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Motivations
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𝑀𝑓𝑖 =
𝐺𝐹

2
𝑉𝑐𝑞 × 0, 𝑃, 𝑆, 𝑉, 𝐴 𝑞𝛾𝜇 1 − 𝛾5 𝑐 𝐷 × ത𝑢𝜈𝛾

𝜇 1 − 𝛾5 𝜈ℓ+

• Determination of |𝑉𝑐𝑞|: Validation of Unitary of CKM 

matrix & Basic parameters of SM

• Extraction of Form Factors: Test & Calibrate various 

theoretical calculations, e.g. LQCD

• Search for BSM: lepton flavor universality & BSM 

scalar/vector/tensor contributions

Recent results of (semi-)leptonic 𝐷 𝑠 decays at BESIII



BESIII experiment
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• 𝑠 = 1.85 − 4.95 GeV with Peak luminosity: 1.1 × 1033 𝑐𝑚−2𝑠−1 @3.773 GeV

• MDC: 𝜎𝑝/𝑃 = 0.5% @ 1 GeV; 𝜎𝑑𝐸/𝑑𝑥 = 6%

• TOF: 𝜎𝑇 = 68(60/110) ps for barrel (endcap)

• EMC: 𝜎𝐸/𝐸 = 2.5% 5% for barrel (endcap)
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Double Tag
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Data sample Energy (GeV) 𝑳𝒊𝒏𝒕 (𝒇𝒃−𝟏) Single tag yield (× 𝟏𝟎𝟔)

𝑒+𝑒− → 𝐷ഥ𝐷 3.773 20.3 𝐷0~20; 𝐷+~11

𝑒+𝑒− → 𝐷𝑠
±𝐷𝑠

∗∓ 4.128-4.226 7.33 𝐷𝑠
+~0.8

• Single tag side: ഥ𝐷 decays into hadron final states

• Double tag side: 𝐷 → 𝑋ℓ+𝜈ℓ, 𝑋 = 0, 𝑃,…

• 𝑝𝜈 = (𝐸𝜈 , Ԧ𝑝𝜈), obtained by recoiling method



Precision measurement of 𝐷+ → ℓ+𝜈ℓ
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𝐷+ → 𝜇+𝜈𝜇 𝐷+ → 𝜏+(→ 𝜋 ҧ𝜈𝜏)𝜈𝜏
PRL 135 (2025) 061801 JHEP01(2025)089

Channel 𝑳𝒊𝒏𝒕 (𝒇𝒃−𝟏) BF (× 𝟏𝟎−𝟒) |𝑽𝒄𝒅|𝒇𝑫+

𝐷+ → 𝜇+𝜈𝜇 20.3 4.03 ± 0.08 ± 0.04 48.2 ± 0.48 ± 0.31

𝐷+ → 𝜏+𝜈𝜏 7.93 9.9 ± 1.1 ± 0.5 45.9 ± 2.5 ± 1.2

Quote 𝑉𝑐𝑑 = (0.2249 ± 0.0007)

• Γ ∝ 𝑉𝑐𝑑
2𝑓𝐷+

2 𝑚ℓ
2 𝑚𝐷

2 −𝑚ℓ
2 2

(1 + 𝑓𝑐𝑜𝑟𝑟
𝐸𝑀 )

• 𝑅𝜏/𝜇 = 2.49 ± 0.31, consistent with SM value 2.69



Precision measurement of 𝐷𝑠
+ → ℓ+𝜈ℓ
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𝐷𝑠
+ → 𝜇+𝜈𝜇 𝐷𝑠

+ → 𝜏+𝜈𝜏 with 𝜏 → 𝑒, 𝜇, 𝜋, 𝜌
PRD 108 (2023) 092014 PRD 114 (2026) 033004 Quote 𝑉𝑐𝑠 = (0.9735 ± 0.0002)

