
Experimental study for D+
s leptonic decays at BESIII

Xiang Pan
Fudan University, IHEP

(on behalf of the BESIII collaboration)
Conference on flavor physics and CP violation 2021

07-11 June 2021

Local organizing committee International advisory committee

• J. Bennett (Mississippi)
• F. Bianchi (Torino)
• R. Briere (Carnegie Mellon)
• T. Browder (Hawaii)
• Z. Doležal (Prague)
• U. Egede (Monash)
• A. El-Khadra (UIUC)
• M. Giorgi (Pisa)
• A. Giri (Hyderabad)
• B. Grinstein (San Diego)

• X-G. He (NTU & SJTU)
• G. Hiller (Dortmund)
• D. Hitlin (Caltech)
• T. Iijima (Nagoya)
• C. S. Kim (Yonsei/Dongshin)
• Z. Ligeti (LBNL)
• F. Di Lodovico (King's College London)
• D. Martinez (USC, Spain)
• S. Pascoli (Durham)
• C. Shen (Fudan University)
• A. Soffer (Tel Aviv)
• S. Stone (Syracuse)
• T. Yamanaka (Osaka)

Fudan University, June 07-11, Shanghai, China
https://napp.fudan.edu.cn/fpcp2021

• Z. Q. Liu
• M. Q. Ruan
• S. Zhou
• H. J. Yang
• L. L. Wang

• C. P. Shen
• X. L. Wang

• W. B. Qian
• W. Wang
• F. S. Yu
• H. X. Chen
• Q. Li

(chair)

(co-chair)

19th

Xiang Pan Fudan University, IHEP (on behalf of the BESIII collaboration)Experimental study for D+
s leptonic decays at BESIII 1 / 19



Outline

1 BESIII experiment

2 Introduction

3 Overview

4 D+
s → τ+ντ at BESIII
Double-tag method
τ+ → π+π0ν̄τ
τ+ → π+ν̄τ
τ+ → e+νe ν̄τ
Averaged results

5 Comparison of fDs and |Vcs |

6 Summary

Xiang Pan Fudan University, IHEP (on behalf of the BESIII collaboration)Experimental study for D+
s leptonic decays at BESIII 2 / 19



BESIII experiment

BESIII experiment

√
s = (2.0− 4.95) GeV

MDC: σP/P = 0.5% @ 1 GeV;
σdE/dx = 6%

TOF: σT = 68(110) ps for barrel
(endcap)

EMC: σE/E =2.5%(5%) for barrel
(endcap)
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Introduction

Introduction
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Determined the decay constant fDs can test the theoretical calculation,
especially LQCD.

Precise measurement of CKM matrix element |Vcs | can test the CKM matrix
unitarity and search for NP beyond SM.

Combine with the BF of leptonic decay D+
s → µ+νµ, the lepton flavor

universality can be checked.

BESIII and CLEO experiments have similar data sample of e+e− → DsD
∗
s

near
√
s = 4.170− 4.180 GeV, which offer a similar analysis environment.
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Overview

Overview I: D+
s → µ+νµ, τ

+ντ (CLEO collaboration)

Data sample: 600 pb−1 @4.170 GeV
τ+ → e+νe ν̄τ [PRD 79, 052002 (2009)]

NDT = 180.6± 15.9

τ+ → ρ+ν̄τ [PRD 80, 112004 (2009)]

NDT = 155.2± 16.5 NDT = 43.7± 11.3

τ+ → π+ν̄τ [PRD 79, 052001 (2009)]

Without track deposits cut

N(µ+νµ) = 235.5± 13.8

µ+νµ

τ+(→ π+ν̄τ )ντ

track deposits< 0.3 GeV track deposits> 0.3 GeV

N(τ+ντ ) = 125.6± 15.7

B(D+
s → µ+νµ)ave = (0.565± 0.045± 0.017)% B(D+

s → τ+ντ )ave = (5.58± 0.33± 0.13)%
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Overview

