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Flavour changing transitions in the quark sector
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• CKM matrix elements are fundamental parameters.


 Precise determinations are important.


•  and  represent a long-standing puzzle. 


 Complementary methods yield inconsistent results.


 Limits their precision. 


• We need to know  and  precisely to 
constrain the Unitary Triangle of the CKM matrix.
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[CKMfitter Group, the global CLM fit (2021)]

http://ckmfitter.in2p3.fr/www/results/plots_spring21/ckm_res_spring21.html


Determining the  and  matrix elements|Vcb | |Vub |
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• Usually, done with semileptonic decays .Xb → Xc,ulν

 Theoretically clean 

(only one hadronic current).


 Experimentally feasible  
(large enough BFs). 

Leptonic  decays are theoretically 
simpler, but experimentally much harder.


 only on signal track and small BFs.

→

→

B → lν

→

Leptonic 
current

Hadronic 
current}

}
V{c,u}b

Described by form factors (FFs) : 

 Functions .


 Calculated with num-methods:

LCSR (small ) or LQCD (high ).

→ q2 = (pμ + pν)2

→
q2 q2



Two complementary methods to determine  and |Vcb | |Vub |
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• Exclusive and inclusive semileptonic  decays.


 Largely theoretically and experimentally independent.

Xb → Xc,ulν
→

[Phys. Rev. D 107, 052008 (2023)]

 Long-standing tension 
(  ).


 Limits the precision of SM 
tests and sensitivity to NP.

→
∼ 3σ

→

https://arxiv.org/abs/2206.07501


Measuring  and  at LHCb|Vcb | |Vub |

5

Pros @ LHCb:  

• Large samples of  mesons as well as 
heavier  hadrons including ,  and .


Cons @ LHCb:  

• Hadronic environment and unreconstructed 
  large backgrounds.


• The  production rate cannot be 
determined precisely  large uncertainty 
of measured BFs.

B±,0

b B0
s Bc Λ0

b

ν →

bb̄
→

• @ LHCb, exclusive semileptonic decays can be measured (inclusive semileptonic 
decays are measured at the  factories).B

[Int. J. Mod. Phys. A 30 (2015), 1530022]

https://doi.org/10.1142/S0217751X15300227
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Corrected mass [Phys.Rev.Lett.80:660-665,(1998)]: 

 


 Discriminating variable corrects for missing .

mcorr(Xb) = m(Xql)2 + p⊥(Xql)2 + p⊥(Xql)

→ ν

Some ingredients for semileptonic analyses at LHCb

Normalisation decays used to cancel 
-production uncertainties.


 External inputs: e.g. normalisation 
BFs, fragmentation fractions etc.    

bb̄

→

Determining  up to a two-fold ambiguity.


 degraded   resolution.


 Unfolding required to obtain the true .   

q2

→ q2

→ q2

Xb → Xq={c,u}lν

https://doi.org/10.1103/PhysRevLett.80.660
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• Differential decay rates ( ):mμ ≈ 0
FFs can be modelled with the 
parameterisations:


CLN: Caprini, Lellouch and Neubert

[Nucl. Phys. B530 (1998) 153] 


BGL: Boyd, Grinstein and Lebed

[Phys. Rev. Lett. 74 (1995) 4603] 




   


Where  is the hadronic recoil variable that depends on  
and ,  and  are the three helicity angles:

dΓ(B0
s → D−

s μ+νμ)
dw

=
G2

Fm3
D

48π3
(mB + m2

D)2η2
EW × |Vcb |2 (w2 − 1)3/2 |G(w) |2

d4Γ(B0
s → D*−

s μ+νμ)
dwd cos θμd cos θDdχ

=
3G2

Fm3
B0

s
m2

D*s

16(4π)4
η2

EW × |Vcb |2 |A(w, θμ, θD, χ) |2

w = vB0
s

× vD(*)−
s

q2

θD θμ χ

 One FF

Three FFs

Measurement of  from the  decay [Phys. Rev. D 101 (2020)]|Vcb | B0
s → D(*)−

s μ+νμ

• Dataset:   @  and  @ 
 (Run 1, 2011& 2012).


• Signal: . 


• Normalisation: .

1.0 fb−1 s = 7 TeV 2.0 fb−1

s = 8 TeV

B0
s → D(*)−

s μ+νμ

B0 → D(*)−μ+νμ

 For both channels,  
is reconstructed in the 

 final state. 

