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Outline
✍ Introduction

✍ Pure leptonic decays ( 𝝉𝝁 )

• 𝑫(𝒔)
& mesons

✍ Semi-leptonic decays ( 𝝁𝒆 ) 

• 𝑫(𝒔) mesons
• 𝚲𝒄& bayon
• 𝚲 bayon

✍Summary 𝚲



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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Lepton flavor universality (LFU)
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Ratio:

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.

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:



5

Hints of LFU violation in 𝑩 decays 

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

(predication)
(predication)
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Data sets

𝑬𝐜𝐦𝐬 (GeV) Luminosity 
(𝐟𝐛$𝟏)

Decay of interest

𝟑. 𝟎𝟗𝟕 𝟑. 𝟐 𝒆&𝒆$ → 𝑱/𝝍 → 𝚲7𝚲
𝟑. 𝟕𝟕𝟑 𝟐. 𝟗𝟑 𝒆&𝒆$ → 𝝍 𝟑𝟕𝟕𝟎 → 𝑫7𝑫
𝟒. 𝟏𝟕𝟖 𝟑. 𝟏𝟖𝟗

𝒆&𝒆$ → 𝑫𝒔𝑫𝒔∗𝟒. 𝟏𝟗 ∼ 𝟒. 𝟐𝟑 𝟑. 𝟏𝟑
𝟒. 𝟓𝟗𝟗 𝟎. 𝟓𝟔𝟕 𝒆&𝒆$ → 𝚲𝐜&7𝚲𝐜$

𝑱/𝝍 sample

𝝍(𝟑𝟕𝟕𝟎) sample

𝑫𝒔$ / 𝑫𝒔$ / 𝚲𝐜$ sample
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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$

Charge conjugated processes 
are implied

Tag

Signal

𝝅$
𝝅$

𝑲&

𝑿

𝝍 𝟑𝟕𝟕𝟎

𝑫&

𝑫$

𝒆&

𝒆$

𝚫𝑬 = 𝑬𝑫' − 𝑬𝐛𝐞𝐚𝐦

𝑴𝐁𝐂 = 𝑬𝐛𝐞𝐚𝐦𝟐 − 𝒑𝑫' 𝟐

Measured branching 
fraction

𝑩𝐬𝐢𝐠 =
𝑵𝐃𝐓
𝐬𝐢𝐠𝐧𝐚𝐥

𝑵𝑫(𝒔)
𝐒𝐓 ×G𝝐𝒔𝒊𝒈

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

Analysis technique
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Pure leptonic decays 

✍𝑫H → 𝝁H𝝂𝝁
✍𝑫H → 𝝉H𝝂𝝉

✍𝑫𝒔H → 𝝁H𝝂𝝁
✍𝑫𝒔H → 𝝉H𝝂𝝉

• 𝝉H → 𝝅H(𝝂𝝉
• 𝝉H → 𝝅H𝝅𝟎(𝝂𝝉
• 𝝉H → 𝒆H𝝂𝒆(𝝂𝝉

PRD 89 (2014) 051104(R)

PRL 123 (2019) 211802

PRL 122 (2019) 071802

PRL 127 (2021) 171801

PRD 104 (2021) 052009

PRD 104 (2021) 032001

PRD 104 (2021) 052009
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𝑫H → 𝝁H𝝂𝝁
𝑵𝑫𝐭𝐚𝐠2 = 𝟏𝟕𝟎𝟑𝟎𝟓𝟒 ± 𝟑𝟎𝟒𝟓𝑴𝐁𝐂 = 𝑬𝐛𝐞𝐚𝐦𝟐 − 𝒑𝑫2 𝟐

𝑲3𝝅4𝝅4 𝑲𝑺𝟎𝝅4 𝑲𝑺𝟎𝑲4

𝑲3𝑲4𝝅4 𝑲3𝝅4𝝅4𝝅𝟎 𝝅3𝝅4𝝅4

𝑲𝑺𝟎𝝅4𝝅𝟎 𝑲3𝝅3𝟑𝝅4 𝑲𝑺𝟎𝝅4𝝅4𝝅3

PRD 89 (2014) 051104(R)
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PRD 89 (2014) 051104(R)
DT events: 