Overview II: D+
s → µ+νµ, τ

+ντ (BESIII collaboration)

482 pb−1 @ 4.009 GeV [PRD 94, 072004 (2016)]

µ-like

non-µ, π-like

π-like

N(µ+νµ) = 72.4± 10.4

N(τ+ντ ) = 22.1± 12.3

B(D+
s → µ+νµ) = (0.517± 0.075± 0.021)%

B(D+
s → τ+ντ ) = (3.28± 1.83± 0.37)%

3.19 fb−1 @ 4.178 GeV [PRL 122, 071802 (2019)]

D+
s → µ+νµ

NDT = 1135.9± 33.1

B(D+
s → µ+νµ) = (0.549± 0.016± 0.015)%
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D+
s → τ+ντ at BESIII

BESIII Data sample near DsD
∗
s threshold
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BESIII Data sample

Year
√
s (GeV) Luminosity (fb−1)

2016 4.178 3.19
2017 4.189 0.53
2017 4.199 0.53
2017 4.209 0.52
2017 4.219 0.51
2013 4.226 1.05

Sum 6.32

Precisions (Stat.&Syst.) (CLEO): B(D+
s → µ+νµ): 8.5% B(D+

s → τ+ντ ): 6.4%

With ∼10×CLEO-c data, what precisions BESIII can reach???
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D+
s → τ+ντ at BESIII Double-tag method

Double-tag method

direct: Tag Ds from e+e− in-direct: Tag Ds from D∗s
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s =4.178 GeV as sample

Tag mode: K+K−π−, ...

MBC =
√
E 2
beam − |

−→p tag |2,
suppress non-DsD

∗
s background

NST = 2ND−
s D+

s
Btagεtag

NDT = 2ND−
s D+

s
BtagBsigεtag,sig

B(sig) = NDT

NSTεDT/εST
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D+
s → τ+ντ at BESIII Double-tag method

Double-tag method

16 possible single tags at BESIII
NST∼0.78M with 16 tags @4.178-4.226 GeV
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√
s =4.178 GeV as sample

signal side: X (X = π, e, µ)
is reconstructed, the missing
neutrinos are determined by

M2
miss = E2

miss − |
−→p miss|2

Emiss =

Ecm −
√
|−→p tag|2 + m2

Ds
− E

γ(π0)
− EX

−→p miss = −−→p tag −−→p γ(π0)
−−→p X
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D+
s → τ+ντ at BESIII τ+ → π+π0ν̄τ

D+
s → τ+ντ via τ+ → π+π0ν̄τ [arXiv:2105.07178]
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Simultaneous fit to M2
miss @

√
s =4.178-4.226 GeV

NDT = 1745± 84

B(D+
s → τ+ντ ) =

(5.29± 0.25± 0.20)%

fD+
s
|Vcs | =

(244.8± 5.8± 4.8) MeV
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D+
s → τ+ντ at BESIII τ+ → π+ν̄τ

D+
s → τ+ντ via τ+ → π+ν̄τ [arXiv:2102.11734]
√
s = 4.178 GeV as sample

µ-like

π-like

Split data into two parts

µ-like (upper):
EEMC ≤ 300 MeV, mixture
of D+

s → τ+(→ π+ν̄τ )ντ
and D+

s → µ+νν

π-like (lower):
EEMC > 300 MeV,
dominated of
D+

s → τ+(→ π+ν̄τ )ντ

N(D+
s → µ+νµ) = 2198± 55

N(D+
s → τ+ντ ) = 946+46

−45

B(D+
s → µ+νµ) = (0.535± 0.013± 0.016)% B(D+

s → τ+ντ ) = (5.21± 0.25± 0.17)%

*Note: B(D+
s → µ+νµ) is an independent measurement and well consistent with BESIII previous

result at 4.178 GeV. There exist anti-correlation between D+
s → µ+νµ and τ+(→ π+ν̄τ )ντ