Channel Data set BF (%) |𝑽𝒄𝒔|𝒇𝑫𝒔
+

𝐷𝑠
+ → 𝜇+𝜈𝜇 𝑒+𝑒− → 𝐷𝑠

±𝐷𝑠
∗∓, 𝐷𝑠

+𝐷𝑠
−, 𝐷𝑠

∗±𝐷𝑠
∗∓ 0.531 ± 0.010 ± 0.005 242.8 ± 2.3 ± 1.3

𝐷𝑠
+ → 𝜏+𝜈𝜏 𝑒+𝑒− → 𝐷𝑠

±𝐷𝑠
∗∓, with 𝜏 → 𝑒, 𝜇, 𝜋, 𝜌 5.37 ± 0.08 ± 0.06 248.2 ± 1.9 ± 1.7

• 𝑅𝜏/𝜇 = 10.04 ± 0.29, consistent with SM value 9.75



Precision measurement of 𝐷 → ഥ𝐾ℓ+𝜈ℓ
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𝐷 → ഥ𝐾ℓ+𝜈ℓ
PRL 137 (2026) 091803

PRD 114 (2026) 033008

• 20.3 𝑓𝑏−1 𝜓 3770 data sample

• 𝑑Γ/𝑑𝑞2 ∝ 𝑉𝑐𝑠
2[ 1 +

𝑚ℓ
2

2𝑞2
ℎ0 𝑞2 2 +

3𝑚ℓ
2

2𝑞2
ℎ𝑡 𝑞

2 2]

• 𝑓+ 0 𝑉𝑐𝑠 = (0.7183 ± 0.0007 ± 0.0014)

• LFU test: 𝑅𝜇/𝑒
𝐷0 = 0.971 ± 0.005 & 𝑅𝜇/𝑒

𝐷+ = 0.982 ± 0.005, SM 0.975

Quote 𝑉𝑐𝑠 = (0.9735 ± 0.0002)



Precision measurement of 𝐷 → 𝜋ℓ+𝜈ℓ
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𝐷 → 𝜋ℓ+𝜈ℓ
arXiv 2607.23949

arXiv 2607.23945

• 20.3 𝑓𝑏−1 𝜓 3770 data sample, ~7 times of 2.93 𝑓𝑏−1

• 𝑓+ 0 𝑉𝑐𝑑 = (0.1425 ± 0.0005 ± 0.0003)

• LFU test: 𝑅𝜇/𝑒
𝐷0

= 0.947 ± 0.016 & 𝑅𝜇/𝑒
𝐷+

= 0.973 ± 0.017, 

2.5𝜎 tension with SM value 0.985.



|𝑉𝑐𝑠| & |𝑉𝑐𝑑| in 𝐷(𝑠) decays
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Un. (%) EXP LQCD

𝐷 → ℓ+𝜈ℓ 1.2 0.3

𝐷𝑠 → ℓ+𝜈ℓ 0.9 0.2

𝐷 → ഥ𝐾ℓ+𝜈ℓ 0.2 0.4

𝐷 → 𝜋ℓ+𝜈ℓ 0.4 0.8

Leptonic decay: Dominated by EXP’s Uncertainty.

Semi-Leptonic decay: Dominated by LQCD’s Uncertainty.  



Scalar current in 𝐷 → 𝑃ℓ+𝜈ℓ
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Weak decay is (𝑉 − 𝐴) in SM, but one may have BSM scalar current: 

𝑂𝑅(𝐿)
𝑙 = (ത𝑞𝑃𝑅 𝐿 𝑐)( ҧ𝜈ℓ𝑃𝑅ℓ)

Affect 𝑑Γ/𝑑𝑞2 & 𝐴𝐹𝐵 by: ℎ𝑡 𝑞
2 ∝ 1 + 𝒄𝑺

ℓ 𝑞2

𝑚ℓ 𝑚𝑞−𝑚𝑐
𝑓0(𝑞

2)