• 𝝁 candidate: use the hit depth in the muon counter
• 𝑴𝐦𝐢𝐬𝐬

𝟐 = 𝑬𝐦𝐢𝐬𝐬𝟐 − 𝒑𝐦𝐢𝐬𝐬 𝟐

• DT yield: 𝑵𝐬𝐢𝐠𝐧𝐞𝐭 = 𝟒𝟎𝟗. 𝟎 ± 𝟐𝟏. 𝟐 ± 𝟐. 𝟑 after subtracting background yields. 
𝑬𝐦𝐢𝐬𝒔 = 𝑬𝐛𝐞𝐚𝐦 − 𝑬𝝁, 𝒑𝐦𝐢𝐬𝐬 = −𝒑𝑫0 − 𝒑𝝁

𝑩𝑫$→𝝁$𝝂𝝁 = 𝟑. 𝟕𝟏 ± 𝟎. 𝟏𝟗𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟔𝐬𝐲𝐬𝐭. ×𝟏𝟎.𝟒
• Subtracting about 1.0% contribution of radiative 𝑫$ → 𝜸𝝁$𝝂𝝁 from the 

signal,



11

• Only one good charged track, split two parts:
ü 𝝁$-like: 𝑬𝐄𝐌𝐂 ≤ 𝟑𝟎𝟎 MeV ;  𝝅$-like: 𝑬𝐄𝐌𝐂 > 𝟑𝟎𝟎 MeV  

• Unbinned simultaneous maximum likelihood fit to 𝑴𝐦𝐢𝐬𝐬
𝟐

ü Fixed 𝑩𝑫$→𝝁$𝝂𝝁 = 𝟑. 𝟕𝟒 ± 𝟎. 𝟏𝟕 ×𝟏𝟎.𝟒

𝝁&-like 𝝅&-like𝑵𝐃𝐓𝝉
$
= 𝟏𝟑𝟕 ± 𝟐𝟕

PRL 123 (2019) 211802

𝑫H → 𝝉H𝝂𝝉 𝐯𝐢𝐚 𝝉H → 𝝅H(𝝂𝝉
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• The signal significance including the systematic uncertainty is 𝟓. 𝟏 𝝈
• The first measurement to date.

𝑩𝑫$→𝝉$𝝂𝝉 = 𝟏. 𝟐𝟎 ± 𝟎. 𝟐𝟒𝐬𝐭𝐚𝐭. ± 𝟎. 𝟏𝟐𝐬𝐲𝐬𝐭. ×𝟏𝟎.𝟑

𝑹𝝉/𝝁 =
𝚪 (𝑫$ → 𝝉$𝝂𝝉)
T𝚪(𝑫$ → 𝝁$𝝂𝝁)

= 𝟑. 𝟐𝟏 ± 𝟎. 𝟔𝟒𝐬𝐭𝐚𝐭. ± 𝟎. 𝟒𝟑𝐬𝐲𝐬𝐭.

• Consistent with the SM predicted value of 2.67, and no LFU violation in 𝝉 − 𝝁
flavors with the current precision.

PRL 123 (2019) 211802
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𝑫𝒔H → 𝝁H𝝂𝝁
PRL 122 (2019) 071802@𝟒. 𝟏𝟕𝟖 GeV 𝑵𝑫𝒔2 = 𝟑𝟖𝟖𝟔𝟔𝟎 ± 𝟐𝟓𝟗𝟐
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𝑵 𝑫𝒔$ → 𝝁$𝝂𝝁 = 𝟏𝟏𝟑𝟓. 𝟗 ± 𝟑𝟑. 𝟏

@𝟒. 𝟏𝟕𝟖 GeV

PRL 122 (2019) 071802• 𝝁 candidate: use the hit depth in the muon counter

• An unbinned constrained fit to 𝑴𝑴𝟐

ü The ratio of the signal yield over BKGI yield is constrained to the value 
from signal MC events.

