
Leptonic and semi-leptonic 
charm decays at BESIII

Bai-Cian Ke

On behalf of the BESIII Collaboration 


＠FPCP 2021 June 07 - 11, Shanghai, China



Outline

• Introduction

•D0, D+,and Ds Dataset

•DTag


•Pure leptonic decays of 𝑫𝟎

•Semi-leptonic decays of 𝑫𝟎(+)

•(Semi-) leptonic decays of 𝑫s

•Summary

2



Physics of D(s) meson
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• The lightest mesons containing a single charm quark
• Only decay through the weak interaction
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https://en.wikipedia.org/wiki/Charm_quark


BESIII Data Taken near DDbar Threshold
• BEPCII e+e-  collider


• 2.9 fb-1 dataset at ψ(3770)→ DDbar resonance


• 3.19 fb-1 dataset at Ecm 4.178GeV

• Ds are produced mostly via e+e-→DsDs*


• XYZ dataset at Ecm 4.19 - 4.23 GeV (about .8x of 4180 data)

• Advantages:

44

Clean Tagging

Access to absolute branching fraction 
Many systematic uncertainties cancel

Not even enough energy  
for one additional pion



DTag Technique

• Two types of samples

• Single-tag (ST): 

• reconstruct only one D meson


• Double-tag (DT): 

• reconstruct both D mesons (fully reconstruct the event)
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Well known mode

aim to study



66



pure leptonic decay𝑫(𝒔)  semi-leptonic decay𝑫(𝒔)

Γ(𝐷+
(𝑠) → 𝑙+𝜈𝑙)  ∝ 𝑓𝐷+

(𝑠)

2
  ∙ 𝑉𝑐𝑑(𝑠)

2
Γ(𝐷(𝑠) → 𝑃 𝑙+ 𝜈𝑙)  ∝ 𝑓+(𝑞2)

2
  ∙ 𝑉𝑐𝑑(𝑠)

2

Decay constant   form factor : Calibrate Lattice QCD 
CKM matrix element |Vcd(s)|: Test the unitarity of CKM matrix 
Lepton flavor universality test in charm sector

𝑓𝐷+
(𝑠)

,  𝑓+(𝑞2)
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Introduction
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Neutrino is the only particle 
missing in an event



Γ(𝐷+
(𝑠) → 𝑙+𝜈) =

𝐺2
𝐹 𝑓2

𝐷+
(𝑠)

8𝜋
  𝑉𝑐𝑑(𝑠)

2
 𝑚2

𝑙  𝑚𝐷+
(𝑠)  1 −

𝑚2
𝑙

𝑚2
𝐷+

(𝑠)
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Pure leptonic D decay
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D+ → τ+ντ

Phys. Rev. Lett. 123, 211802 (2019)

D+ → τντ

 is reconstructed via τ+ τ+ → π+ντ



137±27 signal events

SM: 
consistent

First observation with a  
significance of 5.1σ.
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D+ → τ+ντ

Phys. Rev. Lett. 123, 211802 (2019)

ℬ(D+ → τ+ντ) = (1.20 ± 0.24 ± 0.12) × 10−3



 MeV LQCD averageInput：𝑓𝐷+  = 212 . 3 ± 0 . 6
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Comparison of |Vcd |



Input：
=0.22438±0.00044 
PDG2018 from CKM unitarity

|𝑽𝒄𝒅 |  
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Comparison of fD+



− Single pole form − Modified pole model

− ISGW2 model − Series expansion model

𝑑Γ
𝑑𝑞2

= 𝑋
𝐺2

𝐹 𝑝3

24𝜋3
𝑓+(𝑞2)

2
𝑉𝑐𝑑(𝑠)

2
 (𝑋 = 1 𝑓𝑜𝑟 𝐾−,  𝜋−,  �̄�0, 𝜂(′ ); 𝑋 =

1
2

 𝑓𝑜𝑟 𝜋0) 

