
李惠静

lihuijing@htu.edu.cn

BESIII上粲物理的研究

2024年11月2日

河南师范大学

第一届基础物理研讨会暨基础物理平台年会
10月31日-11月2日，郑州.

(On behalf of BESIII Collaboration)

mailto:lihuijing@htu.edu.cn


2

Outline

✍ Hadronic decays

✍ (Semi-) leptonic decays

✍ Rare decays
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BESIII@BEPCII



4



5



6

Data sets

𝒆!𝒆" → 𝑫𝒔
∗!𝑫𝒔

∗"

𝒆!𝒆" → 𝝍 𝟑𝟕𝟕𝟎 → 𝑫(𝑫

• 𝟐𝟎 𝐟𝐛"𝟏 @ 𝒔 = 𝟑. 𝟕𝟕𝟑 𝐆𝐞𝐕

• 𝟕. 𝟑𝟑 𝐟𝐛"𝟏 @ 𝒔 = 𝟒. 𝟏𝟐𝟖 − 𝟒. 𝟐𝟐𝟔 𝐆𝐞𝐕

𝒆!𝒆" → 𝑫𝒔
∗!𝑫𝒔

"

• 𝟏𝟎. 𝟔 𝐟𝐛"𝟏 @ 𝒔 = 𝟒. 𝟐𝟑𝟕 − 𝟒. 𝟔𝟗𝟗 𝐆𝐞𝐕

𝟐. 𝟗𝟑 𝐟𝐛"𝟏 in 2010-2011 
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4.178 
GeV

𝑫𝒔"

𝑫𝒔∗$

𝑫𝒔$ 𝜸(𝝅𝟎)

𝑲$ 𝑲"

𝝅"

𝑿

Tag

Signal

𝒆$

𝒆"

𝑴𝐫𝐞𝐜 = 𝑬𝐜𝐦 − 𝒑𝑫𝒔"
𝟐 +𝒎𝑫𝒔"

𝟐
𝟐

− −𝒑𝑫𝒔"
𝟐

l Single tag (ST): 
fully reconstruct one 𝑫𝒔"

Tag

Signal

𝝅" 𝝅"

𝑲$

𝑿

𝝍 𝟑𝟕𝟕𝟎

𝑫$

𝑫"

𝒆$

𝒆"

𝚫𝑬 = 𝑬𝑫' − 𝑬𝐛𝐞𝐚𝐦

𝑴𝐁𝐂 = 𝑬𝐛𝐞𝐚𝐦𝟐 − 𝒑𝑫' 𝟐

l Single tag (ST): 
fully reconstruct one 𝑫"

p Double tag (DT): 
in the recoil ST 𝑫(𝒔)" , 
analyze the signal 𝑫(𝒔)$

𝑴𝐫𝐞𝐜(𝐌𝐞𝐕/𝒄𝟐) 𝐌𝐈𝐧𝐯(𝐌𝐞𝐕/𝒄𝟐)

𝑲#𝑲$𝝅$𝑲#𝑲$𝝅$
PRD 104 (2021) 012003PRD104(2021)052009 

𝑴𝐁𝐂
𝐭𝐚𝐠(𝐆𝐞𝐕/𝒄𝟐)

PRL124(2020)231801

𝐌𝐌𝟐 = 𝑬𝐦𝐢𝐬𝐬𝟐 − 𝒑𝐦𝐢𝐬𝐬 𝟐

𝑬𝐦𝐢𝐬𝒔 = 𝑬𝐜𝐦 − 𝒑𝑫(𝒔)'
𝟐
+𝑴𝑫(𝒔)

𝟐 − 𝑬𝑿

𝒑𝐦𝐢𝐬𝐬 = −𝒑𝑫(𝒔)' − 𝒑𝑿

𝑼𝐦𝐢𝐬𝐬 = 𝑬𝐦𝐢𝐬𝐬 − 𝒑𝐦𝐢𝐬𝐬

or other variables

Charge conjugated 
processes are implied

The signal branching 
fraction:

𝑩𝐬𝐢𝐠 =
𝑵𝐃𝐓
𝐬𝐢𝐠𝐧𝐚𝐥

𝑵𝑫(𝒔)
𝐒𝐓 ×-𝝐𝒔𝒊𝒈

Analysis technique
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PWA method
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Hadronic decays
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arXiv:2406.17452[hep-ex]
• 𝒆!𝒆" → 𝑫𝒔∗!𝑫𝒔" 𝐰𝐢𝐭𝐡 𝟕. 𝟑𝟑 𝐟𝐛"𝟏@ 𝒔 = 𝟒. 𝟏𝟐𝟖 − 𝟒. 𝟐𝟐𝟔 𝐆𝐞𝐕

𝑫𝒔" → 𝝅"𝝅"𝝅#𝝅𝟎

𝝓

𝝎

𝒇𝟎(𝟗𝟖𝟎)

• 𝑫𝒔$ → 𝒇𝟎 𝟗𝟖𝟎 𝝆$: mainly a 𝑾-external emission channel. 

• 𝑫𝒔$ → 𝝎𝝅$: solely via the 𝑾-annihilation process.

𝐵412→62626364|56537 = 2.04 ± 0.0889:9 ± 0.058;89 %

𝐵<→626364
𝐵<→=2=3

= 0.230 ± 0.01489:9 ± 0.0108;89 % > 𝟒𝝈 deviation from 
PDG value

First time
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PRL132(2024)131903
• 𝒆!𝒆" → 𝝍 𝟑𝟕𝟕𝟎 → 𝑫=𝑫𝐰𝐢𝐭𝐡 𝟐. 𝟗𝟑 𝐟𝐛"𝟏@𝟑. 𝟕𝟕𝟑 𝐆𝐞𝐕

• 𝑫$ → 𝑲𝒔
𝟎 𝒂𝟎(𝟗𝟖𝟎) is the only  𝑾-

annihilation-free decay among 𝑫 to 𝒂𝟎(𝟗𝟖𝟎)

pseudoscalar, which is the ideal decay in 

extracting the contributions of the 𝑾-

emission amplitudes involving 𝒂𝟎 𝟗𝟖𝟎 and 

to study the final-state interactions.

Internal 𝑾-emission Rescatter in the final state

𝐵42→=8462> = 1.27 ± 0.0489:9 ± 0.038;89 %

𝐵42→=84?4 @AB 2(→62>) = 1.33 ± 0.0589:9 ± 0.048;89 %

𝐵42→62 C=4∗ DEFB 4(→=8
4>) = 0.14 ± 0.0389:9 ± 0.018;89 %

𝑫" → 𝑲𝒔
𝟎 𝝅" 𝜼

Destructive interference



𝐵44→6263> = 1.24 ± 0.0489:9 ± 0.038;89 ×10"F 𝐵42→6264> = 2.18 ± 0.1289:9 ± 0.058;89 ×10"F12

𝑫 → 𝝅 𝝅 𝜼
arXiv:2404.09219 [hep-ex]• 𝒆!𝒆" → 𝝍 𝟑𝟕𝟕𝟎 → 𝑫=𝑫𝐰𝐢𝐭𝐡 𝟕. 𝟗 𝐟𝐛"𝟏@𝟑. 𝟕𝟕𝟑 𝐆𝐞𝐕

𝑫0 → 𝝅0𝝅𝟎𝜼𝑫𝟎 → 𝝅0𝝅2𝜼

𝐹𝐹44→63?4 @AB 2

𝐹𝐹44→62?4 @AB 3
= 7.5"B.A$H.I ± 1.78;89

𝐹𝐹42→64?4 @AB 2

𝐹𝐹42→62?4 @AB 4
= 2.6 ± 0.689:9 ± 0.38;89

• The measurement of the branching fractions for 𝑫 → 𝝅 𝒂𝟎(𝟗𝟖𝟎) and the corresponding relative ratio can constrain the 
size and phase of the amplitude of the 𝑾-annihilation (𝑾-exchange) process.

𝑎3 980 2

𝑎3 980 0

𝝆𝟎

𝑎3 980 0

𝑎3 980 3 𝝆0

Significantly 
higher than 
unity.
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Polarization of  𝑫𝟎 → 𝝎𝝓 PRL128(2022)011803

• The polarization in the 𝑫𝟎 → 𝑽𝑽 decay is sensitive to the V-A structure of electroweak interactions in the SM, spin 

correlations, and the final state interactions, among other effects.

