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Motivation




Vud Vus Vub
π → `ν K → `ν B → π`ν

K → π`ν

Vcd Vcs Vcb
D → `ν Ds → `ν B → D`ν

D → π`ν D → K`ν B → D∗`ν

Vtd Vts Vtb
〈Bd|B̄s〉 〈Bs|B̄s〉
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T. Kaneko

Fri @ 17:30

Inclusive: S. Hashimoto Poster
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Background



Vub

CKM element Vub relates to the differential decay rate:

dΓ (B → π`ν)

dq2
=

G2
F |Vub|

2

24π3
|kπ|3

∣∣f+(q2)
∣∣2
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Semileptonic Decays

For pseudoscalar to pseudoscalar decays: :

〈π(kπ)|V µ|B(pB)〉 = f+(q2)

[
(pB + kπ)µ − m2

B −m2
π

q2
qµ
]

+f0(q2)
m2
B −m2

π

q2
qµ,

# pB and kπ: B and π four-momenta

# qµ = pµB − kµπ : four-momentum transfer

# Constraint:f0(0) = f+(0)
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Semileptonic Decays

In the context of HQET, a useful parametrisation is:

[Burdman et al. (1994)]

〈π(kπ)|V µ|B(pB)〉 = 2
√
mB

[
f1 (v · kπ) vµ + f2 (v · kπ)

kµ

v · kπ

]

# vµ =
pB
mB

: heavy quark velocity

# Eπ = v · kπ =
m2
B +m2

π − q2
2mB
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Semileptonic Decays

These two form factor definitions are related by:

f+
(
q2
)

=
√
mB

[
f2 (v · k)

v · kπ
+
f1 (v · k)

mB

]
;

f0
(
q2
)

=
2√
mB

m2
B

m2
B −m2

π

[
f1 (v · k) + f2 (v · k)

−v · kπ
mB

(
f1 (v · k) +

m2
π

(v · kπ)
2 f2 (v · k)

)]
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Lattice Calculation



Gauge Configurations
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Valence Quarks
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# Fully relativistic formalism
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Correlators: 3-point

# B and π mesons are separated by time Text

# Operators V µ are inserted at 0 ≤ t ≤ Text

10/28



Correlators: 3-point

0 10 20 30 40

t/a

0

2

4

6

8

C
B
→
π

3
p
t

(t
)/
( C

π 2
p
t
(t

)C
B 2
p
t
(T
−
t)
) V 0, p = (1, 1, 0)× 2π/L, mh = 1.252 ×mc, mπ ≈ 500 MeV

q
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Results



Eπ Dependence
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mπ Dependence
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Lattice Spacing Dependence
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mh Dependence

0 0.2 0.4 0.6 0.8 1 1.2

E [GeV]

0

0.2

0.4

0.6

0.8

1

1.2

f
[G

eV
1
/
2
]

β = 4.35; mπ = 0.4 GeV

mc

16/28



mh Dependence

0 0.2 0.4 0.6 0.8 1 1.2

E [GeV]

0

0.2

0.4

0.6

0.8

1

1.2

f
[G

eV
1
/
2
]

β = 4.35; mπ = 0.4 GeV

mc 1.252 ×mc

16/28



mh Dependence

0 0.2 0.4 0.6 0.8 1 1.2

E [GeV]

0

0.2

0.4

0.6

0.8

1

1.2

f
[G

eV
1
/
2
]

β = 4.35; mπ = 0.4 GeV

mc 1.252 ×mc 1.254 ×mc

16/28



Eπ Dependence

0 0.2 0.4 0.6 0.8 1 1.2

E [GeV]

0

0.2

0.4

0.6

0.8

1

1.2

f
[G

eV
1
/
2
]

f1(v · kπ) + f2(v · kπ)

f2(v · kπ)

β = 4.35; mπ = 0.4 GeV; 1.252 ×mc

17/28



mπ dependence
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a2 dependence
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mh dependence
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f1(v · kπ) and f2(v · kπ)
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z-parameter expansion

q2 range for B → π is large. Reparametrise:

z(t, t0) =

√
t+ − q2 −

√
t+ − t0√

t+ − q2 +
√
t+ − t0

where

t± = (MB ±Mπ)2.

t0 is a choice. So choosing:

t0 = (MB +Mπ)(
√
MB −

√
Mπ)2

will center full kinematic range around z = 0, with −0.3 < z < 0.3. Fit

form factors as:

f+(z) =
1

1− q2(z)/M2
B∗

Nz−1∑

n=0

b(n)
[
zn − (−1)n−Nz

n

Nz
zNz

]

f0 =

Nz−1∑

n=0

a(n)zn
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z-parameter expansion: Unconstrained

-0.3 -0.2 -0.1 0 0.1 0.2 0.3

z

0

0.2

0.4

0.6

0.8

1

1.2

JLQCD Preliminary

f0(q2)

(1− q2

MB∗
)f+(q2)

23/28



z-parameter expansion: Unconstrained

-0.3 -0.2 -0.1 0 0.1 0.2 0.3

z

0

0.2

0.4

0.6

0.8

1

1.2
Nz = 3

JLQCD Preliminary

f0(q2)

(1− q2

MB∗
)f+(q2)

23/28



z-parameter expansion: Unconstrained

-0.3 -0.2 -0.1 0 0.1 0.2 0.3

z

0

0.2

0.4

0.6

0.8

1

1.2
Nz = 3

Nz = 4

JLQCD Preliminary

f0(q2)

(1− q2

MB∗
)f+(q2)

23/28



z-parameter expansion: Unconstrained

-0.3 -0.2 -0.1 0 0.1 0.2 0.3

z

0

0.2

0.4

0.6

0.8

1

1.2
Nz = 3

Nz = 4

Nz = 5

JLQCD Preliminary

f0(q2)

(1− q2

MB∗
)f+(q2)

23/28



z-parameter expansion: Unconstrained

-0.3 -0.2 -0.1 0 0.1 0.2 0.3

z

0

0.2

0.4

0.6

0.8

1

1.2
Nz = 3

Nz = 4

Nz = 5

Nz = 6

JLQCD Preliminary

f0(q2)

(1− q2

MB∗
)f+(q2)

23/28



z-parameter expansion: Constrained
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Combined Fit
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Fitted Form Factors
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|Vub|
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Summary

# We can use MDWF for semileptonic B decays w/ fine lattices

◦ Effectively an extension of JLQCD D → π`ν calculation

◦ Also in B → D(∗)`ν [T. Kaneko, Fri @ 17:30]

◦ Inclusive decays [S. Hashimoto, Poster]

# HQET behaviour to reach mb

◦ 1/mb term explains data

◦ (Possible: Push to higher mh on finest lattice: amh . 0.8)

◦ Should anticipate fully relativistic results from other groups

# Preliminary results of |Vub| consistent w/ other lattice results
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Backup



Renormalisation

# Renormalise with ZV,bl =
√
ZV,bbZV,ll.

# Require C3pt(t)/C2pt(Text) = Z−1
V,bb.
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f1(v · kπ) and f2(v · kπ)
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Pole Dominance
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