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Leptonic decays of DLeptonic decays of D(S)(S)
++ play an important role in understanding play an important role in understanding 

of the SM of particle physics.of the SM of particle physics.

ffDD can be calculated or measured and measurements of fcan be calculated or measured and measurements of fDD
provide critical test of theory to calculate fprovide critical test of theory to calculate fBB, f, fBsBs

Introduction

Improve determination of  |Vtd|, | Vts | from B0B0, Bs0Bs0 mixing 
experiment needing fB+, fBs+ as input.
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Experiments near threshold

MARK-III, BES-I, BES-II, 
CLEO-c and BES-III

BES-I,  CLEO-c and BES-III

Taking the advantage of the D+D−(Ds
+Ds

−) production, one can 
absolutely measure the branching fraction for D(s)

+ l+ν

The neutrino is reconstructed 
with the missing energy and 
missing momentum of the D+
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D+ leptonic decays

PRL60, 1375(1988)9.6 pb‐1 @ 3.773 GeV

No signal 
event 
was 
found

MARK‐III did not 
observe signal for this 
decay, they set an 
upper limit on decay 
constant ffD+D+<290 MeV<290 MeV

In 1988, MARK-III first searched for the decay of D+ μ+νμ.

22.3 pb‐1 @ 4.03 GeV PLB429, 188 (1998)

One signal event observed

BES-I

MARK-III
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D+ leptonic decays @ BES-II
33 pb‐1 @ 3.773 GeV

The results were first 
reported  at ‘04 
Electroweak Interactions 
& Unified Theories 

PLB610, 183 (2005)
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D+ leptonic decays @ CLEO-c
60 pb‐1@ 3.773 GeV

PRD70, 112004 (2004)

PRL95 251801 (2005)

281 pb‐1@ 3.773 GeV

π0π+

D+ τ+ν

K0Lπ+

mainly
D+ μ+ν

Other BCK

τ+ π+ν

818 pb‐1@ 3.773 GeV

PRD78, 052003(2008)

Supersed the previous results
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Results:
N(D+ μ+ν) = 149.7±12.0 The statistical error is a little bit 

smaller than squared root of 149.7

N(D+ τ+ν) = 25.8 (fixed in fit)
N(D+ π0 π+) = 9.2 (fixed in fit)

Other background events :  2.4±1.0

37.4 background 
Events

D+ leptonic decays @ CLEO-c
PRD78, 052003(2008)

*For detail, see arXiv:1209.0085v1[hep‐ex]

Without fixing 
the backgroun 
number from 
D+ τ+ντ

More reliable*
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PRD78, 052003(2008)

D+ leptonic decays @ CLEO-c

818 pb‐1@ 3.773 GeV

787460055
tag

±=−D
N

4.168.27 ±=++ → ντD
N

3102.1)( −++ ×<→ τυτDBr
6108.8)e( −++ ×<→ eDBr υ
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D+ leptonic decays @BES-III

The selected single tag channels:The selected single tag channels:

Mbc[GeV/c2]

BESIII: ~2.9fb‐1@ 3.773 GeV

9 singly tagged D‐

modes are used to 
accummulate the 
D+D‐ events

23271565953±=−
tagD

N
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In the side recoiling against the singly tagged D−,  BES-III select 
the purely leptonic decay events for D+ μ+ν

Selection of D+ μ+ν @BES-III

The expected value of M2
miss for the events of the singly 

tagged D− v.s. D+ μ+ν should be ~0

One identified charged μ+

No isolated photon

they require:
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Pxy  [GeV/c] Pz  [GeV/c]P [GeV/c]
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Particle  passage length  in MUC VS momentum

μ ID for D+ μ+νμ @BES-III
Muon can be well identified with the passage 
length of a particle going through the MUC at 
the BES‐III experiment
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Selection of D+ μ+ν @BES-III
Estimated with Monte Carlo 

events

425 Candidates 
for D+ μ+ν

M2
miss [GeV2/c4]

The remained bg 
are estimated by 
MC simulation.

The remained bg 
are estimated by 
MC simulation.
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4.30.29Decays ±=D
bN

4.39.19cmb ±=bN

8.49.48tot ±=bN

The number of backgrounds 
are also estimated with data. 
By examining  number of 
events with only one charged 
track in recoil side of the D−

tags, one can estimate number 
of background events as well.

Backgrounds for D+ μ+νμ
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Br. & fD+ & Vcd at BES-III
Based on the observed number of D+ μ+νμ, the branching fraction 
is measured to be 

Which is related to fD+ and Vcd by

ffD+D+ = (203.91= (203.91±±5.725.72±±1.97) MeV1.97) MeV (|Vcd|=|Vus|=0.2252±0.0007)

|V|Vcdcd| = 0.2249| = 0.2249±±0.00600.0060±±0.00440.0044 (fD+ = 207±4  MeV (from LQCD)

Those results were first reported at Charm2012.Those results were first reported at Charm2012.
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Average of Br. & fD

*For detail, see arXiv:1209.0085v1[hep‐ex]

(3.93±0.35±0.09)*

(207.6±9.3±2.5)

(203.91±5.72±1.97)

(3.74±0.21±0.06) (3.79±0.19)

(205.3±5.1)
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22.3 pb‐1 @4.03 GeV

e+e− Ds+Ds−

3 singly tagged Ds− modes
94 singly tagged Ds−

3 events for Ds− l+ν

Ds+ l+ν at BES-I

It was the first absolute measurement.

PRL74, 4599 (1995)
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K+K−π− Ks0K− ηπ−

η‘ π−

K+K− π−π0 π−π−π+

K∗0K*−
ηρ−

η‘ π−

η‘ γρ

η‘ π+π−η

600 pb‐1 @ 4.170 GeV PRD79, 052001 (2009)

Ds+ l+ν at CLEO-c

These peaks indicate 
that the Ds*‐ are well 
reconstructed

Ntag = 43859±436
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Ds+ l+ν at CLEO-c

Ds+ μ+ν

Ds+ τ+ν
τ+ π+ν

PRD79, 052001 (2009)600 pb‐1 @4.17GeV

Ds+ τ+ν, τ+ ρν PRD80, 112004 (2009)

Absolute measurement.
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Three cleanest single tag Ds mode were used  Eextra is the total energy of rest of 
the event measured in the 
electromagnetic calorimeter

Ds+ τ+ν, τ+ e+νν

Ds+ l+ν at CLEO-c
600 pb‐1 @4.17GeV PRD79, 052002 (2009)

Absolute measurement.
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The best precise measurement from The best precise measurement from BESBES--IIIIII: : 

Summary and Future Perspective

Experimental value of fExperimental value of fDD is with precision of 2.5%. More is with precision of 2.5%. More 
data is needed. data is needed. 
In future,In future,

The results of pure-leptonic decay for D+ τ+ντ and D+ e+νe
will be presented with the largest ψ(3770) data in the world.
The results of pure-leptonic decay for Ds

+ μ+νμ and D+ τ+ντ
will be presented with the data taken with BESIII @ 4.01 GeV .

MARKMARK--III, BESIII, BES--I, BESI, BES--II, CLEOII, CLEO--c c and BESand BES--IIIIII
have measured the fhave measured the fD(s)D(s)..
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The end!
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