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Motivation1

What is the importance of the CKM Matrix?

𝑉CKM =

𝑉𝑢𝑑 𝑉𝑢𝑠 𝑉𝑢𝑏

𝑉𝑐𝑑 𝑉𝑐𝑠 𝑉𝑐𝑏

𝑉𝑡𝑑 𝑉𝑡𝑠 𝑉𝑡𝑏

➢Standard Model
• explains how quarks of different flavors can transform into one another during 

weak interactions — Quark Flavor Mixing

➢ CP Violation
• essential for explaining the matter-antimatter asymmetry in the universe

➢ New Physics
• Precision measurements of its elements can reveal deviations from the Standard 

Model, hinting at new physics beyond it



4HQL2025 • Beijing, China Experimental status of 𝑽𝒄𝒔 and 𝑽𝒄𝒅 at BESIII 4

Motivation1

How to determine the elements 𝑽𝒄𝒔 and 𝑽𝒄𝒅 of the CKM Matrix?

➢ Obtained from the experiment with Leptonic and Semi-Leptonic 
Decays of charm hadrons

• Leptonic: 𝚪 𝒄 → 𝓵+𝝂𝓵 =
𝑮𝑭

𝟐

𝟖𝝅
𝑽𝒄𝒒

𝟐
𝒇𝑫

𝟐𝒎𝓵
𝟐𝒎𝑫 𝟏 −

𝒎𝓵
𝟐

𝒎𝑫
𝟐

𝟐

• Semi-Leptonic: 
𝒅𝜞

𝒅𝒒𝟐 = 𝑿
𝑮𝑭

𝟐

𝟐𝟒𝝅𝟑 𝑽𝒄𝒒
𝟐

𝒇+ 𝒒𝟐 𝟐
𝒑𝑷

𝟑

➢ Uncertainties of CKM :
• Contributed by 𝑽𝒄𝒔 𝝈 = 𝟎. 𝟔% and 𝑽𝒄𝒅 𝝈 = 𝟏. 𝟖%

➢ 𝑽𝒄𝒒 Measurement ⇒ Test CKM matrix unitarity
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Motivation1

What else can be determined with Leptonic and Semi-Leptonic Decays?

➢ Latest LQCD predicts the decay constant 𝒇𝑫 and form factors 𝒇+ 𝒒𝟐

• 𝒇𝑫+ = 𝟐𝟏𝟐. 𝟏 𝟎𝟕 𝐌𝐞𝐕 𝝈 = 𝟎. 𝟑%
• 𝒇𝑫𝒔

+ = 𝟐𝟒𝟗. 𝟗 𝟎𝟓 𝐌𝐞𝐕 𝝈 = 𝟎. 𝟐%

• 𝒇+
𝑫→𝑲 𝒒𝟐 = 𝟎. 𝟕𝟒𝟓𝟐(𝟑𝟏) 𝝈 = 𝟎. 𝟒%

• 𝒇+
𝑫→𝝅 𝒒𝟐 = 𝟎. 𝟔𝟑𝟎𝟎(𝟓𝟏) 𝝈 = 𝟎. 𝟖%

➢ Measurement the branching fraction

Need experimental 
Measurements to calibrate 
LQCD calculations

Test lepton flavor universality (LFU)
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BESIII experiment2 BEPCII and BESIII

➢ 𝒔 = 𝟏. 𝟖𝟒 − 𝟒. 𝟗𝟓 GeV

➢ Designed luminosity (𝑳):

𝟏. 𝟎𝟎 × 𝟏𝟎𝟑𝟑 𝐜𝐦−𝟐𝐬−𝟏 @ 3.773 GeV

➢ In 2022, peak 𝑳 reached 1.1 times of the

designed 𝑳

➢ MDC: 𝝈𝒑/𝒑 = 𝟎. 𝟓%@ 𝟏 𝐆𝐞𝐕, 𝝈𝒅𝑬/𝒅𝒙 = 𝟔%

➢ TOF: 𝝈𝑻 = 𝟔𝟖(𝟏𝟏𝟎) ps for barrel (edncap); end

cap TOF was upgraded in 2015→ 60 ps

➢ EMC: 𝝈𝑬/𝐄 = 𝟐. 𝟓%(𝟓%) ps for barrel (edncap)
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Dataset and method2

