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Introduction 

𝑫 𝒔  pure leptonic decay 𝑫(𝒔) semi-leptonic decay 

 CKM matrix element |Vcd(s)|: Test the unitarity CKM matrix and 

search for NP beyond SM 
 

 Decay constant 𝑓𝐷(𝑠)
+ ,  form factor 𝑓+ 𝑞

2 : Calibrate Lattice QCD 
 

 To validate their application to the B-meson (𝑓𝐵+) 
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𝚪(𝑫 𝒔
+ → 𝒍+𝝂𝒍)  ∝ 𝒇𝑫 𝒔

+
𝟐 ∙ 𝑽𝒄𝒅 𝒔

𝟐
 𝚪 𝑫(𝒔) → 𝑷 𝒍

+ 𝝂𝒍  ∝ 𝒇+ 𝒒
𝟐 𝟐 ∙ 𝑽𝒄𝒅 𝒔

𝟐
 



Evidence of LFUV in semi-leptonic  

B decays : 

Introduction 
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 Lepton flavor universality test in charm sector 

𝑹𝝉/𝝁 =
𝚪 (𝑫𝒔
+ → 𝝉+𝝂𝝉)

𝚪 (𝑫𝒔
+ → 𝝁+𝝂𝝁)

=

𝒎𝝉+
𝟐 𝟏 −

𝒎𝝉+
𝟐

𝒎
𝑫𝒔
+
𝟐

𝟐

𝒎𝝁+
𝟐 𝟏 −

𝒎𝝁+
𝟐

𝒎
𝑫𝒔
+
𝟐

𝟐
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2004:  started BEPCII upgrade,  

            BESIII construction 

2008: test run 

2009-now: BESIII physics run 

 

•  1989-2004(BEPC): 

Lpeak = 1.0 x 1031 /cm2s 

•  2009-now(BEPCII) 

Lpeak = 1.0 x 1033/cm2s  

(Achieved on Apr. 5th, 2016) 

Center-of-mass energy: 2.0 – 4.95 GeV 

Linac 

BESIII 

detector 

South 

BEPCII: high luminosity double–ring collider 
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Superconducting 

solenoidal magnet:  

 

Helium-based multilayer 

drift chamber (MDC): 

CsI (Tl) electromagnetic 

calorimeter (EMC): 

Muon Chamber 

(MUC): 

Plastic scintillator 

time-of-flight (TOF): 

From inner to outside[1]:  

[3] M. Ablikim et al. (BESIII Collaboration), Nucl. Instr. Meth. A614, 345 (2010). 

BESIII detector 
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𝒔(𝐆𝐞𝐕) Integrated luminosity Decay chain of interest  

𝟑. 𝟕𝟕𝟑 𝟐𝟗𝟑𝟎 𝐩𝐛−𝟏 
𝒆+𝒆− → 𝝍 𝟑𝟕𝟕𝟎 → 𝑫𝟎𝑫 𝟎 

𝒆+𝒆− → 𝝍 𝟑𝟕𝟕𝟎 → 𝑫+𝑫− 

𝒔(𝐆𝐞𝐕) 
Integrated 

luminosity(𝐩𝐛−𝟏) 

 
𝒆+𝒆− → 𝑫𝒔

∗𝑫𝒔 
 

𝐓𝐨𝐭𝐚𝐥:  𝟔𝟑𝟐𝟎 𝐩𝐛−𝟏 

 

𝟒. 𝟏𝟕𝟖 𝟑𝟏𝟖𝟗. 𝟎 ± 𝟎. 𝟗 ± 𝟑𝟏. 𝟗 

𝟒. 𝟏𝟖𝟗 𝟓𝟐𝟔. 𝟕 ± 𝟎. 𝟏 ± 𝟐. 𝟐 

𝟒. 𝟏𝟗𝟗 𝟓𝟐𝟔. 𝟎 ± 𝟎. 𝟏 ± 𝟐. 𝟏 

𝟒. 𝟐𝟎𝟗 𝟓𝟏𝟕. 𝟏 ± 𝟎. 𝟏 ± 𝟏. 𝟖 

𝟒. 𝟐𝟏𝟗 𝟓𝟏𝟒. 𝟔 ± 𝟎. 𝟏 ± 𝟏. 𝟖 

𝟒. 𝟐𝟐𝟔 𝟏𝟎𝟒𝟕. 𝟑 ± 𝟎. 𝟏 ± 𝟏𝟎. 𝟐 

𝐃𝟎(+), 𝐃𝐬
+ samples at BESIII (in pb-1) 
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Analysis technique   