• 2-D unbinned maximum likelihood fit 𝐍𝐬𝐢𝐠 = 𝟏𝟗𝟓. 𝟗 ± 𝟐𝟗. 𝟏

𝑩 𝑫𝟎 → 𝝎𝝓 = 𝟔. 𝟒𝟖 ± 𝟎. 𝟗𝟔 ± 𝟎. 𝟒𝟎 ×𝟏𝟎"𝟒
PHSP Longitudinal polarization

𝝎 and 𝝓 are transversely polarized

𝐟𝐋 < 𝟎. 𝟐𝟒 @ 𝟗𝟓% 𝐂𝐋
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(Semi-) leptonic decays



𝑫𝒔" → ℓ"𝝂ℓ (ℓ = 𝝁, 𝝉)
• 𝜇!𝜈, ,  muon counter
@4.128 − 4.226 GeV PRD108(2023)112001

2515

• 𝜏! → 𝜋!𝜈̅- multivariate analysis
PRD108(2023)092014

2411
@4.128 − 4.226 GeV

𝜇!𝜈,

𝜏!𝜈-

15

PRL127(2021)171801@4.178 − 4.226 GeV

• 𝜏! → 𝑒!𝜈. 𝜈̅- 4940
PRD110(2024)052002

𝜏$ → 𝑒$𝜈J𝜈̅K 𝜏$ → 𝜇$𝜈L𝜈̅K

𝜏$ → 𝜋$𝜋B𝜈̅K𝜏$ → 𝜋$𝜈̅K

Simultaneous fit with the same BF

• 𝜏!𝜈-
@4.237 − 4.699 GeV

𝜏! → 𝑒!𝜈,𝜈̅- 17.82 ± 0.04 %

𝜏! → 𝜇!𝜈.𝜈̅- 17.39 ± 0.04 %

𝜏! → 𝜋!𝜋/𝜈̅- 25.49 ± 0.09 %

𝜏! → 𝜋!𝜈̅- 10.82 ± 0.05 %

2845



𝑓04 𝑉12

= 47.53 ± 0.483454 ± 0.243634 ± 0.12789:4 MeV

𝑫" → ℓ"𝝂ℓ (ℓ = 𝝁, 𝝉)

PRL123(2019)211802
• 𝜇M𝜈N,  muon counter • 𝜏M𝜈O

16

137

𝑅E/G =
#Γ(𝐷H → 𝜏H𝜈E)
#Γ(𝐷H → 𝜇H𝜈G)

= 3.02 ± 0.68

𝝁-like: 𝑬𝐄𝐌𝐂 ≤ 𝟎. 𝟑 𝐆𝐞𝐕

No LFU violation

arXiv:2410.07626

2890

𝟐𝟎. 𝟑 𝐟𝐛"𝟏@𝟑. 𝟕𝟕𝟑 𝐆𝐞𝐕

SM prediction: 2.67 ± 0.01

𝝅-like: 𝑬𝐄𝐌𝐂 > 𝟎. 𝟑 𝐆𝐞𝐕

𝟐. 𝟗𝟑 𝐟𝐛"𝟏@𝟑. 𝟕𝟕𝟑 𝐆𝐞𝐕

𝐵( 𝐷! → 𝜇!𝜈.) = 3.981 ± 0.079 ± 0.040 ×10";

The most precise to date

𝐵( 𝐷! → 𝜏!𝜈-) = 1.20 ± 0.24 ± 0.12 ×10"<



𝑫(𝒔)
∗" → ℓ"𝝂ℓ (ℓ = 𝒆, 𝝁)

17

PRL131(2023)141802

• 𝐷!∗# → 𝑒#𝜈$ • 𝐷∗# → ℓ#𝜈ℓ (ℓ = 𝑒, 𝜇)

No significant signal. 

@4.128 − 4.226 GeV @4.178 − 4.226 GeV

𝑒H𝜈K 𝜇H𝜈G

𝐵 𝐷∗H → 𝑒H𝜈K < 1.1×10MN@90% C. L.

