
Recent progress on charmed hadron 
decays at BESIII

Tao Luo
on behalf of the BESIII collaboration 

Fudan University

43rd International Symposium on Physics in Collision
Athens, Greece

22-25 October 2024



Outline

2

•BESIII dataset
•Charmed meson (𝐷!, 𝐷", 𝐷#")

• pure leptonic decays
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The Beijing Electron-Positron Collider II (BEPC II)
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BESIII 
detector

LINAC

2020: energy upgrade to 2.45 GeV
2004: started BEPCII upgrade,
            BESIII construction
2008: test run
2009-now: BESIII physics run   

Ebeam: 2.0(1.85)–4.6(4.95) GeV  
Ldesign=1.0x1033/cm2s        

e+

e-

• 1989-2004  (BEPC): 
       Lpeak=1.0x1031/cm2s 
• 2009-now (BEPCII):   
       Lpeak=1.1x1033/cm2s (2022、2023)



The BEijing Spectrum III (BESIII)
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Excellent resolution, particle identification, and large 
coverage for neutral and charged particles

NIMA614(2010)345



BESIII Collaboration
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BESIII Data Taken near Threshold

• Single Tag (ST):     reconstruct only 
one of the  hadron  

• Double Tag (DT):  reconstruct both of  
the  hadrons     

       access to absolute BFs; clean samples

• 7.9 fb-1 at Ecm = 3.773 GeV:
𝑒!𝑒" → 𝜓(3770) → 𝐷.𝐷 ( totally 57M 𝐷# and 45M 𝐷! ) 
(Total 20 fb-1 at Ecm = 3.773 GeV is ready, publications based 
on new dataset is on the way)

• 7.33 fb-1 at Ecm = 4.128-4.226 GeV
    𝑒!𝑒" → 𝐷$±𝐷$∗∓,𝐷$∗∓ → 𝜋#/𝛾𝐷$∓  ( ~600k 𝐷$	 )
•   4.5 fb-1 at Ecm = 4.600-4.699 GeV        𝑒!𝑒" → 𝛬)! ̅𝛬	)"

Tag side
𝜋!

𝑫𝟎

𝑒# 𝑒!𝜓(3770)

𝐾!

𝜋#

𝐾#

𝜋!

𝜋#

𝑒# 𝑒!4.178GeV
𝜋$/𝛾

𝐾#
𝜋!
𝜋!

𝜋#
𝜋$
η

Signal side

Tag side

Signal side

-𝑫𝟎

(Charge-conjugate states are implied throughout this talk)

𝑫𝒔#

𝑫𝒔!
𝑫𝒔∗!
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Pure leptonic D decay
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𝐷+𝑞
𝑐 𝑉∗𝑐𝑞

̅𝑞 (𝑑, 𝑠)
𝑊+ 𝑙+

𝜈𝑙𝑓𝐷+𝑞

Γ 𝐷(")$ → ℓ$𝜈ℓ =
𝐺&'

8𝜋	𝑓((")$
' × 𝑉)* +

' 	𝑚ℓ
'	𝑚( "

$ 1 −
𝑚ℓ
'

𝑚((")
$

' 	
'

In the SM:

Decay constant 𝑓*(")$ , if inputting the |𝑽𝐜𝐝(𝐬)| from SM global fit. à Calibrate Lattice QCD calculations.
CKM matrix element 𝑉01 2 , with the 𝑓*(")$ predicted by LQCD. à Test the unitarity of CKM matrix 

• Charm leptonic decays involve both weak and strong interactions.
• The weak part is easy to be described as the annihilation of the quark-antiquark pair 
via the standard model W+boson.
• The strong interactions arise due to gluon exchanges between the charm quark and the 
light quark. These are parameterized in terms of the ‘decay constant’, i.e 𝑓%!".

Decay rate (Exp.)

Decay constant (LQCD)

CKM matrix element



Pure leptonic D decay
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𝑅3/5	 =
Γ	(𝐷($)

! → 𝜏!𝜈3)
Γ	(𝐷($)

! → 𝜇!𝜈5)
=

𝑚3$
6 1 −

𝑚3$
6

𝑚*(")
$

6

6

𝑚5$
6 1 −

𝑚5$
6

𝑚*(")
$

6

6 = 2.67 9.75 ,	

𝑅 𝐷! → 𝜏!𝜈3: 	 𝜇!𝜈5: 	 𝑒!𝜈7 = 2.67: 	 1: 	 2.35×10"8

𝑅 𝐷$! → 𝜏!𝜈3: 	 𝜇!𝜈5: 𝑒!𝜈7 = 9.75: 	 1: 	 2.35×10"8

SM prediction: 𝐵(𝐷 $
! → 𝑒!𝜈7) < 10"9, not yet experimentally observed.

p Lepton flavor universality (LFU) test in 𝜏 − 𝜇 cases

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

SM	prediction

SM	prediction

HFLAV, Phys. Rev. D 107, 052008 (2023) 



Pure leptonic D decay

11

4.178 
GeV

𝑫𝒔!

𝑫𝒔∗#

𝑫𝒔# 𝜸(𝝅𝟎)𝑿

Tag

Signal

𝒆#

𝒆!

𝑴𝐫𝐞𝐜 = 𝑬𝐜𝐦 − 𝒑𝑫𝒔"
𝟐
+𝒎𝑫𝒔"

𝟐
𝟐

− −𝒑𝑫𝒔"
𝟐

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

Tag

Signal

𝑿

𝝍 𝟑𝟕𝟕𝟎

𝑫#

𝑫!

