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Motivation

U
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The weak and strong effects in (semi-)leptonic decays of charmed mesons 

[D0 (cu), D+(cd), Ds
+(cs)] can be well separated

 The CKM matrix U describes the mixing 

between different quark flavors in weak 

reactions, and satisfies unitarity relation. The 

elements can only be measured in experiments

Measurements of |Vcs(d)| are important to test the unitarity the CKM 

matrix, which  is important to search for new physics beyond the SM
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 The strong effects between different quark flavors can be parameterized as 

the decay constants of  D(s) [fD(s)] or the hadronic form factor [f+(0)], which 

can be calculated in the Lattice Quantum Chromodynamics (LQCD)

Motivation

Determinations of fD(s)] 

and f+(0) are important 

to test the LQCD 

calculations

The fD(s)] and f+(0) that 

pass experimental tests 

will in return further 

benefit the test on the 

CKM matrix unitarity

Improved measurements of the branching fractions of these decays are 

also help to test LFU in (semi-)leptonic D decays

 In the SM, the couplings of leptons to gauge bosons are independent of 

lepton flavors.



Beam energy: 1.0-2.3 GeV

Optimum energy: 1.89 GeV

Designed luminosity: 1.00×1033     cm-2s-1

Data taken from: 2009

Achieved luminosity: 1.00×1033    cm-2s-1

5

BEPCII
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60 ps for ETOF after 

upgraded in 2015

BESIII
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Charmed meson samples

0

1000

2000

3000

BES CLEOc BESIII

4.03/4.14 GeV 4.17 GeV 4.009/4.178/4.6 GeV

0

500

1000

1500

2000

2500

3000

MARKI DELCO MARKII MARKIII BESII CLEOc BESIII
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PRD89(2014)051104(RC)

40921

2.93 fb-1 data@ 3.773 GeV

fD+

[MeV]

KLp+

BD+m+n(3.710.190.06)×10-4 B[D+
m+n]

Measurement of D+ decay constant

fD|Vcd|=45.751.200.39 MeV
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Measurements of Ds
+ decay constant

N[Ds
+
m+v]=1135.033.1

3.19 fb-1 data@4.178 GeV

Use m counter to 

suppress background

fDs+(241.016.36.6) MeV fDs|Vcs|=242.53.53.7 MeV

0.48 fb-1 data@4.01 GeV

PRD94(2016)072004

BESIII preliminary
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PRD92(2015)072012

Form factors in D0
K(p)-e+v

D0
K-e+n D0

p-e+n
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Absolute branching fraction of D0
K-m+v

BESIII preliminary

BESIII preliminary
D0K-p+p0

Total ST yield: (2342)×104

DT yield: 47100259
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Improved analysis of D0
K-m+v dynamics

BESIII preliminary

BESIII preliminary
Series expansion

parameterization for

form factor (2nd order):

Assumed to be independent 

of q2 following FOCUS’s 

treatment

(PLB607(2005)233)

Differential partial widths
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Comparisons of form factors f+
K(p)(0)

PRD84(2011)114505
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BESIII, arXiv:1803.05570

BFs help to constrain gluon component Combing CLEO’s BFs and taking input 

value by EPJC69,133 and NPPS162, 312, 

the h-h’ mixing angle is determined to 

be fP=(403experiment3theory)
0

Measurements of D+
h(’)e+v
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PRD88 034023

First form factor measurement of Dsh(’)e+v

h-h’ mixing angle

Fits to partial decay rates Comparisons of 

branching fractions

Comparisons of form factors

MM2 fits



Ds
+
K0e+ne Ds

+
K*0e+ne

Nobs=117.213.9 Nobs=155.017.2

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

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

(3.90.9)10-3 [PDG17] (1.80.4)10-3 [PDG17]

Fit background 
via inclusive MC

16

Data MDs-

sideband

Four dimensional un-binned likelihood fit 

is performed. K* parameter's are fixed

rV=1.670.340.16

r2=0.770.280.07 
Taking |VCKMfitter

cd| as input

First form factor measurement of Ds
+
K(*)0e+v

BESIII preliminary

BESIII preliminary

BESIII preliminary

BESIII preliminary
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Comparisons of CKM matrix elements |Vcs(d)|

For measurements, the first error is the combined stat. and syst. errors, the second is LQCD uncertainty 

PDG: results 

of D0
K(p)-e+v

at BESIII have 

been included
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B[D+
t+n](1.200.24stat.)×10-3

