟏𝟐𝟑𝟓)𝒆
+𝝂𝒆

➢data sample: 7.93 fb−1@3.773 GeV
➢data sample: 7.33 fb−1@4.128 − 4.226 GeV

➢ isospin conservation test:

(𝐟𝐢𝐫𝐬𝐭 𝐨𝐛𝐬𝐞𝐫𝐯𝐚𝐭𝐢𝐨𝐧)

(𝐟𝐢𝐫𝐬𝐭 𝐞𝐯𝐢𝐝𝐞𝐧𝐜𝐞)

(𝐟𝐢𝐫𝐬𝐭 𝐞𝐯𝐢𝐝𝐞𝐧𝐜𝐞)

(𝐟𝐢𝐫𝐬𝐭 𝐮𝐩𝐩𝐞𝐫 𝐥𝐢𝐦𝐢𝐭)
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Summary and prospect
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⚫ Publications covered in this talk



⚫ Summary

➢ Precise measurements of 𝑓𝐷+ and 𝑓𝐷𝑠+ in leptonic 𝐷(𝑠) decays ⇒ 1.2%/0.7%

➢ Precise measurements of |𝑉𝑐𝑠| and |𝑉𝑐𝑑| in (semi)-leptonic𝐷(𝑠) decays ⇒ 0.5%/1.2%

➢ Precise measurements of form factors 𝑓+
𝐾 0 (0.2%), 𝑟𝑉 (1.3%), 𝑟2 (1.9%)... in semi-leptonic 

𝐷(𝑠) decays

➢ No evidence of LFU violation found in charm sector 

➢ Study of the nature of light hadrons (𝑎0, 𝑓0, 𝐾1......)

➢ More accurate theoretical calculations are still needed

2026/07/15

Summary and prospect

⚫ Prospect

➢More precision measurements and search of rare (semi-)leptonic 𝐷(𝑠) decays will be presented. 

More analyses of inclusive semileptonic 𝐷(𝑠) decays at BESIII are also undergoing.

➢BEPCII-U has demonstrated successful high-energy operation. Additional 3 fb−1 data @4.178
GeV in the near future will further improve the precisions in 𝐷𝑠 sector [CPC44(2020)040001].
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