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Motivation

➢ Measure decay constant and semi-leptonic decay form factor → Test and Calibrate  

Lattice QCD

➢ Measure CKM matrix element( 𝑉𝑐𝑠 、|𝑉𝑐𝑑|)  → Test the unitarity of CKM matrix

➢ Measure 𝑅 =
ℬ(𝐷 𝑠 → 𝜏+𝜈𝜏)

ℬ(𝐷 𝑠 →𝜇+𝜈𝜇)
→ Test the lepton flavor universality

Γ 𝐷 𝑠
+ → ℓ+𝜈ℓ =

𝐺𝐹
2 𝑓

𝐷(𝑠)
+
2

8𝜋
|𝑉𝑐𝑑(𝑠)|

2𝑚ℓ
2𝑚𝐷 𝑠

+ (1 −
𝑚ℓ
2

𝑚
𝐷 𝑠
+

2 )2
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Beijing Electron Positron Collider (BEPCII)
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BESIII detector 
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Data samples at BESIII

TECN Luminosity (𝐟𝐛−𝟏) 𝑬𝒄𝒎 (GeV) Year 

BESIII 𝐷+(0) : 2.93 (8)

𝐷𝑠
+ : 7.33

3.773

4.128-4.223

2010-2011(+2022)

2013-2019

CLEO-c 𝐷+(0) : 0.82

𝐷𝑠
+ : 0.6

3.770

4.170

— 2008

2023—2024 :  8 → 20 𝐟𝐛−𝟏 𝝍 𝟑𝟕𝟕𝟎 (for 𝑫+(𝟎)) at BESIII.
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Pure leptonic 𝑫 decay

Signal  side 

Single tag Well known mode

Aim to study

𝑀𝑚𝑖𝑠𝑠
2 = 𝐸𝑚𝑖𝑠𝑠

2 − | Ԧ𝑝𝑚𝑖𝑠𝑠|
2

➢ Single tag (ST)

𝑁𝑡𝑎𝑔
𝑆𝑇 = 2𝑁𝐷𝑠

∗𝐷𝑠ℬ𝑡𝑎𝑔 𝜖𝑡𝑎𝑔

➢ Double tag (DT)

𝑁𝑡𝑎𝑔,𝑠𝑖𝑔
𝐷𝑇 = 2𝑁𝐷𝑠

∗𝐷𝑠ℬ𝑡𝑎𝑔ℬ𝑠𝑖𝑔ℬ𝛾(𝜋0)𝜖𝑠𝑖𝑔

ℬ𝑠𝑖𝑔 =
𝑁𝑡𝑎𝑔,𝑠𝑖𝑔
𝐷𝑇

ℬ𝛾(𝜋0)σ𝛼𝑁𝑡𝑎𝑔
𝑆𝑇,𝛼𝜖𝑠𝑖𝑔

𝛼 /𝜖𝑡𝑎𝑔
𝛼

✐ ℬ𝛾(𝜋0) = ℬ(𝐷𝑠
∗ → 𝛾(𝜋0)𝐷𝑠)
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𝑫𝒔
+ → 𝝁+ 𝝂𝝁

𝑫𝒔
+ → 𝝉+ 𝝂𝝉

𝜇 − 𝑙𝑖𝑘𝑒

𝜋 − 𝑙𝑖𝑘𝑒

2022/8/17 8

Studies of 𝑫𝒔
+ → ℓ+ 𝝂ℓ

𝑫𝒔
+ → 𝝁+ 𝝂𝝁 𝐚𝐧𝐝 𝑫𝒔

+ → 𝝉+(𝝅+ഥ𝝂𝝉)𝝂𝝉

➢ Data: 6.3 fb−1 @4.18 − 4.23 GeV

➢ 𝑵𝒔𝒊𝒈 = 𝟐𝟏𝟗𝟖 ± 𝟓𝟓, 𝑵𝒔𝒊𝒈 = 𝟗𝟒𝟔 ± 𝟒𝟔

➢ ℬ 𝐷𝑠
+ → 𝜇+ 𝜈𝜇 = (5.35 ± 0.13 ± 0.16) × 10−3

𝑓𝐷𝑠+ 𝑉𝑐𝑠 = (243.1 ± 3.0 ± 3.7) MeV [𝝁] precision~2.0%

➢ ℬ 𝐷𝑠
+ → 𝜏+ 𝜈𝜏 = 5.21 ± 0.25 ± 0.17 %

𝑓𝐷𝑠+ 𝑉𝑐𝑠 = 243.0 ± 5.8 ± 4.0 MeV [𝝉] precision ~2.9%

Phys. Rev. D 104, 052009 (2021)

