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BESIII Data Taken near Threshold

• 20.3 fb-1 at Ecm 3.773 GeV: 𝑒!𝑒"→ ψ(3770)→𝐷#𝐷
• 7.33 fb-1 at Ecm 4.128 - 4.226 GeV: 𝑒!𝑒"→ 𝐷#𝐷#∗
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Production of charm hadron pair

Tag one side 
to study another side 

Fully reconstruction

Clean sample

Absolute branching fraction
Amplitude analysis

etc. 

Hadronic decays

Recoil four-momentum

missing particle (neutrino)

(Semi)-leptonic decays
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Pure leptonic D decay

Lepton flavor universality 
Decay constant 𝒇𝑫(𝒔)$ :
Calibrate Lattice QCD

CKM matrix element |𝑽𝒄𝒅(𝒔)| :
Test the unitarity of CKM matrix 
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𝐷! → 𝜇!𝜈"

ℬ(𝐷! → 𝜇!𝜈*) = (4.034 ± 0.080 ± 0.040)×10"+

PRL 135, 061801 (2025) 5

Using the 20.3 fb-1 full dataset Precision: 1.2%

Short-distance electroweak 
correction increases BF by 1.8% 
[PRD98,074512, NPB196,83]

Long-distance electroweak 
correction [inner bremsstrahlung 
and virtual photon] reduce BF by 

2.5% with 0.6% uncertainty 
[PRD98,074512]



𝐷! → 𝜏!𝜈#

JHEP01(2025)89

ℬ(𝐷! → 𝜏!𝜈,) = (9.9 ± 1.1 ± 0.5)×10"+

via 𝜏! → 𝜋!𝜈"

Unfortunately 𝐷# → 𝜏#𝜈( can’t contribute 
to 𝐷# decay constant measurement 6To be updated using the 20 fb-1 full dataset

Precision: ~6%

The peaking-background shapes
of D+ → π0π+ and D+ → K0L

π+ are extracted from data-based 
control samples.



𝐷! → 𝑒!𝜈$ and 𝐷! → 𝜸𝑒!𝜈"
CPC 49, 063001 (2025)

ℬ 𝐷! → 𝑒!𝜈- < 9.7×10". @90% C. L.
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arXiv:2503.16070
Accepted by CPC

ℬ 𝐷! → 𝛾𝑒!𝜈- < 1.2×10"/ @90% C. L.

𝐷! → 𝑒!𝜈- is helicity suppression. Predicted BF < 10"0
𝐷! → 𝛾𝑒!𝜈- mitigates this suppression. Predicted BF 10"/- 10"1

Deep learning is used
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First experimental study of 𝐷"∗$ → 𝑒$𝜈

First experimental result on 𝐟"!∗#

ℬ 𝐷#∗% → 𝑒%𝜈& = 2.1'(.*%+., ± 0.2 x10'-

with significance 2.9𝜎

Phys. Rev. Lett. 131, 14180(2023)
Search	for	𝐷∗$ → 𝑙$𝜈

𝑒$𝜈 𝜇!𝜈

No significant signal observed

ℬ 𝐷∗# → 𝜇#𝜈* < 4.3×10!+ @ 90% C.L.

ℬ 𝐷∗# → 𝑒#𝜈, < 1.1×10!- @ 90% C.L.

Phys. Rev. D 110, 012003(2024)



𝐷! → 𝜇!𝜈"中的辐射修正
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Ø 赝标介⼦衰变常数和CKM矩阵元的乘积可以从纯轻衰变的最低阶分⽀比中提
取，即下式中的Γ(")

Ø 然⽽，实验测量中纯轻衰变𝐷$ → 𝜇$𝜈%和辐射衰变𝐷$ → 𝛾𝜇$𝜈%⽆法区分

Ø 𝐷$ → 𝛾𝜇$𝜈%本底需要被减除

辐射修正包含下⾯三种过程的修正:短程(1)和⻓程(2)电弱修正、结构依赖的辐射修正(3)

参考⽂献: PDG review、 PRD 98, 074512 (2018)

修正因⼦

问题回顾

https://doi.org/10.1103/PhysRevD.98.074512
https://doi.org/10.1103/PhysRevD.98.074512
https://doi.org/10.1103/PhysRevD.98.074512
https://doi.org/10.1103/PhysRevD.98.074512
https://doi.org/10.1103/PhysRevD.98.074512
https://doi.org/10.1103/PhysRevD.98.074512
https://doi.org/10.1103/PhysRevD.98.074512
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问题回顾
Ø 之前实验上辐射修正处理⽅法:

