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Outline: Experimental Measurements

D+  m+n

Ds
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New

All CLEO-c results are updated using the final luminosity
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Leptonic Decay: D  → ℓ+n

• f is decay constant, related to the overlap of  the heavy and 

light quark wave-functions.

• Vcq are well known, we take |Vcd| = |Vus| = 0.2246(12) & |Vcs| 

= |Vud| - |Vcb|
2/2 = 0.97345(22), where |Vud| = 0.97425(22).

+
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(s)

or cs

q

In Standard Model (SM):

c and q (q=d,s) can annihilate to virtual W+, probability is 

proportional to wave  into wave function overlap
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Reason to Measure

• Test of Lattice QCD calculations: 

– Lattice calculations on fBd & fBs/fBd are inputs for extracting 

CKM matrix elements. The analogous quantities fD & fDs/fD

provide an experimental check. 

• Possibilities to see effects of New Physics, for 

example H+

2*2

2*2

||

||

tbtsBs

tbtdBd

VVfm

VVfm

s

d





4/26/2010 4



Which Channels to Measure?

• CKM-factor: Ds rate / D+ rate  20

• Helicity × Phase Space:

• t modes decay fraction

11% p-n           18% e-nn 25% r-n
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• t rates largest, but experimentally most difficult (at least 2 neutrinos 

missing: background larger). They can be used in Ds because of its 

extremely large rate.

• m is the cleanest signal, because of only missing 1 neutrino.

• e rates too small to see, except if there is new physics
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CLEO-c fD+ Technique

•Total of 460,000 tags

•Purity 84%

CLEO-c D- tagsCLEO-c uses Tagging:

e+e- y(3770)D0D0, D+D-

Fully reconstruct D- as tag,

then examine the other D+

– Can then infer neutrinos from 

we know ED+ = Ebeam and        

pD+ = - pD-

– Can measure absolute B

CLEO-c fully 

reconstructed D- tags

22 )(MM ++ -


pp
D
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MM2 Distributions

• Require only one charged track 

• No additional photon > 250 MeV

• Minimum ionization m+ deposits E

in calorimeter (ECal<300 MeV): 

98.8% efficient, rejects 45% of 

pions

Model of K0p+ shape

• Use                                          , 

with loose cut on the 2nd D0

• Ignore the K- to calculate MM2

m+n peak

t+n, t+→p+n

region

Kop+

peak

K-p+

K-p+p0

p+p- (1.1 

expected)

Excellent model of low 

mass tail, giving possible 

1.9 residual events in signal 

region

-++-  pp KDKD
0

0 vs

-++-  pp KDKD
0

0 vs
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D+m+n Fits

Fitted Nmn then subtracted by 2.4±1.0 for extra 

BKG from continuum, D0 and residual K0p+

Events in ECal>300 MeV can be 

used for background check in 

signal region.

– ECal>300 MeV rejects 98.8% m+

and 55% p+

ECal>300 MeV: Case (ii)

Fits                       N Dmn Dt(pn)n

Fix t(pn)n/mn 149.7  12.0 28.5  2.3

Float t(pn)n/mn 153.9  13.5 13.5  15.3 

Other D+ bkg: 

t(r+n,m+nn)n , 

r+p0,  p0m+n

p+po

(9 evts

fixed)

m+n

tn, t→pn

Kop+

ECal<300 MeV: Case (i)
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Systematic Error Summary

• No one dominant 

systematic error

• May be hard for 

BES-III to improve? 

Error on fD+ is 1/2 of this

Ref: Statistic error 8.4%
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Branching Fractions & fD+

Fix tn/mn at SM ratio of 2.67

B(D+m+n)= (3.82  0.32  0.09)×10-4  

fD+ = (206.7  8.5  2.5) MeV [  4.1%  1.2%]

This is the appropriate number in context of SM

Float tn/mn

B(D+m+n)= (3.93  0.35  0.10)×10-4

fD+ = (209.7  9.3  2.5) MeV

This is the appropriate number for use with Non-SM 

models

PRD 78, 052003 (2008)

818 pb-1

Radiative correction reduced B by -1%
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11

Belle: Ds
+→m+n

• Look for e+e-DKXDs*(gDs), 

where X=(g)np & the Ds is not 

observed but inferred from 

calculating the MM (called Mrec)

• Then add a candidate m+ and 

compute MM2

• NDs = 32100±870±1210

• Nmn = 169±16±8
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Results& Systematic Error

• B(Ds
+  m+n) = (0.638  0.076  0.057)%

• fDs = 274±16±12 MeV

[±5.8% ±4.4%]

Source of Error %

Background 4.5

Signal MC statistics 6.4

Muon tracking and Id 2.8

Tag simulation 2.9

Total 8.9

Error on fDs is 1/2 of this

Systematic Error on B

PRL 100, 241801 (2008)

548 fb-1
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Radiative correction reduced B by -1%