R =
ℬ 𝐷𝑠

+ → 𝜏+ 𝜈𝜏

ℬ(𝐷𝑠
+→𝜇+ 𝜈𝜇)

= 9.73−0.58
+0.61 ± 0.37

SM prediction: 9.75 ± 𝟎. 𝟎𝟏
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Studies of 𝑫𝒔
+ → ℓ+ 𝝂ℓ

Phys. Rev. D 104, 032001 (2021) 𝑫𝒔
+ → 𝝉+(𝝆+ഥ𝝂𝝉)𝝂𝝉

➢ Data: 6.3 fb−1 @4.18 − 4.23 GeV

➢ 𝑵𝒔𝒊𝒈 = 𝟏𝟕𝟒𝟓 ± 𝟖𝟒

➢ ℬ 𝐷𝑠
+ → 𝜏+ 𝜈𝜏 = 5.29 ± 0.25 ± 0.20 %

𝑓𝐷𝑠+ 𝑉𝑐𝑠 = (244.8 ± 5.8 ± 4.8) MeV precision~3.1%

R =
ℬ 𝐷𝑠

+→ 𝜏+ 𝜈𝜏

ℬ(𝐷𝑠
+→𝜇+ 𝜈𝜇)𝐵𝐸𝑆𝐼𝐼𝐼

= 9.89 ± 0.71

BESIII: Phys. Rev. D 104, 052009 (2021)

SM prediction: 9.75 ± 𝟎. 𝟎𝟏
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Studies of 𝑫𝒔
+ → ℓ+ 𝝂ℓ

𝑫𝒔
+ → 𝝉+(𝒆+𝝂𝒆ഥ𝝂𝝉)𝝂𝝉Phys. Rev. Lett. 127, 171801 (2021)

➢ Data: 𝟔. 𝟑 𝐟𝐛−𝟏 @𝟒. 𝟏𝟖 − 𝟒. 𝟐𝟑 𝐆𝐞𝐕

➢ 𝑵𝒔𝒊𝒈 = 𝟒𝟗𝟒𝟎 ± 𝟗𝟕

➢ ℬ 𝐷𝑠
+ → 𝜏+ 𝜈𝜏 = 5.27 ± 0.10 ± 0.12 %

𝑓𝐷𝑠+ 𝑉𝑐𝑠 = 244.4 ± 2.3 ± 2.9 MeV precision~1.5%

𝑅 =
ℬ 𝐷𝑠

+→ 𝜏+ 𝜈𝜏

ℬ(𝐷𝑠
+→𝜇+ 𝜈𝜇)𝑃𝐷𝐺

= 9.72 ± 0.37

SM prediction: 9.75 ± 𝟎. 𝟎𝟏
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Comparisons of 𝒇𝑫𝒔+ and |𝑽𝒄𝒔|

1.5% 1.5%

𝑓𝐷𝑠+ |𝑉𝑐𝑠|
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Semi-leptonic 𝑫 → 𝑷(𝑺) 𝒆+ 𝝂𝒆

𝑑Γ

𝑑𝑞2
= 𝑋

𝐺𝐹
2 |𝑉𝑐𝑑(𝑠)|

2

24𝜋3
𝑝3|𝑓+(𝑞

2)|2

(𝑋 = 1 𝑓𝑜𝑟 𝐾−, 𝜋−, ഥ𝐾0, 𝜂(′); 𝑋 =
1

2
𝑓𝑜𝑟 𝜋0)

𝑓+
𝐷→𝑃(𝑆)

0 |𝑉𝑐𝑑(𝑠)|

Dynamics study

★ Very helpful for us to study:

➢ light meson spectrum 

➢ Nonperturbative QCD by measuring the form factor

Parametric form of form factor:

(1) Single pole form (2) Modified pole model (3) ISGW2 model (4) Series expansion model
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𝑵𝒔𝒊𝒈 = −𝟔. 𝟗 ± 𝟕. 𝟐

No significant signal

Study of 𝑫𝒔
+ → 𝝅𝟎𝒆+ 𝝂𝒆

➢ 𝐃𝐚𝐭𝐚: 6.3 fb−1 @4.18 − 4.23 GeV

➢ ℬ 𝐷𝑠
+ → 𝜋0𝑒+𝜈𝑒 < 6.4 × 10−5@90%CL

Theory: (2.65 ± 0.38) × 10−5 [PLB811,135879(2020)]

arXiv:2206.13870(2022)

To study 𝜋0 − 𝜂 mixing effect 
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Scalar particle in 𝑫𝒔 semi-leptonic decay

