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 D(s) (semi-)leptonic decays

 Summary

 Introduction to BEPCII/BESIII experiment

 Charm meson decays 

 D(s) hadronic decays
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Beijing Electron Positron Collider (BEPC)

BESIII detector

Linac

South

2004: start BEPCII construction

2008: test run of BEPCII 

2009: Start of BESIII data taking 

Beam energy: 1.0-2.3 GeV  

Achieved Design Luminosity on 

Apr 5th, 2016 : 11033 cm-2s-1
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BESIII Detector
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 D0(+) samples at 3.773 GeV 

 Ds
+ samples at 4.009/4.18 GeV

Data samples in this talk

2.9 fb-1@2010+2011

3.1 fb-1@2016

0.5 fb-1@2011
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 Decay constant fD(s)+ with input |Vcd(s)|
CKMfitter

 CKM matrix element |Vcd(s)| with input fLQCD
D(s)+

In the SM:

Bridge to precisely measure

D(s)
+ Leptonic Decays
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B[D+
m+n]=(3.710.190.06)×10-4

fD+=(203.25.31.8) MeV |Vcd|=0.22100.00580.0047

Input tD+, mD+, mm+ on PDG 

and |Vcd| of CKM-Fitter

Input tD+, mD+, mm+ on PDG and 

LQCD calculated fD+=2074 

MeV[PRL100(2008)062002]

PRD89(2014)051104R

40921 signals

2.93 fb-1 data@ 3.773 GeV
e+e-
y(3770)D+D-

4

D
10)34.031.170(N -

tag

=

D-
K+p-p- D-

Ksp
- D-

KsK
-

D-
K+K-p- D-

K+p-p-p0

D-
p-p-p+

D-
Ksp

-p0 D-
Ksp

-p-p+D-
K+p-p-p-p+

Measurement of B[D+
m+v],  fD+ and |Vcd|
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B[D+

m+n] fD+ [MeV]

Comparisons of B[D+
m+vm] and fD+
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B[D+
t+n]=(1.200.24stat.)×10

-3

SM prediction: 2.660.01

BESIII: 3.210.64

consistent with SM (0.9s)

with six dominant D- ST channels

Evidence for D+
t+(p+v)v (>4s)



11fDs+=(241.016.36.6) MeV

B[Ds
+
t+n]=(4.830.650.26)%

B[Ds
+
m+n]=(0.4950.0670.026)%

PRD94(2016)072004

Measurement of B[Ds
+
m+v] and fDs+

NDs-Tag=15127321

9 ST modes are used @4.009 GeV

MBC signal region

m+v

t+v (t+
p+n)

non-Ds
+ bkg

Ds
+ bkg

MBC sideband region

Nm+n=69.39.3
Nt+n=32.54.3
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 14 ST channels are used to reconstruct Ds
- mesons.

 In 2016, 3.19 fb-1 data were collected at Ecm=4.178 GeV, ~6M Ds mesons 
were collected. With such data sample, BFs for Ds Leptonic decays can be 
greatly improved and the decay constant fDs can be performed.

Accumulate ~0.389M ST Ds
- mesons 

Measurement of B[Ds
+
m+v]

BESIII Preliminary results:
B[Ds

+
m+v]=(5.280.15stat  0.14syst)10-3

BESIII 
preliminary

m counter is used 
to suppress non-
m backgrounds

• Unbin constrained fit to Mmiss
2 distribution:

1. MC-simulated shapes are used to model the signal and backgrounds
2. Constraining signal/BKGI ratio via signal MC
3. Fixing BKGII via inclusive MC

MDs- (GeV/c2)
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Measurement of fDs+ and |Vcs|

fDs|Vcs|=242.53.5stat3.3BF syst1.7tDs[PDG16] MeV

BESIII Preliminary results:

• If taking |Vcs|
CKMfitter as input, we obtain:  

fDs=249.13.6stat3.8syst MeV

• If taking fDs
LQCD (PRD90(2014)074509) as input, we obtain:  

• With the measured B[Ds
+
m+nm], we obtain:  

|Vcs|=0.9740.014stat0.016syst
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Differential rates:

 Form factors f+
DK(p)(0) with input |Vcd(s)|

CKMfitter

 CKM matrix element |Vcs(d)| with input f+
LQCD,DK(p)(0)