𝑩𝑫𝒔$→𝝁$𝝂𝝁 = 𝟓. 𝟒𝟗 ± 𝟎. 𝟏𝟔𝐬𝐭𝐚𝐭. ± 𝟎. 𝟏𝟓𝐬𝐲𝐬𝐭. ×𝟏𝟎.𝟑
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Simultaneous unbinned
maximum likelihood

𝑴𝐦𝐢𝐬𝐬
𝟐 𝐆𝐞𝐕/𝒄𝟐 𝟐

𝑴𝐢𝐧𝐯 𝑫𝒔3 𝐌𝐞𝐕/𝒄𝟐

µ-like

p-like

Only show @ 4.178 GeV 

𝑫𝒔H → 𝝉H𝝂𝝉 𝐯𝐢𝐚 𝝉H → 𝝅H(𝝂𝝉 and 𝑫𝒔H → 𝝁H𝝂𝝁
@𝟒. 𝟏𝟕𝟖 ∼ 𝟒. 𝟐𝟑 GeV PRD 104 (2021) 052009

𝑵 𝑫𝒔$ → 𝝉$𝝂𝝉 = 𝟗𝟒𝟔.𝟒𝟓$𝟒𝟔 𝑩𝑫𝒔$→𝝉$𝝂𝝉 = 𝟓. 𝟐𝟏 ± 𝟎. 𝟐𝟓𝐬𝐭𝐚𝐭. ± 𝟎. 𝟏𝟕𝐬𝐲𝐬𝐭. ×𝟏𝟎.𝟐
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𝑫𝒔H → 𝝉H𝝂𝝉 𝐯𝐢𝐚 𝝉H → 𝝅H𝝅𝟎(𝝂𝝉

𝑵 𝑫𝒔& → 𝝉&𝝂𝝉 = 𝟏𝟕𝟒𝟓 ± 𝟖𝟒

𝑩𝑫𝒔1→𝝉1𝝂𝝉 = 𝟓. 𝟐𝟗 ± 𝟎. 𝟐𝟓𝐬𝐭𝐚𝐭. ± 𝟎. 𝟐𝟎𝐬𝐲𝐬𝐭. %

A simultaneous fit to the 𝐌𝐌𝟐 for six energy points shared with a common 
leptonic branching fraction.

PRD 104 (2021) 032001@𝟒. 𝟏𝟕𝟖 ∼ 𝟒. 𝟐𝟑 GeV
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𝑫𝒔H → 𝝉H𝝂𝝉 𝐯𝐢𝐚 𝝉H → 𝒆H𝝂𝒆(𝝂𝝉
𝑩𝑫𝒔$→𝝉$𝝂𝝉 = 𝟓. 𝟐𝟕 ± 𝟎. 𝟏𝟎𝐬𝐭𝐚𝐭. ± 𝟎. 𝟏𝟐𝐬𝐲𝐬𝐭. %@𝟒. 𝟏𝟕𝟖 ∼ 𝟒. 𝟐𝟑 GeV

PRL 127 (2021) 171801
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𝑹𝝉/𝝁 =
T𝚪(𝑫𝒔$ → 𝝉$𝝂𝝉)
T𝚪(𝑫𝒔$ → 𝝁$𝝂𝝁)

= 𝟗. 𝟔𝟕 ± 𝟎. 𝟑𝟒[𝟏]

Combine results from BESIII measurements with 𝟔. 𝟑𝟐 𝐟𝐛.𝟏 and PDG2021

No LFU violation in 𝝉 − 𝝁 flavors with the current precision.