  𝑫 → 𝑷 𝒆+𝝂 (𝑷 = 𝑲,  𝝅, 𝜼(′ ))

𝑓+(𝑞2) =
𝑓+(0)

1 − 𝑞2 /𝑀2
𝑝𝑜𝑙𝑒

𝑓+(𝑞2) =
𝑓+(0)

(1 − 𝑞2

𝑀 2
𝑝𝑜𝑙𝑒 )(1 − 𝛼 𝑞2

𝑀 2
𝑝𝑜𝑙𝑒 )

𝑓+(𝑞2) = 𝑓+(𝑞2
𝑚𝑎𝑥)(1 +

𝑟2

12 (𝑞2
𝑚𝑎𝑥 − 𝑞2))

−2 𝑓+(𝑡) =
1

𝑃 (𝑡)Φ(𝑡,  𝑡0)
𝑎0(𝑡0)(1 +

∞

∑
𝑘=1

𝑟𝑘(𝑡0)[𝑧(𝑡, 𝑡0)]
𝑘
) 
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Semi-leptonic D decay



BKGI:  
BKGII: 

BKGIII: other non-peaking backgrounds

𝐷0(+) → 𝜋−(0)𝜋+�̄�0

𝐷0 → 𝐾−𝜋+,  𝐷0(+) → 𝜋−(0)𝜋+,  
𝐷0(+) → 𝜋−(0)𝜋+𝜋0 
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ℬ(D0 → π−μ+νμ) = (0.272 ± 0.008 ± 0.006) %

ℬ(D+ → π0μ+νμ) = (0.350 ± 0.011 ± 0.010) %

D0(+) → π−(0)μ+νμ

Phys. Rev. Lett. 121, 171803 (2018)



 consistent

𝑅𝜋−

𝐿𝐹𝑈 =
Γ(𝐷0 → 𝜋−𝜇+𝜈𝜇)
Γ(𝐷0 → 𝜋− 𝑒+𝜈𝑒)

= 0 . 922 ± 0 . 030 ± 0 . 022  

𝟏 . 𝟕𝝈  consistent

𝑅𝜋0

𝐿𝐹𝑈 =
Γ(𝐷+ → 𝜋0𝜇+𝜈𝜇)
Γ(𝐷+ → 𝜋0 𝑒+𝜈𝑒)

= 0 . 964 ± 0 . 037 ± 0 . 026  

𝟎 . 𝟓𝝈

SM expectation:  𝟎 . 𝟗𝟖𝟓 ± 𝟎 . 𝟎𝟎𝟐 [𝐸𝑢𝑟 . 𝑃h𝑦𝑠 . 𝐽 . 𝐶78, 501(2018)]
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D0(+) → π−(0)μ+νμ
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Comparison of fD→π
+ (0)

Inputs from CKMFitter

|Vcd | = 0.22438 ± 0.00044



No significant evidence of LFU violation is found 
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D0 → K−μ+νμ

Phys. Rev. Lett. 122, 011804 (2019)

D0 → K−π+π0
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Comparison of fD→K
+ (0)

Inputs from CKMFitter

|Vcs | = 0.97359+0.00010

−0.00011



Experimental confirmation for 
the first time since it was 
predicted in 30 years ago. 
Phys. Rev. D 39, 799 (1989). 

SM(0.97-1.00) 
no LFU violation within 
current sensitivity 

20Phys. Rev. Lett. 124, 231801 (2020)

First observation of D+ → ημ+νμ



SM(0.93-0.99) 
no LFU violation within current statistics

Consistent with theoretical calculation 
(LFQM, CCQM, and LCSR methods).
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Experimental confirmation for the first time since it was predicted in 30 years ago. 
Phys. Rev. D 39, 799 (1989). 

