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The Cabibbo-Kobayashi-Maskawa matrix

● Quarks: Weak eigenstates mixture of flavour eigenstates

● Allows for quark mixing

● Contains CP-violating phase

What we want to measure

V
CKM
=
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Vcb Vub

|Vub| = (3.23 ± 0.30) x 10-3

|Vub| = (4.40 ± 0.15 ± 0.20) x 
10-3

|Vcb| = (39.54 ± 0.5 ± 0.74)x 10-3

|Vcb| = (41.88 ± 0.73) x 10-3

Why still measure Vcb and Vub?
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Reason for discrepancy?

● Experimental?

● Theory?

● New Physics?

● e.g. right handed 
couplings

Florian Bernlochner @ CKM 2012
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Vcb exclusive

●   

●

● Accessing Vcb via differential decay rate:

●  : 4-velocity product:

 
zero recoil mass dependent limit
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constants

z-expansion

from theory: LQCD / LCSR

● Differential decay rate depends on 

●

●

●

● For D* two parameters more are needed
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● Untagged analysis on full Belle data (772 106 BB pairs)

● Study: 

● Simultaneous fits to

●

●

●

●

● 4 parameters: fit projections

PRD 82.112007
(arXiv:1011.4397)
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results
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Hadronic tagging

● Benefits:

● high background reduction

● full kinematic reconstruction

●

● relevance for semileptonics: neutrino
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New Belle hadronic tag
● Based on neural network

● >1100 exclusive hadronic decay channels

● 2x signal compared to previous cut based algorithm
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Vcb inclusive: Moments of El and MX² 
●

● 140fb-1 of Y(4S) data; use hadronic tagging

● Measured:

●

●

● Decay rates

PRD 75, 032001 
(arXiv:hep-ex/0610012)

PRD 75, 032005 
(arXiv:hep-ex/0611044)
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Vcb inclusive: fit  
● Theory: 

● Operator Product Expansion (OPE)

● Heavy Quark Effective Theory (HQET)

● Predicts: decay rates and spectral momenta

● Use:                and

● b-mass:

● 1S mass scheme (relating to Y(1S) mass), or

● kinetic mass scheme (relating to Ekin)

● Result:

● 1S:

● kinetic:

PRD 78, 032016
(arxiv: 0803.2158)
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Vcb inclusive fit: more experiments, updated theory  

● Input from: Belle, BaBar, CDF, CLEO, DELPHI

● Use updated theoretical predictions: 

● Reassess theoretical uncertainties

● Use additional constraints (e.g. mC values)

● Include NNLO perturbative corrections

● Result:

Gambino and Schwanda
Submitted to PRD
(arXiv:1307.4551)
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Vub exclusive
● Use full Belle data sample (772 x106BB pairs)

● Use hadronic tagging

● Study the channels:

● Accessing Vub via differential decay rate

PRD 88, 032005
(arxiv: 1306.2781)

branching 
fractions

|Vub|

(see Bourrely, Lellouch and Caprini 
PRD 79, 013008)
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Vub from 
●

● Different q² regions for LQCD (high q²) and LCSR (low q²)

partial branching fraction

normalized decay width(                               )
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Vub from              model independent 
● Fit prediction and signal yield simultaneously
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Summary
● Belle Vcb exclusive:

●                     , PRD 82.112007 (arXiv:1011.4397)

● Vcb inclusive:

● Belle Lepton moments, PRD 75.032001 (arXiv:hep-ex/0610012)

● Belle Hadron moments, PRD 75, 032001 (arXiv:hep-ex/0611044)

● Fit Belle + BaBar, Gambino and Schwanda: arXiv:1307.4551

 

● Belle Vub exclusive:
● PRD 88, 032005 (arxiv: 1306.2781)

For both Vcb and Vub:
inclusive vs. exclusive 

problem remains!
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Thank you

robin.glattauer@oeaw.ac.at
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Back Up
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The Belle detector

● At KEKB 
● Asymetric e+e- collider
● B-Factory: working mainly at the Y(4S) resonance:

– An excited bb state
– Energy (10.58 GeV) just slightly above energy needed for 

BBbar (2x ~5.279 GeV)
– Low remaining kinetic energy of B-mesons
– No additional decay products
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1999 – 2010: B factory at KEK (Japan)

Linac

KEKB double ring 
e+e- collider

e+e- → Y(4S) → BB

Belle 
detector
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World largest 
B meson sample
~771 million BB 
events

~400 Belle physics 
publications
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Semileptonic Decays
● Mainly for Vub and Vcb

● Theory: 
cleanest for leptonic decays

● Semileptonic best approach

● Good theoretical description

● Good experimental accessibility

● Experimental: 
cleanest for hadronic decays
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