𝒆#

𝒆!

𝚫𝑬 = 𝑬𝑫' − 𝑬𝐛𝐞𝐚𝐦

𝑴𝐁𝐂 = 𝑬𝐛𝐞𝐚𝐦𝟐 − 𝒑𝑫' 𝟐

The signal branching 

fraction:

𝑩𝐬𝐢𝐠 =
𝑵𝐃𝐓
𝐬𝐢𝐠𝐧𝐚𝐥

𝑵𝑫(𝒔)
𝐒𝐓 ×(𝝐𝒔𝒊𝒈

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, 012003 (2021) PRD 104, 052009 (2021)  

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

𝝅!
𝝅!

𝑲#

𝑲# 𝑲!

𝝅!



𝐷! → 𝑙!𝜈" (ℓ = 𝜇, 𝜏)

12

𝐷! → 𝜏!𝜈", 𝜏! → 𝜋!𝜈"𝐷! → 𝜇!𝜈#

First 
observation

ℬ(𝐷# → 𝜇#𝜈5) = (3.981 ± 0.079 ± 0.040)×10!6

arXiv: 2410.07626
Phys. Rev. Lett. 123, 211802 (2019) Editor’s suggestion

ℬ(𝐷# → 𝜏#𝜈7) = (1.20 ± 0.24 ± 0.12)×10!8

Unfortunately 𝐷# → 𝜏#𝜈7 can’t contribute 
to 𝐷# decay constant measurement

Results based on the 20 fb-1 full dataset @3.773GeV 2.93 fb-1@3.773 GeV

This result is a factor of 2.3 more precise than the previous 
best measurement. The most precise to date.

2890±57
137±27

Precision~1.2% Precision~11%



𝐷)! → 𝑙!𝜈
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𝐷$! → 𝜇!𝜈 𝐷$! → 𝜏!(𝜌!𝜈)𝜈

ℬ(𝐷!" → 𝜇"𝜈#) = (5.294 ± 0.108 ± 0.085)×10$%

Phys. Rev. D108,112001 (2023)
ℬ(𝐷!" → 𝜏"𝜈&) = (5.29 ± 0.25 ± 0.20)%

𝐷$! → 𝜏!(𝑒!𝜈𝜈)𝜈
Phys. Rev. D 104, 032001 (2021)

ℬ(𝐷!" → 𝜏"𝜈&) = (5.27 ± 0.10 ± 0.12)%

PRL 127, 171801 (2021)

𝐷$! → 𝜏!(𝜇!𝜈𝜈)𝜈
ℬ(𝐷"# → 𝜏#𝜈) = (5.37 ± 0.17 ± 0.15)%

JHEP 09(2023)124

𝐷! → 𝜏!𝜈3 can contribute 
comparable statistics to 𝜇!𝜈

The most precise
2515±52

δ𝒇𝑫𝒔$|𝐕𝒄𝒔| ~ 1.4%; The most precise to date.

7.33 fb-1@4.128~4.266 GeV

δ𝒇𝑫𝒔$|𝐕𝒄𝒔| ~ 1.5%

The most precise to 



Fit to BDT score on signal channel 

Compared to the previous results (PRD 104(2021) 
052009) based on the same dataset, statistical 

precision is improved by a factor of 1.5 

PRD 108, 092014 (2023) 

𝐷)! → 𝜏!𝜈*

14

Remeasure 𝑫𝒔( → 𝝉((𝝅(𝝂)𝝂 
with multivariate analysis

PRD 110, 052002 (2024) 

ℬ(𝐷$! → 𝜏!𝜈3) = (5.41 ± 0.17 ± 0.13)%

2411±75

10.64 fb−1 from 4.237 to 4.699

Study 𝑫𝒔! → 𝝉!𝝊𝝉 and 𝑫𝒔! → 𝝁!𝝊𝝁 at 
the same time via 𝒆!𝒆" → 𝑫𝒔∗!𝑫𝒔∗"

𝜏2 → 𝑒2𝜈3𝜈̅4 

𝜏2 → 𝜇2𝜈5𝜈̅4 𝜏2 → 𝜋2𝜋6𝜈̅4

𝜏2 → 𝜋2𝜈̅4 

𝑁%)* = 2845 ± 83

𝐵%7"→*",8 = 5.60 ± 0.16 ± 0.20	 %

𝑁%)
- = 507 ± 26



𝐷(")∗% → ℓ%𝜈ℓ	(ℓ = 𝑒, 𝜇)	
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PRL131(2023)141802

• 𝐷$∗! → 𝑒!𝜈7  • 𝐷∗! → ℓ!𝜈ℓ	(ℓ = 𝑒, 𝜇)

No significant signal. 

@4.128 − 4.226	GeV @4.178 − 4.226	GeV

𝑒$𝜈L 𝜇$𝜈M 

𝐵 𝐷∗$ → 𝑒$𝜈L < 1.1×10OP	@	90%	C. L.

𝐵 𝐷∗$ → 𝜇$𝜈M < 4.3×10OQ	@	90%	C. L.

2.9σ

𝑁34 = 6.256.89:.;

𝐵(𝐷"∗$ → 𝑒$𝜈L) = 2. 1OR.S$T.' ± 0.2 ×10OP

                            ≤ 4.0×10OP@90% C.L.

