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● Precise Determination of |Vub|/|Vcb| is important for test of CKMmechanism
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● Sides measurement not as accurate as angles



B-Factories and Luminosities

● KEKB/Belle

∼ 1040 fb−1 Total

∼ 711 fb−1 @Υ(4S)

∼ 770 M BB̄

● PEP-II/BaBar

∼ 550 fb−1 Total

∼ 433 fb−1 @Υ(4S)

∼ 470 M BB̄

PEP-II/BaBar (1999–2008) KEKB/Belle (1999–2010)



Vub Exclusive

for BaBar New Vub Exclusive⇒ P.Taras’ Talk Tomorrow

Belle results are Preliminary



B0 → π−ℓ+ν untagged
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● Here final state is B0 → π−ℓ+ν, ℓ = e, µ

● Measurement is done with the equation,

dΓ(B → π−ℓ+ν)

dq2
=
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q2 = (pℓ + pν)
2 = (pB − pπ)

2

● need extra input fπ+ (q
2), determined by theorist



B0 → π−ℓ+ν untagged

❏ A charged pion and a lepton as a signal side

❏ missing 3 momentum

~pmiss ≡ −
∑

i

~pi

❏ neutrino 4 momentum

pν = (| ~pmiss|, ~pmiss)

❏ Momentum transfer, q2

q2 = (pℓ + pν)
2 = (pB − pπ)

2,

averaged over B direction ambiguity

❏ Estimate B yield by fitting distributions,

mbc =

√

E2
beam
−
∣

∣

∣ ~pπ + ~pℓ + ~pν
∣

∣

∣

2

∆E = Ebeam − (Eπ + Eℓ + Eν)

BSig

B
Υ4S

8 GeV 3.5 GeV

Signal Side

ν l
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π
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B0 → π−ℓ+ν untagged

❏ Belle Data sample 605 fb−1

❏ mbc and ∆E distributions fitted with MC template

fittedmbc and ∆EDistributions
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❏ Components, q2 bins

• 13 bins for πℓν

• 3 bins for Xuℓν

• 4 bins for Xcℓν

• fixed(scaled) con-
tinuum



B0 → π−ℓ+ν untagged

❏ Efficiency calculated in each q2 bins

❏ unfolded q2 distribution

❏ ISGW2 disfavored

B =
(

1.49 ± 0.04(stat) ± 0.07(syst)
)

× 10−4

❏ Major Source of Syst. Error is detector effect (3.4%)



B0 → π−ℓ+ν untagged

Systematic Uncertainties (relative to ∆B)



B0 → π−ℓ+ν untagged

● Vub can be extracted from the partial Branching Fraction,

|Vub| =

√

∆B(q2)/τB0∆ζ,

where,
∆ζ: form factor in corresponding q2 range

● Result

q2 (GeV2) ∆ζ (ps−1) |Vub|(10
−3)

HPQCD > 16 2.07 ± 0.57 3.55 ± 0.09 ± 0.09+0.62
−0.41

FNAL > 16 1.83 ± 0.50 3.78 ± 0.10 ± 0.10+0.65
−0.43

LCSR < 16 5.4 ± 1.4 3.64 ± 0.06 ± 0.09+0.60
−0.40

ISGW2 all 9.6 ± 4.8 3.19 ± 0.04 ± 0.07+1.32
−0.59

● Form factor uncertainties largest contribution



B0 → π−ℓ+ν untagged

● F.F. model independent Vub extraction method (PRD79054507 (2009))

● f (|Vub|; f (z)) = f (|Vub|; a0 + a1z + a2z
2 + a3z

3)

● z = z(q2)

● simultaneous fit with

– MILC lattice result,

– Belle experimental result

|Vub| = (3.43 ± 0.33) × 10
−3

(stat. and syst. errors combined)