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
 

 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 = 𝑬𝐛𝐞𝐚𝐦
𝟐 − 𝒑𝑫−

𝟐 

The signal branching 

fraction: 

𝑩𝐬𝐢𝐠 =
𝑵𝐃𝐓
𝐬𝐢𝐠𝐧𝐚𝐥

𝑵𝑫(𝒔)
𝐒𝐓 × 𝝐

 

 Single tag (ST):  

fully reconstruct one 𝑫−  

 Double tag (DT):  

in the recoil ST 𝑫(𝒔)
− , 

analyze the signal 𝑫(𝒔)
+  

𝑴𝐫𝐞𝐜(𝐌𝐞𝐕/𝒄
𝟐) 𝐌𝐈𝐧𝐯(𝐌𝐞𝐕/𝒄

𝟐) 

𝑲+𝑲−𝝅− 𝑲+𝑲−𝝅− 

PRD 104, 012003 (2021) arXiv: 2102.11734 [hep-ex]  

𝑴𝐁𝐂
𝐭𝐚𝐠
(𝐆𝐞𝐕/𝒄𝟐) 

PRL124(2020)231801 

𝐌𝐌𝟐 = 𝑬𝐦𝐢𝐬𝐬
𝟐  − 𝒑𝐦𝐢𝐬𝐬

𝟐 

𝑬𝐦𝐢𝐬𝒔 = 𝑬𝐜𝐦  − 𝒑𝑫(𝒔)
−

𝟐
+𝑴𝑫(𝒔)
𝟐 − 𝑬𝑿 

𝒑𝐦𝐢𝐬𝐬 = −𝒑𝑫(𝒔)
− − 𝒑𝑿 

𝑼𝐦𝐢𝐬𝐬 = 𝑬𝐦𝐢𝐬𝐬  − 𝒑𝐦𝐢𝐬𝐬  

or other variables 



Pure leptonic decay 

Γ 𝐷(𝑠)
+ → 𝑙+𝜈 =

𝐺𝐹
2 𝑓
𝐷(𝑠)
+
2

8𝜋
 𝑉𝑐𝑑 𝑠

2
 𝑚𝑙
2 𝑚𝐷 𝑠

+  1 −
𝑚𝑙
2

𝑚
𝐷(𝑠)
+
2  

2

 

9 

 𝑫𝒔
+ → 𝝉+𝝂𝝉  

• 𝝉+ → 𝒆+𝝂𝒆𝝂 𝝉  

• 𝝉+ → 𝝅+𝝂 𝝉  

 𝑫𝒔
+ → 𝝁+𝝂𝝁  

arXiv: 2106.02218[hep−ex] 

arXiv: 2102.11734 [hep-ex]   Accepted by PRD  

• 𝝉+ → 𝝅+𝝅𝟎𝝂 𝝉  Phys. Rev D 104, 032001 (2021) 
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• Simultaneous fit to the 𝐌𝐌𝟐 for six energy points shared with a common leptonic 

branching fraction. 

Signal yields: 𝟏𝟕𝟒𝟓 ± 𝟖𝟒 

𝑩𝑫𝒔+→𝝉+𝝂𝝉 = 𝟓. 𝟐𝟗 ± 𝟎. 𝟐𝟓𝐬𝐭𝐚𝐭. ± 𝟎. 𝟐𝟎𝐬𝐲𝐬𝐭. %  

𝑫𝒔
+ → 𝝉+𝝂𝝉 𝒗𝒊𝒂 𝝉

+ → 𝝅+𝝅𝟎𝝊𝝉 
𝑷𝒉𝒚𝒔. 𝑹𝒆𝒗.  𝑫 𝟏𝟎𝟒, 𝟎𝟑𝟐𝟎𝟎𝟏 (𝟐𝟎𝟐𝟏) 

Only show @ 4.178 GeV  
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𝑵
𝑫𝒔
+→𝝁+𝝂𝝁

