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Semileptonic  decaysB
Determination of the CKM elements  and |Vcb | |Vub |

• SL  decays are studied to determine the CKM elements 
 and 


•  are limiting the global constraining 
power of UT fits


• Important inputs in predictions of SM rates 
for ultrarare decays such as 

 and 


• The determinations can be


• Exclusive — from a single final state


• Inclusive — sensitive to all SL final states 
 talk by M. Prim Tue 12:30 pm (WG1&2)

B
|Vcb | |Vub |

|Vxb |

Bs → μμ K → πνν

→

2

Experiment Theory

Exclusive |Vcb| B → Dlν, D*lν 
(low backgrounds)

Lattice QCD, 
light cone sum 

rules

Inclusive |Vcb|
B → Xlν 
(higher 

background)

Operator product 
expansion



Experimental status  and |Vcb | |Vub |

• Determinations of both  and 
 exhibit a discrepancy at the 

level of ~3  between exclusive and 
inclusive


• The current experimental focus is 
on understanding the origin of this 
discrepancy, as this inconsistency 
limits the power of precision flavour 
physics

|Vcb |
|Vub |

σ

3



Outline
Results covered in this presentation

• Belle II 

•  and determination of  
[189/fb, to be submitted to Phys. Rev. D]


• Belle 

•  differential decay distributions and  
[711/fb, Phys.Rev.D 108 (2023) 1, 012002, arXiv:2301.07529 [hep-ex]]


• Angular coefficients in  and  
[711/fb, EPS-HEP23 preliminary]


• Measurement of  
[711/fb, Phys.Rev.D 107 (2023) 9, 092003, arXiv:2211.09833 [hep-ex]]

B0 → D*−ℓ+ν |Vcb |

B → D*ℓν |Vcb |

B → D*ℓν |Vcb |

B → D̄(*)πℓ+ν, D(*)π+π−ℓ+ν
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https://arxiv.org/abs/2301.07529
https://arxiv.org/abs/2211.09833


1999 – 2010: B factory at KEK (Japan)

Linac

KEKB double 
ring e+e- collider

e+e− → Υ(4S) → BB̄

Belle detector

5

http://www-acc.kek.jp/KEKB/pictures/KEKB_photo/KEKair2005/KEKair2004-04H.jpg


Comparison of B factories (1999-2010)
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The Belle II detector

7 GeV e−

4 GeV e+
Central drift chamber 

Spatial resolution ~100 m

 resolution: 5%


 resolution: 0.4%

μ
dE/dx
pT

Vertex detector 
2 layers of DEPFET pixels (PXD) and 

4 layers of silicon strips (SVD)

Vertex resolution ~15 mμ

Forward and barrel Part. Id. 
K eff. 90%, fake  rate 5%π

Electromagnetic Calorimeter 
Energy resolution: 1.6 - 4%

KLM 
Instrumented flux return
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 GeV

(  resonance)
Ecm = 10.58
Υ(4S)

KEK 
Tsukuba, Japan
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Belle II timeline
Luminosity projection

We are here

ℒrecorded = 424/fb

LS1 (2022-23): 
PXD2 installation and 

other maintenance/upgrade 
of detector & machine

LS2 (2026-27): 
SKB IR upgrade 
VTX installation?
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Untagged vs. Tagged

Untagged: 
only  is reconstructed 

 
high signal yield (+) 

high backgrounds (-) 
poor neutrino reconstruction (-)

Bsig

Tagged: 
 and  are reconstructed 

to take advantage of  kinematics 
 

signal yield O(103) lower (-) 
low backgrounds (+) 

good neutrino reconstruction (+)

tag calibration (-)

Bsig Btag
Υ(4S)
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 untagged (189/fb) 
to be submitted to Phys. Rev. D
B0 → D*−ℓ+ν
Updated numbers with respect to winter 2022/23 presentations

Belle II_
_
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Parameterisation of B → D*ℓν

• Three form-factors as function of  parameterise 
the non-perturbative physics 
 




• Form factor parameterisations


• Boyd, Grinstein, Lebed (BGL) 
[Phys. Rev. D56, 6895 (1997)]: 
 

• Caprini, Lellouch, Neubert (CLN) 
 [Nucl. Phys. B530, 153 (1998)]:

w = vB ⋅ vD*

d4Γ
dwd cos θℓd cos θVdχ

∝ |Vcb |2 A(w, cos θℓ, cos θV, χ)
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Measurement

•  is reconstructed and combined with 
an appropriately charged lepton (  or )


• The neutrino direction is reconstructed inclusively using the 
known angle  between the  and the  
direction 
 
 

• The yield in 10 (8) bins of , ,  and  is extracted by 
fitting  and  


• Bin-to-bin migration is corrected with SVD unfolding 
[arXiv:hep-ph/9509307]


• Main challenges: accurate background model, slow pion tracking 
and statistical correlations between bins

D*+ → D0( → K−π+)π+

e μ

cos θBY B Y = D* + ℓ

w cos θℓ cos θV χ
cos θBY ΔM = M(Kππ) − M(Kπ)
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BGL fit result
BGL truncation order determined by 
Nested Hypothesis Test [Phys. Rev. D100, 013005]

Relative uncertainty (%)

LQCD used only for normalisation at zero recoil ( )w = 1
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Preliminary

Preliminary

Preliminary

Preliminary



Fit with non-zero recoil LQCD
LQCD constraints at  
[Eur. Phys. J. C 82, 1141 (2022)]

w = 1.03,1.10,1.17
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Preliminary

