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Motivations

Status of |Vub|
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Motivations

Tension in B → Kµ+µ−
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Definitions

B(s) → π(K)`ν: charged currents

B(p) { u/d/s

u

`+
W+

b

ν`

} π/K(k)

} q = p− k

dΓ

dq2
= (known factors)× |Vub|2 ×

{
|f+(q2)|2, |f0(q2)|2

}
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Definitions

B → π(K)`+`−: flavor-changing neutral currents

B(p) { u/d

d/s

`+
γ/Z0

`−

b
W+

u/c/t

} π/K(k)

} q = p− k

dΓ

dq2
= (known factors)× |VtbV ∗tf |2 ×

{
|f+(q2)|2, |f0(q2)|2, |fT (q2)|2

}
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Definitions

Form factors I

These transitions can be mediated by vector, scalar, and tensor currents.

Taking Lorentz and discrete symmetries into account:

〈L(k)|Vµ|B(p)〉 = f+(q2)

(
pµ + kµ − M2

B −M2
L

q2
qµ
)

+ f0(q2)
M2
B −M2

L

q2
qµ

=
√

2MB

[
f⊥(EL)kµ⊥ + f‖(EL)pµ/MB

]
,

〈L(k)|S|B(p)〉 = f0(q2)
M2
B −M2

L

mb −mq

〈L(k)|T µν |B(p)〉 = fT (q2)
2

MB +ML
(pµkν − pνkµ)

PCVC ensures that the vector and scalar currents lead to the same f0.
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Definitions

Form factors II

It is straightforward to extract the matrix elements

f⊥(EL) =

〈
P
∣∣Vi
∣∣B
〉

√
2MB

1

ki

f‖(EL) =

〈
P
∣∣V0
∣∣B
〉

√
2MB

fT (EL) =
MB +ML√

2MB

〈
P
∣∣T 0i

∣∣B
〉

√
2MB

1

ki

from three-point correlation functions.

Then f+ and f0 are linear combinations of f⊥ and f‖.
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Simulations

MILC (2+1+1)-flavor HISQ ensembles I
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Sizes reflect number of configs analyzed in this talk.
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Simulations

MILC (2+1+1)-flavor HISQ ensembles II

Sea actions: Discretization effects

Lüscher-Weisz gluons O(α2
sa

2)

HISQ ql, s, c O(αsa
2)

Valence actions:

HISQ ql, s O(αsa
2)

Clover b with Fermilab interpretation O(αsa, a
2) f

(
(mba)2

)

Parameters for physical-mass ensembles:

a (≈ fm) N3
s ×Nt am′l am′s am′c κ′b Ncfg ×Nsrc

0.15 323 × 48 0.002426 0.06730 0.8447 0.07732 3630× 8
0.12 483 × 64 0.001907 0.05252 0.6382 0.08574 986× 8
0.088 643 × 96 0.0012 0.0363 0.432 0.09569 1535× 8
0.057 963 × 192 0.0008 0.022 0.260 0.10604 1027× 8
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Analyses

Correlation functions

Energies of pseudoscalar mesons are extracted from two-point correlators:

C2(t;k) =
∑

x

eik·x
〈
OP (0,0)O†P (t,x)

〉

⇒
∑

m

(−1)m(t+1)

∣∣〈0|OP |P (m)
〉∣∣2

2E
(m)
L

e−E
(m)
L t

Form factors are extracted from three-point correlators:

C
µ(ν)
3 (t, T ;k) =

∑

x,y

eik·y
〈
OP (0,0) Jµ(ν)(t,y)O†B(T,x)

〉

B(T )P (0)

J(t)

bu/d/s

u/d/s 10 / 22
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Analyses

Correlation-function fits

Form factors are obtained from direct fits to C3:

f⊥(EL) = Z⊥
Ĉi3(k)

ki

f‖(EL) = Z‖Ĉ
4
3 (k)

fT (EL) = ZT
MB +ML√

2MB

Ĉ4i
3 (k)

ki

We introduce a blinding procedure in our current renormalizations J = ZJJ ,

which use a mostly nonperturbative matching ZJ = ρJ
√
ZV 4

bb
ZV 4

qq
.

