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Outline

|Vcb| and FF from exclusive B→Dℓν decays

–  Hadronic tagged B→Dℓν 

– Untagged global fit to B→DXℓν

Measurements of Moments in inclusive 
Semileptonic Decay B→X

c
ℓν:

– Extraction of |Vcb|, mb, mc, Β(B→X
c
ℓν) 

and leading non perturbative QCD 
parameters

Conclusions
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Exclusive B → D(*)ℓν decays
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2
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2 w  .

Why B → Dℓν decays?

w=
mB

2mD
2 −q2

2mBmD

Phase Space
K w=mD

3
mBmD

2
⋅w2

−13/2

Form Factors describe 
Hadronization processes.

Only one FF in the limit of very 
small lepton mass  

Expression of GD(w) from Lattice 
QCD and HQET 

G w=G 1[1−82 z512
−10 z2

−2522
−84 z3

]

Using Caprini et al. 
parameterization (CLN): 
Nucl.Phys.B 530 (1998), 153

z=  w1− 2

 w1 2

Simple and Clean way to get |Vcb| and B FF parameter (ρ)
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Experimental Methods

●Only signal reco.
●High statistic

Untagged

ϒ(4S)

D

ℓ

Bsig Btag

Efficiency

Purity

ϒ(4S)

D

ℓ

Bsig Btag
+

D

-

Hadronic tag
●Reco. B→D(*)Y
●Y=,K
●Several decays mode 
●Kinematic, charge and 
flavour known
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Hadronic tagged B→ Dℓν

Reconstruct B+/0→ D0/+ℓν on the recoil of about 
1000 fully reco. B final states  (D0/+  reco. in 9/7 
different final states)

     ☺ High purity (S/S+B) 

     ☺ Good Resolution 

     ☹ Very Low efficiency (0.2%÷0.5%) 

Missing Mass squared (MM2)used to identify 
semileptonic B decay

Signal Events Yields from a binned maximum 
likelihood fit to MC sources in 10 bins of w

G(1)|Vcb| and  ρ2 extracted with a χ2 -fit to the 
w-distribution

D

0904.4063[hep-ex]
submitted to PRL

mmiss
2 =[P  4S−P Btag−P D −P lepton]2

BABAR
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Tagged B→ Dℓν: Results

Combined Results:
G(1)|Vcb| = (42.3 ± 1.9 ± 1.4)x103

ρ2 = 1.20 ± 0.09 ± 0.04
Br(B0→Dℓν)=(2.15 ± 0.06 ± 0.07)%

 5.6% total error on G(1)|Vcb| 

BABAR
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Untagged B→ D(*)ℓν
PRD79,012002(2009)

Select B+/0→ D0/+ℓν with 
p

ℓ
>1.2GeV/c,  no D(*,**) reco.

     ☺ High Signal yields 

     ☹ High Systematics:

       Physics Modeling: FF and BR for     
        B→D(*)πlν , B→D(*)ππlν,                
        D* and D . 

Get D/D* rates and FF slope 
(ρD

2,ρD*
2) with a binned 3D fit to 

p
ℓ
,pD,cosθBY

Relate BR(B0) to BR(B+) using 
lifetime ratio

The analysis is sensitive to |Vcb|

1-D projections for p
ℓ
,pD,cosθBY

D0

D+

D D* D**

BABAR



9 Enrico Feltresi  DPF'09 – Detroit, 27.July.2009

ρ2
D

Untagged B→ D(*)ℓν: Results
5.5% total error (mainly sys) 

 3.3% total error (mainly sys) 

ρ2
D*

BR(D0lν)(%)

BR(D*0lν)(%)

Interesting results validation:

G(1)/F(1) in agreement with 
lattice calculation:

– G(1)/F(1)Theory = 1.17±0.04

– G(1)/F(1)untag = 1.20±0.09

Slope difference (ρD
2 - ρD*

2) 
compatible with zero 

Combined Fit
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BaBar Results on B→ Dℓν
Combined BaBar Results:

In good Agreement with 
exclusive B →D* 
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Inclusive Semileptonic b→c decays
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Inclusive Semileptonic B→Xclν decays

Study of Semileptonic B→Xclν decay offers laboratory 
for studying the b quark in the B meson