➢ 𝒆+𝒆− annihilations data near threshold
• Double-tag method
• Clean environment

➢ Undetectable neutrinos
• extract the (semi-)leptonic signals
• 𝑼𝐦𝐢𝐬𝐬 = 𝑬𝐦𝐢𝐬𝐬 − 𝒑𝐦𝐢𝐬𝐬 and 𝑴𝐦𝐢𝐬𝐬

𝟐 = 𝑬𝐦𝐢𝐬𝐬
𝟐 − 𝒑𝐦𝐢𝐬𝐬

𝟐

➢ Measurement of the branching fraction with double-tag method:

• 𝓑𝐬𝐢𝐠 =
𝑵𝐭𝐚𝐠,𝐬𝐢𝐠

𝑵𝐭𝐚𝐠

𝜺𝐭𝐚𝐠,𝐬𝐢𝐠

𝜺𝐭𝐚𝐠

Systematic uncertainties from the ST mostly canceled

Data sample 𝑬𝐜𝐦 𝐆𝐞𝐕 𝓛𝐢𝐧𝐭 𝐟𝐛−𝟏

𝒆+𝒆− → 𝝍(𝟑𝟕𝟕𝟎) → 𝑫ഥ𝑫 3.773 20.3

𝒆+𝒆− → 𝑫𝒔
±𝑫𝒔

∗∓ 4.128-4.226 7.33

𝒆+𝒆− → 𝑫𝒔
∗+𝑫𝒔

∗− 4.237-4.669 10.64

𝒆+𝒆− → 𝜦𝒄
+ ഥ𝚲𝒄

− 4.600-4.669 4.5
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Single Tag Yield2
➢ 𝒆+𝒆− → 𝝍(𝟑𝟕𝟕𝟎) → 𝑫ഥ𝑫

• ഥ𝑫𝟎~𝟏𝟔. 𝟗 × 𝟏𝟎𝟔

• 𝑫−~𝟏𝟏. 𝟎 × 𝟏𝟎𝟔

➢ 𝒆+𝒆− → 𝑫𝒔
±𝑫𝒔

∗∓

• 𝑫𝒔
−~𝟎. 𝟖 × 𝟏𝟎𝟔



9HQL2025 • Beijing, China Experimental status of 𝑽𝒄𝒔 and 𝑽𝒄𝒅 at BESIII 9

Single Tag Yield2
➢ 𝒆+𝒆− → 𝑫𝒔

∗+𝑫𝒔
∗−

• 𝑫𝒔
−~𝟎. 𝟏𝟐 × 𝟏𝟎𝟔

➢ 𝒆+𝒆− → 𝜦𝒄
+ ഥ𝚲𝒄

−

• ഥ𝚲𝒄
−~𝟎. 𝟏𝟐 × 𝟏𝟎𝟔



10HQL2025 • Beijing, China Experimental status of 𝑽𝒄𝒔 and 𝑽𝒄𝒅 at BESIII 10

Status of 𝑽𝒄𝒔3 𝑫 → ഥ𝑲ℓ+𝝂ℓ(ℓ = 𝒆, 𝝁)

Phys. Rev. D 110, 112006 (2024)

➢ 7.93 𝐟𝐛−𝟏@3.773 GeV

➢ Phys. Rev. D 110, 112006 (2024)