Consistent with the SM predicted value of 9.75

[1] X. Y. Shen, Charm Physics at BESIII/BEPCII Experiment, talk at Charm 2020, Mexico City, Mexico, May 18-22, 2021.
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Semi-leptonic decays 

✍𝑫𝒔H → 𝜼/𝜼[/𝝓ℓH𝝂ℓ

✍ 𝑫𝟎(H) → 𝝅\(𝟎)𝝁H𝝂𝝁
✍𝑫𝟎 → 𝑲\𝝁H𝝂𝝁
✍𝑫H → 𝜼 𝝁H𝝂𝝁
✍𝑫𝟎 → 𝝆\𝝁H𝝂𝝁
✍𝑫H → 𝝎𝝁H𝝂𝝁

✍ 𝚲𝒄H → 𝚲ℓH𝝂ℓ

✍ 𝚲 → 𝒑𝝁\(𝝂𝝁

PRL 115 (2015) 221805 PLB 767 (2017) 42

PRL 127 (2021) 121802

PRD 97 (2018) 012006

PRL 121 (2018) 171803

PRL 122 (2019) 011804

PRL 124 (2020) 231801

arXiv:2106.02292 [hep-ex], accepted by PRD

PRD 101 (2020) 072005

PRL 122 (2019) 121801
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𝑫𝟎(&) → 𝝅P(𝟎)𝝁&𝝂𝝁
PRL 121 (2018) 171803Unbinned maximum likelihood fit

𝑩𝑫𝟎→𝝅2𝝁$𝝂𝝁 = 𝟎. 𝟐𝟕𝟐 ± 𝟎. 𝟎𝟎𝟖𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟎𝟔𝐬𝐲𝐬𝐭. %

𝑩𝑫$→𝝅𝟎𝝁$𝝂𝝁 = 𝟎. 𝟑𝟓𝟎 ± 𝟎. 𝟎𝟏𝟏𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟏𝟎𝐬𝐲𝐬𝐭. %

𝑵 𝑫𝟎 → 𝝅.𝝁$𝝂𝝁 = 𝟐𝟐𝟔𝟓 ± 𝟔𝟑 𝑵 𝑫$ → 𝝅𝟎𝝁$𝝂𝝁 = 𝟏𝟑𝟑𝟓 ± 𝟒𝟐
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𝑹𝑳𝑭𝑼𝝅𝟎 =
𝚪 𝑫$ → 𝝅𝟎𝝁$𝝂𝝁
𝚪 𝑫$ → 𝝅𝟎 𝒆$𝝂𝒆

= 𝟎. 𝟗𝟔𝟒 ± 𝟎. 𝟎𝟑𝟕𝐬𝐭𝐚𝐭 ± 𝟎. 𝟎𝟐𝟔𝐬𝐲𝐬𝐭

𝟎. 𝟓𝝈 consistent

SM expectation: 𝟎. 𝟗𝟖𝟓 ± 𝟎. 𝟎𝟎𝟐 [1]

𝑹𝑳𝑭𝑼𝝅2 =
𝚪 𝑫𝟎 → 𝝅.𝝁$𝝂𝝁
𝚪 𝑫𝟎 → 𝝅. 𝒆$𝝂𝒆

= 𝟎. 𝟗𝟐𝟐 ± 𝟎. 𝟎𝟑𝟎𝐬𝐭𝐚𝐭 ± 𝟎. 𝟎𝟐𝟐𝐬𝐲𝐬𝐭

𝟏. 𝟕𝝈 consistent

PRL 121 (2018) 171803

[1] L. Riggio, G. Salerno, and S. Simula, EPJC 78, 501 (2018).

