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Motivation
•  constrains the sides of the unitarity triangle 

• Provides an important constraint of the Standard Model’s 
description of quark interactions and the corresponding CKM matrix

|Vcb |

qj = d,s,b

W +

Vij

qi = u, c, t
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The  decayB ! Dℓν
• Tree level Cabibbo favoured mode 

• Assuming light leptons ( )me,μ = 0
d"

dq2d cos θℓ
=

G2
F |Vcb |2 η2

EW

32π3
k3 | f+(q2) |sin2 θℓ

Vcb

where  
   is the  4-momentum transfer 

   is the polar angle of  in the  helicity frame 

   is the Fermi constant 

   is an electroweak correction 

  ,   

  and  is a  dependant form factor

q ℓν

θℓ ℓ W*

GF

ηEW = 1.0066

k = mD w2 # 1 w =
m2

B + m2
D # q

2mBmD

f+ q2
Charge conjugate modes are implied throughout

Vcb

B# ,0

D0,#q

q
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The  decayB ! Dℓν
• Tree level Cabibbo favoured mode 

• Assuming light leptons ( )me,μ = 0
d"

dq2d cos θℓ
=

G2
F |Vcb |2 η2

EW

32π3
k3 | f+(q2) |sin2 θℓ

Vcb

Charge conjugate modes are implied throughout

 

where 

   

   

   are alternative parameterisations of the form factors    
  (e.g. see Bailey et al.,  Phys. Rev. D 92, 034506 (2015)) 

f+(q2) =
1

2
( (1 + r)h+(w) # (1 # r)h#(w))

r = mD /mB

w =
m2

B + m2
D # q

2mBmD

h±

Vcb

B# ,0

D0,#q

q
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The  decayB ! Dℓν
• Tree level Cabibbo favoured mode 

• Assuming light leptons ( )me,μ = 0
d"

dq2d cos θℓ
=

G2
F |Vcb |2 η2

EW

32π3
k3 | f+(q2) |sin2 θℓ

Vcb

Charge conjugate modes are implied throughout

Signal factorises into functions of  and  

The background does not factorise 

A two dimensional (2D) analysis is required 
to model the backgrounds properly, extract 
signal, and measure 

q θℓ

|Vcb |

Vcb

B# ,0

D0,#q

q
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Asymmetric energy  collider operating 
primarily at the 

e+e#

$ (4S)

¥ 9 GeV  on 3.1 GeV  

¥  Central tracking system (SVT, DCH) 
¥ Particle Identification System (DIRC) 
¥ Electromagnetic Calorimeter (EMC) 
¥ Solenoid Magnet 
¥ Muon/  Detection System (IFR)

e# e+

K0
L

SVT 
DCH 
DIRC 
EMC 
Solenoid 
IFR

e#

e+
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Data sample
• Data was taken from 1999 through 2008 

• Mostly at the  
• Some "off-peak" just below the ; at 

the ,  and a high energy scan 

• 513.7  recorded in total 

• High operational efficiency throughout data 
taking 

• This analysis uses 428  of data collected 
at the 

$ (4S)
$ (4S)

$ (2S) $ (3S)

fb#1

fb#1

$ (4S)
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Analysis
• Use a hadronic tag method to identify  candidates 
• Select  candidates consistent with a  meson in the  plane 
• Use the missing energy ( ) and 3-momentum ( ) to isolate the 

signal

$ (4S) ! BtagBsig
Btag B mES # %E

E**miss |p**miss |

U = E**miss # |p**miss |

Backgrounds identified 
as: 

•  where 
 or  

• Charmless hadronic  
decays 

•  continuum events

B ! D*ℓ#νℓ
D* ! Dπ Dγ

B

qq
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Analysis
• Background varies across phase space

|q2 # 0.75 | < 0.25 GeV 2 |q2 # 9.75 | < 0.25 GeV 2

|cos θℓ + 0.85 | < 0.05 |cos θℓ # 0.85 | < 0.05
D+ ! K# π+π+ D+ ! K# π+π+

D0 ! K# π+π# π+

D0 ! K# π+π# π+

• Data driven background 
shape determination 

• Unbinned maximum 
likelihood fit for angular 
fits 

• Signal quality factor 
determined as: 

Qi =
Si(U)

Si(U) + Bi(U)
Quality factor methodology used 
previously by FOCUS, CLEO and BESIII
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Analysis
• 1D projections integrated over all  decay modesD
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Analysis
• 1D projections integrated over all  decay modesD

Weighting by  and 
 to project 

signal and 
background events.

Qi
(1 # Qi)
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Angular distribution fit
• Fit the signal weights, , in the 2D distribution  

• Use external constraints in the fit from: 
•  region QCD calculations from Lattice QCD 
• Belle’s  differential cross section 
•

Qi (q2, cos θℓ)

w ! 1
q2

& Total = # 2& BABAR + χ2
Belle + χ2

FNAL/MILC

!"#$""%&'( ) ( )* '
+$,',-',.%/%'&0,0

Bailey et al.,  Phys. Rev. D 92, 
034506 (2015) 

Glattauer et al., Phys. Rev. D 
93, 032006 (2016)
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Angular distribution fit
• Fit the signal weights, , in the 2D distribution  

• Use external constraints in the fit from: 
•  region QCD calculations from Lattice QCD 
• Belle’s  differential cross section 
•