➢ Branching fractions:
• 𝓑(𝑫𝟎 → 𝑲−𝒆+𝒗𝒆) = (𝟑. 𝟓𝟐𝟏 ± 𝟎. 𝟎𝟎𝟗 ± 𝟎. 𝟎𝟏𝟔)%

• 𝓑(𝑫𝟎 → 𝑲−𝝁+𝒗𝝁) = (𝟑. 𝟒𝟏𝟗 ± 𝟎. 𝟎𝟏𝟏 ± 𝟎. 𝟎𝟏𝟔)%

• 𝓑 𝑫+ → ഥ𝑲𝟎𝒆+𝒗𝒆 = 𝟖. 𝟖𝟔𝟒 ± 𝟎. 𝟎𝟑𝟗 ± 𝟎. 𝟎𝟖𝟐 %

• 𝓑 𝑫+ → ഥ𝑲𝟎𝝁+𝒗𝝁 = 𝟖. 𝟔𝟔𝟓 ± 𝟎. 𝟎𝟒𝟔 ± 𝟎. 𝟎𝟖𝟒 %

➢ LFU test:

•
𝓑(𝑫𝟎→𝑲−𝝁+𝒗𝝁)

𝓑(𝑫𝟎→𝑲−𝒆+𝒗𝒆)
= 𝟎. 𝟗𝟕𝟏 ± 𝟎. 𝟎𝟎𝟒 ± 𝟎. 𝟎𝟎𝟔

• 𝓑(𝑫+→ഥ𝑲𝟎𝝁+𝒗𝝁)

𝓑(𝑫+→ഥ𝑲𝟎𝒆+𝒗𝒆)
= 𝟎. 𝟗𝟕𝟖 ± 𝟎. 𝟎𝟎𝟕 ± 𝟎. 𝟎𝟏𝟑

consistent with SM: 0.975±0.001

https://doi.org/10.1103/PhysRevD.110.112006
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➢ Simultaneous fit to 
𝒅𝜞

𝒅𝒒𝟐 to all four channels:

• 𝒇+
𝑲 𝟎 = 𝟎. 𝟕𝟑𝟔𝟔 ± 𝟎. 𝟎𝟎𝟏𝟏𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟎𝟏𝟑𝐬𝐲𝐬𝐭. 𝝈𝐞𝐱𝐩. = 𝟎. 𝟐𝟑%

• |𝑽𝒄𝒔| = 𝟎. 𝟗𝟔𝟐𝟑 ± 𝟎. 𝟎𝟎𝟏𝟓𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟎𝟏𝟕𝐬𝐲𝐬𝐭. ± 𝟎. 𝟎𝟎𝟒𝟎𝐋𝐐𝐂𝐃 𝝈𝐞𝐱𝐩. = 𝟎. 𝟏𝟖%&𝝈𝐋𝐐𝐂𝐃. = 𝟎. 𝟒𝟓%

Status of 𝑽𝒄𝒔3 𝑫 → ഥ𝑲ℓ+𝝂ℓ (ℓ = 𝒆, 𝝁)

Phys. Rev. D 110, 112006 (2024)

Results of 20.3 𝐟𝐛−𝟏 on going

The precision will be 

improved by 1.5 times.

https://doi.org/10.1103/PhysRevD.110.112006
https://doi.org/10.1103/PhysRevD.110.112006
https://doi.org/10.1103/PhysRevD.110.112006
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Status of 𝑽𝒄𝒔3 𝑫𝒔
+ → 𝝁+𝝂𝝁

➢ 7.33 𝐟𝐛−𝟏@4.128-4.226 GeV ➢ Phys. Rev. D 108, 112001(2023)

➢ 𝓑 𝑫𝒔
+ → 𝝁+𝝂𝝁 = 𝟓. 𝟐𝟗𝟒 ± 𝟎. 𝟏𝟎𝟖 ± 𝟎. 𝟎𝟖𝟓 × 𝟏𝟎−𝟑

➢ 𝒇𝐷𝑠
+ = 𝟐𝟒𝟖. 𝟒 ± 𝟐. 𝟓𝐬𝐭𝐚𝐭. ± 𝟐. 𝟐𝐬𝐲𝐬𝐭. ;(𝝈𝐞𝐱𝐩. = 𝟏. 𝟒%)