𝐬𝐢𝐠𝐧𝐚𝐥
= 𝟐𝟏𝟗𝟖 ± 𝟓𝟓 

𝑵
𝑫𝒔
+→𝝉+𝝂𝝉

𝐬𝐢𝐠𝐧𝐚𝐥
= 𝟗𝟒𝟔−𝟒𝟓

+𝟒𝟔 

𝑩 𝑫𝒔
+ → 𝝉+𝝂𝝉 = 𝟓. 𝟐𝟏 ± 𝟎. 𝟐𝟓𝐬𝐭𝐚𝐭. ± 𝟎. 𝟏𝟕𝐬𝐲𝐬𝐭. × 𝟏𝟎

−𝟐 

𝑩 𝑫𝒔
+ → 𝝁+𝝂𝝁 = 𝟓. 𝟑𝟓 ± 𝟎. 𝟏𝟑𝐬𝐭𝐚𝐭. ± 𝟎. 𝟏𝟔𝐬𝐲𝐬𝐭. × 𝟏𝟎

−𝟑 

• An unbinned simultaneous maximum likelihood fit to two-dimensional distributions 

𝑴𝐦𝐢𝐬𝐬
𝟐  𝐆𝐞𝐕/𝒄𝟐

𝟐
 𝑴𝐢𝐧𝐯 𝑫𝒔

−  𝐌𝐞𝐕/𝒄𝟐 

-like  

-like 

For all data samples 

The most precise to date. 

Only show @ 4.178 GeV  

𝑫𝒔
+ → 𝝁+𝝂𝝁 and 𝑫𝒔

+ → 𝝉+𝝂𝝉 𝒗𝒊𝒂 𝝉
+ → 𝝅+𝝂 𝝉 

arXiv:2102.11734[hep−ex] Accepted by PRD 

𝐌𝐌𝟐 𝐆𝐞𝐕/𝒄𝟐
𝟐
 𝑴𝐢𝐧𝐯 𝑫𝒔

−  𝐌𝐞𝐕/𝒄𝟐 

-like  

-like 

Only show @ 4.178 GeV  

𝑬𝐄𝐌𝐂 ≤ 𝟑𝟎𝟎 MeV 

𝑬𝐄𝐌𝐂 > 𝟑𝟎𝟎 MeV 
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  𝑬𝐞𝐱𝐭𝐫𝐚
𝐭𝐨𝐭 : the total energy of the good EMC showers, excluding those associated with the ST 

𝑫𝒔
− candidates and those within 𝟓𝐨of the initial direction of the positron.    

 DT yield 𝑵𝐃𝐓 = 𝑵𝐃𝐓
𝐭𝐨𝐭  − 𝑵𝐃𝐓

𝐧𝐨𝐧−𝑫𝒔
−

 − 𝑵𝐃𝐓
𝑲𝑳
𝟎𝒆+𝝂𝒆 − 𝑵𝐃𝐓

𝑿𝒆+𝝂𝒆 (in signal 𝑬𝐞𝐱𝐭𝐫𝐚
𝐭𝐨𝐭 < 𝟎. 𝟒 GeV )  

The background yields of 𝑫𝒔
+

→ 𝑿 𝒆+𝝂𝒆 extrapolated from the fits

 to 𝑬𝐞𝐱𝐭𝐫𝐚
𝐭𝐨𝐭 > 𝟎. 𝟔 GeV. 

𝑩𝑫𝒔+→𝝉+𝝂𝝉 = 𝟓. 𝟐𝟕 ± 𝟎. 𝟏𝟎𝐬𝐭𝐚𝐭. ± 𝟎. 𝟏𝟐𝐬𝐲𝐬𝐭. %  

The most precise result to date 

Signal peak 

𝑫𝒔
+ → 𝝉+𝝂𝝉 𝒗𝒊𝒂 𝝉

+ → 𝒆+𝝂𝒆𝝂 𝝉 
arXiv:2106.02218[hep−ex] 
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Averaged result for 𝑫𝒔
+ → 𝝉+𝝂𝝉 

(The correlated uncertainties of single-tag yields, tag bias,  tracking/PID are considered) 

𝑅 𝜏/𝜇 exp =
𝐵(𝐷𝑠
+ → 𝜏+𝜈𝜏)