CLEO: Ds
+→m+n & t+n (t+ →p+n)

Use e+e-DsDs* at 4170 MeV

Reconstruct Ds
- & g as tag

nb2nb,5nb,05.0nb,1 ****  
DDDDDDDD ssss

 

MM*2 ≡ (pbeam- pDs- - pg)
2

Two dimensional (2D) fit to (MDs, MM*2)

Multi g BKG

Fake Ds BKG
Fake Ds BKG

Ntag = 43859±936±877 Sum of 9 tag modes

Better understanding of  “fake Ds

background” that reduces systematic 

error
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Fit & Results Ds
+→m+n & t+n (t+ →p+n)

PRD 79, 052001 (2009)

600 pb-1
MM2 ≡ (pbeam- pDs- - pg -pm)2

ECal<300 MeV: Case (i)

Ecal>300 MeV: Case (ii)

m+n

tn, tpn

Float tn/mn:

Nmn  222.4  17.1 in Case(i)

B(Ds
+m+n)= (0.565  0.045  0.017)%

 fDs =(257.6±10.3±4.3) MeV

[  4.0%  1.7%]

Ntn = 125.6  15.7 in (i)+(ii)

B(Ds
+t+n)= (6.42  0.81  0.18)%

 fDs =(278.0±17.5±4.4) MeV

Fake Ds background

Real Ds

background
4/26/2010 14
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Systematic Error Summary

• Dominated by 

“number of tags”

Error on fDs is 1/2 of this
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K0pp0&hr+

pp0p0

MM2

Eextra< 0.1 GeV

Eextra
Signal

real Ds background

CLEO: Ds
+→t+n (t+ →r+n)

• Same tag and fit technique as Dsm+n

• Because of the two neutrinos, the signal does not peak in MM2, but the 

most important backgrounds do

• Use sum of extra E in calorimeter (Eextra) to suppress background

• Fit two MM2 distributions in first two Eextra bins [0,0.1) & [0.1,0.2)

– External Gaussian constraints on the expected background yields are added in the 

likelihood fit: allowing them varying within the measured branching fraction error.

– We also measure three background B’s Ds
+p + p0p0, K0p + p0 & hr+

• Check: Fitting in Eextra>0.8 GeV shows that we well understand the other 

background.

PRD 80, 112004 (2009)

600 pb-1
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Fit & Results Ds
+→t+n (t+ →r+n)

hr+K0pp0

signal

hr+K0pp0

signal
Eextra<0.1GeV 0.1<Eextra<0.2GeV

Fake Ds background

pp0p0, hp, fp, t(3pn+pn)n, mn, Xmn

Other Ds
+ backgrounds

Eextra  Signal yields Efficiency B (Ds
+t+n)

[0,100] MeV 155.2  16.5 25.3% (5.48  0.59)%

[100,200] MeV 43.7  11.3 6.9% (5.65  1.47)%

[0,200] MeV 198.8  20.0 32.2% (5.52  0.57  0.21)%

fDs = 257.8 ± 13.3 ± 5.2 MeV [±5.2% ±1.9%]
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CLEO: Ds
+→t+n, t+→e+nn

• B(Ds
+→t+n)B (t+→e+nn)~1.3% is “large” compared to 

background B (Ds
+→Xe+n)~8%

• We will be searching for events opposite a tag with one 

electron and not much other energy

• Opt to use only a subset of the cleanest tags

NDs- = 26334±213
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Measuring Ds
+→t+n, t+→e+nn

• Technique is to find events 
with an e+ opposite Ds

- tags 
& no other tracks, with Eextra< 
400 MeV

• No need to find g from Ds*,   
g peak  

• B(Ds
+→t+n)  

(5.30±0.47±0.22)% 

• fDs = 252.6±11.2±5.6 MeV

[±4.4% ±2.2%]

400 MeV

Largest source of 

systematic error 

due to error on 
B(Ds

+Kse
+ne) 

m sideband 

subtracted

(Xe+ne)

PRD 79, 052002 (2009)

602 pb-1
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BaBar: Ds
+→t+n, t+→e+nn

• Look for e+e-DKXDs*(gDs), where X=np & the Ds is not 

observed but inferred from calculating the MRec

• Normalize to Ds
+KsK

+ B=(1.49±0.09)%, instead of 

measuring Ntag.

• Require signal side having a single e+ or only KsK
+.