𝐷 → ഥ𝐾ℓ+𝜈ℓ
𝐷 → 𝜋ℓ+𝜈ℓ

• Combined fit to 𝑑Γ/𝑑𝑞2 & 𝐴𝐹𝐵

• 2.3 𝜎 significance in 𝐷 → ഥ𝐾𝜇+𝜈𝜇

• No significance in 𝐷 → 𝜋𝜇+𝜈𝜇

• No significance for ℓ+ = 𝑒+



Observation of 𝐷𝑠
+ → 𝐾0ℓ+𝜈ℓ
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PRL 136 (2026) 161802

• Data sample: 7.33 𝑓𝑏−1 𝐷𝑠
±𝐷𝑠

∗∓

• 𝐵𝑒 = 2.98 ± 0.23 ± 0.12 × 10−3 & 𝐵𝜇 = 2.89 ± 0.27 ± 0.12 × 10−3

• 𝑓+ 0 = (0.623 ± 0.036 ± 0.009), consistent with LQCD (0.631 ± 0.002)

• LFU: 𝑅 = 0.97 ± 0.12 ± 0.04, consistent with SM 0.98 ± 0.01



Decay formalism of 𝐷 → 𝑉ℓ+𝜈ℓ, 𝑉 → 𝑃1𝑃2
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𝑑5Γ =
𝐺𝐹
2 𝑉𝑐𝑞

2

4𝜋 6𝑚𝐷
3 𝑋𝛽𝛽𝑙𝐼 𝑆𝑝1𝑝2 , 𝑞

2, 𝜃𝐾 , 𝜃𝑙 , 𝜒 𝑑𝑠𝑝1𝑝2𝑑𝑞
2𝑑 cos 𝜃𝑝1 𝑑 cos 𝜃𝑙 𝑑𝜒

• Formalism based on Phys. Rev. D 46 5040 (1992)

• Five kinematic variables: 𝑆𝑝1𝑝2 , 𝑞
2, 𝜃𝐾 , 𝜃𝑙 , 𝜒

• Decay intensity: 𝐼 = σ1
9 𝐼𝑖 𝜃𝐾 , 𝑞

2, 𝑆𝑝1𝑝2 × 𝑓𝑖(𝜃𝑙 , 𝜒)

• The detailed expressions of 𝐼𝑖 are given in reference.

• Three FFs: 𝐴1,2(𝑞
2) & 𝑉 𝑞2 → 𝑟2 =

𝐴2(0)

𝐴1(0)
& 𝑟𝑉 =

𝑉(0)

𝐴1(0)
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https://doi.org/10.1103/PhysRevD.46.5040


Precision measurement of 𝐷 → ഥ𝐾𝜋ℓ+𝜈ℓ
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• 𝐾∗(892): precision 𝑟2 = 𝐴2(0)/𝐴1(0) & 𝑟𝑉 = 𝑉(0)/𝐴1(0)

• 𝐾𝜋 𝑆−𝑤𝑎𝑣𝑒: model independent magnitude & phase

• 𝐾2
∗(1430): first observation of tensor meson  at 0.2% level

𝐷+ → ഥ𝐾0𝜋0ℓ+𝜈ℓ: PRL 135 (2025)171801; 𝐷0 → ഥ𝐾0𝜋−ℓ+𝜈ℓ: arXiv 2603.04136; 𝐷0 → 𝐾−𝜋0𝑒+𝜈𝑒: arXiv 2603.00743 
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Decay formalism of 𝐷 → 𝐴𝑒+𝜈𝑒 , 𝐴 → 𝑃1𝑃2𝑃3
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𝑀 = 𝑉 − 𝐴 𝜇𝜂 ⋅ ෍

𝜆𝑊∗

𝜖∗ 𝜆𝑊∗ 𝜇𝜖 𝜆𝑊∗ 𝜌 ⋅ ෍

𝜆ഥ𝐾1

𝜖∗ 𝜆ഥ𝐾1 𝜂
𝜖 𝜆ഥ𝐾1 𝜎

⋅ 𝑅ഥ𝐾1 ⋅ 𝐽
𝜎 ⋅ [ത𝑢𝜈𝛾

𝜌 1 − 𝛾5 𝜈𝑙]

𝑫 → ഥ𝑲𝟏𝑾
∗+

𝑾∗+ → 𝒆+𝝂𝒆

ഥ𝐾1 → ഥ𝐾𝜋𝜋

• More independent kinematic variables of five body semi-

leptonic decay → general formalism is required!