→ D−
(s)

[K+K−]ϕπ−

>> First  extraction from a  decay.|Vcb | B0
s

Differential measurements allow us to 
extract information on the FFs.

https://www.sciencedirect.com/science/article/abs/pii/S0550321398003502?via=ihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.74.4603
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004


B0
s → D−

s μ+νμ B0
s → D*−

s μ+νμ
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• Usually, FFs are extracted by measuring the decay 
distribution wrt.  or .


• This analysis exploits a new variable, , which 
is an approximation of .

q2 w = w(q2)

p⊥(D−
s )

w

 Strongly correlated 
with , and thus, with 
the FFs.


 Can be fully 
reconstructed.

→
w

→

>> Alternative method to infer FFs.
Measurement of  from the  decay [Phys. Rev. D 101 (2020)]|Vcb | B0

s → D(*)−
s μ+νμ

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004
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• Signal and normalisation yields are 
determined in fits to - .


• To determine  and FFs the 
signal yields are expressed as: 

mcorr p⊥(D−
s )

|Vcb |

Signal fit with the CLN parameterisation

N(*)
sig =

N(*)
norm

BFnorm
×

fs
fd

× BF(D−
s → K+K−π−) × τB0

s
× Rϵ × ∫

dΓ(B0
s → D(*)−

s μ+νμ)
dx

dx

 and FFs|Vcb |

 = [ ] for .


 = [ , , , ] for .

x w B0
s → D−

s μ+νμ

x w θD θμ χ B0
s → D*−

s μ+νμ
Normalisation BFs

 [Phys. Rev. D 98, 030001 (2018)]. 

Product derived from LHCb measurement 
[Phys. Rev.D 100, 031102 (2019).]Normalisation 

yield

signal/norm ratio 
of efficiencies 

Measurement of  from the  decay [Phys. Rev. D 101 (2020)]|Vcb | B0
s → D(*)−

s μ+νμ

https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.100.031102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004
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|Vcb |CLN = (41.4 ± 0.6 (stat) ± 0.9 (syst) ± 1.2 (ext)) × 10−3

|Vcb |BGL = (42.3 ± 0.8 (stat) ± 0.9 (syst) ± 1.2 (ext)) × 10−3

• CLN and BGL extractions 
are compatible. 


• Agree with previous exclusive 
and inclusive determinations.

Limitations on the  precision: 

• Uncertainty is dominated by external inputs: 

  with 
.


[Phys. Rev.D 100, 031102 (2019), 

Phys. Rev. Lett. 124, 122002 (2020)].


 Normalisation BFs with .

[Phys. Rev. D 98, 030001 (2018)].


• Largest systematic uncertainty: 

  modelling with . 

|Vcb |

→ fs/fd × BF(D−
s → K+K−π−)(×τBs

) σ/ |Vcb |
∼ 2 %

→ σ/ |Vcb | ∼ 2 %

→ D(s) → K+K−π− σ/ |Vcb | ∼ 2 %

>> Final analysis result.

 Measurements of CLN and BGL FF parameters are also reported.→

 has been 
reduced with 

[Phys. Rev. D 104, 
032005 (2021)].


 Updated result will 
be shown later in this 
talk.

σ( fs/fd)
∼ 50 %

→

}
Measurement of  from the  decay [Phys. Rev. D 101 (2020)]|Vcb | B0

s → D(*)−
s μ+νμ

https://doi.org/10.1103/PhysRevD.100.031102
https://doi.org/10.1103/PhysRevLett.124.122002
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.104.032005
https://doi.org/10.1103/PhysRevD.104.032005
https://doi.org/10.1103/PhysRevD.104.032005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004
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• Dataset:   @  (Run 2, 2016).


• Signal: .


  is reconstructed in a cone around the .


  reconstructed in  and  
final states.

1.7 fb−1 s = 13 TeV

B0
s → D*−

s ( → D−
s γ)μ+νμ

→ γ D−
s

→ D−
s [K+K−]ϕπ− [K+π−]K*0K−

Measurement of the shape of the  differential decay rate  
[J. High Energ. Phys. 144 (2020)]

B0
s → D*−

s μ+νμ

• Signal yields are determined from fits to the 
 distributions in seven bins of .


•  spectrum is unfolded in the true .