➢ Data: 6.3 fb−1 @4.18 − 4.23 GeV

➢ 𝑵𝒔𝒊𝒈 = 𝟓𝟒. 𝟖 ± 𝟏𝟎. 𝟏 (significance: 7.8𝝈)

➢ ℬ 𝐷𝑠
+ → 𝑓0 980 𝑒+ 𝜈𝑒 , 𝑓0 980 → 𝜋0𝜋0 = (7.9 ± 1.4 ± 0.4) × 10−4

➢ ℬ 𝐷𝑠
+ → 𝑓0 500 𝑒+ 𝜈𝑒 , 𝑓0 500 → 𝜋0𝜋0 < 7.3 × 10−4 @90%CL

➢ ℬ 𝐷𝑠
+ → 𝐾𝑆

0𝐾𝑆
0𝑒+𝜈𝑒 < 3.8 × 10−4 @90%CL

No significant signal
Phys. Rev. D(L) 105, L031101 (2022)
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Inclusive 𝑫𝒔 semi-leptonic decay

Extract 𝐷𝑠
+ → 𝑋𝑒+𝜈𝑒signal yields from 𝑒+

momentum spectrumNo evidence for unobserved 

exclusive semi-electronic modes 

ℬ 𝐷𝑠
+ → 𝑋𝑒+𝜈𝑒 = 6.30 ± 0.13 ± 0.09 ± 0.04 %

ℬ 𝐷𝑠
+ → 𝑋𝑒+𝜈𝑒 𝐶𝐿𝐸𝑂 = 6.52 ± 0.39 ± 0.15 %

ℬ 𝐷𝑠
+ → 𝑋𝑒+𝜈𝑒 − ෍

𝑖

ℬ 𝐷𝑠
+ → 𝑋𝑖𝑒

+𝜈𝑒

= −0.04 ± 0.13 ± 0.09 ± 0.17 %

➢ 𝐃𝐚𝐭𝐚: 6.3 fb−1 @4.18 − 4.23 GeV

➢ 𝑵𝒕𝒂𝒈(𝐷𝑠
− → 𝐾+𝐾−𝜋−) = 262660±1137

➢ 𝑵𝒔𝒊𝒈 = 𝟏𝟔𝟔𝟒𝟖 ± 𝟑𝟐𝟔

Phys. Rev. D 104, 012003 (2021)

Precision~2.6%

Precision~6.4%

Fitting
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New method for 𝑫 → 𝑲 𝒆 𝝂𝒆

➢ Data: 2.93 fb−1 @3.773 GeV

➢ ℬ𝑆𝐿 = 𝑁𝐷𝑇/(𝑁𝐷ഥ𝐷 ∙ 𝜖𝐷𝑇)

𝐷+ → ഥ𝐾0𝑒+𝜈𝑒

ℬ 𝐷0 → 𝐾−𝑒+𝜈𝑒 = 3.567 ± 0.031 ± 0.025 %

ℬ 𝐷+ → ഥ𝐾0𝑒+𝜈𝑒 = 8.68 ± 0.14 ± 0.16 %

Phys. Rev. D 104, 052008 (2021) 𝐷0 → 𝐾−𝑒+𝜈𝑒

Independent sample of previous measurement 

with hadronic tags

𝑵𝒔𝒊𝒈 = 𝟒𝟎𝟒𝟎 ± 𝟕𝟎 𝑵𝒔𝒊𝒈 = 𝟏𝟏𝟕𝟐 ± 𝟑𝟖
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New decay mode 𝑫∗𝟎 → 𝑫𝟎 𝒆+𝒆−

Phys. Rev. D 104, 112012 (2021)

𝐷0 → 𝐾−𝜋+ 𝐷0 → 𝐾−𝜋+𝜋0 𝐷0 → 𝐾−𝜋+𝜋−𝜋+

𝐷0 → 𝐾−𝜋+ 𝐷0 → 𝐾−𝜋+𝜋0 𝐷0 → 𝐾−𝜋+𝜋−𝜋+

𝐷∗0 → 𝐷0 𝑒+𝑒−

𝐷∗0 → 𝐷0𝛾

➢ 𝐃𝐚𝐭𝐚: 3.19 fb−1 @4.18

➢ 𝑵𝒔𝒊𝒈 = 𝟒𝟐𝟎. 𝟗 ± 𝟏𝟔. 𝟗

➢ 𝑵𝒓𝒆𝒇 = 𝟐𝟑𝟖𝟏𝟓𝟏 ± 𝟒𝟔𝟖

ℬ 𝐷∗0 → 𝐷0 𝑒+𝑒−

=
𝑁𝑠𝑖𝑔 ∙ 𝜖𝑟𝑒𝑓

𝑁𝑟𝑒𝑓 ∙ 𝜖𝑠𝑖𝑔
∙ ℬ𝑟𝑒𝑓

= (3.91 ± 0.27 ± 0.17 ± 0.10) × 10−3
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Summary and prospect 