• Eextra used to separate signal & background

 Data

Signal MC

Background MC
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MC overestimates events 

because of underestimate 

of noise in calorimeter 

and of beam background

MC prediction is 

expected to be right in the 

whole Eextra<0.5 GeV



Fits of Ds
+→t+n, t+→e+nn

Divide into two samples

Eextra = 0

• Fit MRec

• Peaking background: 

true Ds  Xen peaks 

at MRec

Eextra > 0

• Fit (MRec, Eextra)

• Eextra has some 

discriminating power 

to separate peaking 

background

Eextra=0

Eextra>0

Eextra=0

Eextra>0

t+n KsK
+

signal

Ntn = 448±36

NKsK = 333±28

No peaking 

background
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Then subtract # of 

peaking background 

estimated from MC 



Results & Systematic Error 

B(Ds
+→t+n)  (4.5±0.5±0.4±0.3)% 

fDs = 233±13±10±7 MeV [±5.6% ±4.3% ±3.0%]

arXiv:1003.3064

427 fb-1
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Last error is due to uncertainties on the B for Ds
+KsK

+, Ksp+p- and t enn

Varying B’s of peaking backgrounds



CLEO-c fDs Average
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fDs = 259.0±6.2±3.0 MeV
[±2.4% ±1.1%]

All systematic errors include ±1.8 MeV due to uncertainties on tDs (dominant 

contribution), Vcs & Masses.
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Summary

fD+ fDs

MeV

Unquenched Lattice QCD 

[HPQCD+UKQCD]

[PRL 100, 062002 (2008)]

Unquenched Lattice QCD 

[FNAL+MILC]      preliminary

[PoS LATTICE 2009 249, (2009)]

Ds Average
2.4

agree

preliminary

Experiments have achieved errors 4.3% on fD+ and 2.4% on fDs
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Prospect from BES-III

• BES-III plans to take 20fb-1 each at y(3770) and 4170 MeV

– So far 500 pb-1 taken at y(3770) from Jan. 2010.

– Muon detector works in the appropriate momentum region with 90% 

efficiency and 5% fake rate.

dB/B dtD/tD dVcq/Vcq dfD/fD

D+m+n
2%(stat.) 

2%(syst.)?
0.6% 0.53% 1.5%

Ds
+m+n

2%(stat.)*

2%(syst.)?
1.4% 0.03% 1.6%

PDG’2010
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*With clean tags
BES-III can achieve 1-2% errors on fD+, fDs and fD+/fDs
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“Physics at BES-III” arXiv:0809.1869



Backup



Systematic error Ds
+→t+n, t+→e+nn
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Systematic Checks Ds
+→t+n (t+ →r+n)

Eextra from fully reconstructed DsDs* event 

(9×9 tag modes) 

Eextra is well simulated by MC 

hr+ Sideband bkg

K0pp0

Eextra>0.8GeV

pp0p0, hp, wpp0, fp, h'p, h'pp0

Other bkgs

Eextra > 0.8 GeV test shows that all 

backgrounds are consistent with MC 

predictions
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Eextra: from Fully Reconstructed DsDs*

• Compare Data with Generic 
MC after background 
subtraction

• Numbers of tags in Generic 
MC are re-weighted mode-
by-mode according to that in 
the real data

• Value at 300 MeV is chosen, 
because it has the similar 
efficiency  as r+n at 200 
MeV

Eextra is well simulated by MC 

set 1.22+1.62 = 

2.0% error
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Expected (from MC) and Fit Yields
Ds

+→t+n (t+ →r+n)
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Mass Distribution of Ds Tags

We fit MM*2 combining with Ds invariant mass to measure the single tag yield:

Ds invariant mass gives better control of the wrong Ds (or called “sideband” ) background.

K+K-p- KSK
- hp-

K+K-p-p0 p-p+p-

h'(rg)p-

K*-K*0

hr-

Fake Ds bkgrnd

h'p -

h'p+p-h
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Systematic Errors Ds
+→t+n (t+ →r+n)

Source of Error %

Finding the p+ track from r+ decay 0.3

Particle identification of p+ 1.0

Finding the p0 track from r+ decay 1.3

Eextra < 0.2GeV signal efficiency 2.0

Eextra < 0.2GeV & p0 efficiencies on background 1.1

Background modeling 1.1

Number of single tag Ds
- 2.0

Tag Bias 1.0

Total 3.8
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Number of Ds + g Tags

K+K-p- KSK
- hp-

K+K-p-p0
p-p+p-

h'(rg)p-K*-K*0 hr-

h'p -

h'p+p-h
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Cross-section vs. CM  

PRD 80, 072001 (2009)
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Nsig Nbkg

Eextra=0 70±10 87±11

Eextra>0 378±35 2186±57

Total 448±36 2273±58
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Fit yields of Ds
+→t+n, t+→e+nn

Peaking background in total 

Nbkg

N

Ds
+he+n 226

Ds
+h'e+n 24

Ds
+fe+n 75

Ds
+KLe+n 59

Total 384



Rediative Correction

• FSR of the muon has been corrected in MC 

simulation.

• However, another process where the D+  gD*+ 

gm+n, where the D*+ is a virtual vector or axial-vector 

meson. The process is not helicity suppressed. With 

our photon energy cut, we find the contribution of 

such process is about 1%.
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Updated Rosner & Stone Table
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