Consistent within 2s

Overall

Local

𝑫𝟎 → 𝝅$ℓ&𝝂ℓ 𝑫& → 𝝅𝟎ℓ&𝝂ℓ
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𝑫𝟎 → 𝑲\𝝁H𝝂𝝁
PRL122(2019)011804

𝑹𝝁/𝒆 =
𝚪 𝑫𝟎 → 𝑲.𝝁$𝝂𝝁
𝚪 𝑫𝟎 → 𝑲. 𝒆$𝝂𝒆

= 𝟎. 𝟗𝟕𝟒 ± 𝟎. 𝟎𝟎𝟕𝐬𝐭𝐚𝐭 ± 𝟎. 𝟎𝟏𝟐𝐬𝐲𝐬𝐭

𝑵 𝑫𝟎 → 𝑲.𝝁$𝝂𝝁 = 𝟒𝟕𝟏𝟎𝟎 ± 𝟐𝟓𝟗

𝑩𝑫𝟎→𝑲2𝝁$𝝂𝝁 = 𝟑. 𝟒𝟏𝟑 ± 𝟎. 𝟎𝟏𝟗𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟑𝟓𝐬𝐲𝐬𝐭. %

Local

Overall

SM expectation: 𝟎. 𝟗𝟕𝟓 ± 𝟎. 𝟎𝟎𝟏 [1]
[1] L. Riggio, G. Salerno, and S. Simula, EPJC 78, 501 (2018).

𝑼𝐦𝐢𝐬𝐬 = 𝑬𝐦𝐢𝐬𝒔 − |𝒑𝐦𝐢𝐬𝐬|
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𝑵𝐃𝐓
𝐬𝐢𝐠𝐧𝐚𝐥 = 𝟐𝟑𝟒 ± 𝟐𝟐

• Verification of LFU via 𝒄 → 𝒅 𝒍$𝝂𝒍

ü Unbinned fit to 𝑼𝐦𝐢𝐬𝐬

𝑩𝑫$→𝜼𝝁$𝝂𝝁 = 𝟏𝟎. 𝟒 ± 𝟏. 𝟎𝐬𝐭𝐚𝐭. ± 𝟎. 𝟓𝐬𝐲𝐬𝐭. ×𝟏𝟎.𝟒

SM prediction: (𝟎. 𝟗𝟕 − 𝟏. 𝟎𝟎)

No LFU violation within current sensitivity.

𝑫H → 𝜼𝝁H𝝂𝝁

−𝟎. 𝟏 𝟎. 𝟎 𝟎. 𝟏
𝑼𝐦𝐢𝐬𝐬 (𝐆𝐞𝐕)

𝐄𝐯
𝐞𝐧
𝐭𝐬
/(
𝟔
𝐌
𝐞𝐕
) 𝐒𝐢𝐠. > 𝟏𝟎𝝈

PRL124(2020)231801

ü 𝜼 → 𝜸𝜸

𝑹𝝁/𝒆 =
𝑩𝑫$→𝜼𝝁$𝝂𝝁
𝑩𝑫$→𝜼𝒆$𝝂𝒆
𝑷𝑫𝑮 = 𝟎. 𝟗𝟏 ± 𝟎. 𝟏𝟑
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𝑫𝟎 → 𝝆\𝝁H𝝂𝝁

arXiv:2106.02292 [hep-ex], accepted by PRDü 𝝆. → 𝝅.𝝅𝟎

𝑵𝐃𝐓
𝐬𝐢𝐠𝐧𝐚𝐥 = 𝟓𝟕𝟎 ± 𝟒𝟎 𝑩𝑫𝟎→𝝆2𝝁$𝝂𝝁 = 𝟏. 𝟑𝟓 ± 𝟎. 𝟎𝟗𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟗𝐬𝐲𝐬𝐭. ×𝟏𝟎.𝟒

𝑹𝝁/𝒆 =
𝑩𝑫𝟎→𝝆2𝝁$𝝂𝝁
𝑩𝑫𝟎→𝝆2𝒆$𝝂𝒆
𝑷𝑫𝑮 = 𝟎. 𝟗𝟎 ± 𝟎. 𝟏𝟏

SM prediction: (𝟎. 𝟗𝟑 − 𝟎. 𝟗𝟔)

consistent

𝐒𝐢𝐠. > 𝟏𝟎𝝈
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𝑫H → 𝝎𝝁H𝝂𝝁
PRD 101 (2020) 072005ü 𝝎 → 𝝅$𝝅.𝝅𝟎