SM prediction: 2.66

BESIII: 3.210.64

4s

LFU test in D+
l+v decays
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K0p+p-

K0p+p0

p0p+p-

p0p+p0

227663 D0
p-m+v

134042 D+
p0m+v
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Evidence of violation of LFU at 4s in

Evidence at 2.6s in FCNC 

decays B+
K+m+m-/K+e+e-

LHCb, PRL113(2014)151601

BESIII, arXiv:1802.05492

LFU test in D0(+)
pl+v decays
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LFU test in DKl+v decays

PRD91(2015)094009

Red: in the SM

Grey: New physics constained

by previous experiments
BESIII preliminary

Solid curve: SM prediction 

with our fitted parameters

Points with error bars: data

Consistent with theory 

prediction 0.97 within error

BESIII, EPJC76(2016)369

033.0988.0
][

][
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

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++

++

veKD

vKD m

BESIII preliminary
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First observation of DSe+v
 Explore the nontrivial internal structure of light hadron 

mesons, traditional qq states, tetra quark system.

 Improve understanding 

of classification of light 

scalar mesons

R=1(3) if traditional qq 

(tetra quark) system 

 With chiral unitarity approach in the coupled channels, BF is 

predicted to be order of 5(6)10-5 for D0(+) decays

6.4s

2.9s

BESIII, arXiv:1803.02166
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 Using 2.93 and 3.2 fb-1 e+e- collision data taken at 3.773 and 

4.178 GeV with the BESIII detector, experimental studies of 

(semi)leptonic D(s) decays have been performed

 More results will be coming in the near future

1. Measurements of decay constants fD(s)+, form factors in semileptonic

D decays f+
K(p) (0): better calibrate LQCD

2. Determinations of |Vcs(d)|: better test on CKM matrix unitarity

3. Search for LFU violation in D(s)l+v, DK(p)l+v decays

4. Observation of DSe+v decays

Summary



2323

Thank you!



24

PRD96(2017)012002

Dynamics in D+
K(p)0e+v



25fK
+(0)|Vcs| =0.7280.0060.011 r1=a1/a0=-1.910.330.24

ACP
D+KLe+v=(-0.590.60  1.50)%

B(D+
KLe+v) =(4.4820.0270.103)%

Simultaneous fit to event density I(q2) with 2-par. series Form Factor

 Regardless of long flight distance, KL

interact with EMC and deposit part of 

energy, thus giving position information 

After reconstructing all other 

particles, KL can be inferred with position 

information and constraint Umiss0

D+
KLe+v is 

measured for 

the first time

PRD92(2015)112008

With 6 dominant 

D- single tag

Analysis of D+
KLe+v
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5013±78

Taking tD+, tD0, B[D0
K-e+v] and 

B[D+
K0e+v] from the PDG as input

Agrees with isospin conservation within 1.2s

CPC40(2016)113001

025.0969.0
][

][
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0





++

+-

veKD

veKD

With 6 dominant D- single tag

Absolute BF for D+
K0e+v via K0

p0p0
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Simultaneous fits

K0
p0p0

K0
p+p-

16516±130

4198±33

Taking B[D0
K-m+v] 

and B[D+
K0e+v] 

from the PDG as input

Support isospin conservation in 

these two decays within errors

Consistent with theory 

prediction 0.97 within error

EPJC76(2016)369
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With 6 dominant D- single tag

Improved BF for D+
K0m+v
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482 pb-1 data@4.009 GeV, PRD94(2016)112003

 Benefit the understanding of the source of difference of inclusive decay 

rates of D0(+) and Ds
+

 Complementary information to understand h-h’ mixing

CLEOII 95 CLEOc09 CLEOc15

Measurements of BFs of Ds
+
 h(’)e+v
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改进了D+
K*0e+v形状因子测量

PRD94(2016)032001

Model independent S-wave 

phase measurement

PRD92(2015)071101(RC)

rV=V(0)/A1(0)=1.240.090.06

r2=A2(0)/A1(0)=1.060.150.05

D+
we+vD+

K-p+e+v

D+
Ve+v

首次测出了D+

we+v形状因子
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Tree level amplitudes

Various theory models 
predict BFs in 10-6–10-4

B[D+
ge+n]|Eg>10 MeV<3.0×10-4

@90%C.L.

PRD 
95(2017)071102(RC)

D+ D0

B[D+
D0e+n] <1×10-4 

@90%C.L.

PRD 96(2017)092002

Rare D semileptonic decays