𝑓("∗$ 𝑉U" = 208OVP$PS 	± 43 	MeV

𝑓("∗$ = 214OVQ$QT ± 44 	MeV

PRD110(2024)012003

First Experimental Study of the Purely Leptonic Decay 

Profile likelihood method.
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Semi−leptonic 𝐷 → 𝑃𝑒!𝜈
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In the SM:

• The effects of the strong and weak interactions can be separated in semi-leptonicdecays
• Good place to measure CKM matrix elements and study the weak decay mechanism of 
charm mesons; calibrate LQCD

• 𝑅A/CD  = Γ	(G→DAHW)
Γ	(G→DCHX)

	: Test e − 𝜇 Lepton flavor universality

𝐷+/0𝑞′
𝑐 𝑉∗𝑐𝑞

̅𝑞′(𝑢, 𝑑, 𝑠)
𝑊+ 𝑙+𝜈𝑙𝑞

̅𝑞′ 𝑃𝑓𝑃+ (𝑞2)
𝑑Γ
𝑑𝑞I

= 𝑋
𝐺JI𝑝K

24𝜋K
𝑓L 𝑞I I× 𝑉MN O

I

(𝑋 = 1𝑓𝑜𝑟𝐾P, 𝜋P, 9𝐾Q, 𝜂(R); 𝑋 =
1
2𝑓𝑜𝑟 𝜋

Q)

Ø Analyze exp. partial decay rates → 𝑞I dependence of 𝑓L 𝑞I , extract 𝑓L(0) with 
𝑉)E $

FGHIJKKLM as input – calibrate QCD 
Ø Exp. + LQCD calculation of 𝑓L(0) → 𝑉MN O – constrain CKM matrix

Differential
decay rate (Exp.)

CKM matrix element
Form factor

(LQCD)
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𝐷" → 𝜂U𝑙"𝜈

𝐷#" → 𝜂(U)𝜇"𝜈

Phys. Rev. Lett. 132, 091802 (2024)

𝐷#" → 𝜂(U)𝑒"𝜈

PRL122(2019)061801à arXiv:2406.19190

𝐷#" → 𝐾!𝑒"𝜈First 
extraction

𝑓(
%7→.(:)|Vcd|	=	0.143(11)(03)

PRL123,121801(2019) →
PRD108,092003(2023)

arXiv:2410.08603

𝑓(
%→/<|Vcd|	
=	0.0592(56)(13)

Semi−leptonic 𝐷 → 𝑃𝑒!𝜈

𝜼 − 𝜼9mixing angle in the quark flavor basis is determined

First observation of 𝐃𝐬#
→ 𝛈9𝛍#𝛎, the most precise 
measuremet to date for 
these two decays. 

20.3 fb-1@3.773 GeV

First observation of 𝑫# → 𝜼9𝛍#𝝂 and first 
study of 𝑫# → 𝜼9𝒍#𝝂 decay parameters

The most precise measurement of Br. and FF. to date.
Obviously deviate from simple pole model in the high 
moment transfer region.

Precision ~8%
Precision ~10%



Comparison of decay constant
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(MeV)+Df
0 100 200

νµBESIII, arXiv:2410.07626,20.3fb-1 1.4±2.3±211.5 =1.2%σ

ντBESIII, -1PRL123(2019)211802,2.9fb 11.3±22.5±224.7

νµBESIII, -1PRD89(2014)051104,2.9fb 1.7±5.3±204.2

νµCLEO, PRD78(2008)052003 2.5±8.7±207.2

HFLAV21 PRD107(2023)052008 4.4±205.1

FMILC(2+1+1) LAT2012(2012)159 3.6±3.0±209.2

FMILC(2+1+1) LATTICE2013(2014)405 1.0±0.3±212.3

ETM(2+1+1) LATTICE2013(2014)314 8±202.0

ETM(2+1+1) PRD91(2015)054507 3.8±207.4

FMILC(2+1+1) PRD90(2014)074509 0.4±212.6

FMILC(2+1+1) PRD98(2018)074512 0.6±212.7

FLAG21(2+1+1)EPJC82(2022)869 0.7±212.1

 (MeV)+
sDf

0 100 200
BESIII Combined νµ + ντ 1.82±1.34±252.08 =0.9%σ
BESIII Combined ντ 1.82±1.54±253.93

-1BESIII 10.6 fb
*-
sD*+

s, DνµPRD110,052002, 3.7±6.1±253.2
-1BESIII 7.33 fb νµPRD108(2023)112001, 2.2±2.5±248.4
-1BESIII 6.32 fb νµPRD104(2021)052009, 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

-1BESIII 10.6 fb *-
sD*+

s, DντPRD110,052002, 4.6±3.7±259.6
-1BESIII 7.33 fb νµτJHEP09(2023)124, 3.7±4.0±253.4
-1BESIII 7.33 fb νπτPRD108(2023)092014, 3.1±4.0±255.0
-1BESIII 6.32 fb νeτPRL127(2021)171801, 3.0±2.4±251.1
-1BESIII 6.32 fb νρτPRD104(2021)032001, 4.9±5.9±251.6
-1BESIII 6.32 fb νπτPRD104(2021)052009, 4.2±6.0±249.7

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
HFLAV21 PRD107(2023)052008 2.5±252.2

FLAG21(2+1+1) EPJC82(2022)869 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

1.2%

1.1%
0.9%

𝑓𝑫G 𝑓𝑫𝒔G

• Input 𝑉=> = 𝟎.𝟐𝟐𝟒𝟖𝟕± 𝟎.𝟎𝟎𝟎𝟔𝟖	from CKM global fit • Input 𝑉?@ = 0.97320 ± 0.00011	from CKM global fit 

The errors from the exps. are still larger than those from LQCD calculations.