𝐵(𝐷𝑠
+ → 𝜇+𝜈𝜇)

= 9.83 ± 0.45 

𝑅 𝜏/𝜇 SM =

𝑚𝜏
2 1 −

𝑚𝜏
2

𝑚𝐷𝑠
2

2

𝑚𝜇
2 1 −

𝑚𝜇
2

𝑚𝐷𝑠
2

2 = 9.75 ± 0.01 

Consistent  

𝑓𝐷𝑠+ 𝑉𝑐𝑠 = (243.8 ± 1.7± 2.1) MeV 

Γ 𝐷(𝑠)
+ → 𝑙+𝜈 = 

𝐺𝐹
2 𝑓
𝐷(𝑠)
+
2

8𝜋
 𝑉𝑐𝑑 𝑠

2
 𝑚𝑙
2 𝑚𝐷 𝑠

+  1 −
𝑚𝑙
2

𝑚
𝐷(𝑠)
+
2  

2
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Comparison of decay constant 𝒇𝑫𝒔+ 

• Input 𝑽𝒄𝒔 = 𝟎. 𝟗𝟕𝟑𝟐𝟎 ± 𝟎. 𝟎𝟎𝟎𝟏𝟏 from CKM global fit  

 [MeV]+
sD

f
0 100 200 300

BESIII
-1

 6.32 fbnt + 
-1

 3.19 fbnm 2.2±1.8±251.4 Combined

-1BESIII 6.32 fb netarXiv:2106.02218 [hep-ex], 3.0±2.4±251.1

-1BESIII 6.32 fb nrtPRD104(2021)032001, 4.9±5.9±251.6

-1BESIII 6.32 fb nptarXiv:2102.11734 [hep-ex], 4.2±6.0±249.7

-1BESIII 6.32 fb nmarXiv:2102.11734 [hep-ex], 3.9±3.0±249.8

-1BESIII 3.19 fb nmPRL122(2019)071802, 3.6±3.7±253.0

Belle nmJHEP09(2013)139, 4.8±6.6±248.8

BaBar nmPRD82(2010)091103, 7.6±8.4±264.9

CLEO nmPRD79(2009)052001, 4.0±10.2±256.7

-1BESIII 0.482 fb nmPRD94(2016)072004, 5.1±17.8±245.5

Belle np,me,tJHEP09(2013)139, 7.2±4.8±261.1

BaBar nme,tPRD82(2010)091103, 12.0±8.6±244.6
CLEO nptPRD79(2009)052001, 4.0±17.5±277.1

CLEO nrtPRD80(2009)112004, 5.0±13.3±257.0

CLEO netPRD79(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

Precision~1% 
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Comparison of |𝑽𝒄𝒔|  

• Input 𝒇𝑫𝒔+ = 𝟐𝟒𝟗. 𝟗 ± 𝟎. 𝟓  from LQCD calculations (FLAVG19)  