➢ 𝑽𝒄𝒔 = 𝟎. 𝟗𝟔𝟖 ± 𝟎. 𝟎𝟏𝟎𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟎𝟗𝐬𝐲𝐬𝐭. ;(𝝈𝐞𝐱𝐩. = 𝟏. 𝟒%)

https://link.aps.org/doi/10.1103/PhysRevD.108.112001
https://link.aps.org/doi/10.1103/PhysRevD.108.112001
https://link.aps.org/doi/10.1103/PhysRevD.108.112001
https://link.aps.org/doi/10.1103/PhysRevD.108.112001
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Status of 𝑽𝒄𝒔3 𝑫𝒔
+ → 𝝉+𝝂𝝉 via 𝝉+ → ℓ+𝝂ℓഥ𝝂𝝉(ℓ = 𝒆, 𝝁)

Phys. Rev. Lett. 127, 171801 (2021)

➢ 6.32 𝐟𝐛−𝟏@4.178-4.226 GeV

➢ Phys. Rev. Lett. 127, 171801 (2021)

➢𝝉+ → 𝒆+𝝂𝒆ഥ𝝂𝝉
• 𝓑 𝑫𝒔

+ → 𝝉+𝝂𝝉 = 𝟓. 𝟐𝟕 ± 𝟎. 𝟏𝟎 ± 𝟎. 𝟏𝟐 %
• 𝒇𝑫𝒔

+ = 𝟐𝟓𝟏. 𝟏 ± 𝟐. 𝟒𝐬𝐭𝐚𝐭. ± 𝟑. 𝟎𝒔𝒚𝒔𝒕. ;(𝝈𝐞𝐱𝐩. = 𝟏. 𝟓%)

• 𝑽𝒄𝒔 = 𝟎. 𝟗𝟕𝟖 ± 𝟎. 𝟎𝟎𝟗𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟏𝟐𝐬𝐲𝐬𝐭. ;(𝝈𝐞𝐱𝐩. = 𝟏. 𝟓%)

JHEP 09, 124  (2023)

➢ 7.33 𝐟𝐛−𝟏@4.128-4.226 GeV

➢ JHEP 09, 124 (2023)

➢𝝉+ → 𝝁+𝝂𝝁ഥ𝝂𝝉
• 𝓑 𝑫𝒔

+ → 𝝉+𝝂𝝉 = 𝟓. 𝟑𝟕 ± 𝟎. 𝟏𝟕 ± 𝟎. 𝟏𝟓 %
• 𝒇𝑫𝒔

+ = 𝟐𝟓𝟑. 𝟒 ± 𝟒. 𝟎𝐬𝐭𝐚𝐭. ± 𝟑. 𝟕𝒔𝒚𝒔𝒕. ;(𝝈𝐞𝐱𝐩. = 𝟐. 𝟐%)

• 𝑽𝒄𝒔 = 𝟎. 𝟗𝟖𝟕 ± 𝟎. 𝟎𝟏𝟔𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟏𝟒𝐬𝐲𝐬𝐭. ;(𝝈𝐞𝐱𝐩. = 𝟐. 𝟐%)

https://doi.org/10.1103/PhysRevLett.127.171801
https://doi.org/10.1007/JHEP09(2023)124
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Status of 𝑽𝒄𝒔3 𝑫𝒔
+ → 𝝉+𝝂𝝉 via 𝝉+ → 𝝅+ഥ𝝂𝝉

Phys. Rev. D 104, 052009  (2021)

➢ 6.32 𝐟𝐛−𝟏@4.178-4.226 GeV

➢ Phys. Rev. D 104, 052009 (2021)

➢𝝉+ → 𝝅+ഥ𝝂𝝉
• 𝓑 𝑫𝒔

+ → 𝝉+𝝂𝝉 = 𝟓. 𝟐𝟏 ± 𝟎. 𝟐𝟓 ± 𝟎. 𝟏𝟕 %

• 𝒇𝑫𝒔
+ = 𝟐𝟒𝟗. 𝟕 ± 𝟔. 𝟎𝐬𝐭𝐚𝐭. ± 𝟒. 𝟐𝒔𝒚𝒔𝒕. ;(𝝈𝐞𝐱𝐩. = 𝟐. 𝟗%)