0.3% 0.2%
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Comparison of form factor

(0)K→D
+f

0 0.2 0.4 0.6 0.8

LCSR IJMPA21(2006)6125 0.067±0.661

LFQM JPG39(2012)025005 0.01 ±0.79

QM JPG39(2012)025005 0.762

CCQM FP14(2019)64401 0.12±0.78

RQM PRD101(2020)013004 0.716

LQCD PRD96(2017)054514 0.031±0.765

LQCD PRD104(2021)034505 0.0044±0.7380

LQCD PRD107(2023)014510 0.0040±0.7441

LQCD PRD107(2023)094516 0.0031±0.7452

Belle eν+eK→PRL97(2006)061804,D 0.022±0.007±0.695

BaBar eν+e-K→0PRD76(2007)052005,D 0.009±0.007±0.727

CLEO eν+eK→PRD80(2009)032005,D 0.005±0.007±0.739

BESIII eν+eL
0K→+PRD92(2015)112008,D 0.012±0.007±0.748

BESIII eν+e0K→+PRD96(2017)012002,D 0.0115±0.0041±0.7246

BESIII µν
+µ-K→0PRL122(2019)011804,D 0.0030±0.0038±0.7327

BESIII eν+e-K→0PRD92(2015)072012,D 0.0036±0.0026±0.7368

BESIII lν
+lK→arXiv:2408.09087, D 0.0012±0.0011±0.7357

(0)π→D
+f

-0.5 0 0.5

LCSR IJMPA21,6125 +0.057
-0.0600.635

LCSR PRD67,014024 0.19±0.67
LCSR PRD62,114002 0.11±0.65
LQCD PRD96,054514 0.035±0.612
LQCD PRD84,114505 0.021±0.020±0.666
LQCD PRL94,011601 0.060±0.030±0.640
QM ZPC34,103 0.692
RQM PRD101,013004 0.64
CQM PRD62,014006 0.69
CCQM PRD98,114031 0.09±0.63
LFQM JPG39,025005 0.01±0.66
LQCD PRD107(2023)094516 0.0051±0.6300

CLEO-c PRD77,112005 0.004±0.019±0.666
CLEO-c PRD80,032005 0.007±0.022±0.629
Belle PRL97,061804 0.003±0.020±0.624
BESII PLB597,39 0.060±0.140±0.730
BESIII eν+e0π→+PRD96,012002,D 0.003±0.012±0.622
BESIII eν+e-π→0PRD92,072012,D 0.004±0.008±0.637

BESIII eν+e-π→0, D-1Expected 20 fb 0.004±0.003±0.637

Experimental precision is comparable to the latest QCD result!

< 0.3%

2010à2023

2.4à0.4%
2011à2023

4.4à0.8%

1.4%
<1%

𝐷 → 𝐾 𝐷 → 𝜋



|
cd

|V
-0.6 -0.4 -0.2 0 0.2

BESIII µν+µarXiv:2410.07626, 0.0014±0.0023±     0.2242

BESIII ντPRL123,211802, 0.012±0.024±     0.238

BESIII µν+µPRD89,051104, 0.0020±0.0055±     0.2165

BESIII eν
+e0arXiv:2406.19190,K 0.036±0.018±     0.238

BESIII µν+µηPRL124,231801, 0.034±0.041±     0.242

BESIII eν
+eηPRD97,092009, 0.0318±0.0338±     0.2264

BESIII eν
+e0πPRD96,012002, 0.0026±0.0058±     0.2243

BESIII eν
+e-πPRD92,072012, 0.0023±0.0034±     0.2278

HFLAV21     PRD107,052008 0.0040±     0.2208

CKMfitter     PDG 0.00067±     0.22486

|
cs

|V
-1 0 1

BESIII µν
+µ'ηPRL132,091802, 0.078±0.067±     0.907

BESIII eν
+'eηPRD108,092002, 0.081±0.044±     0.941

BESIII eν
+'eηPRL122,121801, 0.077±0.060±     0.903

BESIII µν+µηPRL132,091802, 0.057±0.020±     0.911

BESIII eν
+eηPRD108,092002, 0.057±0.014±     0.913

BESIII eν
+eηPRL122,121801, 0.057±0.020±     0.900

BESIII lν
+lKarXiv:2408.09087, 0.0043±0.0015±     0.9611

BESIII µν+µ
-PRL122,011804, K 0.0057±0.0050±     0.9572

BESIII eν
+e-PRD92,072012,  K 0.0062±0.0034±     0.9624

BESIII eν
+e0KPRD96,012002,  0.016±0.005±     0.946

BESIII eν
+e0

L
PRD92,112008,  K 0.016±0.008±     0.977

CLEO eν
+eKPRD80,032005,  0.078±0.0090±     0.9648

HFLAV21 PRD107,052008 0.0081±     0.9701

CKMFitter PDG 0.00016±     0.97349
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Comparison of |𝑉'((")|

|cs|V
-1 0 1

BESIII Combined νµ + ντ 0.0071±0.0052±0.9820 0.9%
BESIII Combined ντ 0.0071±0.0060±0.9892

-1BESIII 10.6 fb
*-
sD*+

s, DνµPRD110(2024)052002, 0.014±0.023±0.986
-1BESIII 7.33 fb νµPRD108(2023)112001, 0.009±0.010±0.968
-1BESIII 6.32 fb νµPRD104(2021)052009, 0.015±0.012±0.973
-1BESIII 3.19 fb νµPRL122(2019)071802, 0.014±0.014±0.985