|
cs

|V
-1 0 1

BESIII
-1

 6.32 fbnt + 
-1

 3.19 fbnm 0.008±0.007±0.979 Combined

-1BESIII 6.32 fb netarXiv:2106.02218 [hep-ex], 0.012±0.009±0.978

-1BESIII 6.32 fb nrtPRD104(2021)032001, 0.019±0.023±0.980

-1BESIII 6.32 fb nptarXiv:2102.11734 [hep-ex], 0.016±0.023±0.972

-1BESIII 6.32 fb nmarXiv:2102.11734 [hep-ex], 0.015±0.012±0.973

-1BESIII 3.19 fb nmPRL122(2019)071802, 0.014±0.014±0.985

Belle nmJHEP09(2013)139, 0.019±0.026±0.969

BaBar nmPRD82(2010)091103, 0.029±0.033±1.032

CLEO nmPRD79(2009)052001, 0.016±0.040±1.000

-1BESIII 0.482 fb nmPRD94(2016)072004, 0.020±0.069±0.956

Belle np,me,tJHEP09(2013)139, 0.028±0.019±1.017

BaBar nme,tPRD82(2010)091103, 0.047±0.033±0.953

CLEO nptPRD79(2009)052001, 0.016±0.068±1.079

CLEO nrtPRD80(2009)112004, 0.019±0.052±1.001

CLEO netPRD79(2009)052002, 0.021±0.044±0.981

HFLAV18 EPJC81(2021)226 0.010±0.969

CKMFitter PTEP2020(2020)083C01 0.00011±0.97320

Precision~1% 



Semi-leptonic decay 

𝑑Γ

𝑑𝑞2
= 𝑋
𝐺𝐹
2𝑝3

24𝜋3
𝑓+ 𝑞

2 2 𝑉𝑐𝑑 𝑠
2
 (𝑋 = 1 𝑓𝑜𝑟 𝐾−, 𝜋−, 𝐾 0, 𝜂(′); 𝑋 =

1

2
 𝑓𝑜𝑟 𝜋0)  

16 

 𝑫+ → 𝜼𝝁+𝝂𝝁 

 𝑫𝟎 → 𝑲𝟏 𝟏𝟐𝟕𝟎
−𝒆+𝝂𝒆 

PRL124(2020)231801 

arXiv: 2102.10850 [hep-ex] 

 𝑫𝒔
+ → 𝑿𝒆+𝝂𝒆 

 𝑫𝟎 → 𝝆−𝝁+𝝂𝝁 arXiv: 2106.02292 [hep-ex] 

PRD104(2020)012003 

𝑫 → 𝑷 𝒆+𝝂 (𝑷 = 𝑲,𝝅, 𝜼(′))   



𝒇+
𝜼
𝒒𝟐   is parameterized by the 

two parameters series expansion.  

𝑫+ → 𝛈 𝝁+𝝂𝝁 

𝑷𝒉𝒚𝒔. 𝑹𝒆𝒗. 𝑳𝒆𝒕𝒕. 𝟏𝟐𝟒, 𝟐𝟑𝟏𝟖𝟎𝟏(𝟐𝟎𝟐𝟎) 

17 

−𝟎. 𝟏 𝟎. 𝟎 𝟎. 𝟏 
𝑼𝐦𝐢𝐬𝐬 (𝐆𝐞𝐕) 

𝐄
𝐯
𝐞
𝐧
𝐭𝐬
/(
𝟔
 𝐌
𝐞
𝐕
) 𝐒𝐢𝐠. > 𝟏𝟎𝝈 

 

Unbinned fit to 𝑼𝐦𝐢𝐬𝐬 

𝑵𝐃𝐓
𝐬𝐢𝐠𝐧𝐚𝐥
= 𝟐𝟑𝟒 ± 𝟐𝟐 𝑩𝑫+→𝜼𝝁+𝝂𝝁 = 𝟏𝟎. 𝟒 ± 𝟏. 𝟎𝐬𝐭𝐚𝐭. ± 𝟎. 𝟓𝐬𝐲𝐬𝐭. × 𝟏𝟎

−𝟒 

𝑽𝒄𝒅 = 𝟎. 𝟐𝟒𝟐 ± 𝟎. 𝟎𝟐𝟐𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟎𝟔𝐬𝐲𝐬𝐭. ± 𝟎. 𝟎𝟑𝟑𝐭𝐡𝐞𝐨𝐫𝐲 

𝒇+
𝜼
𝟎 = 𝟎. 𝟑𝟗 ± 𝟎. 𝟎𝟒𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟏𝐬𝐲𝐬𝐭. 

𝑹𝝁/𝒆 =
𝑩𝑫+→𝜼𝝁+𝝂𝝁

𝑩𝑫+→𝜼𝒆+𝝂𝒆
𝑷𝑫𝑮 = 𝟎. 𝟗𝟏 ± 𝟎. 𝟏𝟑 

consistent  SM prediction: 

 (𝟎. 𝟗𝟕 − 𝟏. 𝟎𝟎) 

Experimental confirmation 

for the first time since it was 

predicted 30 years ago. 
Phys. Rev. D 39, 799 (1989).  

𝛈 → 𝜸𝜸 

Peaking BKG: 𝑫+ → 𝜼𝝅+𝝅𝟎 

Other BKG 
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 𝑲𝟏 𝟏𝟐𝟕𝟎
− → 𝑲−𝝅+𝝅−  

 Two-dimensional unbinned extended maximum-likelihood simultaneous fits shared with 

the same value of [𝑩𝑫𝟎→𝑲𝟏 𝟏𝟐𝟕𝟎 − 𝒆+𝝂𝒆 ⋅ 𝑩𝑲𝟏 𝟏𝟐𝟕𝟎 −→𝑲−𝝅+𝝅−]. 