𝑵𝐃𝐓
𝐬𝐢𝐠𝐧𝐚𝐥 = 𝟏𝟗𝟒 ± 𝟐𝟎 𝑩𝑫$→𝝎𝝁$𝝂𝝁 = 𝟏𝟕. 𝟕 ± 𝟏. 𝟖𝐬𝐭𝐚𝐭. ± 𝟏. 𝟏𝐬𝐲𝐬𝐭. ×𝟏𝟎.𝟒

𝑹𝝁/𝒆 =
𝑩𝑫$→𝝎𝝁$𝝂𝝁
𝑩𝑫$→𝝎𝒆$𝝂𝒆
𝑷𝑫𝑮 = 𝟏. 𝟎𝟓 ± 𝟎. 𝟏𝟒

SM prediction: (𝟎. 𝟗𝟑 − 𝟎. 𝟗𝟗)

consistent
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𝑫𝒔H → 𝜼/𝜼[/𝝓ℓH𝝂ℓ
PRD 97 (2018) 012006

𝝓𝒆4𝝂𝒆 𝝓𝝁4𝝂𝝁

𝜼𝝁4𝝂𝝁 𝜼′𝝁4𝝂𝝁

@𝟒. 𝟎𝟎𝟗 GeV, 0.482 fb-1 @𝟒. 𝟏𝟕𝟖 GeV, 3.189 fb-1
PRL 122 (2019) 121801

𝑩𝑫𝒔$→𝝓𝝁$𝝂𝝁
𝑩𝑫𝒔$→𝝓𝒆$𝝂𝒆

= 𝟎. 𝟖𝟔 ± 𝟎. 𝟐𝟗

𝑩𝑫𝒔$→𝜼𝝁$𝝂𝝁
𝑩𝑫𝒔$→𝜼𝒆$𝝂𝒆

= 𝟏. 𝟎𝟒 ± 𝟎. 𝟐𝟏

𝑩𝑫𝒔$→𝜼X𝝁$𝝂𝝁
𝑩𝑫𝒔$→𝜼X𝒆$𝝂𝒆

= 𝟏. 𝟐𝟗 ± 𝟎. 𝟔𝟕

Consistent with unity within uncertainty, 
no obvious LFU violation is observed.
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𝚲𝒄H → 𝚲ℓH𝝂ℓ

4.599 
GeV

7𝚲𝒄$

𝚲𝒄&

𝚲

𝑲& 7𝒑
𝝅$

ℓ&

Tag

Signal

𝒆&

𝒆$

𝝂ℓ

PRL 115 (2015) 221805

𝑵Y𝚲𝒄2 = 𝟏𝟒𝟒𝟏𝟓 ± 𝟏𝟓𝟗

PLB 767 (2017) 42@𝟒. 𝟓𝟗𝟗 GeV, 0.567 fb-1
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𝚲𝒄& → 𝚲𝝁&𝝂𝝁𝚲𝒄& → 𝚲𝒆&𝝂𝒆

PRL 115 (2015) 221805 PLB 767 (2017) 42

𝑵𝚲𝒄$→𝚲𝒆$𝝂𝒆
𝐬𝐢𝐠𝐧𝐚𝐥 = 𝟏𝟎𝟑. 𝟓 ± 𝟏𝟎. 𝟗 𝑵𝚲𝒄$→𝚲𝝁$𝝂𝝁

𝐬𝐢𝐠𝐧𝐚𝐥 = 𝟕𝟖. 𝟕 ± 𝟏𝟎. 𝟓

𝑩𝚲𝒄$→𝚲𝝁$𝝂𝝁
𝑩𝚲𝒄$→𝚲𝒆$𝝂𝒆

= 𝟎. 𝟗𝟔 ± 𝟎. 𝟏𝟔𝐬𝐭𝐚𝐭 ± 𝟎. 𝟎𝟒𝐬𝐲𝐬𝐭 Consistent with unity.
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𝚲 → 𝒑𝝁\(𝝂𝝁
PRL 127 (2021) 121802

