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Outline

✍ Introduction

✍ Pure leptonic decays 

• 𝑫𝒔" → 𝝉"𝝂𝝉 𝐯𝐢𝐚 𝝉" → 𝒆"𝝂𝒆)𝝂𝝉

• 𝑫𝒔" → 𝝁"𝝂𝝁

✍ Summary

arXiv:2110.08864 [hep-ex]

arXiv:2109.14969 [hep-ex]



3[1] D. Silverman, and H. Yao, Phys. Rev. D 38, 214 (1988).
[2] H. B. Li, and X. R. Lyu, arXiv:2103.00908 [hep-ex]. 

In the SM, ignoring radiative corrections, the decay width of pure 
leptonic 𝑫(𝒔)

$ decay (ℓ = 𝒆, 𝝁, 𝝉) is given by a simple form [1,2]:
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Main goals

𝐁𝐅 𝑫(𝒔)
$ → ℓ$𝝂ℓ = 𝝉𝑫 𝒔

$ ⋅ 𝚪 𝑫(𝒔)
$ → ℓ$𝝂ℓ

𝐁𝐅 𝑫(𝒔)$ → ℓ$𝝂ℓ ∝ 𝒇𝑫 𝒔
$ ⋅ |𝑽𝒄𝒅(𝒔)|
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𝐁𝐅 𝑫(𝒔)
$ → ℓ$𝝂ℓ ∝ 𝒇𝑫 𝒔

$ ⋅ |𝑽𝒄𝒅(𝒔)|

Input 𝒇𝑫 𝒔
$ from

LQCD calculations 

Input |𝑽𝒄𝒅(𝒔)| from 
SM global fit

Extract |𝑽𝒄𝒅(𝒔)| Extract 𝒇𝑫 𝒔
$

p The decay constants 𝒇𝑫 𝒔
$ help to calibrate the LQCD 

calculations;
p The CKM matrix elements |𝑽𝒄𝒅(𝒔)| help to test the unitarity of 

CKM. 
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p Lepton flavor universality

𝑹 =
𝚪 (𝑫(𝒔)

$ → 𝝉$𝝂𝝉)
𝚪 (𝑫(𝒔)

$ → 𝝁$𝝂𝝁)
=

𝒎𝝉!
𝟐 𝟏 −

𝒎𝝉!
𝟐

𝒎𝑫(𝒔)
!

𝟐

𝟐

𝒎𝝁!
𝟐 𝟏 −

𝒎𝝁!
𝟐

𝒎𝑫(𝒔)
!

𝟐

𝟐

Any deviation from experimental measurements potentially indicates the 
existence of New Physics beyond SM.

SM predicted: 𝑩(𝑫 𝒔
$ → 𝒆$𝝂𝒆) < 𝟏𝟎*𝟖, not yet experimentally observed so far.

𝑹 𝑫$ → 𝝉$𝝂𝝉: 𝝁$𝝂𝝁: 𝒆$𝝂𝒆 = 𝟐. 𝟔𝟕: 𝟏: 𝟐. 𝟑𝟓×𝟏𝟎*𝟓

𝑹 𝑫𝒔$ → 𝝉$𝝂𝝉: 𝝁$𝝂𝝁: 𝒆$𝝂𝒆 = 𝟗. 𝟕𝟓: 𝟏: 𝟐. 𝟑𝟓×𝟏𝟎*𝟓

Expectations in the SM:
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Hints of LFU violation in 𝑩 decays 

𝑹 𝑫∗ = 𝐁𝐅(𝑩 → 𝑫 ∗ 𝝉𝝂𝝉)/𝐁𝐅(𝑩 → 𝑫 ∗ ℓ𝝂ℓ)

(predication)
(predication)
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MC samples at STCF

𝒔 (GeV) Luminosity(f𝐛*𝟏) Decay of interest
𝟒. 𝟎𝟎𝟗 𝟏𝟎𝟎 𝒆$𝒆* → 𝑫𝒔𝑫𝒔

CLEO Collaboration, Phys. Rev. D 80, 072001(2009) 