Phys. Rev. D 101, 072005 (2020)

First observation of D+ → ωμ+νμ



SM(0.93-0.96)

22arXiv:2106.02292

First observation of D0 → ρ−μ+νμ

2.1  from unity based on isospin symmetryσ

D0 → π+π−π0π0



23Phys. Rev. Lett. 121, 081802 (2018)

D0(+) → a0(980)−(0)e+νe

Semileptonic decay  
to scalar meson
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D0(+) → π−π0(+)e+νe

D0

D+

Phys. Rev. Lett. 122, 062001 (2019)



observed

𝐵(𝐷0 → (�̄�0 𝜋−)𝑆−wave
 𝑒+𝜈𝑒 )

= (7 . 90 ± 1 . 40 ± 0 . 91) × 10−4
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D0 → K̄0π−e+νe

Phys. Rev. D 99, 011003(R) (2019)

B(D0 → K̄0π−e+νe)
= (1.434 ± 0.029 ± 0.032) %

B(D0 → K*(892)−e+νe)
= (2.003 ± 0.046 ± 0.047) %



Test the theoretical calculations (agree with the CLFQM and LCSR prediction.) 

Provide important input to study the photon polarization in   by 
measuring the ration of up-down asymmetries. 

（Isospin conservation test）

𝐵 → 𝐾1𝛾

𝜞(𝑫+ → 𝑲𝟏(𝟏𝟐𝟕𝟎)𝟎 𝒆+ 𝝂𝒆)
𝜞(𝑫𝟎 → 𝑲𝟏(𝟏𝟐𝟕𝟎)− 𝒆+ 𝝂𝒆)

= 1 . 2+0.7
−0.5

First observation of D meson semi-leptonic decay into axial-vector mesons.
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D0 → K̄1(1270)0e+νe

Phys. Rev. Lett. 122, 062001 (2019)



𝐷0 → 𝑏1(1235)− 𝑒+ 𝜈𝑒 𝐷+ → 𝑏1(1235)0 𝑒+ 𝜈𝑒

No significant signal is observed 27

D0(+) → b1(1235)(−)0e+νe

Phys. Rev. D 102, 112005 (2020)
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(Semi-)leptonic Ds decay
Pure leptonic decay 

•  

Semi-leptonic decay 

•   

•  

•  

•  

•  

D+
s → μ+νμ

D+
s → K0e+νe, K*0e+νe

D+
s → ηe+νe, η′ e+νe

D+
s → pp̄e+νe

D+
s → γe+νe

D+
s → Xe+νe

Phys. Rev. Lett. 122, 071802 (2019)

Phys. Rev. Lett. 122, 061801 (2019)

Phys. Rev. Lett. 122, 121801 (2019)

Phys. Rev. D 100, 112008 (2019)

Phys. Rev. D 99, 072002 (2019)

arXiv:2104.0731

The talk “Leptonic Ds decay at BESIII” in Parallel session, 08 June 12:00 



N tot
DT = 1135.9 ± 33.1
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ℬD+
s →μ+νμ

= (5.49 ± 0.16stat ± 0.15syst) × 10−3

RD+
s

τ/μ ∼
ℬPDG

D+
s →τ+ντ

ℬ̄D+
s →μ+νμ

= 9.98 ± 0.52

ACP =
ℬD+

s →μ+νμ
− ℬD−

s →μ−ν̄μ

ℬD+
s →μ+νμ

+ ℬD+
s →μ+ν̄μ

= (2.0 ± 3.0stat ± 1.2syst) %

Phys. Rev. Lett. 122, 071802 (2019)

fD+
s

|Vcs | = 246.2 ± 3.6stat ± 3.5syst MeV

fD+
s

|Vcs | = 246.2 ± 3.6stat ± 3.5syst MeV

D+
s → μ+νμ

(SM: 9.74)
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Cabibbo-suppressed channels

𝐵(𝐷+
𝑠 → 𝐾0𝑒+𝜈𝑒) = (3 . 25 ± 0 . 38 ± 0 . 16) × 10−3 

𝐵(𝐷+
𝑠 → 𝐾∗0𝑒+𝜈𝑒) = (2 . 37 ± 0 . 26 ± 0 . 20) × 10−3 

NK0

DT = 117.2 ± 13.9 NK*0

DT = 155.0 ± 17.2

Phys. Rev. Lett. 122, 068801 (2019)