1. Accounting for detector resolution of .


2. Correcting for reconstruction and selection 
efficiencies. 

mcorr(B0
s ) wrec

B0
s → D*−

s μ+νμ w

w

CLN [Nucl. Phys. B530 (1998) 153] 
BGL [Phys. Rev. Lett. 74 (1995) 4603] 

• Unfolded spectrum is fitted with:

 Both fits give consistent results and 
describe the measured spectrum well.


 Results allows to constrain FF 
parameterisations.

→

→

https://link.springer.com/article/10.1007/JHEP12(2020)144
https://www.sciencedirect.com/science/article/abs/pii/S0550321398003502?via=ihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.74.4603
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• Extracting  from the BF ratio:|Vub |

|Vub |2

|Vcb |2

G(Λ0
b → pμ−ν̄μ)q2>15 GeV2/c4

G(Λ0
b → Λ+

c μ−ν̄μ)q2>7 GeV2/c4

=
N(Λ0

b → pμ−ν̄μ)q2>15 GeV2/c4

N(Λ0
b → Λ+

c ( → pK−π+)μ−ν̄μ)q2>7 GeV2/c4

×
ϵ(Λ0

b → Λ+
c ( → pK−π+)μ−ν̄μ)q2>7 GeV2/c4

ϵ(Λ0
b → pμ−ν̄μ)q2>15 GeV

× BF(Λ+
c → pK−π+)FFs with LQCD @ high 


[Phys.Rev.D 92 (2015)].
q2

Exclusive  
world average 

[Chin. Phys. C 38, 
090001 (2014)].

|Vcb |

BF measured at Belle 

[Phys. Rev. Lett. 113, 042002 (2014)]

Yields and 
efficiencies are 
estimated in the high 

 regions (most 
precise FFs).
q2

Target

 Measured in the high  region.→ q2

Signal fitNormalisation fit

Measuring  from the  decay [Nature Physics 11 (2015)]|Vub | Λ0
b → p+μ−ν̄μ

Dataset:  @  (Run 1, 2012).


Signal: .


Normalisation:  with .

2.0 fb−1 s = 8 TeV

Λ0
b → p+μ−ν̄μ

Λ0
b → Λ+

c μ−ν̄μ Λ+
c → pK−π+

>> First  observation and extraction from baryonic decay.Λ0
b → p+μ−ν̄μ |Vub |

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.034503
https://pdg.lbl.gov/2015/download/rpp2014-Chin.Phys.C.38.090001.pdf
https://pdg.lbl.gov/2015/download/rpp2014-Chin.Phys.C.38.090001.pdf
https://pdg.lbl.gov/2015/download/rpp2014-Chin.Phys.C.38.090001.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.042002
https://www.nature.com/articles/nphys3415
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 agrees with exclusively measured 
average [arXiv:1412.7515 (2014)]. 


 Disagrees (  ) with the inclusively 
measured average [arXiv:1412.7515 (2014)]. 

→

→ ∼ 3.5σ

Measuring  from the  decay [Nature Physics 11 (2015)]|Vub | Λ0
b → p+μ−ν̄μ

Limitations on the  precision: 

 Approximately equal contributions from experiment and 
theory.


 Largest uncertainty comes from LQCD calculations 
( ) [Phys.Rev.D 92 (2015)].


 Largest external uncertainty comes from 
 [Phys. Rev. Lett. 113 (2014)]. 

|Vub |

→

→
σFF / |Vub | ∼ 5 %

→
σ(BFΛc→pKπ)/BFΛc→pKπ ∼ 5 %

 P. Owen, Implications workshop 2015

[Nature Physics 
11 (2015)]

More recent  average has been used by 
HFLAV to obtain [arXiv:1909.12524, (2021)]


 will be shown later in this talk.

BF(Λ+
c → pK−π+)

|Vub | / |Vcb |

→

>> Final analysis result.

|Vub | = (3.27 ± 0.15 (exp) ± 0.16 (LQCD) ± 0.06 ( |Vcb | )) × 10−3

https://arxiv.org/abs/1412.7515
https://arxiv.org/abs/1412.7515
https://www.nature.com/articles/nphys3415
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.034503
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.042002
https://cds.cern.ch/record/2104018/files/LHCb-TALK-2015-309.pdf
https://www.nature.com/articles/nphys3415
https://www.nature.com/articles/nphys3415
https://arxiv.org/abs/1909.12524
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• Extracting  from the BF ratio:|Vub | / |Vcb |

|Vub |2

|Vcb |2

G(B0
s → K−μ+νμ)