− Single pole − Modified pole

− ISGW2 − Series expansion

Semileptonic Decay of D0
K(p)-e+v

Bridge to precisely measure
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PRD92(2015)072012

D0
K-e+n D0

p-e+n

D0
K+p- D0

K+p-p0

D0
K+p-p-p+ D0

K+p-p-p+p0

D0
K+p-p0p0

4

D
10)37.033.279(0

tag

=N

D0
K-e+ne

Br=(3.5050.0140.033)%

D0
p-e+ne

Br=(0.2950.0040.003)%

Semileptonic Decay of D0
K(p)-e+v
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D0
K-e+v D0

p-e+v

Simple Pole
fK

+(0)|Vcs| 0.72090.00220.0033 fp
+(0)|Vcd| 0.14750.00140.0005

Mpole 1.92070.01030.0069 Mpole 1.91140.01180.0038

Mod. Pole
fK

+(0)|Vcs| 0.71630.00240.0034 fp
+(0)|Vcd| 0.14370.00170.0008

a 0.30880.01950.0129 a 0.27940.03450.0113

two-parameter 

series expansion

fK
+(0)|Vcs| 0.71720.00250.0035 fp

+(0)|Vcd| 0.14350.00180.0009

r1 -2.22780.08640.0575 r1 -2.03650.08070.0260

three-parameter 

series expansion

fK
+(0)|Vcs| 0.71960.00350.0041 fp

+(0)|Vcd| 0.14200.00240.0010

r1 -2.33310.15870.0804 r1 -1.84340.22120.0690

r2 3.42233.90902.4092 r2 -1.38711.46150.4677

 Comparisons of the measured form factors with the LQCD calculations

D0
K-e+n D0

p-e+n



Measurements of D0
p-m+v and D+

p0m+v

 3 ST D0 and 6 ST D- channels are used.

Br[D0
p-m+nm ]  =(0.2670.007stat 0.007syst)%

 preliminary results:

Br[D+
p0m+nm ]  =(0.3420.011stat 0.010syst)%

97.0~)(/)( )0()(0)0()(0)(0

LU veDBvDBR +-++-++ = pmp ZPC46(1990)93, PRD69 (2004)074025, 
PLB633(2006)61 and PDG16

Test of lepton universality:

0 0 0

LU ( ) / ( ) 0.918 0.036R B D v B D e vp m p- + - +=   = 

0 0

LU ( ) / ( ) 0.921 0.045R B D v B D e vp m p+ + + + +=   = 

agree with expectation based on lepton 
universality within 1.5 s and 1.1 s.
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Study of D0
a0(980)-e+v and D+

a0(980)0e+v 

 To uncover the nontrivial internal structure of light scalar mesons, traditional 

qq states, four-quark system.

R=1(3) if those mesons are 

traditional qq (tetra quark) system. 

 It provides a model-independent way to understand the classification of 

the light scalar mesons. 

 BESIII provides the first search for 

these two SL decays.

Projections of 2-dimensional unbinned fits

 preliminary results: 

[W. Wang and C-D. Lu, PRD 82 034016 (2010]
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Search for the rare decay D+
D0e+v

arXiv:1708.06856

D+ D0

 6 ST channels are used to reconstruct D- mesons.

Projections of the 2D fit to MD- and MD0

In the limit of flavor SU(3) symmetry of the 
light quarks, the matrix elements of the weak 
current is constrained and the decay rate of 
D+→D0e+νe is predicted to be about 
2.78×10−13 [EPJC59,841(2009)]

B[D+
D0e+ne] < 1.010-4 at 90% C.L. 
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Study of D+
ge+v

 BESIII performed the first search for D+
ge+ne. 

PRD95(2017) 071102
 6 ST channels are used to reconstruct D- mesons.

B[D+
ge+ne] < 3.010-5 at 90% C.L. 

 B[D+
ge+n] is not subject to the helicity suppression rule due to the 

presence of a radiative photon. Predications of B[D+
ge+n] ranges 10-4 ~ 10-6.



 13 ST channels are used to reconstruct Ds
- mesons.
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Study of SL decay of Ds
+
K(*)0e+v

Ds
+
K0e+ne

Ds
+
K*0e+neBESIII 

preliminary
BESIII 

preliminary

The dots with error bars are from data, the red show total fits, while the blue and pink dashed 
histograms show the fitted total backgrounds and the MC-simulated backgrounds.