𝑵𝐃𝐓
𝐬𝐢𝐠𝐧𝐚𝐥
= 𝟏𝟎𝟗. 𝟎 ± 𝟏𝟐. 𝟓 𝐒𝐢𝐠. > 𝟏𝟎𝝈 

𝑩𝑫𝟎→𝑲𝟏 𝟏𝟐𝟕𝟎 − 𝒆+𝝂𝒆 = 𝟏. 𝟎𝟗 ± 𝟎. 𝟏𝟑−𝟎.𝟏𝟔
+𝟎.𝟎𝟗 ± 𝟎. 𝟏𝟐𝐞𝐱. × 𝟏𝟎

−𝟑 

𝚪𝑫𝟎→𝑲𝟏 𝟏𝟐𝟕𝟎 −𝒆+𝝂𝒆
𝚪𝑫+→𝑲 𝟏(𝟏𝟐𝟕𝟎)𝟎𝒆+𝝂𝒆

= 𝟏. 𝟐𝟎 ± 𝟎. 𝟎𝟐𝐬𝐭𝐚𝐭. ± 𝟎. 𝟏𝟒𝐬𝐲𝐬𝐭. ± 𝟎. 𝟎𝟒𝐞𝐱.  
Agrees with unity as 

predicted by isospin 

symmetry. 

𝑫𝟎 → 𝑲𝟏 𝟏𝟐𝟕𝟎
− 𝒆+𝝂𝒆 

arXiv: 2102.10850 [hep−ex] Accepted by PRL  
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𝑵
𝑫𝒔
+ →𝑿𝒆+𝝂𝒆

𝐬𝐢𝐠𝐧𝐚𝐥
= 𝟏𝟔𝟔𝟒𝟖 ± 𝟑𝟐𝟔 

extrapolate  

 𝑿 means inclusive decays 

𝑫𝒔
+ → 𝑿𝒆+ 𝝂𝒆 

𝑷𝒉𝒚𝒔. 𝑹𝒆𝒗.  𝑫 𝟏𝟎𝟒, 𝟎𝟏𝟐𝟎𝟎𝟑 (𝟐𝟎𝟐𝟏) 

             𝑩 𝑫𝒔
+ → 𝑿𝒆+𝝂𝒆 = 

(𝟔. 𝟑𝟎 ± 𝟎. 𝟏𝟑𝐬𝐭𝐚𝐭. ± 𝟎. 𝟏𝟎𝐬𝐲𝐬𝐭.) × 𝟏𝟎
−𝟐  

Consistent, improved by a factor of 2.5  

compared to that from CLEO 

𝑩 𝑫𝒔
+ → 𝑿𝒆+𝝂𝒆 − 𝑩 𝑫𝒔

+ → 𝑿𝒊𝒆
+𝝂𝒆 𝐤𝐧𝐨𝐰𝐧

𝒊

= (−𝟎. 𝟎𝟒 ± 𝟎. 𝟏𝟑𝐬𝐭𝐚𝐭. ± 𝟎. 𝟐𝟎𝐬𝐲𝐬𝐭.) × 𝟏𝟎
−𝟐  

No evidence for the existence of unobserved 𝑫𝒔
+ semileptonic decay modes 

𝚪𝑫𝒔+→𝑿𝒆+𝝂𝒆
𝚪𝑫𝟎→𝑿𝒆+𝝂𝒆

= 𝟎. 𝟕𝟗𝟎 ± 𝟎. 𝟎𝟏𝟔𝐬𝐭𝐚𝐭. ± 𝟎. 𝟎𝟐𝟎𝐬𝐲𝐬𝐭.  𝟎. 𝟖𝟏𝟑 (𝐩𝐫𝐞𝐝𝐢𝐜𝐭𝐢𝐨𝐧) 
consistent 



𝑫𝟎 → 𝝆−𝝁+𝝂𝝁 
arXiv:2106.02292[hep−ex]  