-1BESIII 0.482 fb νµPRD94(2016)072004, 0.020±0.069±0.956
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 10.6 fb *-
sD*+

s, DντPRD110(2024)052002, 0.018±0.014±1.011
-1BESIII 7.33 fb νµτJHEP09(2023)124, 0.014±0.016±0.987
-1BESIII 7.33 fb νπτPRD108(2023)092014, 0.013±0.016±0.993
-1BESIII 6.32 fb νeτPRL127(2021)171801, 0.012±0.009±0.978
-1BESIII 6.32 fb νρτPRD104(2021)032001, 0.019±0.023±0.980
-1BESIII 6.32 fb νπτPRD104(2021)052009, 0.016±0.023±0.972

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

HFLAV21 PRD107(2023)052008 0.0081±0.9701
CKMFitter PTEP2022(2022)083C01 0.00016±0.97349

Both pure- and semi-leptonic decays contribute

1.2%
~1%

|𝑉MN| |𝑉MO|

1.8%

~0.5%
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𝐷 → 𝑆𝑙𝜈

PRL132(2024)141901 𝑫$ → 𝒇𝟎 𝟓𝟎𝟎 𝒍$𝝂𝒍 arXiv:2401.13225𝑫𝒔$ → 𝒇𝟎(𝟗𝟖𝟎)𝒆$𝝂𝒆

First extraction of form factors for Dàscalar mesons

f(
%7→03(123)(0)|V45| = 0.504(17)(35) 𝑓(

%"→03(633)(0)|𝑉78| = 0.0787(60)(33)

Obvious discrepancy between experiments and some theory calculations based on two quarks 
assumption may indicate there are possible four quarks component in 𝒇𝟎(𝟓𝟎𝟎) and 𝒇𝟎(𝟗𝟖𝟎)

2.93 fb-1@3.773 GeV

First observation of 
𝑫# → 𝒇𝟎(𝟓𝟎𝟎)𝟎𝛍#𝝂𝛍
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𝐷 → 𝑉𝑙𝜈
JHEP12(2023)072

𝑟; = 1.58 ± 0.17 ± 0.02 𝑟< = 0.71 ± 0.14 ± 0.02

𝑫𝟎 → 𝑲∗"𝝁!𝝂𝝁 arXiv:2403.10877

𝑟; = 1.37 ± 0.09 ± 0.03 𝑟< = 0.76 ± 0.06 ± 0.02

𝑫𝒔! → 𝝓𝝁!𝝂𝝁

Ø The absolute branching fraction is
the most precise measurement to date.
Ø PWA is used to extract the FFs. 
Ø No significant S-wave contribution from 

f0(980) → K+K− is found.

1725±68

Ø The first study of the D0 → K−π0μ+νμ decay. 
Ø An S-wave component is observed.
Ø The branching fraction of 𝑫𝟎 → 𝑲∗!𝝁#𝝂𝝁 is improved 

in precision by a factor of five over the current world 
average, which excludes the covariant quark model 
and the covariant confining quark model calculations 
by more than 5σ 

Ø The most precise FF ratios of the 𝑫𝟎 → 𝑲∗!𝝁#𝝂𝝁 decay 
are determined 

7.9 fb-1@3.773 GeV
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𝐷 → 𝐴𝑙𝜈

Phys. Rev. Lett. 127, 131801 (2021)

Phys. Rev. Lett. 123, 231801 (2019)

ℬ = (1.9 ± 0.13 ± 0.13 ± 0.12)×10!6

ℬ = (2.30 ± 0.26 ± 0.18 ± 0.25)×10!6

𝐷# → 𝐾O(1270)"(→ 𝐾"𝜋𝜋)𝑒!𝜈

𝐷! → 𝐾O(1270)#(→ 𝐾"𝜋𝜋)𝑒!𝜈

>5s

>5s

JHEP09(2024)089

𝐷 → 𝐾O 1270 𝑒!𝜈,
𝐾O(1270) → 𝐾$# 𝜋𝜋

>5s

>3s

arXiv:2407.20551

𝓑 𝑫𝟎 → 𝒃𝟏 𝟏𝟐𝟑𝟓 C𝒆2𝝊𝒆 ×𝓑 𝒃𝟏 𝟏𝟐𝟑𝟓 C → 𝝎𝝅C

= (𝟎. 𝟕𝟐 ± 𝟎. 𝟏𝟖C𝟎.𝟎𝟖2𝟎.𝟎𝟔)×𝟏𝟎C𝟒

𝓑 𝑫2 → 𝒃𝟏 𝟏𝟐𝟑𝟓 𝟎𝒆2𝝊𝒆 ×𝓑 𝒃𝟏 𝟏𝟐𝟑𝟓 𝟎 → 𝝎𝝅𝟎
= (𝟏. 𝟏𝟔 ± 𝟎. 𝟒𝟒 ± 𝟎. 𝟏𝟔)×𝟏𝟎C𝟒

First observation of 𝑫𝟎 → 𝒃𝟏 𝟏𝟐𝟑𝟓 "𝒆!𝝊𝒆

35.8±8.9

17.5±6.7

7.9 fb-1@3.773 GeV

Ø The results support the assumption the ωπ 
final state is the dominant decay mode of the 
axial-vector b1 meson

2.93 fb-1@3.773 GeV

Ø LHCb reported a large up-down asymmetry in 𝑩! → 𝑲𝒓𝒆𝒔
! (

→ 𝑲!𝝅#𝝅!)𝜸 in the 𝑲!𝝅#𝝅! invariant mass bin of [1.1, 
1.3]GeV/c2 which is dominated by a 𝑲𝟏 𝟏𝟐𝟕𝟎

− contribution 
(PRL 112, 161801 (2014) ), 𝐃𝟎 → 𝐊𝟏(𝟏𝟐𝟕𝟎)!(→ 𝐊!𝛑𝛑)𝐞#𝛎 is 
desired to quantify the hadronic effects of 𝑲𝟏(𝟏𝟐𝟕𝟎)! → 𝑲!𝛑𝛑.