𝝈 𝒆$𝒆* → 𝑫𝒔𝑫𝒔 𝟒.𝟎𝟎𝟗
𝝈 𝒆$𝒆* → 𝑫𝒔∗𝑫𝒔 𝟒.𝟏𝟖

∼ 𝟎. 𝟑

Based on large statistics, the data samples at 𝒔 = 𝟒. 𝟎𝟎𝟗 𝐆𝐞𝐕 can avoid the 
systematic uncertainty caused by 𝜸/𝝅𝟎 reconstruction directly from 𝑫𝒔∗ decays at 
𝒔 = 𝟒. 𝟏𝟖 𝐆𝐞𝐕. 
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4.009 
GeV

𝑫𝒔"

𝑫𝒔#

𝑲# 𝑲"

𝝅"Tag

Signal

𝒆#

𝒆"

𝝉# 𝝂𝝉

𝒆# 𝝂𝒆 0𝝂𝝉

𝑫𝒔" → 𝝉"𝝂𝝉 𝐯𝐢𝐚 𝝉" → 𝒆"𝝂𝒆)𝝂𝝉
arXiv:2110.08864 [hep-ex]

𝑵𝐒𝐓𝐭𝐨𝐭 = 𝟐, 𝟕𝟓𝟗, 𝟏𝟗𝟖 ± 𝟑, 𝟕𝟕𝟎𝐬𝐭𝐚𝐭

• 𝑴𝐁𝐂 = 𝑬𝐛𝐞𝐚𝐦𝟐 − 𝒑𝑫𝒔"
𝟐

Single tag (ST)
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𝑵𝐃𝐓 = 𝑵𝐃𝐓𝐭𝐨𝐭 −𝑵𝐃𝐓
𝐧𝐨𝐧*𝑫𝒔/

−𝑵𝐃𝐓
𝑲𝑳
𝟎𝒆!𝝂𝒆 −𝑵𝐃𝐓

𝑿𝒆!𝝂𝒆

• Only reconstruct one good 
charged track, identified as 
positron.

• 𝑬𝐞𝐱𝐭𝐫𝐚𝐭𝐨𝐭 : the total energy of the 
extra good EMC showers.

• Signal:  𝑬𝐞𝐱𝐭𝐫𝐚𝐭𝐨𝐭 ~𝟎.
• DT yield in the signal
𝑬𝐞𝐱𝐭𝐫𝐚𝐭𝐨𝐭 < 𝟎. 𝟒 GeV (𝑵𝐃𝐓):

arXiv:2110.08864 [hep-ex]

𝑵𝐃𝐓 = 𝟏𝟖, 𝟕𝟕𝟏 ± 𝟐𝟒𝟗𝐬𝐭𝐚𝐭

Double tag (DT)
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arXiv:2110.08864 [hep-ex]Branching fraction

Statistical uncertainty only
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Optimizations of detector response
Optimized results: reconstruction efficiencies is improved by 10%; 
misidentification rate 1.0% at 1 GeV/c.

arXiv:2110.08864 [hep-ex]
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Comparisons of ST(DT) efficiencies and yields 
with or not the optimizations

with withwithout without with with

arXiv:2110.08864 [hep-ex]
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Luminosity (a𝐛"𝟏) 0.1 1 

Optimization without with with

𝐁𝐅 𝑫𝒔# → 𝝉#𝝂𝝉
(%) 𝟓. 𝟒𝟗 ± 𝟎. 𝟎𝟕 𝟓. 𝟒𝟗 ± 𝟎. 𝟎𝟔

(Improved by 14.3%)
±𝟎. 𝟎𝟐

(scaled with luminosity)

Our systematic 
uncertainty: scaled 
according to Ref.[1].