Vcb Exclusive

Belle results are Preliminary



Exclusive B→ D(∗)ℓν

● Determination via differential rate

dΓ(B → D∗ℓν)

dwd cosθℓd cosθVdχ
=

G2
F

48π3
|Vcb|

2m3
D∗
(w2 − 1)1/2P(w)F (w, ...)2

F (w) ⇒ F (w, cos θℓ, cos θV , χ,R1,R2, ρ
2)

dΓ(B → Dℓν)

dw
=

G2
F

48π3
|Vcb|

2 (mB + mD)
2m3
D
(w2 − 1)3/2G(w, ρ2)2

w ≡ vB · vD(∗) =
pB · pD(∗)

mB · mD(∗)
: D(∗) boost

● Fit angular distributions, cosθℓ, cosθV , χ
⇒ Form Factors R1,R2, ρ

2

● simultaneously fit w distribution to get
F (1)|Vcb| or G(1)|Vcb|

● |Vcb| is obtained with F (1), G(1) from FF
calculation.
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Exclusive B→ D∗ℓν

Belle 711fb−1 B→ D ∗ ℓν Analysis



Exclusive B→ D∗ℓν

Exclusive B→ D∗ℓν Results

Belle Preliminary

B+ → D̄∗0ℓν B0 → D∗−ℓν

B(B→ D∗ℓν) (4.84 ± 0.04 ± 0.56)% (4.56 ± 0.03 ± 0.26)%

F (1)|Vcb| × 10
3 35.0 ± 0.4 ± 2.2 34.5 ± 0.2 ± 1.0

BaBar

B+ → D̄∗0ℓν B0 → D∗−ℓν

B(B→ D∗ℓν) (5.56 ± 0.08 ± 0.41)% (4.69 ± 0.04 ± 0.34)%

F (1)|Vcb| × 10
3 35.9 ± 0.6 ± 1.4 34.4 ± 0.3 ± 1.1

PRL100,231803(2008) PRD77,032002(2008)

Global B→ D̄Xℓν

B(B→ D∗ℓν) (5.40 ± 0.02 ± 0.21)%

F (1)|Vcb| × 10
3 35.9 ± 0.2 ± 1.2

PRD79, 012002(2009)



Exclusive B→ D∗ℓν
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Exclusive B→ D∗ℓν



Exclusive B→ D∗ℓν



BaBar Exclusive B→ Dℓνwith Hadron Tag

mmiss Distribution

❏ Hadron Tag

• Better S/N

• kinematic reconstruction

❏ Fit mmiss in 10 w bins

mmiss =
(

pΥ(4S) − pBtag − pD − pℓ
)2

w and G(w)|Vcb|

B(B → Dℓν) = (2.15± 0.06± 0.07)%

G(1)|Vcb| = (42.3 ± 1.9 ± 1.4) × 10
−3

PRL104,011802(2010)



BaBar Exclusive B→ Dℓνwith Hadron Tag
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|  [10cb|V×G(1) 
10 20 30 40 50

ALEPH 
 6.09± 11.80 ±38.29 

CLEO 
 3.42± 5.90 ±44.69 

BELLE 
 5.14± 4.40 ±40.85 

BABAR Global Fit 
 2.10± 0.80 ±43.10 

BABAR Tagged 
 1.00± 1.90 ±42.30 

Average 
 1.30± 0.70 ±42.30 
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(Preliminary)

❏ Exclusive Vub (Belle B
0 → π−ℓ+ν untagged)

q2 (GeV2) ∆ζ (ps−1) |Vub|(10
−3)

HPQCD > 16 2.07 ± 0.57 3.55 ± 0.09 ± 0.09+0.62
−0.41

FNAL > 16 1.83 ± 0.50 3.78 ± 0.10 ± 0.10+0.65
−0.43

LCSR < 16 5.4 ± 1.4 3.64 ± 0.06 ± 0.09+0.60
−0.40

• FF model independent

|Vub| = (3.43 ± 0.33) × 10
−3

• Vub inclusive
|Vub| = (4.37 ± 0.39) × 10

−3

❏ Exclusive Vcb

(F (1),G(1))|Vcb| × 10−3 F (1),G(1) |Vcb| × 10−3

B→ D∗ℓν 36.0 ± 0.5 0.91 ± 0.02 36.7 ± 0.8

B→ Dℓν 42.3 ± 1.5 1.07 ± 0.02 39.4 ± 1.6

• Vcb inclusive
|Vcb| = (41.9 ± 0.7) × 10

−3