𝑵Y𝚲 = 𝟏𝟒, 𝟔𝟎𝟗, 𝟖𝟎𝟎 ± 𝟕, 𝟏𝟏𝟕 𝑵𝚲→𝒑𝝁2\𝝂𝝁
𝐬𝐢𝐠𝐧𝐚𝐥 = 𝟔𝟒 ± 𝟗

𝚪𝚲→𝒑𝝁2\𝝂𝝁
𝚪𝚲→𝒑𝒆2\𝝂𝒆
𝑷𝑫𝑮 = 𝟎. 𝟏𝟕𝟖 ± 𝟎. 𝟎𝟐𝟖 𝟎. 𝟏𝟓𝟑 ± 𝟎. 𝟎𝟎𝟖 (SM expectation)

Consistent

10 billion 𝑱/𝝍 events
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BESIII Signal
Ratio ( 𝝁

𝒆
)

Deviation
Measurement Expectation

𝑫𝟎 → 𝝅$𝝁&𝝂𝝁
[PRL121(2018)171803]

𝟎. 𝟗𝟐𝟐 ± 𝟎. 𝟎𝟑𝟎 ± 𝟎. 𝟎𝟐𝟐

𝟎. 𝟗𝟖𝟓 ± 𝟎. 𝟎𝟎𝟐

𝟏. 𝟕𝝈

𝑫& → 𝝅𝟎𝝁&𝝂𝝁
[PRL121(2018)171803]

𝟎. 𝟗𝟔𝟒 ± 𝟎. 𝟎𝟑𝟕 ± 𝟎. 𝟎𝟐𝟔 𝟎. 𝟓𝝈

𝑫𝟎 → 𝑲$𝝁&𝝂𝝁
[PRL122(2019)011804]

𝟎. 𝟗𝟕𝟒 ± 𝟎. 𝟎𝟎𝟕 ± 𝟎. 𝟎𝟏𝟐 𝟎. 𝟗𝟕𝟓 ± 𝟎. 𝟎𝟎𝟏 𝟎. 𝟏𝝈

𝑫& → 𝜼 𝝁&𝝂𝝁
[PRL124(2020)231801]

𝟎. 𝟗𝟏 ± 𝟎. 𝟏𝟑 𝟎. 𝟗𝟕 − 𝟏. 𝟎𝟎 𝟎. 𝟕𝝈

𝑫𝟎 → 𝝆$𝝁&𝝂𝝁
arXiv:2106.02292 [hep-ex], 
accepted by PRD

𝟎. 𝟗𝟎 ± 𝟎. 𝟏𝟏 𝟎. 𝟗𝟑 − 𝟎. 𝟗𝟔 𝟎. 𝟓𝝈

𝑫& → 𝝎 𝝁&𝝂𝝁
[PRD101(2020)072005]

𝟏. 𝟎𝟓 ± 𝟎. 𝟏𝟒 𝟎. 𝟗𝟑 − 𝟎. 𝟗𝟗 𝟎. 𝟗𝝈

Summary
l With data samples of 2.93 𝐟𝐛.𝟏 @ 3.773 GeV, 6.32 fb-1 from 4.178-4.23 GeV, 

0.567 fb-1 from 4.599 GeV, and 10 billion 𝑱/𝝍 events, BESIII have tested the LFU.
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BESIII Signal
Ratio (𝑹)

DeviationMeasured SM Expected

𝑫& → ℓ&𝝂ℓ
[PRL123(2019)211802]
[PRD89(2014)051104(R)]