𝐒𝐢𝐠. > 𝟏𝟎𝝈 𝑵𝐃𝐓
𝐬𝐢𝐠𝐧𝐚𝐥
= 𝟓𝟕𝟎 ± 𝟒𝟎 

𝑩𝑫𝟎→𝝆−𝝁+𝝂𝝁 = 𝟏. 𝟑𝟓 ± 𝟎. 𝟎𝟗 ± 𝟎. 𝟎𝟗 × 𝟏𝟎
−𝟑 

𝑩
𝑫𝟎→𝝆−𝝁+𝝂𝝁

𝑩
𝑫𝟎→𝝆−𝒆+𝝂𝒆

= 𝟎. 𝟗𝟎 ± 𝟎. 𝟏𝟏    SM prediction: (0.93-0.96) 

The semileptonic decay 𝑫𝟎 → 𝝆−𝝁+𝝂𝝁 has been observed for the first time.  

20 No LFU violation within current sensitivity  
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Other analyses 

 𝑫+ → 𝝎𝝁+𝝂𝝁 Phys. Rev. D 101, 072005(2020) 

 𝑫𝒔
+ → 𝒂𝟎 𝟗𝟖𝟎

𝟎𝒆+𝝂𝒆 

 𝑫𝟎 → 𝑲−𝒆+𝝂𝒆 𝐚𝐧𝐝 𝑫
+ → 𝑲 𝟎𝒆+𝝂𝒆 

 𝑫𝟎(+) → 𝒃𝟏 𝟏𝟐𝟑𝟓
−(𝟎)𝒆+𝝂𝒆 Phys. Rev. D 102, 112005(2020) 

arXiv: 2104.08081 [hep-ex] Accepted by PRD 

Phys. Rev. D 103, 092004 (2021) 

• We report the first observation of the semimuonic decay 𝑫+ → 𝝎𝝁+𝝂𝝁, The absolute 

BF is  measured to be 𝟏𝟕. 𝟕 ± 𝟏. 𝟖𝒔𝒕𝒂𝒕. ± 𝟏. 𝟏𝒔𝒚𝒔𝒕. × 𝟏𝟎
−𝟒 

• We present the first search for the decay, an upper limit of 1.2× 𝟏𝟎−𝟒 at the 90% 

confidence level is set 

• We search for the semileptonic 𝑫𝟎(+) decays into a 𝒃𝟏 𝟏𝟐𝟑𝟓
−(𝟎) axial-vector 

meson for the first time. The upper limits are set 

• We measure the absolute branching fractions of the decays with a new method, 

This ratio of the two decay partial widths supports isospin symmetry in the decay 



Summary 

First observations for: 

𝐷+ → 𝜂𝜇+𝜐𝜇 > 10𝜎  

𝐷0 → 𝐾1 1270
− 𝑒+𝜈𝑒 > 10𝜎  

𝐷0 → 𝜌−𝜇+𝜈𝜇 > 10𝜎  

 

Results with improved precision for: 

 

 

 

 

 

 

 

 

 

First measurement on the dynamics of: 

𝐷+ → 𝜂𝜇+𝜐𝜇 
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 𝑫𝒔
+ → 𝝉+𝝂𝝉 

 𝑫𝒔
+ → 𝑿𝒆+𝝂𝒆 

• 𝝉+ → 𝒆+𝝂𝒆𝝂 𝝉  

• 𝝉+ → 𝝅+𝝅𝟎𝝂 𝝉  

• 𝝉+ → 𝝅+𝝂 𝝉  

 𝑫𝒔
+ → 𝝁+𝝂𝝁  

 With 2.93 𝐟𝐛−𝟏 @ 3.773 GeV and 6.32 fb-1 from 4.178-4.226 GeV data samples 

 In the near future, BESIII will collect 20 𝐟𝐛−𝟏 @ 3.773 GeV data sample, and another 

3 fb-1 @ 4.178 GeV,  the  precisions will be further improved. 

Chinese Physics C 44, 040001 (2020) 



Back up 

23 



SM prediction: (0.93-0.99) 
 

no LFU violation within current statistics 

This BF is consistent with theretical 

calculation (LFQM, CCQM, and LCSR 

methods). 