𝐵 𝐷∗H → 𝜇H𝜈G < 4.3×10MO@90% C. L.

2.9σ

𝑁:; = 6.2<=.?@A.B

𝐵(𝐷P∗H → 𝑒H𝜈K) = 2. 1MQ.RHS.T ± 0.2 ×10MN

𝑓U1∗2 𝑉VP = 208MWNHNR ± 43 MeV

𝑓U1∗2 = 214MWOHOS ± 44 MeV

PRD110(2024)012003

Charmed vector meson

For the first time 

Profile likelihood method.



𝑓"
#% 0 |𝑉$%| = 0.525 ± 0.024&'(' ± 0.009&)&'.18

𝐷(')
" → 𝑃ℓ"𝜈ℓ

𝒆"𝒆* → 𝑫𝒔∗"𝑫𝒔* 𝐰𝐢𝐭𝐡 𝟕. 𝟑𝟑 𝐟𝐛*𝟏@ 𝒔 = 𝟒. 𝟏𝟐𝟖 − 𝟒. 𝟐𝟐𝟔 𝐆𝐞𝐕𝒆"𝒆* → 𝝍 𝟑𝟕𝟕𝟎 → 𝑫\𝑫𝐰𝐢𝐭𝐡 𝟐𝟎. 𝟑 𝐟𝐛*𝟏@𝟑. 𝟕𝟕𝟑 𝐆𝐞𝐕

PRD108(2023)092003PRL132(2024)091802arXiv:2410.08603• 𝐷$ → 𝜂Mℓ$𝜈ℓ • 𝐷O$ → 𝜂(M)𝜇$𝜈L • 𝐷O$ → 𝜂(M)𝑒$𝜈J

𝐵 𝐷" → 𝜂.𝜇"𝜈/ = 1.92 ± 0.28&'(' ± 0.08&)&' ×10*0.

𝐵 𝐷" → 𝜂.𝑒"𝜈1 = 1.79 ± 0.19&'(' ± 0.07&)&' ×10*0.

𝑓"
#% 0 |𝑉$2| = 5.92 ± 0.56&'(' ± 0.13&)&' ×10*3.

The 𝜂 − 𝜂. mixing angle in the quark flavor basis is determined 
to be 𝜙4 = 39.8 ± 0.8&'(' ± 0.3&)&'

5

𝐵 𝐷%" → 𝜂𝜇"𝜈/ = 2.235 ± 0.051&'(' ± 0.052&)&' %.

𝐵 𝐷%" → 𝜂.𝜇"𝜈/ = 0.801 ± 0.055&'(' ± 0.028&)&' %.

𝑓",7
# 0 |𝑉$%| = 0.452 ± 0.010&'(' ± 0.007&)&'.

𝑓",7
#% 0 |𝑉$%| = 0.504 ± 0.037&'(' ± 0.012&)&'.

8.6𝜎
> 10𝜎

𝑓"
# 0 |𝑉$%| = 0.4519 ± 0.0071&'(' ± 0.0065&)&'.

𝐵 𝐷%" → 𝜂𝑒"𝜈1 = 2.255 ± 0.039&'(' ± 0.051&)&' %.

𝐵 𝐷%" → 𝜂.𝑒"𝜈1 = 0.810 ± 0.038&'(' ± 0.024&)&' %.



19𝑓SX (MeV) 𝑓SYX (MeV)

• Input 𝑽𝒄𝒅 = 𝟎. 𝟐𝟐𝟒𝟖𝟕 ± 𝟎. 𝟎𝟎𝟎𝟔𝟖 from CKM global fit • Input 𝑽𝒄𝒔 = 𝟎. 𝟗𝟕𝟑𝟐𝟎 ± 𝟎. 𝟎𝟎𝟎𝟏𝟏 𝐌𝐞𝐕 from CKM global fit

Comparison of the 𝐷(&)
" decay constant



20

Comparison of form factor 𝐷 → 𝐾 𝜋 ℓ"𝜈ℓ

Experimental precision is comparable to the latest QCD result.
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Comparison of |V)*(&)|