[1]   M. Ablikim et al. (BESIII Collaboration), Phys. Rev. Lett. 127, 171801 (2021).
[45] M. Ablikim et al., Chin. Phys. C 44, 040001 (2020).

Results
arXiv:2110.08864 [hep-ex]
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𝑫𝒔" → 𝝁"𝝂𝝁
arXiv:2109.14969 [hep-ex]𝑵𝐒𝐓𝐭𝐨𝐭 = 𝟑, 𝟒𝟓𝟐, 𝟔𝟎𝟓 ± 𝟔𝟏𝟕𝟕𝐬𝐭𝐚𝐭
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DT yield

𝑵𝐃𝐓 = 𝟏𝟒, 𝟔𝟖𝟕 ± 𝟏𝟒𝟐𝐬𝐭𝐚𝐭

arXiv:2109.14969 [hep-ex]

𝐁𝐅 𝑫𝒔$ → 𝝁$𝝂𝝁 =
𝟓. 𝟔𝟏 ± 𝟎. 𝟎𝟓 ×𝟏𝟎J𝟑
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Optimizations
arXiv:2109.14969 [hep-ex]

1. Tracking efficiency of charged particles

𝑫𝒔" → 𝑲#𝑲"𝝅#

The tracking efficiency for charged pions is optimized to be 
72.19% at 𝒑𝑻 = 𝟎. 𝟏 𝐆𝐞𝐕/𝒄 .
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2. Photons

The detection efficiency of a photon 
is optimized to be 97.32% 
at 𝑬(𝜸)=200 MeV.

arXiv:2109.14969 [hep-ex]
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3. Photons performance in 𝒆$𝒆J → 𝑫𝒔$𝑫𝒔∗J → 𝜸/𝝅𝟎𝑫𝒔J + 𝒄. 𝒄.

arXiv:2109.14969 [hep-ex]

A better energy resolution of photon will improve the resolution of 
𝚫𝐌𝜸 = 𝑴(𝑫𝒔∗J) −𝑴(𝑫𝒔J).

The 𝝅𝟎/ 𝜸 contamination rate in different energy/position 
resolutions keeps unchanged, which is about 28.1%.
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4. 𝝅 /𝑲 identification

With the resolution of 6% for the ionization energy loss (𝐝𝑬/𝐝𝒙) in 
the tracker system,  the 𝝅 /𝑲 can be well separated when the 
momentum 𝒑 < 𝟎. 𝟖 𝐆𝐞𝐕/𝒄.  

5. 𝝁 identification

Three 𝝅 /𝝁 mis-identification rates are checked: 1%, 1.6%, and 
3.0%, corresponding to the identification efficiencies of muon to be 
85%, 92%, and 97% at 𝒑𝝁 = 𝟏 𝐆𝐞𝐕/𝒄, and the optimized one is 3%.

After optimization, the ST efficiency is increased by 1.1~1.2, and 
the signal efficiency is increased by 1.3.

arXiv:2109.14969 [hep-ex]
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Luminosity (a𝐛"𝟏) 0.1 1 

Optimization with with

𝐁𝐅 𝑫𝒔# → 𝝁#𝝂𝝁 (×𝟏𝟎"𝟑) 𝟓. 𝟔𝟏 ± 𝟎. 𝟎𝟓 ±𝟎. 𝟎𝟏𝟔
(scaled with luminosity)

Results
arXiv:2109.14969 [hep-ex]

Please also see Mr. Jiajun Liu’s poster
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Summary

l With MC samples of 0.1 ab-1 from 4.009 GeV at STCF, we 

performed the sensitivity study of 𝑫𝒔$ → ℓ$𝝂ℓ (ℓ = 𝝁, 𝝉), the 

relative statistical sensitivities of the branching fractions can be 

achieved to be 0.3%, while the extracted decay constant 𝒇𝑫𝒔$

and |𝑽𝒄𝒔| are estimated to be 0.2%.

l These results with higher precision are crucial for the 

calibration of LQCD and test of the Standard Model.
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Thanks for your attention!
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Back up



