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Beijing Electron-Positron Collider (BEPCII)

Beam energy: 1.0 - 2.3 (2.45) GeV

• 2020: Upgrade to 2.45 GeV

• 2004: Start of BEPCII upgrade,  

BESIII construction

• since 2009: BESIII physics run


➡1989 - 2004 (BEPC):  



➡Since 2009 (BEPCII): 
Lpeak = 1.0 × 1031/cm2s

Lpeak = 1.0 × 1033/cm2s



BESIII Detector

MDC: 

• @ 1.0 GeV

•  resolution 6%

TOF:

•  ps (barrel)

•  ps (end caps)

EMC:

• @ 1.0 GeV (barrel)

• @ 1.0 GeV (end caps)


σp/p = 0.5 %
dE/dx

σT = 68
σT = 60

ΔE/E = 2.5 %
ΔE/E = 5.0 %

➡ 1.0 T magnetic field (superconducting solenoid)

➡ 93% geometrical acceptance of charged particles and photons



Charmed Hadrons

D mesons  baryonΛ

[Figures from Physics 2020; 49: 499–512] 



Charmed Hadrons
 Near threshold production at BESIII

Advantages of operating near , ,  threshold:


• Relatively high cross section for charm production


• ,  produced in exclusive two-body channels


• Double-tag technique [Mark III, PRL 56 (1986)]


• ,  in quantum-entangled state (S=1, C=-1)

ψ(3770) ψ(4140) ΛcΛ̄c

DD̄ ΛcΛ̄c

DD̄ ΛcΛ̄c



CKM Matrix
Testing Ground of the Standard Model

VCKM =
Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

• CKM matrix elements are  

fundamental SM parameters


• Deviation from unitarity: New physics


• At BESIII:  

Precision measurement of , |Vcd | |Vcs |

[Figure from wikipedia.org]

http://wikipedia.org
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Purely leptonic decay Semi-leptonic decay

[Figures by Hao-Kai Sun, Institute of High Energy Physics, Chinese Academy of Sciences]

Γ(D+
q → ℓ+νℓ) =

G2
F f2

D+
q
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∣ Vcq ∣2 m2

ℓmD+
q (1 −

m2
ℓ

m2
D+

q
)

2
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dq2
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Decay constant  f2
D+

q Form factor fP
+(0)

Test for lepton flavor universality



Decay channel D+
(s) → μ+νμ
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Other D decays

 processesDnon-D
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[Phys Rev D 89 (2014); 051104] [PRL 122 (2019); 071802]



 MeV

ℬ(D+ → μ+νμ) = (3.71 ± 0.19stat ± 0.06sys) × 10−4

fD+ |Vcd | = (45.75 ± 1.20stat ± 0.39sys)



 MeV
ℬ(D+

s → μ+νμ) = (5.49 ± 0.16stat ± 0.15sys) × 10−3

fD+
s

|Vcs | = (246.2 ± 3.6stat ± 3.5sys)



Decay channel D+ → τ+ντ

[PRL 123 (2019); 211802]




                    

ℬ(D+ → τ+ντ) = (1.20 ± 0.24stat ± 0.12sys) × 10−4

RD+

τ/μ =
Γ(D+ → τντ)
Γ(D+ → μνμ)

= 3.21 ± 0.64stat ± 0.43sys

SM:


  RD+

τ/μ = 2.67



Purely leptonic decays of D+
s

PRD 104 (2021); 052009, , 


PRD 104 (2021); 032001, , 


PRL 127 (2021); 171801, , 

D+
s → τντ τ → πν

D+
s → τντ τ → ρν

D+
s → τντ τ → eνν

[PoS EPS-HEP2021 (2022) 543]

RD+
s

τ/μ =
Γ(D+

s → τντ)
Γ(D+

s → μνμ)
= 9.67 ± 0.34

SM:


  RD+
s

τ/μ = 9.75 ± 0.01



Purely leptonic decays of D+
s

PRD 104 (2021); 052009
PRD 104 (2021); 052009
PRD 104 (2021); 032001
PRL 127 (2021); 171801

[PoS EPS-HEP2021 (2022) 543 Mar 4, 2022]

Decay constant  

From global SM fit:


fD+
s

|Vcs | = 0.97320 ± 0.00011

Our combined result:


 MeVfD+
s

= (251.4 ± 1.8stat ± 2.2sys)

[Prog. Theor. Exp. Phys. 2020, 083C01 (2020)] 