Ø These semi-leptonic decays are useful to undertand the internal 
structure of the axial-vector meson 𝑲𝟏(𝟏𝟐𝟕𝟎).
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•BESIII dataset
•Charmed meson (𝐷!, 𝐷", 𝐷#")

• pure leptonic decays
• semi-leptonic decays
• hadronic decays
• rare decays

•Charmed baryon (𝛬$")
• semi-leptonic decays
• hadronic decays

• Prospect

Outline



Measuring intermediate resonance 
with considering interference

Interference of 𝐷$ → 𝜙𝜋 and 
other  processes

A bridge connecting theories (two-body) and experiments  
(three or four-body with  𝑒	, 𝜇, 𝜋, 𝐾, 𝑝 as the final state particles)

Providing accurate models for simulation

Why amplitude analysis?

26



Amplitude analysis of 𝑫𝒔! 	→ 𝑲!𝑲-π! 
Dalitz plot projections:

Considering interference 
of 𝐷O → 𝜙𝜋 and other  
processes, such as 
𝐷O → 𝑲∗𝑲

ℬ 𝐷OL → 𝐾	L𝐾	P𝜋L = 5.47 ± 0.08Oklk. ± 0.13OmOk. %

The best precision at present 

PRD 104.012016(2021) 27



𝑫# → 𝑲𝑺
𝟎𝒂𝟎 𝟗𝟖𝟎 # is the only W-annihilation-free decay among D to 𝒂𝟎 𝟗𝟖𝟎 # pseudoscalar, so 𝑫#

→ 𝑲𝑺
𝟎𝒂𝟎 𝟗𝟖𝟎 #	is the ideal decay in extracting the contributions of the W-emission amplitudes involving 𝒂𝟎 𝟗𝟖𝟎 #

and to study the final-state interactions. 

Observation of 𝑫! → 𝑲𝑺
𝟎𝒂𝟎 𝟗𝟖𝟎 !in the Amplitude 

Analysis of 𝑫! → 𝑲𝑺
𝟎𝝅!𝜼

28

PRL 132, 131903 (2024)Observe W-annihilation-free decay 𝑫! → 𝑲𝑺𝟎𝒂𝟎 𝟗𝟖𝟎 ! in the first 
amplitude analysis of 𝑫! → 𝑲𝑺𝟎𝝅!𝜼

𝓑 𝑫# → 𝑲𝑺
𝟎𝒂𝟎 𝟗𝟖𝟎 #, 𝒂𝟎 𝟗𝟖𝟎 # → 𝝅#𝜼

= 𝟏. 𝟑𝟑 ± 𝟎. 𝟎𝟓 ± 𝟎. 𝟎𝟒 %

𝓑 𝑫# → t𝑲𝟎
∗ 𝟏𝟒𝟑𝟎 𝟎𝝅#, t𝑲𝟎

∗ 𝟏𝟒𝟑𝟎 𝟎 → 𝑲𝑺
𝟎𝜼

= 𝟎. 𝟏𝟒 ± 𝟎. 𝟎𝟑 ± 𝟎. 𝟎𝟏 %

𝓑 𝑫# → 𝑲𝑺
𝟎𝝅#𝜼 = 𝟏. 𝟐𝟕 ± 𝟎. 𝟎𝟒 ± 𝟎. 𝟎𝟑 %



Amplitudes analyses of 𝑫𝒔 decays

29

We have finished amplitude 
analyses of most three and 

four body decays of Ds

sD K K p+ + - +®

0 0
s SD K K p+ +®

0
s sD K K p p+ - + +®

0
sD K K p p+ + - +®

+
sD p p p h+ - +®

0 '
sD p p h+ +®

Phys. Rev. D 104, 032011 (2021)

Phys. Rev. D 103 , 092006 (2021)
Phys. Rev. D 104, L071101 (2021)

sD K p p+ + + -®

sD p p p+ + - +®

0 0 + ,s S SD K K p+ ®

0
SD p p h+ +® Phys. Rev. Lett. 123, 112001 (2019) 

0 0
sD p p p+ +® JHEP 01, 052 (2022)

JHEP 08, 196 (2022)

Phys. Rev. D 105, L051103 (2022)
JHEP 04, 058 (2022)

𝐷:( → 𝐾(𝐾;𝜋(𝜋(𝜋;    JHEP 07, 051 (2022)

JHEP 06, 181 (2021)0 0
s SD K p p+ +®

Phys. Rev. Lett 129, 182001 (2022)

Phys. Rev. D 106, 112006 (2022)

JHEP 09(2022) 242

𝐷?9 → 𝐾9𝜋9𝜋5 JHEP 08(2022) 196

𝐷?9 → 𝐾9𝜋9𝜋5𝜋@	

Phys. Rev. D 104, 112016 (2019)



Observation of the DCSD 𝑫% → 𝑲%𝝅%𝝅)𝝅𝟎 

30

Use hadronic tags. 350 signal events

PRD 104, 072005 (2021)

Use semileptonic tags. 112 signal events
ℬ(𝐷L → 𝐾L𝜋L𝜋P𝜋Q) = (1.03±0.12±0.06)×10PK

ℬ( 𝐷" → 𝐾"𝜋"𝜋f𝜋! )
ℬ( 𝐷" → 𝐾f𝜋"𝜋"𝜋!)	