0.5%

|𝐕𝒄𝒅| |𝐕𝒄𝒔| |𝐕𝒄𝒔|

pure leptonic 𝑫𝒔$ decay Semi-leptonic 𝑫𝒔$ decay
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Rare decays 
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𝐷&" → ℎ" ℎ+ 𝑒"𝑒#

PRL133(2024)121801𝒆0𝒆2 → 𝑫𝒔∗0𝑫𝒔2 𝐰𝐢𝐭𝐡 𝟕. 𝟑𝟑 𝐟𝐛2𝟏 @ 𝒔 = 𝟒. 𝟏𝟐𝟖 − 𝟒. 𝟐𝟐𝟔 𝐆𝐞𝐕

• In the SM, the 𝑫𝒔$ → 𝒉$ 𝒉𝟎 𝒆$𝒆" involve both short-

distance (SD) and long-distance (LD) contribution.

• SD: FCNC, suppressed by GIM mechanism.

• LD: through a radiated photon or an intermediate meson 

decaying to dileptons, can enhance the BFs to 𝟏𝟎"𝟔.

𝟑𝟖. 𝟐2𝟔.𝟖0𝟕.𝟖

𝟑𝟕. 𝟖2𝟗.𝟔0𝟏𝟎.𝟑

𝑩 𝑫𝒔! → 𝝅!𝝓(→ 𝒆!𝒆") = 𝟏. 𝟏𝟕"𝟎.𝟐𝟏!𝟎.𝟐𝟑 ± 𝟎. 𝟎𝟑𝐬𝐲𝐬𝐭 ×𝟏𝟎"𝟓

𝑩 𝑫𝒔! → 𝝆!𝝓(→ 𝒆!𝒆") = 𝟐. 𝟒𝟒"𝟎.𝟔𝟐!𝟎.𝟔𝟕 ± 𝟎. 𝟏𝟔𝐬𝐲𝐬𝐭 ×𝟏𝟎"𝟓

7.8𝜎

4.4𝜎

𝑩 𝑫𝒔! → 𝝅!𝝅𝟎𝒆!𝒆" < 𝟕. 𝟎×𝟏𝟎"𝟓@𝟗𝟎% 𝐂. 𝐋.

𝑩 𝑫𝒔! → 𝑲!𝝅𝟎𝒆!𝒆" < 𝟕. 𝟏×𝟏𝟎"𝟓@𝟗𝟎% 𝐂. 𝐋.

𝑩 𝑫𝒔! → 𝑲𝑺𝟎𝝅!𝒆!𝒆" < 𝟖. 𝟏×𝟏𝟎"𝟓@𝟗𝟎% 𝐂. 𝐋.

𝑫𝒔! → 𝝅!𝝓(→ 𝒆!𝒆")

𝑫𝒔! → 𝝆!𝝓(→ 𝒆!𝒆")

𝑫𝒔! → 𝝅!𝝅𝟎𝒆!𝒆"

𝑫𝒔! → 𝑲!𝝅𝟎𝒆!𝒆"

𝑫𝒔! → 𝑲𝑺𝟎𝝅!𝒆!𝒆"
Out of 𝝓 mass window to 
reject potential LD 
effect.

First upper limits on the BFs
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𝐷&" → 𝛾 𝜌 770 "

𝒆0𝒆2 → 𝑫𝒔∗0𝑫𝒔2 𝐰𝐢𝐭𝐡 𝟕. 𝟑𝟑 𝐟𝐛2𝟏 @ 𝒔 = 𝟒. 𝟏𝟐𝟖 − 𝟒. 𝟐𝟐𝟔 𝐆𝐞𝐕 arXiv:2408.03980 [hep-ex]

𝑩 𝑫𝒔! → 𝜸𝝆 𝟕𝟕𝟎 ! = 𝟐. 𝟐 ± 𝟎. 𝟗𝐬𝐭𝐚𝐭 ± 𝟎. 𝟐𝐬𝐲𝐬𝐭 ×𝟏𝟎"𝟒

𝑩 𝑫𝒔! → 𝜸𝝆 𝟕𝟕𝟎 ! < 𝟔. 𝟏×𝟏𝟎"𝟒@𝟗𝟎% 𝐂. 𝐋.

