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CLEO Semileptonic Results

Form Factors & Vcs, Vcd from D0/D+ K/πe+ν

First Observation of D+ ηe+ν, D0 K-π+π-e+ν

D0/D+ inclusive semileptonic decays

Form Factors in D+ K-π+e+ν

First measurement of Form Factors in D ρe+ν

CLEO-c data: 281 pb-1 at ψ(3770)

Exclusive semileptonic b u CLEO Υ(4S) data
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Why Semileptonic D Decay?

D0 → Xe+ν and D+ → Xe+ν:

– Inclusive semileptonic BR and spectrum

D0 → K-e+ν, π-e+ν,  etc: 

– Form Factors,  Vcd , Vcs and Vub
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CESR and CLEO-c

Tracking: Drift Chambers

Electron ID: CsI Cal.
Hadron ID:   RICH
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Ψ(3770)~ϒ(4S)

Charm at  Ψ(3770) vs ~ϒ(4S)

– Large Cross-Section
– Low Multiplicity
– NO Fragmentation
– Kinematics Variables:
– “Background Free”

∆∆E =E = EEbb -- EEDD
U =U = EEmissmiss -- PPmissmiss

K-

e+

K+

ν

π-



Southern Methodist Univ. Yongsheng Gao 6

⇓

K+ π-

e−e+

D0

⇓

K-,π-,K*-,ρ- or X

D0
e+

Unique Kinematics at  Ψ(3770)

Tag

No PID

D0 π-e+ν
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Fully Reconstructed D0/D+ (Tag)
From
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All D0 tags
~308K fully reconstructed

All D+ tags
~163K fully reconstructed
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inary 
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Motivation
BR(D Xlν) to compare with sum of exclusive BRs.
Precision measurement of lepton momentum spectrum.
Compare Γsl(D0)/Γsl(D+)
Test HQT with Γsl(D0)/Γsl(Ds)

Technique
D-Tag
Electron ID
Gold DTags only
•K-π+ and K- π+π+

Charge correlation

Inclusive Semileptonic Decays
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CLEO-c  281pb-1

Consistent with the known 
exclusive modes saturating the 
inclusive branching fractions .

Branching Fractionmode

(15.1 ± 0.5 ± 0.5)%Σi Βi (D+ → Xe+ν)

(16.13 ± 0.20 ± 0.33)%D+ →Xe+ν

(6.1 ± 0.2 ± 0.2)%Σi Βi (D0 → Xe+ν)

(6.46 ± 0.17 ± 0.13)%D0→Xe+ν

Consistent with isospin symmetry

Extrapolated 
below 0.2
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Inclusive Semileptonic Results

Submitted to PRL

hep-ex/0604044
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First observation of D+ ηe+ν
Prelim

inary 
Prelim

inary 
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CLEO-c 281 pb-1 Preliminary
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B(Do→K-π+π−e+ν)=(2.9     ±0.5)x10-4+1.5
-1.1
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14397±1321347±49

5846±88450±29

U = Emiss– |Pmiss| (GeV)

295±20

699±28

2910±55

6796±84

Emiss and Pmiss are missing energy 
and momentum of the event

D0/D+ K/πeν Tag & Untag
Tag Untag
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40% common samples!
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D K/πeν BFs (Tag/Untag)

0.38±0.19

7.2±0.8

0.311±0.030

3.62±0.16

PDG (%)

0.397±0.027±0.028 0.383±0.025±0.016

8.86±0.17±0.20             8.75±0.13±0.30

0.309±0.012±0.006 0.301±0.011±0.010

3.58±0.05±0.05          3.56±0.03±0.11

Br. Frac. (%)D Decay

Prelim
inary 

Prelim
inary 

D0 → K −e+ν

D0 → π −e+ν

D+ → K 0e+ν

D+ → π 0e+ν

4.6±1.4±1.7

8.6±0.7

PDG (%)

1.02±0.02±0.02
1.03±0.02±0.04

1.95±0.15±0.14
1.99±0.15±0.10

Measured

4.4±0.3±0.1

Ratio

8.5±0.3±0.1

Measured (%)Ratio

D0 →π−e+ν
D0 →K−e+ν

D+ →π0e+ν
D+ →K0e+ν

Γ(D0 →π−e+ν)
Γ(D+ →π0e+ν)

Γ(D0 →K−e+ν)
Γ(D+ →K0e+ν)
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Tag Untag

40% common samples, do NOT average them!
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D0→K-e+ν

Comparison with LQCD/other exp.

CLEO-c 281 pb-1 Preliminary D0→π-e+ν
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Simple Pole 
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Modified Pole 
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Hill series expansion (Phys. Lett. B 633, 61 (2006))

ν+−→ eKD 0 ν++ → eKD 0

νπ ++ → eD 0νπ +−→ eD 0
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1.88±0.03±0.02

1.98±0.03±0.02

Mpole (Untag)

1.95±0.04±0.02D πeν (av. D0 & D+)

1.96±0.03±0.01D Κeν (av. D0 & D+)

Mpole (Tag)Decay Mode

Prelim
inary 

D
on

’t average!

