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Leptonic D decays are 

ideal window to probe for 

weak and strong effects

 Precision measurements of decay constants fD+, fDs of D mesons 

can calibrate LQCD calculations at higher accuracy.  Once they pass 

experimental tests, the precise LQCD calculations on fD/fB, fDs/fBs will 

be helpful for measurements in B decays

 Recent LQCD calculations on fD(s)+[0.5(0.5)%] provide good chance 

to precisely measure the CKM matrix element |Vcs(d)|, which are 

important for the unitarity test of the CKM matrix

In the SM:



Taking from Aida X. EI-Khadra’s talk at Beauty2014

Progress in LQCD Calculation
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Experimental review of D+
l+v 



No D+
m+v signal found at Mark-III
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9.6 pb-1 at y(3770)

PRL60(1988)1375 

fD+<290 MeV @ 90% C.L.

B[D+
m+n]<7.2×10-4
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PLB610(2005)183
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2.7 D+
m+v signals found at BES-II

33 pb-1 around y(3770)
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150 m+v+t+v signals

KLp+

PRD78(2008)052003

fD+=205.87.52.5 MeV

Measurements at CLEO-c

818 pb-1 around y(3770) (20042008)

B[D+
m+n](3.820.320.09)×10-4
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D+ sample at BESIII
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Improved B[D+
m+v],  fD+ and |Vcd| at BESIII

B[D+
m+n](3.710.190.06)×10-4

fD+(203.25.31.8) MeV |Vcd|0.22100.00580.0047

Input tD+, mD+, mm+ on PDG 

and |Vcd| of CKM-Fitter

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

LQCD calculated fD+=2074 

MeV[PRL100(2008)062002]

PRD89(2014)051104R

40921

signals

y(3770)D+D
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Comparison of fD+

fD+ [MeV]

More 10 fb-1 data@3.773 GeV?
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Comparison of |Vcd|

|Vcd| 
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Search for D+
t+v at BESIII
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Search for D+
t+v at BESIII
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Experimental studies of Ds
+
l+v 
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PTP89(1993)131

fDs+=232452048 MeV

Measurement at WA75

Fixed target experiment

9.13.8 Ds
+
m+v signals

38.08.1

6.04.1 10 )7.10.4(][ ++
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PRD49(1994)5690

fDs+=344375242 MeV

Measurement at CLEOII

2.13 fb-1 at 10.6 GeV

3810 Ds
+
m+v  signals
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PLB382(1996)299

fDs+=194352014 MeV

Measurement at E653

Fermilab fixed target experiment

32 Ds
+
m+v  signals

B[Ds
+
m+n](3.01.20.60.5)×10-3
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PRL74(1995)4599

First absolute measurement from BES-I
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PLB396(1997)327

fDs+=309583338 MeV

Measurement at L3

Zqq, 49.6 pb-1 at 91.2 GeV

15.66.0 Ds
+
t+v signals

B[Ds
+
t+n](7.42.81.61.8)%
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PLB516(2001)236

22.56.9 signals

fDs+=2864441 MeV

Measurement at OPAL

3.9106 Zqq

B[Ds
+
t+n](7.12.12.0)%
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PLB528(2002)1

57584 Ds
+
m+v  signals

Electron channel

Muon channel

fDs+=2851940 MeV

Measurement at ALPHA

3.96106 Z hadronic decays

30662 Ds
+
t+v  signals

B[Ds
+
m+n](0.470.25)×10-3

B[Ds
+
t+n](5.790.771.84)%
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fDs+=263.38.21.9 MeV

PRD79(2009)052001

23514 Ds
+
m+v+t+v signals

12616 Ds
+
t+v signals

Absolute measurement gives 

significantly improved statistical 

and systematic errors [697 signal]
18116 Ds

+
t+v signals

15517 Ds
+
t+v signals

fDs+=252.211.15.2 MeV

fDs+=257.813.35.2 MeV

PRD79(2009)052002

PRD80(2009)112004

Absolute measurements at CLEO-c

Ds*
+Ds

-, 600 pb-1 @ 4.17 GeV

B[Ds
+
m+n](5.650.450.17)×10-

3
B[Ds

+
t+n](6.420.810.18)%

B[Ds
+
t+n](5.300.470.21)%

B[Ds
+
t+n](5.520.570.22)%



25

PRD82(2010)091103 fDs+=258.66.47.5 MeV

523 fb-1 @ 10.58 GeV

17275N
sD

++  vm 42408N
,Ds


 +++ evvv tt

32340N
,Ds


 +++ vvv mtt

Absolute measurements at BaBar
Better statistical [1023] but 

larger systematics

B[Ds
+
m+n](6.020.380.34)×10-

3
B[Ds

+
t+n](5.000.350.49)%
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JHEP1309(2013)129
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fDs+=255.54.25.1 MeV

Absolute measurements at Belle

913 fb-1 @ 10.58 GeV
Better statistical [2698] but 

larger systematics

B[Ds
+
m+n](5.310.280.20)×10-

3
B[Ds

+
t+n](5.700.210.31)%
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MBC sideband region

MBC signal region

m+v

t+v

non-Ds
+ bkg  

Ds
+ bkg  

fDs+(241.016.36.6) MeV

B[Ds
+
t+n](4.830.650.26)%

B[Ds
+
m+n](0.4950.0670.026)%

31215127N -
sD


tag

482 pb-1 @ 4.009 GeV

Absolute measurements@4.009 at BESIII

PRD94(2016)072004
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Comparision of fD+

482 pb-1 data at 4.009, PRD94(2016)072004
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Comparison of |Vcs|

|Vcs| 
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Comparisons of Existing fD+, fDs+ and fD+:fDs+

Experiments Femilab Lattice+MILC (2014) HPQCD (2012)

Averaged Expected D Expected D

fD+(MeV) 203.94.7 212.60.4+1.0
-1.2 1.8s 208.33.4 0.8s

fDs+(MeV) 256.94.4 249.00.3+1.1
-1.5 1.7s 246.03.6 1.4s

fD+:fDs+ 1.2600.036 1.17120.0010+0.0029
-0.0032 2.5s 1.1870.013 1.9s

 Precisions of the LQCD calculations of  fD+, fDs+, fD+:fDs

are 0.5%, 0.5% and 0.3%

 The experimentally measured and the theoretical 

expected fD+, fDs+, fD+:fDs+ differ by ~2s

 Further improved measurement with larger data sample 

is necessary!
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Prospect on Ds
+
l+v at BESIII

~3 fb-1 data@ 4.18 GeV is in hand

m counter of BESIII may 

help to suppress 

background in Ds
+
m+v

Statistics roughly 

estimated with CLEO-c 

results

If systematic is the same 

as CLEO-c measurement

Ds
+
t+v should further 

improve measurements

Expected



Summary
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 In recent 10 years, significantly improved 

measurements of fD(s)+ and |Vcs(d)| using D(s)
+ leptonic 

decays have been obtained. These are key for LQCD 

calibration and CKM UT.

 BESIII report  fDs+ with 482 pb-1 data at 4.009 GeV. 

Improved measurement of fDs+ and |Vcs| by Ds
+
l+v with 

3 fb-1 data at 4.18 GeV is expected in the near future

 BESIII measure fD+ and |Vcd| using D+
m+v with 3 fb-1

data at y(3770). More data, more chance.

 BESIII preliminary result shows evidence for D+
t+v



3333

Thank you!