𝟑. 𝟖𝝈 smaller than the theoretical calculation of weak annihilation. 

• In the rare radiative decays of charmed mesons, the short distance 

interaction of the 𝒄 → 𝒖𝜸 process make a negligible contribution.

• The long distance, non-perturbative processes dominate these decays, 

potentially enhancing BFs up to 𝟏𝟎"𝟑.

• To test the QCD-based calculation of the long-distance dynamics.

𝟑𝟑 ± 𝟏𝟒
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Summary

• Based on 𝟐𝟎 𝐟𝐛-𝟏 𝝍(𝟑𝟕𝟕𝟎) data and 𝟕. 𝟑𝟑 𝐟𝐛-𝟏@ 𝒔 = 𝟒. 𝟏𝟐𝟖 − 𝟒. 𝟐𝟐𝟔 𝐆𝐞𝐕 data, BESIII

have reported many important results on the charmed mesons: the amplitude analysis for the 

hadronic decays, dynamic studies for the semi-leptonic decays, precision measurements on 

the pure leptonic decays,  the rare decays, DCS decays, and so on.

• More precise measurements for about 𝑫𝟎(#) decays are coming soon based on the 20 𝐟𝐛-𝟏

𝝍(𝟑𝟕𝟕𝟎) data.
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Backup
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Observation of 𝒂𝟎(𝟏𝟖𝟏𝟕) in 𝑫𝒔" decay

PRL129(2022)182001

𝑴(𝒂𝟎 𝟏𝟖𝟏𝟕 $) = 𝟏. 𝟖𝟏𝟕 ± 𝟎. 𝟎𝟎𝟖 ± 𝟎. 𝟎𝟐𝟎 𝐆𝐞𝐕/𝒄𝟐

𝚪(𝒂𝟎 𝟏𝟖𝟏𝟕 $) = 𝟎. 𝟎𝟗𝟕 ± 𝟎. 𝟎𝟐𝟐 ± 𝟎. 𝟎𝟏𝟓 𝐆𝐞𝐕/𝒄

𝑩 𝑫𝒔$ → 𝒂𝟎 𝟏𝟖𝟏𝟕 $𝝅𝟎 = 𝟑. 𝟒𝟒 ± 𝟎. 𝟓𝟐 ± 𝟎. 𝟑𝟐 ×𝟏𝟎"𝟑,

Stat. significance: > 𝟏𝟎𝝈

• 𝑫𝒔$ → 𝑲𝑺
𝟎𝑲𝑺

𝟎𝝅$

• 𝑫𝒔$ → 𝑲𝑺
𝟎𝑲$𝝅𝟎

• 𝑫𝒔$ → 𝑲$𝑲"𝝅$
PRD105(2022)L051103 PRD104(2021)012016

𝒂𝟎 𝟏𝟖𝟏𝟕 $ : the isovector partner of 𝒇𝟎(𝟏𝟕𝟏𝟎) or X(1812)?

constructive

destructive
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Pure leptonic 𝑫(𝒔)$ decays

೧Ⴛᅘ
ഀ ೹១ᅇᅘ

˪ഐ ШഁИ ഒЩ
೺Ⴛ ഋႻ

ྻᅓഃᄮᆴቑ

Ø Axial current (nonperturbative) 

Ø 𝑽𝒄𝒅(𝒔): CKM matrix element, fundamental SM parameter, measured from 

experiments. 

( 𝒇𝑫(𝒔)f ∶ 𝑫(𝒔)F decay constant )

𝚪 =
𝑮𝑭𝟐

𝟖𝝅 𝒇𝑫(𝒔)f
𝟐 𝑽𝒄𝒅(𝒔)

𝟐𝒎ℓ
𝟐𝒎𝑫(𝒔)

f 𝟏 −
𝒎ℓ
𝟐

𝒎𝑫(𝒔)
f

𝟐

𝟐

Ø In the SM, ignoring radiative corrections, the decay width:

(ℓ = 𝒆, 𝝁, 𝝉)