G(B0
s → D−

s μ+νμ)
=

N(B0
s → K−μ+νμ)

N(B0
s → D−

s μ+νμ)

×
ϵ(B0

s → D−
s ( → K−K+π−)μ+νμ)

ϵ(B0
s → K−μ+νμ)

× BF(D−
s → K−K+π−)

FFs for signal :  
@ Low  with LCSR 

[JHEP 2017, 112 (2017)] 

@ High  with LQCD 

[Phys. Rev. D 100, 034501 (2019)]


FFs for normalisation: 
@ Full  LQCD [Phys. Rev. D 101, 074513 (2020)]

q2

q2

q2
External BF measurement

[Prog. Theor. Exp. Phys. 2020, 
083C01 (2020).]

Yields and 
efficiencies are 
estimated in the 
two  regions.q2

Target

 Measured in two  bins→ q2

Measurement of  from the  decay [Phys. Rev. Lett. 126 (2021)]|Vub | / |Vcb | B0
s → K−μ+νμ

Signal fit at low q2 Signal fit at high q2

• Dataset:  @  (Run1, 2012).


• Signal: 


• Normalisation:  with .

2 fb−1 s = 8 TeV

B0
s → K−μ+νμ

B0
s → D−

s μ+νμ D−
s → K−K+π−

>> First  observation and extraction from B0
s → K−μ+νμ |Vub | B0

s

https://link.springer.com/article/10.1007/JHEP08(2017)112
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.034501
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.074513
https://doi.org/10.1093/ptep/ptaa104
https://doi.org/10.1093/ptep/ptaa104
https://doi.org/10.1093/ptep/ptaa104
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.081804
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|Vub | / |Vcb | = 0.0607 ± 0.0015 (stat) ± 0.0013 (syst) ± 0.0008 (Ds) ± 0.0030 (FF)

|Vub | / |Vcb | = 0.0946 ± 0.0030 (stat)+0.0024
−0.0025 (syst) ± 0.0013 (Ds) ± 0.0068 (FF)

Limitations on the  precision: 

• The dominant uncertainty comes from FF 
calculations: 

• Low q2:  
[JHEP 2017, 112 (2017)].


• High q2:   
[Phys. Rev. D 100, 034501 (2019)].

|Vub | / |Vcb |

σ/( |Vub | / |Vcb | ) ∼ 5 %

σ/( |Vub | / |Vcb | ) ∼ 7 %

 Tension is driven by the difference in the FF calculations.→

 :q2 < 7 GeV4/c2

 :q2 > 7 GeV4/c2

Measurement of  from the  decay [Phys. Rev. Lett. 126 (2021)]|Vub | / |Vcb | B0
s → K−μ+νμ

>> Final analysis result.

https://link.springer.com/article/10.1007/JHEP08(2017)112
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.034501
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.081804


Plot taken from this talk by M. De 
Cian, FPCP (2021).

[Phys. Rev. D 101 (2020)] 

updated with latest   
[Phys. Rev. D 104, 032005 (2021)].

fs/fd
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[Nature Physics 11 (2015)] 

updated with recent 

 
average 
[arXiv:1909.12524, (2021)]

BF(Λ+
c → pK−π+)

[Phys. Rev. Lett. 126 (2021)] 
q2 < 7 GeV4/c2

[Phys. Rev. Lett. 126 (2021)] 
q2 > 7 GeV4/c2

Summary of LHCb  and  results|Vcb | |Vub |

Exclusive & inclusive |Vcb |

Exclusive & inclusive measurements in the 
 plane( |Vcb | , |Vub | )

[PRL 126, 081804]

https://cds.cern.ch/record/2772327/files/shanghai%2007.06.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004
https://doi.org/10.1103/PhysRevD.104.032005
https://www.nature.com/articles/nphys3415
https://arxiv.org/abs/1909.12524
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.081804
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.081804
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2020-038.html


Future measurements at LHCb
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1. Extracting  and  form factor parameters from the  differential decay rate 
measured in eight bins of  with Run 2 data. 


 Expecting a -  times higher signal yield wrt. to Run 1 [Phys. Rev. Lett. 126 (2021)].


2. Extracting  and part of the  BCL FFs from the  differential decay rate 
measured in ten bins of  with Run 2 data.


 Expecting   times higher signal yield wrt. to Belle [Phys. Rev. D 88, 032005 (2013)].