• 𝑽𝒄𝒔 = 𝟎. 𝟗𝟕𝟐 ± 𝟎. 𝟎𝟐𝟑𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟏𝟔𝐬𝐲𝐬𝐭. ;(𝝈𝐞𝐱𝐩. = 𝟐. 𝟗%)

Phys. Rev. D 108, 092014 (2023)

➢ 7.33 𝐟𝐛−𝟏@4.128-4.226 GeV

➢ Phys. Rev. D 108, 092014 (2023)

➢𝝉+ → 𝝅+ഥ𝝂𝝉 with BDT
• 𝓑 𝑫𝒔

+ → 𝝉+𝝂𝝉 = 𝟓. 𝟒𝟒 ± 𝟎. 𝟏𝟕 ± 𝟎. 𝟏𝟑 %

• 𝒇𝑫𝒔
+ = 𝟐𝟓𝟓. 𝟎 ± 𝟒. 𝟎𝐬𝐭𝐚𝐭. ± 𝟑. 𝟒𝒔𝒚𝒔𝒕. ;(𝝈𝐞𝐱𝐩. = 𝟐. 𝟏%)

• 𝑽𝒄𝒔 = 𝟎. 𝟗𝟗𝟑 ± 𝟎. 𝟎𝟏𝟓𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟏𝟑𝐬𝐲𝐬𝐭. ;(𝝈𝐞𝐱𝐩. = 𝟐. 𝟎%)

𝝁 −like

𝑬𝐄𝐌𝐂 < 𝟑𝟎𝟎𝐌𝐞𝐕

𝝅 −like

𝑬𝐄𝐌𝐂 > 𝟑𝟎𝟎𝐌𝐞𝐕

https://doi.org/10.1103/PhysRevD.104.052009
https://doi.org/10.1103/PhysRevD.108.092014
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Status of 𝑽𝒄𝒔3 𝑫𝒔
+ → 𝝉+𝝂𝝉 via 𝝉+ → 𝝅+𝝅𝟎ഥ𝝂𝝉

Phys. Rev. D 104, 032001  (2021)

➢ 6.32 𝐟𝐛−𝟏@4.178-4.226 GeV

➢ Phys. Rev. D 104, 032001 (2021)

• 𝓑 𝑫𝒔
+ → 𝝉+𝝂𝝉 = 𝟓. 𝟐𝟗 ± 𝟎. 𝟐𝟓 ± 𝟎. 𝟐𝟎 %

• 𝒇𝑫𝒔
+ = 𝟐𝟓𝟏. 𝟔 ± 𝟓. 𝟗𝐬𝐭𝐚𝐭. ± 𝟒. 𝟗𝒔𝒚𝒔𝒕. ;(𝝈𝐞𝐱𝐩. = 𝟑. 𝟎%)

• 𝑽𝒄𝒔 = 𝟎. 𝟗𝟖𝟎 ± 𝟎. 𝟎𝟐𝟑𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟏𝟗𝐬𝐲𝐬𝐭. ;(𝝈𝐞𝐱𝐩. = 𝟑. 𝟎%)

Simultaneous fit to 𝑴𝐦𝐢𝐬𝐬
𝟐  at various energy points

https://doi.org/10.1103/PhysRevD.104.032001
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Status of 𝑽𝒄𝒔3 𝑫𝒔
+ → 𝓵+𝝂𝓵 via 𝒆+𝒆− → 𝑫𝒔

∗±𝑫𝒔
∗∓

Phys. Rev. D 110, 052002 (2024)

➢ 10.64 𝐟𝐛−𝟏@4.237-4.669 GeV

➢ Phys. Rev. D 110, 052002 (2024)