3.19/fb data @ 4.178 GeV

 The preliminary results for branching fractions:

Br[Ds
+
K0e+ne ]  =(3.250.38stat 0.14syst)10-3

Br[Ds
+
K*0e+ne ]=(2.380.26stat 0.12syst)10-3

(3.90.9)10-3 [PDG2017]

(1.80.4)10-3 [PDG2017]

The BFs measured at BESIII are in good consistent with but more precise than the 
current results in PDG.
Study of the form factors in SL decays could be found in the poster of “Study of 
DsK(*)0e+ne at BESIII” provided by Yu. Zhang and also in backup slides.
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BFs for DPP

 ST method

Preliminary results for BF(DPP).
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BFs and CP Asymmetries for D+
KS/KLK+(p0)

 Summary of the results (Preliminary)

 DT method and six D- ST channels are used.

 The branching fraction of  D+
KsK

+ agrees with the CLEO result.
 The branching fractions of  D+

KsK
+π0, D+

KLK
+ and D+

KLK
+π0 are measured 

for the first time.
 No evidence for CP asymmetry in the four SCS decays.



p0p0p0

p0p0h

p0hh

hhh

SCS Decays of D0
 p0p0p0, p0p0h, p0hh and hhh
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arXiv:1001.3317

 The first branching fraction result of Singly
Cabibbo Suppressed decays D0→p0p0p0, p0p0h,

p0hh and hhh.

 The most recent experimental search for
D0→p0p0p0 is performed by CLEO
Collaboration in 2006, with the 281 pb-1 data
sample collected on ψ(3770). The upper limit
for D0→p0p0p0 is measured to be 3.5×10−4

at 90% confidence level;

 Three ST channels D0
K+p-, K+p-p0 and K+p-p-

p+ are used to reconstruct D0 mesons.
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Measurement of BF for Ds
+
pn

 11 ST channels are used to reconstruct Ds
- mesons.

Ds
+
pn

 DT method

Br[Ds
+
pn ]=(1.220.10stat 0.05syst)10-3Preliminary result:

The results confirms CLEO-c’s measurement                                               with greatly 
improved accuracy!

 Allowed baryonic D decay mode

short-distance expected: Br~10-6

long-distance enhance to: Br~10-3



Summary
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 D/Ds leptonic and semi-leptonic decys

important to test LQCD calculations, CKM matrix UT, search 

for NP beyond SM

 More fruitful results will come out! 

 BESIII provides important results on charm decays

 D/Ds hadronic decys
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Thanks!
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f+

K(0) f+
p(0)

fDK(p)
+(0)|Vcs(d)| fDK(p)

+(0)
Input |Vcs(d)| of CKM-Fitter

Measurement of f+
K(p)(0)
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BESIII 
preliminary

BESIII 
preliminary

29

 The preliminary results for form factors:

Form factors in Ds
+
K0e+v
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 Four dimensional un-binned likelihood fit is performed.

 The preliminary results for form factors:

rV=1.670.34 0.16 and r2=0.77  0.280.07 

The first errors are statistical and the second are systematic.

Form factors in Ds
+
K*e+v



Comparison with CLEO result
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• In the case of not finding g(p0) from Ds
*-, after considering effects of (possible) 

slightly higher cross section of Ds
*+Ds

- and more tag modes, the ST Ds
- yield at 

BESIII is about 3.6% higher than CLEO, for a given luminosity data 

Luminosity (pb-1) Tag modes ST yield m+v signal yield Non-m+v background

BESIII 3190 14 388660 1131 112

CLEOc 600 9 70514 235 >125 (float in fit)

BESIII/CLEOc 5.32 5.51 4.81

BESIII/CLEOc-1 3.6% -9.6%

CLEO-c, 

PRD79

(2009)052001

BBESIII[Ds
+
m+v]=(5.280.15stat  0.14syst)10-3

BCLEO[Ds
+
m+v]=(5.650.45stat  0.17syst)10-3

Unconstrained fit

m+

v t+(p+v)v

Other 

BKG

• BESIII m counter loses efficiency 

but helps to suppress non-m+v 

backgrounds

• At BESIII, signal/BKGI ratio is 

constrained via signal MC and BKGII is 

fixed via inclusive MC


