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The CKM matrix

|Vub|

In the SM, mixing between quark 
generations is modeled with the 

CKM matrix

CP violation comes from the presence of phase factors in some 
of the V’s, a non-vanishing value of η

Unitarity of the CKM matix implies relations such as 

VudVub*+VcdVcb*+VtdVtb* = 0 Unitarity Triangle
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The Unitarity Triangle

We measure angles 
and sides

Within errors, agreement with 
SM predictions

Is there room for new physics? 
Need to overconstrain the UT

Measurement of |Vub|/|Vcb|
complementary to sin2β

βγ

α
VudVub*
|VcdVcb*|

VtdVtb*
|VcdVcb*|

Do they agree with 
each other?
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Semileptonic B Decays
Semileptonic B decays give us a clear view of the b quark 

inside the B meson

Inclusive decays
Large signal rate, high backgrounds

Total rate calculated vith HQE
Need to account for non perturbative QCD 

effects!

Exclusive decays
Lower signal rate, lower backgrounds
Need Form Factors to describe the 

hadronization process

|Vub|

➱ decay rate depends on |Vub| and |Vcb|
➱ Leptonic and hadronic currents can 

be disentangled
➱ Tree level decays ➠ independent of 

new physics

u,c

|Vub|,|Vcb|
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1 graduate student lifetime ago (~20 years) 
we didn’t know that |Vub| ≠ 0

Experimental status in 1999:

A bit of history...

|Vcb| = 0.0402 ± 0.0019
(combining all LEP data for both incusive and exclusive decays)

|Vub/Vcb| = 0.090 ± 0.025

(from CLEO, LEP and assuming conservative 
theoretical uncertainties) PDG 1999
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A bit of history...    |Vcb|

HQET/OPE approaches were being studied among many 
difficulties - the extraction of HQET parameters from the 
analysis of mass and lepton energy moments did not give 

consistent results

From the BaBar workbook:
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HQE parameters determination

Kinetic Scheme
P. Gambino and N.Uraltsev, Eur. Phys. 

J. C34, 181 (2004)

1S Scheme
C.Bauer, Z.Ligeti, M.Luke, A.Manohar, 

M.Trott PRD 70 094017 (2004)

 fit to photon 
energy moments in

B→Xsγ 

fit to hadronic 
mass moments in

B→Xclν 

 fit to lepton 
energy moments in

B→Xclν 
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Inclusive |Vcb| determination
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|Vcb| = (41.67 ± 0.43fit±0.08τB±0.58th) 10-3 

mb = 4.601 ± 0.034 

mc = 1.165 ± 0.050 

μπ2 = 0.440 ± 0.040 

|Vcb| = (41.48 ± 0.47fit±0.08τB±0.58th) 10-3 

mb = 4.659 ± 0.049 

mc = 1.285 ± 0.078 

μπ2 = 0.428 ± 0.044 

1.7% total error
Using ~60 moments, fitting 7 parameters

work in progress to estimate theoretical 
correlations used in the fit

may shift |Vcb| value closer to 
exclusive determination
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Exclusive |Vcb| determination
BaBar has recently measured |Vcb| and FF parameters 

F(1)|Vcb| and ρF2 from untagged B→D*0lν

G(1)|Vcb| and ρG2 from tagged B→Dlν

F(1)|Vcb|, ρF2 , G(1)|Vcb| and ρG2 from B→D*0lνX

All the B factories 
measurements provide 
precise and consistent 

results both for |Vcb| and 
FF parameters

2ρ
0.5 1 1.5 2

]
-3

| [
10

cb
 |V×

F(
1)

 

32

34

36

38

40

HFAG
ICHEP08

OPAL
(part. reco.)

OPAL
(excl.)

DELPHI
(part. reco.)

BELLE

DELPHI 
(excl.)

BABAR (excl.)

BABAR (D*0)

BABAR (Global Fit)

AVERAGE

 = 12χ ∆

/dof = 39/212χ

2ρ
1 1.5

]
-3

| [
10

cb
 |V×

G
(1

) 
30

40

50

HFAG
ICHEP08

CLEO

BELLE

BABAR global fit

BABAR tagged

AVERAGE

 = 12χ ∆
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|Vcb| = (39.7 ± 1.4exp±0.9th) 10-3 (D)|Vcb| = (38.1 ± 0.6exp±0.9th) 10-3 (D*)
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Using Unquenched LQCD calculations:



A bit of history...    |Vub|

Again, from the BaBar workbook:
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|Vub| in exclusive B decays