➢ Summary 

➢ Prospect @𝟑. 𝟕𝟕𝟑 𝐆𝐞𝐕 --From White Paper (Chin. Phys. C 44, 040001 (2020))

(1) We have reported precision measurements of 𝑓𝐷𝑠+, 𝑉𝑐𝑠 and test of lepton flavor universality by 

studying the leptonic decays of 𝐷𝑠
+ → 𝜏+ 𝜈𝜏.

(2) We have reported the studies of 𝐷𝑠
+ → 𝜋0𝑒+𝜈𝑒, 𝐷𝑠

+ → 𝜋0𝜋0𝑒+𝜈𝑒 , 𝐷𝑠
+ → 𝐾𝑆

0𝐾𝑆
0𝑒+𝜈𝑒 and 

inclusive 𝐷𝑠 semi-leptonic decay.

(3) We have also reported the new method for 𝐷 → 𝐾 𝑒 𝜈𝑒 and the new decay mode 𝐷∗0

→ 𝐷0 𝑒+𝑒−.

(1) 20 fb−1 of data set at 3.773 GeV is on the way.

(2) BESIII is expected to provide unique data to improve the statistical uncertainty of 𝑓𝐷+ and |𝑉𝑐𝑑|

from about 2.6% to about 1.0% and test LFU  in 𝐷+ → ℓ+ 𝜈ℓ decays. 

(3) All form factor measurements which are currently statistically limited will be improved by a 

factor of up to 2.6.
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Thanks for your attention 
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Backup  
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Other semi-leptonic 𝑫 decays

✓ 𝐷0 → 𝐾1(1270)
−𝑒+𝜈𝑒

✓ 𝐷0 → 𝜌 (770)−𝜇+𝜈𝜇
✓ 𝐷0(+) → 𝑏1(1235)

−(0)𝑒+𝜈𝑒
✓ 𝐷+ → 𝜂𝜇+𝜈𝜇
✓ 𝐷+ → 𝜔𝜇+𝜈𝜇
✓ 𝐷+ → 𝐾1(1270)

0𝑒+𝜈𝑒
✓ 𝐷0(+) → 𝜋−𝜋0(+)𝑒+𝜈𝑒
✓ 𝐷𝑠

+ → 𝐾 ∗ 0𝑒+𝜈
✓ 𝐷0 → ഥ𝐾0𝜋−𝑒+𝜈𝑒
✓ 𝐷𝑠

+ → 𝑝 ҧ𝑝𝑒+𝜈𝑒
✓ 𝐷𝑠

+ → 𝛾𝑒+𝜈𝑒
✓ 𝐷0 → 𝐾−𝜇+𝜈𝜇
✓ 𝐷+ → 𝜏+𝜈𝜏
✓ 𝐷0(+) → 𝑎0(980)

−(0)𝑒+𝜈

✓ 𝐷𝑠
+ → 𝜂(’)𝜇+𝜈 𝑎𝑛𝑑 𝜙𝜇+𝜈

✓ 𝐷+ → 𝜂(’)𝑒+𝜈𝑒
✓ 𝐷0(+) → 𝜋−(0)𝜇+𝜈𝜇

PRL127,131801(2021)

PRD104,L091103(2021)

PRD102,112005(2020)

PRL124,231801(2020)

PRD101,072005(2020)

PRL123,231801(2019)

PRL122,062001(2019)

PRL122,061801(2019)

PRD99,011103R(2019)

PRD100,112008(2019)

PRD99,072002(2019)

PRL122,011804(2019)

PRL123,211802(2019)

PRL121,081802(2018)

PRD97,012006(2018)

PRD97,092009(2018)

PRL121,171803(2018)
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Comparisons of 𝒇𝑫+ and |𝑽𝒄𝒅|

𝑓D+ |𝑉𝑐𝑑|

2.7% → 1.2% 2.7% → 1.3%
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Comparisons of 𝒇+
𝑫→𝑲(𝟎) and 𝒇+

𝑫→𝝅(𝟎)

𝑓+
𝐷→𝐾(0) 𝑓+

𝐷→𝜋(0)

2010→2021

2.4→0.6%

0.7%

0.6%

1.6%

0.8%

>4%