𝝉
𝝁 = 𝟑. 𝟐𝟏 ± 𝟎. 𝟔𝟒 ± 𝟎. 𝟒𝟑 𝟐. 𝟔𝟕 𝟎. 𝟕𝝈

𝑫𝒔$ → ℓ$𝝂ℓ
[PRL122(2019)071802]
[PRL127(2021)171801]
[PRD104(2021)032001]
[PRD104(2021)052009]

𝝉
𝝁
= 𝟗. 𝟔𝟕 ± 𝟎. 𝟑𝟒 𝟗. 𝟕𝟓 𝟎. 𝟐𝝈

𝑫𝒔& → 𝜼ℓ&𝝂ℓ
[PRL122(2019)121801]
[PRD97(2018)012006]

𝝁
𝒆 = 𝟏. 𝟎𝟒 ± 𝟎. 𝟐𝟏

𝟏. 𝟎

𝟎. 𝟐𝝈

𝑫𝒔& → 𝜼′ℓ&𝝂ℓ
[PRL122(2019)121801]
[PRD97(2018)012006]

𝝁
𝒆 = 𝟏. 𝟐𝟗 ± 𝟎. 𝟔𝟕 𝟎. 𝟒𝝈

𝑫𝒔& → 𝝓ℓ&𝝂ℓ
[PRD97(2018)012006]

𝝁
𝒆 = 𝟎. 𝟖𝟔 ± 𝟎. 𝟐𝟗 𝟎. 𝟓𝝈

𝚲 → 𝒑𝝁.T𝝂𝝁
[PRL127(2021)121802]

𝝁
𝒆
= 𝟎. 𝟏𝟕𝟖 ± 𝟎. 𝟎𝟐𝟖 𝟎. 𝟏𝟓𝟑 ± 𝟎. 𝟎𝟎𝟖 𝟎. 𝟗𝝈

𝚲𝐜& → 𝚲 ℓ&𝝂ℓ
[PRL115(2015)221805]
[PLB767(2017)42]

𝝁
𝒆
= 𝟎. 𝟗𝟔 ± 𝟎. 𝟏𝟔 ± 𝟎. 𝟎𝟒 𝟏. 𝟎 𝟎. 𝟏𝝈
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l No obvious LFU violation is observed with the current precision.

l In the near future, BESIII will collect 20 𝐟𝐛.𝟏 @ 3.773 GeV data sample, 

another 3 fb-1 @ 4.178 GeV,  and 15 𝐟𝐛.𝟏 @ 4.6-4.9 GeV, the single precisions 

for 𝑫(𝒔) 𝐚𝐧𝐝 𝚲𝒄 decays will be further improved.

Thanks for your attention!



33

Backup



34

From Prof. 
Beijiang Liu
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𝑫& → '𝑲𝟎𝝁&𝝂𝝁
EPJC 76(2016) 369

𝑁789 = 16516 ± 130

Simultaneous fit: The double tag production yield has been constrained to be 
same for the two modes, which is corrected by the detector efficiency and 
daughter decay branching fractions: 

𝑩 𝑫3 → +𝑲𝟎 𝝁3 𝝂𝝁 = 𝟖. 𝟕𝟐 ± 𝟎. 𝟎𝟕 ± 𝟎. 𝟏𝟖 %

Γ 𝐷! → 7𝐾"𝜇!𝜈#
Γ 𝐷! → 7𝐾" 𝑒!𝜈$

= 0.988 ± 0.033

Lepton universality: 

𝐵(𝐷4 → E𝐾: 𝑒4 𝜈;) is from PDG

𝑵𝑫𝑻
𝐩𝐫𝐝 = 𝟏𝟑𝟐𝟕𝟏𝟐 ± 𝟏𝟎𝟒𝟏

consistent

𝑈*+,,(GeV)

𝐷4 → E𝐾:𝜋4𝜋:

signal: 7𝐾" → 𝜋! 𝜋-

signal: 7𝐾" → 𝜋" 𝜋"

Others

𝑁789 = 4198 ±33