2020/11/07 K.Liu 

𝑫+ → 𝝎 𝝁+𝝂𝝁 

𝑷𝒉𝒚𝒔. 𝑹𝒆𝒗.𝑫 𝟏𝟎𝟏, 𝟎𝟕𝟐𝟎𝟎𝟓(𝟐𝟎𝟐𝟎) 

24 

Experimental confirmation for the first time since it was predicted in 30 years 

ago. Phys. Rev. D 39, 799 (1989).  



This BF is consistent with the previous 

BESIII measurements 

𝑫𝟎 → 𝑲−𝒆+𝝂𝒆 𝐚𝐧𝐝 𝑫
+ → 𝑲 𝟎𝒆+𝝂𝒆 

arXiv: 2104.08081 [hep−ex] accpected by PRD 
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𝐵 𝐷0 → 𝐾−𝑒+𝜈𝑒 = 3.574 ± 0.031 ± 0.025 % 

𝐵 𝐷+ → 𝐾 0𝑒+𝜈𝑒 = 8.70 ± 0.14 ± 0.16 % 

𝐵𝑆𝐿 = 𝑁𝐷𝑇/𝑁𝐷𝐷 ⋅ 𝜖𝐷𝑇 
Γ 𝐷0→𝐾−𝑒+𝜈𝑒
Γ 𝐷+→𝐾 0𝑒+𝜈𝑒

= 1.040 ± 0.021 

Consistent with isospin 

symmetry within 1.9𝜎 



𝑫𝒔
+ → 𝒂𝟎 𝟗𝟖𝟎

𝟎𝒆+𝝂𝒆 
                                     𝑷𝒉𝒚𝒔. 𝑹𝒆𝒗.𝑫 103. 092004(2021) 

No significant signal is observed! 

26 

𝐵 𝑎0 980
0𝑒+𝜈𝑒 × 𝐵 𝑎0 980

0 → 𝜋0𝜂 < 1.2 × 10−4 @90% 𝐶. 𝐿. 



2020/11/07 K.Liu 

𝑫𝟎(+) → 𝒃𝟏(𝟏𝟐𝟑𝟓)
−(𝟎) 𝒆+ 𝝂𝒆 

                                     𝑷𝒉𝒚𝒔. 𝑹𝒆𝒗.𝑫 102. 112005(2020) 

𝐷0 → 𝑏1(1235)
− 𝑒+ 𝜈𝑒 𝐷+ → 𝑏1(1235)

0 𝑒+ 𝜈𝑒 

No significant signal is observed! 

27 



𝑫+ → 𝑲𝟏(𝟏𝟐𝟕𝟎)
𝟎 𝒆+ 𝝂𝒆 

𝑷𝒉𝒚𝒔. 𝑹𝒆𝒗. 𝑳𝒆𝒕𝒕. 𝟏𝟐𝟐, 𝟎𝟔𝟐𝟎𝟎𝟏(𝟐𝟎𝟏𝟗) 

Test the various theoretical calculations(agree with the CLFQM and LCSR 

prediction when 𝜃𝐾~33°or 55°.) 
 

Provide important input to study the photon polarization in  𝐵 → 𝐾1𝛾 by 

measuring the ration of up-down asymmetries. (enough statistics) 
 

𝜞(𝑫+→𝑲𝟏(𝟏𝟐𝟕𝟎)
𝟎 𝒆+ 𝝂𝒆)

𝜞(𝑫𝟎→𝑲𝟏(𝟏𝟐𝟕𝟎)
− 𝒆+ 𝝂𝒆)

= 1.2−0.5
+0.7（Isospin conservation test） 

First observation of D meson semi-leptonic decay into axial-vector mesons. 

28 

𝑵𝐃𝐓
𝐬𝐢𝐠𝐧𝐚𝐥
= 𝟏𝟏𝟗. 𝟕 ± 𝟏𝟑. 𝟑 

𝑩𝑫+→𝑲 𝟏 𝟏𝟐𝟕𝟎 𝟎 𝒆+𝝂𝒆 = 𝟐. 𝟑𝟎 ± 𝟎. 𝟐𝟔−𝟎.𝟐𝟏
+𝟎.𝟏𝟖 ± 𝟎. 𝟐𝟓𝐞𝐱.  

A two-dimensional unbinned fit 

𝐒𝐢𝐠. > 𝟏𝟎𝝈 