D+
s → K*(0)e+νe

Precision improved 2 over PDG and First FF measurements



31

ℬD+
s →ηe+νe

=

ℬD+
s →η′ e+νe

=

(2.323 ± 0.063stat ± 0.063syst) %

(0.824 ± 0.073stat ± 0.027syst) %

D+
s → η(′ )e+νe

f η
+(0) |Vcs | = 0.4455 ± 0.0053stat ± 0.0044systMeV

f η′ 
+(0) |Vcs | = 0.477 ± 0.049stat ± 0.011systMeV

Phys. Rev. Lett. 122, 121801 (2019)
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D+
s → pp̄e+νe

Phys. Rev. D 100, 112008 (2019)

Upper limit @ 90% CL.: 

D+
s → γe+νe

ℬD+
s →γe+νe

< 1.3 × 10−4

Phys. Rev. D 99, 072002 (2019)

D+
s → a0(980)0e+νe

ℬ(D+
s → a0(980)0e+νe) × ℬ(a0(980)0 → π0η) < 1.2 × 10−4

Phys. Rev. D 103, 092004 (2021) 



33

Summary
First evidence for:

First observation for:

First measurements  
the dynamics on:

Precisely measured:

Test the lepton universality:

Light hadron results:

D+ → a0(980)0e+νe

D+ → τ+ντ
D+ → π0μ+νμ
D0 → a0(980)−e+νe
D+ → f0(500)e+νe
D+ → ημ+νμ
D+ → ωμ+νμ

D+
s → η(′ )e+νe

D+
s → K0(*)e+νe

D0 → K̄0π−e+νe

Decay constant fDs

Form factor fK
+(0), f π

+(0), f η(′ )

+ (0)
|Vcd(s) |

No evidence for LFUV in  
charm at 1.5% precision

 mixing angleη − η′ 

Test on θK1

Tetraquark description favored  
for light scalar meson



Prospect
With 20 fb-1 of data set at 3.773 GeV in the coming two years

Leptonic Decay
2.93 fb-1 20 fb-1 

2.6% 1.0%

2.5% 1.0%

19% 8%

BESIII is expected to provide unique data in the next decade to improve the 
knowledge of  and |  and test LFU in  decays.𝒇𝑫+ 𝑉𝑐𝑑 | 𝐷+ → 𝑙+𝜈𝑙

From White Paper (Chin. Phys. C 44, 040001 (2020))
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|Vcd |

fD+

|Vcd |

LFU



Prospect
With 20 fb-1 of data set at 3.773 GeV in the coming two years

Semi-leptonic Decay
➢  All form-factor measurements which are currently statistically limited    
     will be improved by a factor of up to 2.6.  
➢ Determine FF for the first time: , , , 

,   
➢ | | with SL  decays in electron channels are expected to reach  
     to 0.5%.

𝑫𝟎 → 𝑲(𝟏𝟐𝟕𝟎)− 𝝂𝒆 𝑫+ → 𝑲 𝟏(𝟏𝟐𝟕𝟎)𝟎 𝒆+ 𝝂𝒆 𝑫+ → 𝜼′  𝝁+𝝂𝝁

𝑫𝟎 → 𝒂𝟎(𝟗𝟖𝟎)−𝒆+𝝂𝒆 𝑫+ → 𝒂𝟎(𝟗𝟖𝟎)𝟎𝒆+𝝂𝒆

𝑉𝑐𝑑(𝑠)  𝑫𝟎(+) 

LQCD Expected

2.4% 1.0%
4.4% 0.5%

From White Paper (Chin. Phys. C 44, 040001 (2020))
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fK
+ (0)
f π
+(0)



Thanks for your attention