Xiang Pan Fudan University, IHEP (on behalf of the BESIII collaboration)Experimental study for D+
s leptonic decays at BESIII 11 / 19



D+
s → τ+ντ at BESIII τ+ → e+νe ν̄τ

D+
s → τ+ντ via τ+ → e+νe ν̄τ [arXiv:2106.02218]
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Signal peak at E tot
extra < 0.4 GeV

BKG estimated with E tot
extra > 0.6 GeV, extrapolate to

signal region

E tot
extra : the total energy

of the good EMC
showers, excluding FSR
and those associated in
ST

Ntot
DT = 4940± 94

B(D+
s → τ+ντ ) =

(5.27± 0.10± 0.12)%

fD+
s
|Vcs | =

(244.4± 2.3± 2.9) MeV

Xiang Pan Fudan University, IHEP (on behalf of the BESIII collaboration)Experimental study for D+
s leptonic decays at BESIII 12 / 19



D+
s → τ+ντ at BESIII Averaged results

Averaged results

BESIII results
Mode B(D+

s → τ+ντ )
τ+ → π+π0ν̄τ (5.29± 0.25± 0.20)%
τ+ → π+ν̄τ (5.21± 0.25± 0.17)%
τ+ → e+νe ν̄τ (5.27± 0.10± 0.12)%

Average (5.26± 0.09± 0.09)%

(The correlated uncertainties of single-tag yields, tag bias, π± tracking/PID are

considered)

Test LUV: R(τ/µ)BESIII =
B(D+

s →τ+ντ )4.178−4.226/τ
D+
s

B(D+
s →µ+νµ)4.178/τ

D+
s

= 9.58± 0.44

With the values of GF , mDs , mτ , and τDs [PDG 2020],
fD+

s
|Vcs |4.178−4.226

τ+ντ
= (244.1± 2.1± 2.3) MeV fD+

s
|Vcs |4.178

µ+νµ
= (246.2± 3.6± 3.5) MeV

The averaged fD+
s
|Vcs |BESIII = (244.7± 1.8± 2.1) MeV

Note: B(D+
s → µ+νµ) quoted from BESIII result @4.178 GeV
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Comparison of fDs and |Vcs |

Comparison of fD+
s

With the values of GF , mDs , mτ , and τDs [PDG 2020].
Input |Vcs |CKMFitter = 0.97320± 0.00011

 [MeV]+
sD

f
0 100 200 300

BESIII
1

 6.32 fbντ + 
1

 3.19 fbνµ 2.2±1.8±251.4 Combined

1BESIII 6.32 fb νeτarXiv:2106.02218 [hepex], 3.0±2.4±251.1

1BESIII 6.32 fb νρτarXiv:2105.07178 [hepex], 4.9±5.9±251.6

1BESIII 6.32 fb νπτarXiv:2102.11734 [hepex], 4.2±6.0±249.7

1BESIII 6.32 fb νµarXiv:2102.11734 [hepex], 3.9±3.0±249.8

1BESIII 3.19 fb νµPRL122(2019)071802, 3.6±3.7±253.0

Belle νµJHEP09(2013)139, 4.8±6.6±248.8

BaBar νµPRD82(2010)091103, 7.6±8.4±264.9

CLEO νµPRD79(2009)052001, 4.0±10.2±256.7

1BESIII 0.482 fb νµPRD94(2016)072004, 5.1±17.8±245.5

Belle νπ,µe,τJHEP09(2013)139, 7.2±4.8±261.1

BaBar νµe,τPRD82(2010)091103, 12.0±8.6±244.6
CLEO νπτPRD79(2009)052001, 4.0±17.5±277.1

CLEO νρτPRD80(2009)112004, 5.0±13.3±257.0

CLEO νeτPRD79(2009)052002, 5.3±11.2±251.8

HFLAV18 EPJC81(2021)226 3.2±254.5

FLAG19(2+1+1) arXiv:1902.08191 [heplat] 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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Comparison of fDs and |Vcs |