Preliminary

Preliminary

Preliminary



Summary of the measurement
• Branching fraction 

 
 

• Value of 


• Lepton flavour universality tests 
 
 
 

|Vcb |
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Preliminary

Preliminary

Preliminary



 and  from Belle II|Vcb | |Vub |
• Recent, preliminary results from exclusive decays

Reference

To be submitted to PRD

[arXiv:2301.04716]

[arXiv:2210.13143]

|Vcb | × 103

Belle II B0 → D*−ℓ+ν untagged 40.57 ± 1.16 (BGL)

Belle II B0 → D*−ℓ+ν tagged 37.9 ± 2.7 (CLN)

Belle II B → Dℓν untagged 38.28 ± 1.16 (BGL)

Preliminary

Preliminary

Preliminary

Reference

[arXiv:2206.08102]

[arXiv:2210.04224]

|Vub | × 103

3.88 ± 0.45Belle II B → πeν tagged

3.55 ± 0.25Belle II B → πℓν untagged

Preliminary

Preliminary
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WA values [HFLAV 2021] 
 |Vcb |excl = (39.10 ± 0.50) × 10−3

|Vub |excl = (4.19 ± 0.17) × 10−3



 differential decay 
distributions (711/fb) 
Phys.Rev.D 108 (2023) 1, 012002, arXiv:2301.07529 [hep-ex]] 

B → D*ℓ+ν

https://arxiv.org/abs/2301.07529


Reconstruction
• One  meson is fully reconstructed in a hadronic mode (tag side)


• ,  are searched on signal side


•  channel has higher signal efficiency than  near zero recoil


• And combined with an appropriately charged  to identify a  decay

B

D*+ → D0π+, D+π0 D*0 → D0π0

D*0 D*+

ℓ = e, μ B → D*ℓν
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M2
miss w



Results
• Normalisation is not measured,  taken from HFLAV


• Fit to marginal distributions of  (40 bins)

ℬ

w, cos θℓ, cos θV, χ
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using

LFV observables

BGL332 is the LQCD prediction 
Eur.Phys.J.C 82 (2022) 12, 1141, 
Eur.Phys.J.C 83 (2023) 1, 21 (erratum) 
arXiv:2105.14019 [hep-lat] 



Angular coefficients of 
 (711/fb) 

EPS-HEP 2023 preliminary 
B → D*ℓ+ν

Preliminary



Reconstruction
• Same dataset, fit 12 angular coefficients  in 4 bins of 


• In total 144  fits per mode, 576 in total

Ji = Ji(w) w

M2
miss
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Fitted angular coefficients
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Preliminary Preliminary
Preliminary



Results

• Combined fit with non-zero recoil lattice data 
(FNAL/MILC, HPQCD, JLQCD)


•  for BGL332

• Average  of new LQCD results: 

p = 0.75
ℱ(1)

ℱ(1) = 0.895 ± 0.007
Preliminary

Preliminary Preliminary Preliminary
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EPS-HEP 2023 preliminary



Measurement of  
and  
Phys.Rev.D 107 (2023) 9, 092003, arXiv:2211.09833 [hep-ex]]

B → D̄(*)πℓ+ν
B → D̄(*)π+π−ℓ+ν

https://arxiv.org/abs/2211.09833


Reconstruction

• 711/fb of hadronically tagged events


• 16 final states are searched for on the signal 
side: 

 
with 


• Normalisation modes:  and 



• Signal extracted from 

D̄0π−, D−π+, D̄*0π−, D*−π+, D−π+π−, D̄0π+π−, D*−π+π−, D*0π+π−ℓ+ν
ℓ = e, μ

B0 → D*−ℓ+ν
B+ → D̄*0ℓ+ν

U = Emiss − pmiss
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Branching fraction results ( )π
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D0π Dπ

D*πD*0π



Branching fraction results ( )ππ

28

D0ππ Dππ

D*0ππ D*ππ



 compositionD**

M(Dπ) M(D*π)
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First observation of B → D̄1( → D̄π+π−)ℓ+ν
M(Dπ+π−)
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Summary and conclusions

• Two new results for  from : 
Belle II  untagged (189/fb), Belle  tagged (711/fb)


• Obtain values closer to the inclusive result/expection from CKM unitary


• No significant form factor dependence


• Is experiment compatible with non zero recoil lattice data?


• Improved Belle measurement of  modes


• First observation of 


• Many more Belle II analyses on exclusive semileptonic  decays are in the making — stay tuned!

|Vcb | B → D*ℓν
B0 → D*−ℓ+ν B → D*ℓν

B → D**ℓν

B → D̄1( → D̄π+π−)ℓ+ν

B
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Backup



 untagged (189/fb)B0 → D*−ℓ+ν
CLN fit
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Preliminary

Preliminary

Preliminary

Fitted values without LQCD predictions

Relative uncertainties (in %)

using

Fitted values with LQCD constraints 
at  
[Eur. Phys. J. C 82, 1141 (2022)]

w = 1.03,1.10,1.17
Preliminary



 untagged (189/fb)B0 → D*−ℓ+ν
Lepton flavour universality tests
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Preliminary

Preliminary

Preliminary



Nested hypothesis test
Phys.Rev.D 100 (2019) 1, 013005, arXiv:1902.09553 [hep-ph]

Belle II  untaggedB0 → D*−ℓ+ν

Belle  taggedB → D*ℓ+ν
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