• 𝓑 𝑫𝒔
+ → 𝝁+𝝂𝝁 = 𝟎. 𝟓𝟒𝟕 ± 𝟎. 𝟎𝟐𝟔 ± 𝟎. 𝟎𝟏𝟔 %

• 𝓑 𝑫𝒔
+ → 𝝉+𝝂𝝉 = 𝟓. 𝟔𝟎 ± 𝟎. 𝟏𝟔 ± 𝟎. 𝟎𝟏𝟔 %

• 𝒇𝑫𝒔
+ 𝑽𝒄𝒔 𝝁+𝝂𝝁

= 𝟐𝟒𝟔. 𝟓 ± 𝟓. 𝟗𝐬𝐭𝐚𝐭. ± 𝟑. 𝟔𝒔𝒚𝒔𝒕. ;(𝝈𝐞𝐱𝐩. = 𝟐. 𝟖%)

• 𝒇𝑫𝒔
+ 𝑽𝒄𝒔 𝝉+𝝂𝝉

= 𝟐𝟓𝟐. 𝟕 ± 𝟑. 𝟔𝐬𝐭𝐚𝐭. ± 𝟒. 𝟓𝒔𝒚𝒔𝒕. ;(𝝈𝐞𝐱𝐩. = 𝟐. 𝟑%)

• 𝑽𝒄𝒔 𝝁+𝝂𝝁
= 𝟎. 𝟗𝟖𝟔 ± 𝟎. 𝟎𝟐𝟑𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟏𝟒𝐬𝐲𝐬𝐭. ± 𝟎. 𝟎𝟎𝟑𝐢𝐧𝐩𝐮𝐭. ;(𝝈𝐞𝐱𝐩. = 𝟐. 𝟖%)

• 𝑽𝒄𝒔 𝝉+𝝂𝝉
= 𝟏. 𝟎𝟏𝟏 ± 𝟎. 𝟎𝟏𝟒𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟏𝟖𝐬𝐲𝐬𝐭. ± 𝟎. 𝟎𝟎𝟑𝐢𝐧𝐩𝐮𝐭. ;(𝝈𝐞𝐱𝐩. = 𝟐. 𝟑%)

𝑫𝒔
+ → 𝝉+𝝂𝝉 constrain the same BF

https://doi.org/10.1103/PhysRevD.110.052002
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Status of 𝑽𝒄𝒔3 𝜦𝒄
+ → 𝜦𝒆+𝝂𝒆

Phys. Rev. Lett. 129, 231803 (2022)

➢ 4.5 𝐟𝐛−𝟏@4.600-4.669 GeV

➢ Phys. Rev. Lett. 129, 231803 (2022)

➢ 𝓑 𝜦𝒄
+ → 𝜦𝒆+𝝂𝒆 = 𝟑. 𝟓𝟔 ± 𝟎. 𝟏𝟏 ± 𝟎. 𝟎𝟕 %

➢ 𝑽𝒄𝒔 = 𝟎. 𝟗𝟑𝟔 ± 𝟎. 𝟎𝟏𝟕𝓑. ± 𝟎. 𝟎𝟐𝟒𝐋𝐐𝐂𝐃. ± 𝟎. 𝟎𝟎𝟕𝝉𝜦𝒄 . ;(𝝈𝐞𝐱𝐩. = 𝟑. 𝟐%)

https://doi.org/10.1103/PhysRevLett.129.231803
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Status of 𝑽𝒄𝒅4 𝑫+ → 𝝁+𝝂𝝁

Phys. Rev. Lett. 135, 061801(2025)

➢ 20.3 𝐟𝐛−𝟏@3.773 GeV

➢ Phys. Rev. Lett. 135, 061801(2025)

➢ Branching fractions:
• 𝓑 𝑫+ → 𝝁+𝒗𝝁 = 𝟒. 𝟎𝟑𝟒 ± 𝟎. 𝟎𝟖𝟎 ± 𝟎. 𝟎𝟒𝟎 × 𝟏𝟎−𝟒

➢Radiative correction:
• 𝚪 𝑫+ → 𝝁+𝒗𝝁 = 𝚪 𝒄 → 𝓵+𝝂𝓵 𝟏 +

𝜶

𝝅
𝑪𝒑

1. Short-distance electroweak correction increases BF by 1.8% [PRD98,074512, NPB196,83]
2. Long-distance electroweak correction [inner bremsstrahlung and virtual photon] reduce BF by 