Form Factors  (Tag/Untag)
2

8
1

 pb
-1

D→Ke+ν D→πe+ν
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Form Factor Fits (untag)

0.976 ± 0.014

0.224 ± 0.012

PDG Value

0.996±0.008±0.015±0.104D Keν (av. D0 & D+)

0.229±0.007±0.005±0.024D πeν (av. D0 & D+)

|Vcx| ± (stat) ± (syst) ± (theory)Decay Mode

To be submitted to PRL & PRD

CLEO-c 281 pb-1 Preliminary Results:
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DATA FIT

LQCD

νπ +−→ eD 0

DATA FIT

LQCD

ν+−→ eKD 0

Form Factors and Test of LQCD
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P
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0.760±0.010±0.007±0.001

0.670±0.028±0.011±0.009
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Vcs and Vcd Results

Since Vcs (W cs LEP) and Vcd (vN) are well measured, good 
agreement between PDG and CLEO-c results is  primarily a check 
of the LQCD value for f+(0).  Nevertheless, the most precise & 
robust Vcs & Vcd determinations using semileptonic decays to date.

Tag/Untag: 40% of comment sample.   DO NOT AVERAGE!!!
Expt. uncertainties  Vcs <2% Vcd~4%  LQCD uncertainty 10%

Combine |Vcx|f+(0) values from fits with unquenched LQCD results for f+(0)
(Phys. Rev. Lett.  94, 011601 (2005)) to extract |Vcs| and |Vcd|. 

1.014 ± 0.013 ± 0.009 ± 0.106D Keν  (tag)

0.234 ± 0.010 ± 0.004 ± 0.024D πeν  (tag)

0.976 ± 0.014

0.224 ± 0.012

PDG Value

0.996 ± 0.008 ± 0.015 ± 0.104D Keν (untag)

0.229 ± 0.007 ± 0.005 ± 0.024D πeν (untag)

|Vcx| ± (stat) ± (syst) ± (theory)Decay Mode

P
relim

in
ary
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Exclusive D ρeν Results
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eDB(D0 → ρ-e+ν)= (0.156±0.016±0.009)%
B(D+ → ρ0e+ν)= (0.232±0.020±0.012)%
B(D+ → ωe+ν) = (0.149±0.027±0.005)%

CLEO-c 281 pb-1 Preliminary Results:

D+→ρ0e+ν D0→ρ-e+ν
173±15

D+→ωe+ν
131±13 37.3±6.7

UUU

First 
Observation

First 
Observation
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Five kinematic variables 
describe the decay rate:

q2, cosθe, cosθπ, χ, mρ

We fit to the decay rate 

Dependence on the form factors 
enters through H+, H− and H0.
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kinematics & Decay Rate
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q2 cos θπ

cos θe
χ

Line is projection for fitted RV, R2

Rv = 1.40 ± 0.25 ± 0.03
R2 = 0.57 ± 0.18 ± 0.06

CLEO-c 281 pb-1:

First measurement

Exclusive D ρeν Results

Preliminary   
Results:
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Exclusive Semileptonic b u
Important for Vub, but challenges:

– Large b c backgrounds
− Missing neutrino 

Neutrino Reconstruction:
Signature: peaks in

CLEO data at Υ(4S): CLEO II, II.V and III

– 15.8x106 BB events                 (60% more data)
– Supersedes PRD68, 072003    (lower lepton Pt)
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Supersedes PRD
68, 072003 

Supersedes PRD
68, 072003 

Preliminary 

Exclusive Semileptonic B πlν

15.8x106 BB evts
CLEO II, II.V, III 
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Preliminary Results:

Exclusive Semileptonic B ρlν

15.8x106 BB evts

CLEO Υ(4S) data

Mass of ππ
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back-up slides
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K-π+ mostly K* with some 
s-wave (first seen by FOCUS)

For D→V e+ν, use 3 helicity
amplitudes Ho(q2), H+(q2), 
& H-(q2) 

Add ho(q2)•Ho(q2) to account for 
s-wave term

Use 281 pb-1 tagged analysis

Use 2472
events

Exclusive D+ K-π+e+ν

hep-ex/0606010

Subm
itted to PRD

 
Subm

itted to PRD
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Significant s-
wave 
amplitude 
confirmed

No evidence 
for d or f 
wave

H2
+(q2)

H2
-(q2)

H2
o(q2) ho(q2) Ho(q2)

hep-ex/0606010

Exclusive D+ K-π+e+ν
Subm

itted to PRD
 

Subm
itted to PRD
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Neutrino Reconstruction

∆E = EK(π ) + Ee + pmiss − Ebeam

Mbc = Ebeam
2 − (pK (π ) + pe + βpmiss )2

EK (π ) + Ee + β pmiss − Ebeam ≡ 0
β is a correction to the missing momentum

Neutrino Reconstruction
We use the whole event to reconstruct the event missing four-

momentum (Pmiss).  This can be associated with a neutrino if the 
missing mass is consistent with zero.

Pmiss = Pevent − Pcharged∑ − Pneutral∑
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