Purely leptonic decays of D+
s

[PoS EPS-HEP2021 (2022) 543]

CKM matrix element  

From LQCD:


 MeV

|Vcs |

fD+
s

= 249.9 ± 0.5

Our combined result:


|Vcs | = 0.979 ± 0.007stat ± 0.008sys

[Eur. Phys. J. C 80, 113 (2020)]

PRD 104 (2021); 052009
PRD 104 (2021); 052009
PRD 104 (2021); 032001
PRL 127 (2021); 171801



Semi-leptonic decays
Recent highlights

• , first measurement [Phys. Rev. D 104 (2021), 091103]


•  [Phys.Rev.Lett. 122 (2019) 6, 062001]


• 


•  at 90% C.L.


•  at 90% C.L.


[Phys. Rev. D 105 (2022), L03110]

D0 → ρ−μ+νμ

ℬ(D0 → ρ−μ+νμ)
ℬ(D0 → ρ−e+νe)

= 0.90 ± 0.11

ℬ(D+
s → ( f0(980) → π0π0)e+νe) = (7.9 ± 1.4stat ± 0.4sys) × 10−4

ℬ(D+
s → (σ → π0π0)e+νe) < 7.3 × 10−4

ℬ(D+
s → KsKse+νe) < 7.3 × 10−4

SM:


  0.93 − 0.96



Transition Form Factors

[28] Eur Phys J C 2020; 80: 113

[30] Phys Rev D 2015; 92: 072012

[31] Phys Rev D 2017; 96: 012002

[32] Phys Lett B 2006; 641: 50–6

[33] Phys Rev Lett 2015; 115: 221805

[34] Phys Lett B 2017; 767: 42–7

, 

, 

D0 → K−l+νl π−l+νl
D+ → K0l+νl π0l+νl
[Phys Rev D 2015; 92: 072012, Phys Rev D 2017; 96: 012002] 

, compatible with LQCD
f π
0

fK
0

= 0.865 ± 0.013

[Eur Phys J C 2020; 80: 113] 



 decayΛ+
c

First direct measurement of muonic decay

[Physics Letters B 767 (2017); 42-47] 

Decay 








Consistent with lepton flavor universality

Λ+
c → Λμ+νμ

ℬ(Λ+
c → Λμ+νμ) = (3.49 ± 0.46stat ± 0.27sys) × 10−2

ℬ(Λ+
c → Λμ+νμ)

ℬ(Λ+
c → Λe+νe)

= 0.96 ± 0.16stat ± 0.04syst



 hadronic decaysΛ+
c
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 decayΛ+
c

Singly Cabibbo Suppressed Decay to nπ+

[Phys Rev Lett 128 (2022); 142001]

Decay 




 at 90% C.L.


 from Belle [PRD 103, 072004 (2021)]


Inconsistent with phenomenological models

Λ+
c → nπ+

ℬ(Λ+
c → nπ+) = (6.6 ± 1.2stat ± 0.4sys) × 10−4

ℬ(Λ+
c → nπ+)

ℬ(Λ+
c → pπ0)

> 7.2

pπ0



CKM Matrix Elements

Direct

Nucleon & Kaon

B physics

Indirect

|
cd

|V
0.19 0.20 0.21 0.22 0.23 0.24 0.25 0.26

|
c
s

|V

0.90

0.92

0.94

0.96

0.98

1.00

excluded area has CL > 0.95
Phase I

CKM
f i t t e r

• Constraints expected from future data taking plan 

[Chin Phys C 2020; 44: 040001]


• Indirect constraints (from  decays)  

related to , by unitarity 


• Direct constraints combine purely leptonic and 

semi-leptonic  decays from BESIII experiment 


• Circled region of the global combination 

corresponds to 68% confidence level 

B

|Vcd | |Vcs |

D(s)



Strong Phase Difference between , D0 D̄0

γ
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ρ̄ + iη̄ = −
VudV*ub

VcdV*cb

[Chin Phys C 2020; 44: 040001]

• Strong phase differences between CF and DCS 


• Input for CP violation phase angle (phase of )


• Test physics beyond SM

Vub

Recent results:

• PHYS. REV. D 101, 112002 (2020): 


• PHYS. REV. D 102, 052008 (2020): 


• JHEP 2021, Article number: 164 (2021): 
, ,

D̄0 → K0
S,Lπ+π−

D̄0 → K0
S,LK+K−

D → K−π+π0 D → K−π+π+π−



THANK YOU!