Form factors are extrapolated to the chiral-continuum limit using heavy-meson
rooted staggered chiral perturbation theory (HMrSχPT). [PRD:73.014515, PRD:76.014002]

Finally, they are extended to the full kinematic range using z-expansion methods.
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Analyses

Correlation-function fits for B → K at a ≈ 0.057 fm
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Analyses

Form factors for B → π
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Analyses

Form factors for B → K
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Analyses

Form factors for Bs → K
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Analyses

Form factors in the chiral continuum

SU(2) HMrSχPT description of form factors:

fJ = f
(0)
J ×

(
c0J

[
1 + δf logsJ

]
+ δfNLO

J + δfN
2LO

J + · · ·
)
×
(
1 + δf bJ

)

f
(0)
J =

gπ
fπ(EL + ∆B∗)

δfNLO
J = clJχl + chJχh + cEJ χE + cE

2

J χ
2
E + ca

2

J χa2

∆B∗ involves a 1− or 0+ MB∗

δf logsJ denotes nonanalytic functions of ml, a

Perturbative part of ZJ is implemented with priors: ρ̃J = 1 + ρ̃
(1)
J αs + ρ̃

(2)
J α2

s

δf bJ accounts for b-quark discretization effects
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Analyses

Form factors in the chiral continuum for Bs → K
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f⊥ and f‖ are fit simultaneously.

N2LO SU(2) HMrSχPT is used as the central fit.
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Analyses

Error budget for Bs → K

17 18 19 20 21 22 23 24

q2 (GeV2)

0

10

20

30

40

50

60

(e
rr

or
s)

2
(%

2
)

stat. + HQ,LQ disc. + gπ

w0

Z⊥

2

4

8

er
ro

rs
(%

)

f+

PRELIMINARY

17 18 19 20 21 22 23 24

q2 (GeV2)

0

10

20

30

40

50

60

(e
rr

or
s)

2
(%

2
)

2

4

8

er
ro

rs
(%

)

f0

PRELIMINARY

Errors at low q2 are somewhat large due to statistics and discretization.

z-expansion methods are then used to extrapolate the form factors to q2 = 0.

18 / 22



Introduction Analysis of B → π, Bs → K, B → K Outlook

Overview

Outlook

1 Calculate and blind ρJ

2 Finalize error budget and z expansions

3 Unblind analysis and confront experiments

a Determine |Vub| from charged-current decays

b Compare B observables from neutral-current decays to test for new physics

4 Submit papers to arXiv in the fall
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Overview

Overview of related projects

b Clover b with Fermilab interpretation

Discretization effects of O(αsa, a
2) f

(
(mba)

2
)

1 B → D, B → D∗

MILC (2+1)-flavor asqtad ensembles
Analysis led by Alejandro Vaquero (see tomorrow’s talk)

2 Bs → K, B → K, B → π

Analysis led by Z.G.

h HISQ h

Discretization effects of O(αsa
2) f

(
(mha)

2
)

mc . mh . mb, where am′h ≤ 0.9

3 H → L

Analysis led by William Jay

4 H → H ′

Analysis led by William Jay
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All-HISQ H → L

Correlation functions for H → π at a ≈ 0.12 fm
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All-HISQ H → L

Comparisons of noise-to-signal at a ≈ 0.12 fm
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Data from W. Jay. HISQ h: mh = 1.4mc
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All-HISQ H → L

Comparisons of noise-to-signal at a ≈ 0.12 fm
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Thank you!

Logo by James Simone
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z expansion

Conformal mapping q2 7→ |z| ≤ 1 exploits analytic structure in complex plane to
extend chiral-continuum form factors to low q2.

Re z

Im z

1−1
q2 = −∞

q2 = 0
q2 = t0

q2 = t−
q2 = t+

z(q2) =

√
t+ − q2 −

√
t+ − t0√

t+ − q2 +
√
t+ − t0

where t± = (MB ±ML)
2

⇓

f(q2) =
1

1− q2

M2

∑

n

anz
n(q2)

topt
0 minimizes |z| in physical region ⇒ |z| ≤ {0.30, 0.15} for L = {π,K}

Smallness of |z| controls truncation
Unitarity guarantees convergence

return to analysis
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