• 𝐷 → ഥ𝐾1𝑊
∗+:  ഥ𝐾1 𝑠𝛾𝜇 1 − 𝛾5 𝐷 , cited from PRD 

104, 053003 (2021) → 𝑉1,2 & 𝐴 → 𝑟𝐴 =
𝐴 0

𝑉1 0
& 𝑟𝑉 =

𝑉2(0)

𝑉1(0)

• ഥ𝐾1 → ഥ𝐾𝜋𝜋:  Constructed in covariant tensor formalism, 

following Eur. Phys. J. A 16, 537(2003)

• 𝑚𝑒 → 0: 𝑞𝜇 ത𝑢𝜈𝛾𝜇 1 − 𝛾5 𝜈𝑙 = 0 is used.
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https://doi.org/10.1103/PhysRevD.104.053003
https://doi.org/10.1140/epja/i2002-10135-4


Study of 𝐷 → ഥ𝐾1 1270 𝑒+𝜈𝑒
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PRL 135 (2025)091801

• ഥ𝐾𝜋𝜋 dominated by 𝐾1(1270), without 𝐾1(1400)

• 𝐾1 1270 → 𝐾𝜋𝜋 dominated by 𝐾∗(892) & 𝜌(770)

• BFs & FFs as a function of 𝜃𝐾1 in various model

• Up-down asymmetry 𝐴𝑢𝑑
′ = 0.01 ± 0.11, consistent 

with 𝜆𝛾 = 1 in 𝑏 → 𝑠𝛾

𝑟𝐴 = (−11.2 ± 1.0 ± 0.9) 𝑟𝑉 = (−4.3 ± 1.0 ± 2.5)

Channel 𝐁𝐅 (𝐱𝟏𝟎−𝟑)

𝐷+ → 𝐾1 1270 0𝑒+𝜈𝑒 2.27 ± 0.11 ± 0.10

𝐷0 → 𝐾1 1270 +𝑒+𝜈𝑒 1.02 ± 0.06 ± 0.07

𝐷+ → 𝐾1 1400 0𝑒+𝜈𝑒 < 0.14

𝐷0 → 𝐾1 1400 +𝑒+𝜈𝑒 < 0.07
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Summary
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• |𝑉𝑐𝑞| related: Precision |𝑉𝑐𝑠| & |𝑉𝑐𝑑| determined in 𝐷(𝑠) → ℓ+𝜈ℓ & 𝐷 → ഥ𝐾/𝜋ℓ+𝜈ℓ

with input from LQCD calculations.

• FFs related: FFs at 𝑞2 = 0 extracted from 𝐷(𝑠) → 𝑃, 𝑆, 𝑉, 𝐴, as well as T

• NP related: LFU test in various channels, scalar current searched in 𝐷 → ഥ𝐾/𝜋ℓ+𝜈ℓ

𝑀𝑓𝑖 =
𝐺𝐹

2
𝑉𝑐𝑞 × 0, 𝑃, 𝑆, 𝑉, 𝐴 𝑞𝛾𝜇 1 − 𝛾5 𝑐 𝐷 × ത𝑢𝜈𝛾

𝜇 1 − 𝛾5 𝜈ℓ+
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Backup Slides
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Observation of 𝐷 → 𝜂(′)ℓ+𝜈ℓ
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PRL 134 (2025) 111801

arXiv: 2506.02521

Channel 𝐁𝐅 (𝐱𝟏𝟎−𝟒) |𝑉𝑐𝒅|𝑓+(𝟎) (𝐱𝟏𝟎
−𝟑)