3. Extracting  from  by normalising to  with Run 2 data.


 First CKM matrix element determined from  system.


4. Extracting  from the  differential decay rate with Run 2 dataset.


 First determination of  from a baryonic semileptonic decay.

|Vub | B0
s → K− B0

s → K−μ+νμ
q2

→ ∼ 5 6

|Vub | B+ → ρ0 B+ → ρ0μ+νμ
q2

→ > 50

|Vub | / |Vcb | B+
c → D(*)0μν B+

c → J/ψμ+νμ

→ B+
c

|Vcb | Λ0
b → Λ+

c μ−ν̄μ

→ |Vcb |

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.081804
https://doi.org/10.1103/PhysRevD.88.032005


Conclusion and outlook
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• LHCb has measured  and  from new exclusive channels involving  
baryons and  mesons.  

 Constraining the Unitary Triangle of the CKM matrix.


 Providing complementary information to understand the long-standing tension 
between the exclusive and inclusive determinations.


• More LHCb measurements on the way: 

 Larger signal samples (reducing statistical and systematic uncertainties).  

 Measuring new semileptonic channels (see slide 18).


 Improve  precision from  through a differential measurement. 

|Vcb | |Vub | Λ0
b

B0
s

→

→

→

→

→ |Vub | B0
s → K−μ+νμ



Thank you for your attention :)
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Back-up slides
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Measurement of  from the
 decay 

  Phys. Rev. D 101 (2020) 

|Vcb |
B0

s → D(*)−
s μ+νμ

Back-up slides

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004


Selection
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[Phys. Rev. D 101 (2020)]

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004


Normalisation fit
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[Phys. Rev. D 101 (2020)]

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004


Background-subtracted distribution of p⊥(D−
s )

24

[Phys. Rev. D 101 (2020)]

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004
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[Phys. Rev. D 101 (2020)]
Fit result in the CLN and BGL parameterisation

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004
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[Phys. Rev. D 101 (2020)]
Summary of the fit parameter uncertainties

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004
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[Phys. Rev. D 101 (2020)]
 extraction and relative uncertainties |Vcb |

|Vcb |CLN = (41.4 ± 0.6 (stat) ± 0.9 (syst) ± 1.2 (ext)) × 10−3 = (41.4 ± 1.6 (tot)) × 10−3

(~1.4%)

|Vcb |BGL = (42.3 ± 0.8 (stat) ± 0.9 (syst) ± 1.2 (ext)) × 10−3 = (42.3 ± 1.7 (tot)) × 10−3

(~2.2%) (~2.9%) (~3.9%)

(~1.9%) (~2.1%) (~2.8%) (~4.0%)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004
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Measurement of the shape of the 
 differential decay rate 

 J. High Energ. Phys. 144 (2020)
B0

s → D(*)−
s μ+νμ

Back-up slides

https://link.springer.com/article/10.1007/JHEP12(2020)144
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Fully reconstructed  mesonD*s
[J. High Energ. Phys. 144 (2020)]

https://link.springer.com/article/10.1007/JHEP12(2020)144
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[J. High Energ. Phys. 144 (2020)]

Signal fits in bins of w

https://link.springer.com/article/10.1007/JHEP12(2020)144
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CLN result:

BGL result:

[J. High Energ. Phys. 144 (2020)]

BGL and CLN FF results and uncertainties

https://link.springer.com/article/10.1007/JHEP12(2020)144
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 Agrees with spectra inferred from 
Phys. Rev. D 101 (2020).
→

Comparing with previous LHCb measurements
[J. High Energ. Phys. 144 (2020)]

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004
https://link.springer.com/article/10.1007/JHEP12(2020)144
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Measurement of  from the 
 decay 

  Nature Physics 11 (2015)

|Vub |
Λ0

b → p+μ−ν̄μ

Back-up slides

https://www.nature.com/articles/nphys3415
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• Yields are extracted from fits to the  distribution:mcorr(Λ0
b)

Mass fits

 ( )


 First observation of .