The Inclusive decay rate can be written in terms of a 
Heavy Quark Expansion (HQE) in 1/mb

n and αs : 

mb and mc are the 
quark masses

r=
mc

2

mb
2

 μπ
2, μG

2, ρD
3,ρLS

3  are Non-
perturbative parameters, 
matrix elements of local 
operators in HQET

sl B X c l=
GF

2 mb
5

1923
⋅∣V cb∣

2⋅[ z0r
0
mb

z2 r ,


2

mb
2,

G
2

mb
2
 z3r ,

D
3

mb
3
,
LS

3

mb
3
O 1/mb

4]



13 Enrico Feltresi  DPF'09 – Detroit, 27.July.2009

Moments of Inclusive Distributions

〈mX
n 〉EE0

=

∫EE 0

mX
n  d  c

dmX
dmX

∫EE0

d c

dmX

dmX

〈E X
n 〉EE0

=

∫EE 0

E X−〈E X 〉
n  d c

dE X
dE X

∫EE0

d c

dE X

dE X

Hadronic Mass Moments Energy Moments of Xc system

Mixed Moments

nX
2
=mX

2 c4
−2 E X


2

= 0.65GeV

〈mX
n
〉EE0

= f E0 ,mb ,mc

2 ,G
2 ,D

3 ,LS
3


E>E0 :lepton or 
photon energy cut

Mixed Moments

Moments, like the total rate are also described in term of an HQE in 1/mb
n 

and αs by quark masses (mb,mc) and  Nonperturbative parameters, matrix 
elements of local operators in HQET (μπ

2, μG
2, ρD

3,ρLS
3)  
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Interpretation of Moments

Moments Measurements:

Mass or Mixed moments

Electron Energy moments

Photon Energy Moments

Heavy Quark Expansions:

Kinetic Scheme [1]

1S Scheme [2]

HQE-Fit

P.Gambino, N.Uraltsev, Eur.Phys.J. C34, 181 (2004)
D.Beson, I.Bigi, N.Uraltsev, Nucl.Phys. B710, 371 (2005)

C.Bauer, Z.Ligeti, M.Luke, A.Manohar, M.Trott, Phys.Rev. D70, 094017 (2004)

 [1]
 [2]

 |Vcb|, mb , mc ,μπ
2, μG

2, ρD
3,ρLS

3

External Parameter: 

τB= (1.585±0.007)ps

constrain on μG
2 and ρLS

3
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Moments: Analysis Strategy

Dataset: 230 million B pairs

On the recoil of fully reconstructed B

Measure one recoiling lepton with minimum 
p*>0.8GeV in the B rest-frame

Remaining particles form inclusive hadronic Xc-
system

Missing mass and Energy consistent with 
semileptonic decay 

Improve resolution with kinematic fit to the total 
event

0707.2670[hep-ex]
submitted to PRD
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Moments: Spectra

1st moment
(mean) 2nd moment

(width)

Event by event mX calibration 
functions to relate reconstructed mX 

to true mX, in bins of:
- charged tracks multiplicity, 

Emiss-|Pmiss| and Pℓ 

Uncorrected
moments
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Mass Moments: HQE-Prediction
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HQE-Fit results  
(kinetic scheme)

Agreement with other 
measurements and world 
average

Good agreement of results 
of mixed and mass 
moments:

– Indicating that higher 
order corrections have 
been treated correctly 
for the calculation of 
the mass moments

All meas. B→Xclv 
(+mass)  w/out B→Xsγ

All meas. B→Xclv 
(+mixed)  w/ B→Xsγ

All meas. B→Xclv 
(+mass)  w/ B→Xsγ

B→Xclv (+mass -elec)  
w/out B→Xsγ

m
b
[G

eV
/c

2 ]

|V
cb

|x103
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Conclusion

Many exciting results on B→Dlν decays

– Recent BaBar measurements have improve the total error 
on the world average G(1)|Vcb| (4%)

– Interesting validation in the comparison with B→D*lν   
[(ρD

2 – ρD*
2) and G(1)/F(1)]

– Precision on |Vcb| measurements limited by form factor 
knowledge

 Inclusive  |Vcb| precision now at 2% level

Agreement between Exclusive (B→Dlν) and Inclusive 
measurements
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Back-up
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Back-up:Tagged B→ Dℓν at w>1
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Back-up: Tagged B→ Dℓν Sys
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Back-up: Untagged B→ Dℓν Sys
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