= (1.81 ± 0.15)%

Corresponding to (6.28 ± 0.52) 𝑡𝑎𝑛g𝜃h   

ℬ(𝐷L → 𝐾L𝜋L𝜋P𝜋Q) = (1.13±0.08±0.03)×10PK

One order larger than normal, may be caused by 
final state interactions and very different resonance 
structures in these two decays.

First try of semileptonic tag at BESIII

PRL 125, 141802 (2020)



Observation of the DCSD 𝑫𝒔" → 𝑲"𝑲"𝝅#(𝝅𝟎) 

No significant deviation from naive expectation of (0.5−2.0)× 𝑡𝑎𝑛6𝜃B
is found

Phys. Rev. D 109, 032011 (2024) 31

33.3!C.E#F.C
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•BESIII dataset
•Charmed meson (𝐷!, 𝐷", 𝐷#")

• pure leptonic decays
• semi-leptonic decays
• hadronic decays
• rare decays

•Charmed baryon (𝛬$")
• semi-leptonic decays
• hadronic decays

• Prospect

Outline



𝐷)! → ℎ(ℎ6)𝜙(𝑒!𝑒-)

33

NB: Using 𝐷 "
# → 𝜋# 𝜙, LHCb measured

Rarest charm hadron decay 
observed by BESIII

[arXiv:2404.05973]

[JHEP 05 (2024) 293]



Search for 𝐷"% → 𝛾𝜌(770)%

34

• First search for a radiative 𝐷#"  decay
• BF important to test QCD-based LD calculations & predictions of CPV in D decays

• 7.33 fb-1 data @ Eij ∈ 4.128, 4.226  GeV
• Double-tag method with five modes

2D fit to extract signal yield NDT = 33 ± 14 with statistical significance of 2.5σ
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•BESIII dataset
•Charmed meson (𝐷!, 𝐷", 𝐷#")

• pure leptonic decays
• semi-leptonic decays
• hadronic decays
• rare decays

•Charmed baryon (𝛬$")
• semi-leptonic decays
• hadronic decays

• Prospect

Outline



Updated BF and first FF measurement:

ℬ(𝛬)! → 𝛬𝑒!𝜈) = (3.56 ± 0.11 ± 0.07)×10"W

𝑉)$ = (0.936 ± 0.017ℬ ± 0.024YZ[* ± 0.0240.0243<=$
)×10"W

Agree with PDG 2022

First direct comparisons to LQCD for 𝛬$" → 𝛬 decay form factor 
Different kinematic behavior 
compared to LQCD 
predictions, 

~4% most precise

PRL 129, 231803 (2022)

Study	of	𝜦𝒄" → 𝚲𝒆"𝛎	

Study	of	𝛬$" → 𝛬𝜇"𝜈	

ℬ = (3.48 ± 0.14 ± 0.10)×10"W

𝑅7/5 = 0.98 ± 0.05 ± 0.03

vs SM: 0.97 --> No LFUV 
PRD 108, L031105 (2023) 

Gentler slope 

Steeper slope 

Semi-leptonic 𝛬7! decays

36
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Observation of 𝜦𝒄" → 𝑛𝑒"𝜈& 	with Deep Learning
arXiv:2410.13515 (submitted to NatComm）

The CKM matrix element |Vcd | are determined for the 
first time from charmed baryon 
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•BESIII dataset
•Charmed meson (𝐷!, 𝐷", 𝐷#")

• pure leptonic decays
• semi-leptonic decays
• hadronic decays
• rare decays

•Charmed baryon (𝛬$")
• semi-leptonic decays
• hadronic decays

• Prospect

Outline
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Partial wave analysis of the charmed baryon 
hadronic decay 𝜦𝒄! → 𝜦𝝅!𝝅𝟎

Provide important inputs to the 
theoretical calculations for non-
factorizable

𝛬'" → 𝛬𝜌": both factorizable(a) and 
non-factorizable(b-d)
𝛬'" → 𝛴(1385)𝜋: pure non-
factorizable(e) 

Use new-developed Tensor Flow based package TF-PWA*. 
(*BESIII Preliminary: https://github.com/jiangyi15/tf-pwa) 
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Partial wave analysis of the charmed baryon 
hadronic decay 𝜦𝒄! → 𝜦𝝅!𝝅𝟎

JHEP12(2022)033

The first PWA of 𝜦𝒄! → 𝜦𝝅!𝝅𝟎

Ref. [13]: PRD 101 (2020) 053002.
Ref. [14,15]: PRD 46 (1992) 1042; 
PRD 55 (1997) 1697. 
Ref. [16]: EPJC 80 (2020) 1067.
Ref. [17]: PRD 99 (2019) 114022 

The first measurement of the decay asymmetry parameters 
for the relevant resonance
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First Measurement of the Decay Asymmetry in the 
pure W-boson-exchange Decay 𝜦𝒄! → 𝚵𝟎𝑲!

Only receives the non-factorization contribution PRL 132, 031801 (2024)

Lee-Yang parameters 
Phys. Rev. 108, 1645 (1957). 

4.4fb-1 @4.6 ~ 4.7GeV

70±8
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First Measurement of the Decay Asymmetry in the 
pure W-boson-exchange Decay 𝜦𝒄! → 𝚵𝟎𝑲!