 [MeV]+
sDf

0 100 200 300

-1BESIII 6.32 fb i o + i µCombined 2.0±1.7±250.6
-1BESIII 6.32 fb ieoPRL127(2021)171801, 3.0±2.4±251.1
-1BESIII 6.32 fb iloPRD104(2021)032001, 4.9±5.9±251.6
-1BESIII 6.32 fb i/oPRD104(2021)052009, 4.2±6.0±249.7
-1BESIII 6.32 fb iµPRD104(2021)052009, 3.8±3.0±249.8
-1BESIII 3.19 fb iµPRL122(2019)071802, 3.6±3.7±253.0

Belle iµJHEP09(2013)139, 4.8±6.6±248.8
BaBar iµPRD82(2010)091103, 7.6±8.4±264.9
CLEO iµPRD79(2009)052001, 4.0±10.2±256.7

-1BESIII 0.482 fb iµPRD94(2016)072004, 5.1±17.8±245.5
Belle i/,µe,oJHEP09(2013)139, 7.2±4.8±261.1
BaBar iµe,oPRD82(2010)091103, 12.0±8.6±244.6
CLEO i/oPRD79(2009)052001, 4.0±17.5±277.1
CLEO iloPRD80(2009)112004, 5.0±13.3±257.0
CLEO ieoPRD79(2009)052002, 5.3±11.2±251.8
HFLAV18 EPJC81(2021)226 3.2±254.5

FLAG19(2+1+1) arXiv:1902.08191 [hep-lat] 0.5±249.9
FMILC(2+1+1) PRD98(2018)074512 0.4±249.9
ETM(2+1+1) PRD91(2015)054507 4.1±247.2
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Input 𝑽𝒄𝒔 = 𝟎. 𝟗𝟕𝟑𝟎 ± 𝟎. 𝟎𝟎𝟎𝟏𝟏 from SM global fit  

Dominant signal
𝒆$𝒆J → 𝑫𝒔∗𝑫𝒔

Comparison of 𝒇𝑫𝒔"

Precision can be 
improved with a 
larger statistics



|cs|V
-1 0 1

-1BESIII 6.32 fb i o + i µCombined 0.008±0.007±0.976

-1BESIII 6.32 fb ieoPRL127(2021)171801, 0.012±0.009±0.978

-1BESIII 6.32 fb iloPRD104(2021)032001, 0.019±0.023±0.980

-1BESIII 6.32 fb i/oPRD104(2021)052009, 0.016±0.023±0.972

-1BESIII 6.32 fb iµPRD104(2021)052009, 0.015±0.012±0.973

-1BESIII 3.19 fb iµPRL122(2019)071802, 0.014±0.014±0.985
Belle iµJHEP09(2013)139, 0.019±0.026±0.969
BaBar iµPRD82(2010)091103, 0.029±0.033±1.032
CLEO iµPRD79(2009)052001, 0.016±0.040±1.000

-1BESIII 0.482 fb iµPRD94(2016)072004, 0.020±0.069±0.956
Belle i/,µe,oJHEP09(2013)139, 0.028±0.019±1.017
BaBar iµe,oPRD82(2010)091103, 0.047±0.033±0.953
CLEO i/oPRD79(2009)052001, 0.016±0.068±1.079
CLEO iloPRD80(2009)112004, 0.019±0.052±1.001
CLEO ieoPRD79(2009)052002, 0.021±0.044±0.981
HFLAV18 EPJC81(2021)226 0.010±0.969

CKMFitter PTEP2020(2020)083C01 0.00011±0.97320
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Dominant signal
𝒆$𝒆J → 𝑫𝒔∗𝑫𝒔

Input 𝒇𝑫𝒔$ = 𝟐𝟒𝟗. 𝟗 ± 𝟎. 𝟓 averaged from LQCD calculations  

Comparison of 𝑽𝒄𝒔

Precision can be 
improved with a 
larger statistics