Comparison of |Vcs |
With the value of GF , mDs , mτ , and τDs [PDG 2020].
Input fD+

s LQCD
= (249.9± 0.5) MeV

|
cs

|V
1 0 1

BESIII
1

 6.32 fbντ + 
1

 3.19 fbνµ 0.008±0.007±0.979 Combined

1BESIII 6.32 fb νeτarXiv:2106.02218 [hepex], 0.012±0.009±0.978

1BESIII 6.32 fb νρτarXiv:2105.07178 [hepex], 0.019±0.023±0.980

1BESIII 6.32 fb νπτarXiv:2102.11734 [hepex], 0.016±0.023±0.972

1BESIII 6.32 fb νµarXiv:2102.11734 [hepex], 0.015±0.012±0.973

1BESIII 3.19 fb νµPRL122(2019)071802, 0.014±0.014±0.985

Belle νµJHEP09(2013)139, 0.019±0.026±0.969

BaBar νµPRD82(2010)091103, 0.029±0.033±1.032

CLEO νµPRD79(2009)052001, 0.016±0.040±1.000

1BESIII 0.482 fb νµPRD94(2016)072004, 0.020±0.069±0.956

Belle νπ,µe,τJHEP09(2013)139, 0.028±0.019±1.017

BaBar νµe,τPRD82(2010)091103, 0.047±0.033±0.953

CLEO νπτPRD79(2009)052001, 0.016±0.068±1.079

CLEO νρτPRD80(2009)112004, 0.019±0.052±1.001

CLEO νeτPRD79(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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Summary

Summary

Precise measurements of D+
s → τ+ντ and D+

s → µ+νµ using 6.32 fb−1

data at
√
s =4.178-4.226 GeV have been reported by BESIII

The precision (Stat.&Syst.) of B(D+
s → τ+ντ ) has greatly

improvement (2.7×) compared with the averaged CLEO result.
(6.4%→2.4%)

Independent measurement of B(D+
s → µ+νµ) is reported and

consistent with BESIII previous result at 4.178 GeV.

The precisions of fDs and |Vcs | (BESIII) have reached ∼ 1%

R(τ/µ)BESIII = 9.58± 0.44, consistent with SM prediction
(9.75± 0.01)

Thanks for your attention!
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Summary

Backup
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Summary

Overview: D+
s → µ+νµ, τ

+ντ (Belle collaboration)

Data sample: 913 fb−1 near Υ(4S) and Υ(5S) [JHEP 09 (2013) 139]
(e+e− → cc̄ → DtagKfragXfragD

∗−
s , D∗−s → D−s γ)

D+
s → µ+νµ
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D+
s → τ+(→ µ+νµν̄τ )ντ
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D+
s → τ+(→ π+ν̄τ )ντ

N(D+
s → µ+νµ) = 492± 36

B(D+
s → µ+νµ) =

(0.531± 0.028± 0.020)%

N(D+
s → τ+ντ ) =

2217± 83
B(D+

s → τ+ντ )ave =
(5.70± 0.21+0.31

−0.30)%
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Summary

Overview: D+
s → µ+νµ, τ

+ντ (BABAR collaboration)

Data sample: 521 fb−1 @ 10.58 GeV [PRD 82, 091103(R) (2010)]
(e+e− → cc̄ → DKXD∗−s , D∗−s → D−s γ)

D+
s → µ+νµ

NDT = 275± 17

D+
s → τ+(→ e+νe ν̄τ )ντ

NDT = 408± 42

B = (5.07± 0.52± 0.68)%

D+
s → τ+(→ µ+νµν̄τ )ντ

NDT = 340± 32

B = (4.91± 0.47± 0.54)%

B(D+
s → µ+νµ) = (0.602± 0.038± 0.034)%

B(D+
s → τ+ντ )ave = (4.96± 0.37± 0.57)%
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