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Semileptonic Semileptonic BB decays and decays and VVubub//VVcbcb

Youngjoon Kwon
( Yonsei Univ. / Belle )

� Introduction
� Experimental tools
� Current status of measurements
� Prospects for improvements
� Conclusions
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Parameters of the minimal Parameters of the minimal 
Standard ModelStandard Model

� 17 free parameters of the Electroweak interactions
–
– 3 lepton masses
– 6 quark masses
– 4 quark flavor mixing parameters (a.k.a. CKM)
– m(Higgs)

� 10 of these are related with “quark flavors”
i.e. we don’t know much about flavor sector in the SM 
after all these years of learning...
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Flavor mixing and CKM matrixFlavor mixing and CKM matrix

� For quarks,
– weak interaction eigenstates � mass eigenstates
– flavor mixing through CKM matrix
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The The Unitarity TrianlgeUnitarity Trianlge
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Experimental determinationsExperimental determinations
-- only the sides, in this talk only the sides, in this talk 

� Vtd is very interesting and important for the unitarity triangle.  But 
I will leave Vtd for others to cover.
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� and focus on Vcb and  Vub .
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Any theoretical constraints?Any theoretical constraints?

� Of course, there is a unitarity constraint, 8-)
� Other than unitarity, CKM elements are free parameters in the 

minimal SM, but there are some predictions beyond SM
– Anderson, Raby, Dimopoulos & Hall (PRD 47, R3702)
– simliar analysis by Barger, Berger & Ohmann (PRD 47, 1093)
– also, recently, by Diaz, Ferrandis & Valle (NPB 573, 75)

• using zero texture ansatz for fermion mass 
matrices
• predictions on m(top), tan b, and Vcb
• they found no solution with Vcb < 0.039
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Experimental tools for Experimental tools for VVubub and and VVcbcb

� For Vub, the cleanest mode might be fully leptonic B decays            
but,

– uncertainty in  fB

– BR is very small for                   (helicity suppression) 

– or experimentally very messy due to multiple neutrinos
for 
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BB++
�� ��++

�������� existing resultsexisting results

PDG 2000

<  8.4 x 10-4 90%      CLEO (2001)   PRL 86, 2950
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� Preliminary new results 
from Belle (2001)
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Semileptonic Semileptonic BB decays for decays for VVubub and and VVcbcb

� Semileptonic B decays provide the best opportunity for 
measuring |Vub | and |Vcb |,
since the strong interaction effects are much simplified due to the 
two leptons in the final state

� Both inclusive and exclusive analyses can be used.
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Exclusive vs. InclusiveExclusive vs. Inclusive

� Exclusive decays � need to know form factors
� Inclusive decays � OPE, quark-hadron duality

Both should be measured!
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VVcbcb (Exclusive)(Exclusive)

� Main concept
– consider 
– differential decay rate in y
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VVcbcb (Exclusive) (Exclusive) –– CLEOCLEO
Raw rate vs. y Corrected rate vs. y
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VVcbcb (Exclusive) (Exclusive) –– BelleBelle eeDB �
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VVcbcb (Exclusive) (Exclusive) –– BelleBelle eDB �
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• similar physics process as in B � D*ℓ�
• using full neutrino reconstruction based 
on detector hermiticity
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DD**�� ���� and  and  DD++��������(Belle)(Belle)
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||VVcbcb|| Exclusive SummaryExclusive Summary

ALEPH

DELPHI

OPAL(i)

LEP average

OPAL(e)

CLEO

Belle

F(1)|Vcb|   (10�3)
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VVcbcb with Inclusive decayswith Inclusive decays
� main procedure

� master formula      Bigi, Shifman, Uraltsev (1997)
– LEP(x4), BaBar, Belle

� using moments to obtain HQET parameters
– CLEO (2001)

Chay, Georgi, Grinstein (1990)
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VVcbcb inclusive methods  inclusive methods  (1)(1)

� � � �%18.011.056.10 statstatXbBF ���� ��� LEP average
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� BaBar - two methods
(1) full reconstruction of the other B
(2) lepton tagging method (next page)
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VVcbcb inclusiveinclusive (2) (2) 

with leptonwith lepton--tagging (tagging (BaBarBaBar, Belle), Belle)

Belle
� � � �%38.021.082.10 statstatXbBF ���� ��

� � � �%47.014.086.10 statstatXbBF ���� ��
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VVcbcb from from MMXX moments and moments and b b ��ss��
CLEO

• Use theoretical estimates for
• and use the following for  
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VVcbcb from from MMXX moments and moments and b b ��ss��
CLEO

GeV  10.007.035.0
GeV   078.0071.0236.0 2
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||VVcbcb|| Inclusive SummaryInclusive Summary

BR(B �X l v)

LEP avg.

BaBar

Belle

CLEO

personal average
BR(B �X l v) = 10.62 � 0.16 (%) |Vcb| = 40.6 � 0.9 (10�3)

personal average

Compare with exclusive average |Vcb| = 41.1 � 1.3 � 1.9 (10�3)



WIN 2002      1/24/2002 Youngjoon Kwon (Yonsei Univ. / Belle) 24

||VVubub|| measurementsmeasurements

� Vub vs. Vcb
– ~99% of all B decays occur via b � c transition
– ~1% of all B decays occur via b � u transition

� Vub is much harder to measure
– for exclusive, HQET doesn’t work very well
� large form factor uncertainty

– for inclusive, b � c background is dominant,
therefore, have to look at very limited phase-space region
� theoretical prediction (with cuts) is not reliable
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||VVubub|| LEP resultsLEP results

� Main features

OPAL (2001)
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||VVubub|| LEP resultsLEP results
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||VVubub|| at  at  ��(4S)(4S)
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||VVubub|| from the lepton endfrom the lepton end--point, point, 
revisitedrevisited (CLEO, 2001)(CLEO, 2001)
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||VVubub|| SummarySummary

LEP average

CLEO (incl.)

CLEO (excl.)

|Vub|   (10�3)
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VVub ub plan for future (plan for future (L L >10>103535))

Hoecker et al. (2001)

Full reconstruction of the other B
for improved S/N ; eff. � 0.2%
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Exclusive Exclusive BB ��XXuu l l �� and lattice QCDand lattice QCD

Lee & Shipsey simulation (BCP4)
�Vub/Vub ~ O(1%) with L=10 ab-1
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Belle activities for Belle activities for VVubub

preliminary
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ConclusionConclusion
� Impressive progress for Vub , Vcb over the last few years

� Many different analysis methods are applied
– exclusive (HQET, L-QCD, …)
– inclusive (moments from b � s� )

� Future prospects
– Full-reconstruction technique to improve S/N for Vub seems 

promising for inclusive analyses
– L-QCD may be crucial for exclusive analyses
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