Qi (q2, cos θℓ)

w ! 1
q2

& Total = # 2& BABAR + χ2
Belle + χ2

FNAL/MILC

!"#$""%&'( ) ( )* '
+$,',-',.%/%'&0,0

($""%&'
1-"/,20$",'+2-3'
(%44%'567'#$"/8

d" /dw

Bailey et al.,  Phys. Rev. D 92, 
034506 (2015) 

Glattauer et al., Phys. Rev. D 
93, 032006 (2016)
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Angular distribution fit
• Fit the signal weights, , in the 2D distribution  

• Use external constraints in the fit from: 
•  region QCD calculations from Lattice QCD 
• Belle’s  differential cross section 
•

Qi (q2, cos θℓ)

w ! 1
q2

& Total = # 2& BABAR + χ2
Belle + χ2

FNAL/MILC

!"#$""%&'( ) ( )* '
+$,',-',.%/%'&0,0

($""%&'
1-"/,20$",'+2-3'
(%44%'567'#$"/8

d" /dw

9'+-23'+01,-2'
:-$",/;' f0,+(w)

Bailey et al.,  Phys. Rev. D 92, 
034506 (2015) 

Glattauer et al., Phys. Rev. D 
93, 032006 (2016)
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Angular distribution fit
• Fit the signal weights, , in the 2D distribution  

• Use external constraints in the fit from: 
•  region QCD calculations from Lattice QCD 
• Belle’s  differential cross section 
•

Qi (q2, cos θℓ)

w ! 1
q2

& Total = # 2& BABAR + χ2
Belle + χ2

FNAL/MILC
• 1D projections of the 

fit are shown 

• The  distribution 
for  consistent 
with the SM 
expectation 

• Validates the  
reconstruction 
approach used

sin2

cos θℓ

ν

Bailey et al.,  Phys. Rev. D 92, 
034506 (2015) 

Glattauer et al., Phys. Rev. D 
93, 032006 (2016)

BGL: Boyd, Grinstein, Lebed, Nucl. Phys. B461, 493 (1996)
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Systematic errors
• Given good agreement between background subtracted data and 

simulations, no systematic assigned for this 

• 2.6%: Resolution from the kinematic fit 

• The difference in resolution with(out) the kinematic fit is also 
included (resolution increases to 3.4% with out the fit) 

• Background subtraction method systematic is accounted for by 
trying 3 variants of the background fits and assigning the maximum 
deviations as errors. 

• Variations in the background and signal shapes are accounted for as 
t the deviations from nominal results when varying parameters in the    
f fit to data

https://orcid.org/0000-0002-4105-9629
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Results
• Nominal using BGL N=2 results

•  

• 1.5σ above the HFLAV world average

ηEWG(1) |Vcb | = (43.5 ± 1.3) ' 10#3

New BaBar Result

Y. Ahmis et al., Phys. Rev. D 107, 052008 (2023)
N is an expansion parameter in the BGL approach. 
BGL: Boyd, Grinstein, Lebed, Nucl. Phys. B461, 493 (1996) 
CLN: Caprini, Lellouch, Neubert, Nucl. Phys. B350 153 (1998). 
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Results
• Nominal using BGL N=2 results

• Agreement with both HFLAV average and 
inclusive results 

• Reduces tension with global fit expectations

|Vcb |

New BaBar Result
Y. Ahmis et al., Phys. Rev. D 107, 052008 (2023)

N is an expansion parameter in the BGL approach. 
BGL: Boyd, Grinstein, Lebed, Nucl. Phys. B461, 493 (1996) 
CLN: Caprini, Lellouch, Neubert, Nucl. Phys. B350 153 (1998). 
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Results

|Vcb | =
(

" )￼τB
 psτB+,0 = 1.159 ± 0.004 (1.638 ± 0.004)

• Can compute alternative values of using our results with 
different HFLAV inputs 

•  from N=2 BGL Fits yield

|Vcb |

|Vcb | = 41.09 ± 1.16

 * Aubert et al., Phys. Rev. Lett. 104, 011802 (2010) 

# Glattauer et al., Phys. Rev. D 93, 032006 (2016)

* 
* 
# 
#

• Difficult to draw conclusions from the 
various derived from re-weighted 
branching fractions 

• Covers the range in between HFLAV 
average and inclusive 

|Vcb |

|Vcb |
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Form factors
• Form factors corresponding to the nominal results are shown 
• Results are compatible with the role of the spectator quark in the 

decay not being very large  
• i.e. SU(3) being a good symmetry approximation here

w =
m2

B + m2
D # q

2mBmD
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Form factors
• Refitting dropping the Belle 2 part of the likelihood: 

•  

    yields similar results.  The uncertainty reduces when including the  
    FNAL/MILC term in the fit.

& Total = # 2& BABAR + χ2
Belle + χ2

FNAL/MILC
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Conclusions
•  has been extracted from an unbinned analysis of hadronically 

tagged  decays 

• Approach uses a novel weighting for  to account for 
correlations in the background 

• Lepton helicity distribution agrees with the standard model 
expectation as a validation of the method 

•  obtained from this analysis is in agreement with the previous 
HFLAV average and the inclusive result 

• Less tension in global fits observed relative to HFLAV 2021 results 

|Vcb |
B ! Dℓν

(q2, cos θℓ)

|Vcb |
|Vcb |
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