 ( )

Nsig(q2 > 15 GeV2/c4) = 17687 ± 733 ∼ 4 %

→ Λ0
b → pμ−ν̄μ

Nnorm(q2 > 7 GeV2/c4) = 34255 ± 571 ∼ 2 %

Signal channel fit

Normalisation channel fit

Unphysical  solutions are removed 
 no candidates above .

q2

→ m(Λ0
b)

[Nature Physics 11 (2015)]

https://www.nature.com/articles/nphys3415


Systematic uncertainties
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[Nature Physics 11 (2015)]

https://www.nature.com/articles/nphys3415


Right-handed current
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[Nature Physics 11 (2015)]

https://www.nature.com/articles/nphys3415


 extraction and relative uncertainties|Vub |
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[Nature Physics 11 (2015)]

|Vub | = (3.27 ± 0.15 (exp) ± 0.16 (LQCD) ± 0.06 ( |Vcb | )) × 10−3 = (3.27 ± 0.23 (tot)) × 10−3

(~4.6%) (~5.0%) (~1.8%) (~7.0%)

https://www.nature.com/articles/nphys3415
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Measurement of  from the 
 decay   

Phys. Rev. Lett. 126 (2021)

|Vub | / |Vcb |
B0

s → K−μ+νμ

Back-up slides

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.081804
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• Yields are determined from fits to .


Signal fit  two  bins. 

 =  ( )


 =  ( ) 

 first observation of . 

Norm fit  full  region.    

  =  ( )

mcorr(B0
s )

→ q2

Nsig(q2 < 7 GeV4/c2) 6922 ± 285 ∼ 4 %

Nsig(q2 > 7 GeV4/c2) 6399 ± 370 ∼ 6 %

→ B0
s → K−μ+νμ

→ q2

Nnorm 201450 ± 5200 ∼ 3 %

Mass fits

Signal fit at low q2 Signal fit at high q2

Normalisation fit in full  regionq2

[Phys. Rev. Lett. 126 (2021)]

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.081804


Systematic uncertainties
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[Phys. Rev. Lett. 126 (2021)]

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.081804


 |Vub | / |Vcb | = 0.0607 ± 0.0015 (stat) ± 0.0013 (syst) ± 0.0008 (Ds) ± 0.0030 (FF) = 0.0607 ± 0.0037 (tot)
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[Phys. Rev. Lett. 126 (2021)]
 extraction and relative uncertainties|Vub |

(~2.5%) (~2.1%) (~1.3%) (~4.9%)

|Vub | / |Vcb | = 0.0946 ± 0.0030 (stat)+0.0024
−0.0025 (syst) ± 0.0013 (Ds) ± 0.0068 (FF) = 0.0946 ± 0.0079 (tot)

(~6.1%)

(~3.2%) (~2.6%) (~1.4%) (~7.2%) (~8.4%)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.081804


Published  and measurements at LHCb|Vcb | |Vub |
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>> Next, a comprehensive summary of LHCb measurements concerning  and ..|Vcb | |Vub |

• At the  factories,  decays are used to determine  and .


 with  relative uncertainty based on  decays.


 with relative uncertainty based on  decays.


• LHCb has a unique opportunity for using exclusive  and  semileptonic 
channels to determine  and .


 Potentially subject to different sources of uncertainties wrt.  decays.


  is theoretically advantageous wrt.  as the heavier  quark allows for 
more precise LQCD calculations.

B B±,0 |Vcb | |Vub |

|Vcb |excl. ∼ 1.8 % B̄ → D*lν̄l

|Vub |excl. ∼ 4.1 % B̄ → πlν̄l

Λ0
b B0

s
|Vcb | |Vub |

→ B±,0

→ B0
s B±,0 s

 [Phys. Rev. D107, 052008] 

 [Phys. Rev. D 99, 114512 (2019)] 
 [Phys. Rev. D 97, 054502 (2018)] 
 [Phys. Rev. D 91.7 (2015)] 

Some examples..

[Eur. Phys. J. C 74, 3026]

https://doi.org/10.48550/arXiv.2206.07501
https://doi.org/10.1103/PhysRevD.99.114512
https://doi.org/10.1103/PhysRevD.97.054502
https://arxiv.org/abs/1501.05373
https://doi.org/10.1140/epjc/s10052-014-3026-9


Operation and data
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2026 

Run 2  

 TeVs = 13
Run 3 

 
TeV 

s = 13.6

∫ ℒdt
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 1.0 fb−1  2.0 fb−1


s = 7 TeV : σ(pp → bb̄X) = (72.0 ± 0.3 ± 6.8) μb

s = 13 TeV : σ(pp → bb̄X) = (144 ± 1 ± 21) μb