]-4 10× ) [ν + l-π → 0B(B
-2 0 2

]-4 10× ) [ν + l-π → 0B(B
-2 0 2

+τ/0τ 2× ν + l0π → +BABAR SL tag: B 
 0.13± 0.28 ±1.81 

+τ/0τ 2× ν + l0π → + tag: B recoBABAR B
 0.21± 0.41 ±1.54 

+τ/0τ 2× ν + l0π → +BELLE SL tag: B 
 0.15± 0.26 ±1.45 

+τ/0τ 2× ν + l0π → + tag: B recoBELLE B
 0.06± 0.23 ±1.24 

ν + l-π → 0BABAR SL tag: B 
 0.07± 0.21 ±1.38 

ν + l-π → 0BELLE SL tag: B 
 0.14± 0.19 ±1.38 

ν + l-π → 0 tag: B recoBABAR B
 0.15± 0.27 ±1.07 

ν + lπ →CLEO untagged: B   
 0.11± 0.15 ±1.37 

ν + lπ →BABAR untagged: B   
 0.08± 0.07 ±1.46 

ν + l-π → 0 tag: B recoBELLE B
 0.05± 0.18 ±1.12 

ν + l-π → 0Average: B 
 0.05± 0.06 ±1.34 

HFAG
ICHEP08

/dof = 3.5/ 9 (CL =  94 %)2χ

4.8% statistical 
5.5% systematic

New result from FNAL/MILC 
collaboration:

|Vub| = (3.38 ± 0.36) 10-3 

arXiv:0811.3640v3 [hep-lat] (2009)

227M BB

Work in progress: new BaBar analyses on B->π/ρ/ω/η/η’ lν
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|Vub| in inclusive B decays

In these regions the theory (OPE) breaks down, acceptance 
sensitive to Fermi motion of b quark inside B meson

➱ smart choice of phase space
➱ non perturbative QCD computation, where the effects of 

the Fermi motion need to be taken into account

|Vub| is proportional to 
B→Xulν branching fraction 

in limited region of phase space

Several theoretical frameworks address this 
problem, many advances in recent years

El = lepton energy
q2 = dilepton mass squared
mX = hadron system mass
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b→ulν

b→clν

b→ulν 
outside of 

signal region

|Vub| = (4.27 ± 0.16stat±0.13syst±0.30th) 10-3 

|Vub| = (4.56 ± 0.17stat±0.14syst±0.32th) 10-3 

|Vub| = (3.88 ± 0.19stat±0.16syst±0.28th) 10-3 

|Vub| = (3.99 ± 0.20stat±0.16syst±0.24th) 10-3 

|Vub| = (4.57 ± 0.22stat±0.19syst±0.30th) 10-3 

|Vub| = (4.64 ± 0.23stat±0.19syst±0.25th) 10-3 

|Vub| = (4.93 ± 0.24stat±0.20syst±0.36th) 10-3 

mX

P+

mX,q2

BLNP, PRL93, 221801 (2004)

DGE, JHEP0601, 097 (2006)

BLNP

DGE

BLNP

DGE

BLL, PRD64, 11304 (2001)

|Vub| in inclusive B decays
383M BB: PRL 100, 171802 (2008)

Signal regions:

mX<1.55 GeV/c2

P+=EX-PX<0.66 
GeV/c

mX<1.7 GeV/c2, 
q2>8GeV2/c4
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|Vub| in inclusive B decays
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]-3 10×|  [ub|V
2 4 6

]-3 10×|  [ub|V
2 4 6

) eCLEO (E
 0.46 + 0.37 - 0.33±3.94 

) 2, qXBELLE sim. ann. (m
 0.46 + 0.35 - 0.30±4.33 

) eBELLE (E
 0.44 + 0.35 - 0.30±4.74 

) eBABAR (E
 0.24 + 0.35 - 0.30±4.29 

) h
max, seBABAR (E

 0.30 + 0.42 - 0.37±4.41 

) XBELLE (m
 0.26 + 0.30 - 0.25±3.99 

) XBABAR (m
 0.20 + 0.32 - 0.27±4.13 

) 2-qXBABAR (m
 0.29 + 0.36 - 0.31±4.41 

) +BABAR (P
 0.24 + 0.31 - 0.25±3.76 

Average +/- exp + theory - theory
 0.16 + 0.32 - 0.27±4.32 

HFAG
ICHEP08

Bosch, Lange, Neubert and Paz (BLNP)
Phys.Rev.D72:073006,2005

/dof = 8.5/ 8 (CL =  39 %)2χ

FNAL/MILC result

Exclusive determination in 
the range  3-3.5x10-3

]-3 10×|  [ub|V
0 2 4

]-3 10×|  [ub|V
0 2 4

 < 162Ball-Zwicky q
 0.12 + 0.55 - 0.37±3.34 

 > 162HPQCD q
 0.20 + 0.59 - 0.39±3.40 

 > 162FNAL q
 0.22 + 0.63 - 0.41±3.62 

HFAG
ICHEP08



Conclusions

BaBar and PEP-II have gone beyond expectations in the 
analysis of semileptonic B decays and the measurement 

of the CKM matrix elements |Vcb| and |Vub|

We now know |Vub| at the 7-8% level from inclusive 
charmless decays

We now know |Vcb| at the 1.7% level from inclusive decays 
and 3-4% from exclusive decays

Precision has brought discrepancy into the 
picture: inclusive and exclusive determinations of 
|Vcb| and |Vub| are, for now, marginally consistent
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