2.5% with 0.6% uncertainty of unknown electromagnetic correction [PRD98,074512]

➢ 𝒇𝑫+ = 𝟐𝟏𝟑. 𝟓 ± 𝟐. 𝟏𝐬𝐭𝐚𝐭. ± 𝟏. 𝟏𝐬𝐲𝐬𝐭. ± 𝟎. 𝟖𝐢𝐧𝐩𝐮𝐭. ± 𝟎. 𝟕𝐄𝐌. ;(𝝈𝐞𝐱𝐩. = 𝟏. 𝟐%& 𝝈𝐚𝐥𝐥. = 𝟏. 𝟑%)
➢ 𝑽𝒄𝒅 = 𝟎. 𝟐𝟐𝟔𝟓 ± 𝟎. 𝟎𝟎𝟐𝟑𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟎𝟏𝟏𝐬𝐲𝐬𝐭. ± 𝟎. 𝟎𝟎𝟎𝟗𝐢𝐧𝐩𝐮𝐭. ± 𝟎. 𝟎𝟎𝟎𝟕𝐄𝐌. ;(𝝈𝐞𝐱𝐩. = 𝟏. 𝟏%& 𝝈𝐚𝐥𝐥. = 𝟏. 𝟐%)

https://journals.aps.org/prl/abstract/10.1103/gb8v-4rnh
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Status of 𝑽𝒄𝒅4 𝑫+ → 𝝉+𝝂𝝉 via 𝝉+ → 𝝅+ഥ𝝂𝝉

JHEP 01 089 (2025)

➢ 7.93 𝐟𝐛−𝟏@3.773 GeV

➢ JHEP 01 089 (2025) 

➢ 𝓑 𝑫+ → 𝜏+𝜈𝜏 = 𝟗. 𝟗 ± 𝟏. 𝟏 ± 𝟎. 𝟓 × 𝟏𝟎−𝟒; (Precision of BF is improved by 1.8)

➢ 𝒇𝑫+ = 𝟐𝟎𝟒 ± 𝟏𝟏𝐬𝐭𝐚𝐭. ± 𝟓𝐬𝐲𝐬𝐭. ± 𝟏𝐢𝐧𝐩𝐮𝐭. ; (𝝈𝐞𝐱𝐩. = 𝟓. 𝟗%)
➢ 𝑽𝒄𝒅 = 𝟎. 𝟐𝟏𝟔 ± 𝟎. 𝟎𝟏𝟐𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟎𝟔𝐬𝐲𝐬𝐭. ± 𝟎. 𝟎𝟎𝟏𝐢𝐧𝐩𝐮𝐭. ; (𝝈𝐞𝐱𝐩. = 𝟔. 𝟐%)

𝝁 −like：𝑬𝐄𝐌𝐂 < 𝟑𝟎𝟎𝐌𝐞𝐕𝝅 −like：𝑬𝐄𝐌𝐂 > 𝟑𝟎𝟎𝐌𝐞𝐕

https://doi.org/10.1007/JHEP01(2025)089
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Status of 𝑽𝒄𝒅 𝑫𝟎(+) → 𝝅−(𝟎)𝒆+𝝂𝒆

➢ 2.93 𝐟𝐛−𝟏@3.773 GeV

Phys. Rev. D 92, 072012 (2015)

Phys. Rev. D 96, 012002 (2017) 

𝑫𝟎 → 𝝅−𝒆+𝝂𝒆
➢ 𝒇+

𝝅 𝟎 = 𝟎. 𝟔𝟑𝟕𝟐 ± 𝟎. 𝟎𝟎𝟖𝟎𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟎𝟒𝟒𝐬𝐲𝐬𝐭. 𝝈𝐞𝐱𝐩. = 𝟏. 𝟒%