< 𝟎|;𝒔 𝜸𝝁 𝜸𝟓 𝒄 |𝑫𝒔F >= 𝒊 𝒑𝝁 𝒇𝑫(𝒔)f
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Ø Branching fraction: 𝑩𝒓 𝑫(𝒔)F → ℓF𝝂ℓ = 𝚪 ⋅ 𝝉𝑫(𝒔)f

𝑩𝒓 𝑫(𝒔)F → ℓF𝝂ℓ ∝ 𝒇𝑫(𝒔)f ⋅ 𝑽𝒄𝒅(𝒔)
𝟐

( Direct measurements )

(𝝉𝑫(𝒔)f : lifetime)

Input 𝒇𝑫 𝒔
f from LQCD calculations 

Extract |𝑽𝒄𝒅(𝒔)|

Input |𝑽𝒄𝒅(𝒔)| from SM global fit

Extract 𝒇𝑫 𝒔
f

pThe decay constants 𝒇𝑫 𝒔
f :  help to calibrate the LQCD calculations;

pThe CKM matrix elements |𝑽𝒄𝒅(𝒔)|:  help to test the unitarity of CKM. 
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𝑫𝒔" → ℓ"𝝂ℓ (ℓ = 𝝁, 𝝉)
• 𝜇#𝜈2 ,  muon counter
@4.178 GeV

1136

PRL122(2019)071802

@4.128 − 4.226 GeV PRD108(2023)112001

2515

• 𝜏# → 𝜋#𝜈̅3 multivariate analysis
PRD108(2023)092014

2411
@4.128 − 4.226 GeV

• 𝜇#𝜈2 , 𝜏# → 𝜋#𝜈̅3 𝜈3
PRD94(2016)072004 @4.009 GeV

𝜇-like

𝜇-like

𝜋-like

PRD104(2021)052009 @4.178 − 4.226 GeV

𝑀!"# 𝐷$% (MeV/𝑐&)𝑀'!((
& GeV/𝑐& &

𝑀89 signal region

𝑀89 sideband region 

Constrain 𝜏- 𝜇
ratio to SM

𝜇#: 70
𝜏#: 33

𝜇H: 2198
𝜏H: 946

2D fit

𝜇#𝜈2

arXiv:2407.11727 [hep-ex]@4.237 − 4.699 GeV

507

𝜇(𝜋)-like:

𝐸qrs ≤ > 0.3 GeV

𝜏#𝜈3

𝜇#𝜈2

𝜇#𝜈2
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𝑫𝒔" → 𝝉"𝝂𝝉

PRL127(2021)171801@4.178 − 4.226 GeV

• 𝜏# → 𝑒#𝜈$ 𝜈̅3 • 𝜏# → 𝜇#𝜈2 𝜈̅3 • 𝜏# → 𝜋#𝜋4𝜈̅3

JHEP09(2023)124 PRD104(2021)032001@4.128 − 4.226 GeV @4.178 − 4.226 GeV

4940 2281

1745

36

𝐸opqrsqtq : The total energy of the extra showers excluding those used in the tag 

side and 𝛾(𝜋Q) from 𝐷P∗H.   

Separated fit Separated fit

Simultaneous fit, same BF.

𝜏! → 𝑒!𝜈,𝜈̅- 17.82 ± 0.04 %

𝜏! → 𝜇!𝜈.𝜈̅- 17.39 ± 0.04 %

𝜏! → 𝜋!𝜋/𝜈̅- 25.49 ± 0.09 %

𝜏! → 𝜋!𝜈̅- 10.82 ± 0.05 %



PRD110(2024)052002

𝑫𝒔" → 𝝉"𝝂𝝉
𝑒#𝑒- → 𝐷!∗#𝐷!∗-@4.237 − 4.699 GeV

𝑁56 = 2845 ± 83

𝜏H → 𝑒H𝜈K𝜈̅E

𝜏H → 𝜇H𝜈G𝜈̅E 𝜏H → 𝜋H𝜋Q𝜈̅E

𝜏H → 𝜋H𝜈̅E

37

Simultaneous fit with the same BF

𝐵7XY→3Y9Z = 5.60 ± 0.16 ± 0.20 %