𝐷+ → 𝜂′𝑒+𝜈𝑒 1.79 ± 0.19 ± 0.07
59.2 ± 5.6 ± 1.3

𝐷+ → 𝜂′𝜇+𝜈𝜇 1.92 ± 0.28 ± 0.08

𝐷+ → 𝜂𝑒+𝜈𝑒 9.08 ± 0.35 ± 0.23
78 ± 2 ± 1

𝐷+ → 𝜂𝜇+𝜈𝜇 9.75 ± 0.29 ± 0.28

Γ𝐷+→𝜂′𝜇+𝜈𝜇
Γ𝐷+→𝜂′𝑒+𝜈𝑒

= 1.07 ± 0.19

Γ𝐷+→𝜂𝜇+𝜈𝜇

Γ𝐷+→𝜂𝑒+𝜈𝑒

= 0.93 ± 0.05

Consistent with SM values



Observation of 𝐷𝑠
+ → 𝜂(′)ℓ+𝜈ℓ
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ℓ+ = 𝑒+: PRD 108 (2023) 092003 ℓ+ = 𝜇+: PRL 132 (2024) 091802

Channel BF (%) 𝒇+ 𝟎 |𝑽𝒄𝒔|

𝐷𝑠
+ → 𝜂′𝑒+𝜈𝑒 0.81 ± 0.04 ± 0.03 0.53 ± 0.03 ± 0.01

𝐷𝑠
+ → 𝜂′𝜇+𝜈𝜇 0.80 ± 0.06 ± 0.03 0.50 ± 0.04 ± 0.01

𝐷𝑠
+ → 𝜂𝑒+𝜈𝑒 2.26 ± 0.04 ± 0.05 0.45 ± 0.01 ± 0.01

𝐷𝑠
+ → 𝜂𝜇+𝜈𝜇 2.24 ± 0.05 ± 0.05 0.45 ± 0.01 ± 0.01

• Data sample: 7.33 𝑓𝑏−1 𝐷𝑠
±𝐷𝑠

∗∓

• LFU: 𝑅𝜂 = (0.99 ± 0.03 ± 0.02) & 𝑅𝜂′ =

(0.99 ± 0.08 ± 0.03), consistent with SM



Observation of 𝐷𝑠
+ → ഥ𝐾𝜋ℓ+𝜈ℓ
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arxiv:2605.07176

Channel 𝐁𝐅 (𝐱𝟏𝟎−𝟓) 𝒓𝑽 (𝐱𝟏𝟎
−𝟐) 𝒓𝟐 (𝐱𝟏𝟎

−𝟐)

𝐷𝑠
+ → 𝐾∗ 892 0𝑒+𝜈𝑒 214 ± 18 ± 10

163 ± 14 ± 8 56 ± 2 ± 1
𝐷𝑠
+ → 𝐾∗ 892 0𝜇+𝜈𝜇 207 ± 22 ± 10

• Data sample: 7.33 𝑓𝑏−1 𝐷𝑠
±𝐷𝑠

∗∓

• LFU: 𝑅 = 0.97 ± 0.14, consistent with SM
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Updated measurement of 𝐷0 → 𝑎0 980 −𝑒+𝜈𝑒
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• Phys. Rev. D 111, L091501 (2025) , based on 7.93 𝑓𝑏−1 data sample @3.773 GeV , 𝑁𝐷𝑇~50

• 𝐵 𝐷0 → 𝑎0 980 −𝑒+𝜈𝑒 × 𝐵 𝑎0 980 − → 𝜂𝜋− = 0.86 ± 0.17 ± 0.05 × 10−4

• First extraction of the FF: 𝑓+
𝑎0 980

0 = 0.559 ± 0.056 ± 0.013

• Pin down the nature of 𝑎0(980) by comparing with theoretical calculations
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.111.L091501