➢ |𝑽𝒄𝒔| = 𝟎. 𝟐𝟏𝟓𝟓 ± 𝟎. 𝟎𝟎𝟐𝟕𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟎𝟏𝟒𝐬𝐲𝐬𝐭. ± 𝟎. 𝟎𝟎𝟗𝟒𝐋𝐐𝐂𝐃 𝝈𝐞𝐱𝐩. = 𝟏. 𝟒%&𝝈𝐋𝐐𝐂𝐃. = 𝟒. 𝟔%

𝑫+ → 𝝅𝟎𝒆+𝝂𝒆
➢ 𝒇+

𝝅 𝟎 = 𝟎. 𝟔𝟐𝟐 ± 𝟎. 𝟎𝟏𝟐𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟎𝟑𝐬𝐲𝐬𝐭. 𝝈𝐞𝐱𝐩. = 𝟐. 𝟎%

➢ |𝑽𝒄𝒔| = 𝟎. 𝟐𝟏𝟎 ± 𝟎. 𝟎𝟎𝟒𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟎𝟏𝐬𝐲𝐬𝐭. ± 𝟎. 𝟎𝟎𝟗𝐋𝐐𝐂𝐃 𝝈𝐞𝐱𝐩. = 𝟐. 𝟎%&𝝈𝐋𝐐𝐂𝐃. = 𝟒. 𝟕%

Results of 20.3 𝐟𝐛−𝟏 on going, simultaneous fit to 
𝒅𝜞

𝒅𝒒𝟐 with four channels

The precision will be improved by 2.5 times.

https://doi.org/10.1103/PhysRevD.92.072012
https://doi.org/10.1103/PhysRevD.92.072012
https://doi.org/10.1103/PhysRevD.92.072012
https://doi.org/10.1103/PhysRevD.96.012002
https://doi.org/10.1103/PhysRevD.96.012002
https://doi.org/10.1103/PhysRevD.96.012002
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Status of 𝑽𝒄𝒅4 𝜦𝒄
+ → 𝒏𝒆+𝝂𝒆

➢ 𝓑 𝜦𝒄
+ → 𝒏𝒆+𝝂𝒆 = 𝟎. 𝟑𝟓𝟕 ± 𝟎. 𝟑𝟑𝟒 ± 𝟎. 𝟎𝟏𝟒 %

➢ 𝑽𝒄𝒅 = 𝟎. 𝟐𝟎𝟖 ± 𝟎. 𝟎𝟏𝟏𝐞𝐱𝐩. ± 𝟎. 𝟎𝟎𝟕𝐋𝐐𝐂𝐃. ± 𝟎. 𝟎𝟏𝟏𝝉𝜦𝒄 . ; (𝝈𝐞𝐱𝐩. = 𝟖. 𝟐%)

Nature Commun. 16, 681 (2025)

➢ 4.5 𝐟𝐛−𝟏@4.600-4.669 GeV

➢ Nature Commun. 16, 681 (2025)

First determination of 𝑉𝑐𝑑 from charmed baryon decays

Graph Neural Network based technique effectively 

separates signals from dominant backgrounds

https://doi.org/10.1038/s41467-024-55042-y
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Summary5 Comparison of 𝑽𝒄𝒔 and 𝑽𝒄𝒅

𝝈 = 𝟏. 𝟖%

𝝈 = 𝟏. 𝟐%

𝝈 = 𝟎. 𝟒𝟓%

𝝈 = 𝟎. 𝟗%
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Summary5

➢ Purely leptonic and semi-leptonic decays of charm hadrons are 

important for determining CKM matrix elements, calibrating LQCD

➢ Precisions of 𝑽𝒄𝒔 and 𝑽𝒄𝒅 have been reduced to 0.6% and 1.2%, 

respectively

➢ 20.3 𝐟𝐛−𝟏 data @3.773 GeV is ready at Jul. 2024, more precision 

measurements will be presented

➢ Additional 3 𝐟𝐛−𝟏 data @4.178 GeV in future* will further improve the 

precisions in 𝑫𝒔 sector

* CPC 44, 040001 (2020)
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Thank you!
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