Ø ⻓程：PHOTOS包

Ø 结构依赖贡献(+1.0%)：实验上减去了1.0%

Ø 短程贡献(+1.8%)：需要减去1.8%,实验上未处理 [PDG review减去了1.8%]

This correction accounts for tree-level radiative processes in
which the D meson decays into a real photon and an off-shell
vector meson, which subsequently decays weakly to a charged
lepton and neutrino. It is estimated using Eq. (12) of Burdman et
al. with the CLEO-c cut on the photon energy, which is typical of
all the measurements. [PDG review]

http://doi.org/10.1103/PhysRevD.51.111
http://doi.org/10.1103/PhysRevD.51.111
http://doi.org/10.1103/PhysRevD.51.111
http://doi.org/10.1103/PhysRevD.51.111
http://doi.org/10.1103/PhysRevD.51.111
http://doi.org/10.1103/PhysRevD.51.111
http://doi.org/10.1103/PhysRevD.51.111
http://doi.org/10.1103/PhysRevD.51.111
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I find controversial the way the Section 72.3.1 treats the
radiative corrections for D decays. When I referred to the
PDG review previously I kept in mind more the charged kaon
decay where high precision measurements already have done
long time ago and the theory for radiative corrections is well
established. PHOTOS cannot be a replacement for the
explicit radiative correction treatment for |𝑉&'| and 𝑓(!
extractions.
[https://hnbes3.ihep.ac.cn/HyperNews/get/paper769/24.html]

Ø PRL的referee认为之前处理⽅式有争议

Ø 尤其是对于⻓程贡献的估计:PHOTOS不能估计特定的辐射修正

问题回顾
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我们的做法
⼀、结构依赖相关部分

Ø 引⽤BESIIII最新测量的𝐷$ → 𝛾𝑒$𝜈)分⽀比 [arXiv:2503.16070.]
Ø 估计其贡献，在对数据的拟合中固定该背景事例数

Ø 具体结果：𝐷$ → 𝛾𝑒$𝜈)的贡献事例数为6.6 ± 4.6，造成0.17%的系统误差

Ø 短程:减去1.8% [Sirlin]

Ø ⻓程:增加2.5% [Kinoshita’s work]

Ø 由于介⼦结构不确定性造成的电弱修正系统误差为0.6% [PRD 98, 074512 (2018)]

给出了𝐷$ → 𝜇$𝜈%的分⽀比: ℬ 𝐷$ → 𝜇$𝜈% = (4.034 ± 0.080 ± 0.040)×10*+

提取f(!|𝑉&'|时，我们对所测分⽀比进⾏了⻓程和短程电弱修正

⼆、⻓程和短程电弱修正:根据Fermilab Lattice and MILC Collaborations处理

https://arxiv.org/abs/2503.16070
https://arxiv.org/abs/2503.16070
https://arxiv.org/abs/2503.16070
https://arxiv.org/abs/2503.16070
https://arxiv.org/abs/2503.16070
https://arxiv.org/abs/2503.16070
https://arxiv.org/abs/2503.16070
https://arxiv.org/abs/2503.16070
https://arxiv.org/abs/2503.16070
https://arxiv.org/abs/2503.16070
https://arxiv.org/abs/2503.16070
http://doi.org/10.1016/0550-3213(82)90303-0
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.2.477
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.2.477
http://dx.doi.org/10.1103/PhysRevD.98.074512
http://dx.doi.org/10.1103/PhysRevD.98.074512
http://dx.doi.org/10.1103/PhysRevD.98.074512
http://dx.doi.org/10.1103/PhysRevD.98.074512
http://dx.doi.org/10.1103/PhysRevD.98.074512
http://dx.doi.org/10.1103/PhysRevD.98.074512
http://dx.doi.org/10.1103/PhysRevD.98.074512
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.074512
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.074512
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.074512
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.074512
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.074512
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PDG Sec.7.3.1
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LQCD辐射修正处理方法
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LQCD辐射修正处理方法

1、短程贡献部分：会使得分⽀比升⾼1.8%,需要降低,和PDG⼀样
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LQCD辐射修正处理方法

2、⻓程贡献（IB）部分：会使得分⽀比降低2.5%,需要提⾼
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LQCD辐射修正处理方法

3、结构依赖部分：之前CLEO实验降低其分⽀比1%,此处放了0.6%系统误差
[31] FSR: PHOTOS

[32] 结构依赖部分



Comparison of decay constant

𝑓𝑫" 𝑓𝑫𝒔"
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2.7%



Comparison of |𝑉<=(>)| 

Both pure- and semi-leptonic decays contribute
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Thanks for your attention
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