PRL 132, 031801 (2024)
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First Measurement of the Decay Asymmetry in the 
pure W-boson-exchange Decay 𝜦𝒄! → 𝚵𝟎𝑲!

PRL 132, 031801 (2024)

Ø Our measurement of 𝜶𝜩𝟎𝑲$ is in good 
agreement with zero, which is consistent with 
the theoretical predictions from the 1990s. 

Ø Cos(𝛿_ − 𝛿$) measured in this Letter is close to 
zero, an effect that had not been anticipated in 
previous literature. 

Ø This measurement resolves the long- standing 
puzzle and deepens our understanding of the 
strong dynamics in the charmed baryon sector. 

𝛼y!z" = 0.01 ± 0.16 ± 0.03

Δy!z" = 3.84 ± 0.90 ± 0.17 rad

𝛿{ − 𝛿O = −1.55 ± 0.25 ± 0.05 rad
                 or  1.59 ± 0.25 ± 0.05 rad
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Measurement of the absolute branching fraction of 
the singly Cabibbo suppressed decays of 𝜦𝒄! → 𝒏𝝅!

First measurement

• Disagrees with most predictions of phenomenological models
• Non-factorization contributions may be overestimated.

PRL 128,142001(2022)

ℬ(𝛬)! → 𝑛𝜋!) =(6.6 ± 1.2 ± 0.4)×10"`

ℬ(𝛬)! → 𝛬𝜋!)=(1.31 ± 0.08 ± 0.05)×10"6

ℬ(𝛬)! → 𝛴#𝜋!)=(1.22 ± 0.08 ± 0.07)×10"6

ℬ(𝑛𝜋!)/ℬ(𝑝𝜋#)> 7.2 at 90%  C.L.

Use recoil mass to access neutron
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Evidence of the singly Cabibbo suppressed decay 𝜦𝒄! → 𝑝𝝅C

Øℬ ΛML → 𝑝𝜋Q = (1.56PQ.|}LQ.~I ± 	0.20)×10P� 
First evidence, statistical significance 3.7𝜎

• Result distinctly exceeds the upper limit 
measured by Belle (< 8.0×10P|)

Ø ⁄ℬ ΛML → 𝑛𝜋L ℬ ΛML → 𝑝𝜋Q = 3.2P�.ILI.I 

• Consistent with majority of 
phenomenological predictions 

• Indicates that the nonfactorizable 
contributions play an essential role in these 
two decays

• The interference between the factorizable 
contributions and nonfactorizable 
contributions should not be significant

PRD 109, L091101 (2024)

𝟖. 𝟖"𝟑.𝟑!𝟒.𝟎
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Released Results 
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•BESIII dataset
•Charmed meson (𝐷!, 𝐷", 𝐷#")

• pure leptonic decays
• semi-leptonic decays
• hadronic decays
• rare decays

•Charmed baryon (𝛬$")
• semi-leptonic decays
• hadronic decays

• Prospect

Outline
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Prospect
20 fb-1 of data set at 3.773 GeV is ready

Leptonic Decay 2.93 fb-1 20 fb-1 

2.6% 1.0%

2.5% 1.0%

19% 8%

BESIII is expected to provide unique data to improve the knowledge of 𝒇𝑫$  and |𝑉)E| and test LFU in 𝐷!→ 𝑙!𝜈d decays.

From White Paper (Chin. Phys. C 44, 040001 (2020))

𝑓G$
|𝑉HI|

LFU

Semi-leptonic Decay

Ø  All form-factor measurements which are currently statistically limited   
     will be improved by a factor of up to 2.6. 
Ø Determine FF for the first time:𝑫𝟎 → 𝑲(𝟏𝟐𝟕𝟎)5𝝂𝒆, 𝑫2 → 𝑲𝟏(𝟏𝟐𝟕𝟎)

𝟎𝒆2𝝂𝒆, 𝑫2
→ 𝜼I𝝁2𝝂𝝁, 𝑫𝟎 → 𝒂𝟎 𝟗𝟖𝟎

"𝒆#𝝂𝒆, 𝑫# → 𝒂𝟎 𝟗𝟖𝟎
𝟎𝒆#𝝂𝒆 

Ø |𝑉78(:)| with SL 𝑫𝟎(0) decays in electron channels are expected to reach 
     to 0.3%.

LQCD Expected
0.4% 0.3%
0.9% 0.7%

𝑓(.(0)

𝑓(?(0)
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Prospect
From White Paper (Chin. Phys. C 44, 040001 (2020))20 fb-1 of data set at 3.773 GeV is ready

Searching for new physics and rare decays

Flavor changing neutral currents (FCNC)
Quantum number violation processes
Radiative decays

Amplitude analyses and branching fraction measurement of charmed meson 
hadronic decays

Precisely measuring the structure of golden modes, for example 𝐷! → 𝐾"𝜋!𝜋! 
First amplitude analysis of Cabbibo-suppressed decays.
Measuring the polarization of D → VV	in D → K3π	orD → KKππ

𝑒!𝑒", 𝜇!𝜇" etc.
𝑒!𝑒!, 𝜇"𝜇" etc.

𝛾𝜔, 𝛾𝐾O etc.

Quantum correlation of neutral charmed meson pairs
Measuring CP fractions of self-conjugated decays of charmed mesons.
Measuring strong phase of charmed mesons.
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Prospect

Opportunities to study other charmed baryons in the BEPCII-U phase  
BEPCII upgrade ( 2024 –2028 )：Highest beam energy: 2.8 GeV

Thanks for your attention


