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Why B → ℓν?

⇒ B (B → ℓν) = τB G 2
F f 2
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The B → ℓν decay serves as direct determination of the CKM element V excl

ub .

It is chirality-suppressed in the SM and thus highly sensitive to scalar new physics.

Corroborating channel for testing lepton-flavor universality with µ↔ τ:
→ Belle II will measure both channels with 5−7% uncertainty. [Belle II Physics Book]

Why are QED corrections important?

Without QED, hadronic effects are well-understood, with QCD uncertainties ≲ 1%

〈0|q̄γµγ5b |B (p )〉= i fB pµ , fB = 189.4±1.4 MeV [FNAL/MILC 1712.09262]

In the exclusive channel, QED corrections can be sizeable, competing with QCD
uncertainties!
→ A precise prediction is needed!
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QED Corrections at High and Low Scales

Electromagnetic corrections are sensitive to the lepton mass and the restriction on
additional radiation, yielding large (double) logarithmic corrections

αEM log(2)
m 2
ℓ

m 2
B

, αEM log
E 2
γ

m 2
B

.

For a sufficiently tight cut on Eγ, real corrections are soft enough to only feel the
B -meson as a point-like (pseudo)scalar.

Virtual corrections are unrestricted by such cuts and can resolve the partonic
substructure of the B -meson.

At energy scales above mB and below ΛQCD, corrections are well under control:
At energies harder than mB , the weak effective Hamiltonian captures all hard corrections
in the Wilson coefficients of the Fermi-operators,

LLEFT ⊃CL (µ) · �q̄γµPL b
��
ℓ̄γµPLνℓ
�

Radiation softer than ΛQCD sees the meson as a point-like object.
→ description as a Yukawa theory.

Structure-Dependent QED Corrections in Exclusive Leptonic B-Decays



QED Corrections at High and Low Scales

Electromagnetic corrections are sensitive to the lepton mass and the restriction on
additional radiation, yielding large (double) logarithmic corrections

αEM log(2)
m 2
ℓ

m 2
B

, αEM log
E 2
γ

m 2
B

.

For a sufficiently tight cut on Eγ, real corrections are soft enough to only feel the
B -meson as a point-like (pseudo)scalar.

Virtual corrections are unrestricted by such cuts and can resolve the partonic
substructure of the B -meson.

At energy scales above mB and below ΛQCD, corrections are well under control:
At energies harder than mB , the weak effective Hamiltonian captures all hard corrections
in the Wilson coefficients of the Fermi-operators,

LLEFT ⊃CL (µ) · �q̄γµPL b
��
ℓ̄γµPLνℓ
�

Radiation softer than ΛQCD sees the meson as a point-like object.
→ description as a Yukawa theory.

Structure-Dependent QED Corrections in Exclusive Leptonic B-Decays



QED Corrections at High and Low Scales

Electromagnetic corrections are sensitive to the lepton mass and the restriction on
additional radiation, yielding large (double) logarithmic corrections

αEM log(2)
m 2
ℓ

m 2
B

, αEM log
E 2
γ

m 2
B

.

For a sufficiently tight cut on Eγ, real corrections are soft enough to only feel the
B -meson as a point-like (pseudo)scalar.

Virtual corrections are unrestricted by such cuts and can resolve the partonic
substructure of the B -meson.

At energy scales above mB and below ΛQCD, corrections are well under control:
At energies harder than mB , the weak effective Hamiltonian captures all hard corrections
in the Wilson coefficients of the Fermi-operators,

LLEFT ⊃CL (µ) · �q̄γµPL b
��
ℓ̄γµPLνℓ
�

Radiation softer than ΛQCD sees the meson as a point-like object.
→ description as a Yukawa theory.

Structure-Dependent QED Corrections in Exclusive Leptonic B-Decays



QED Corrections at High and Low Scales

Electromagnetic corrections are sensitive to the lepton mass and the restriction on
additional radiation, yielding large (double) logarithmic corrections

αEM log(2)
m 2
ℓ

m 2
B

, αEM log
E 2
γ

m 2
B

.

For a sufficiently tight cut on Eγ, real corrections are soft enough to only feel the
B -meson as a point-like (pseudo)scalar.

Virtual corrections are unrestricted by such cuts and can resolve the partonic
substructure of the B -meson.
At energy scales above mB and below ΛQCD, corrections are well under control:

At energies harder than mB , the weak effective Hamiltonian captures all hard corrections
in the Wilson coefficients of the Fermi-operators,

LLEFT ⊃CL (µ) · �q̄γµPL b
��
ℓ̄γµPLνℓ
�

Radiation softer than ΛQCD sees the meson as a point-like object.
→ description as a Yukawa theory.

Structure-Dependent QED Corrections in Exclusive Leptonic B-Decays



QED Corrections at High and Low Scales

Electromagnetic corrections are sensitive to the lepton mass and the restriction on
additional radiation, yielding large (double) logarithmic corrections

αEM log(2)
m 2
ℓ

m 2
B

, αEM log
E 2
γ

m 2
B

.

For a sufficiently tight cut on Eγ, real corrections are soft enough to only feel the
B -meson as a point-like (pseudo)scalar.

Virtual corrections are unrestricted by such cuts and can resolve the partonic
substructure of the B -meson.
At energy scales above mB and below ΛQCD, corrections are well under control:

At energies harder than mB , the weak effective Hamiltonian captures all hard corrections
in the Wilson coefficients of the Fermi-operators,

LLEFT ⊃CL (µ) · �q̄γµPL b
��
ℓ̄γµPLνℓ
�

Radiation softer than ΛQCD sees the meson as a point-like object.
→ description as a Yukawa theory.

Structure-Dependent QED Corrections in Exclusive Leptonic B-Decays



QED Corrections at High and Low Scales

Electromagnetic corrections are sensitive to the lepton mass and the restriction on
additional radiation, yielding large (double) logarithmic corrections

αEM log(2)
m 2
ℓ

m 2
B

, αEM log
E 2
γ

m 2
B

.

For a sufficiently tight cut on Eγ, real corrections are soft enough to only feel the
B -meson as a point-like (pseudo)scalar.

Virtual corrections are unrestricted by such cuts and can resolve the partonic
substructure of the B -meson.
At energy scales above mB and below ΛQCD, corrections are well under control:

At energies harder than mB , the weak effective Hamiltonian captures all hard corrections
in the Wilson coefficients of the Fermi-operators,

LLEFT ⊃CL (µ) · �q̄γµPL b
��
ℓ̄γµPLνℓ
�

Radiation softer than ΛQCD sees the meson as a point-like object.
→ description as a Yukawa theory.

Structure-Dependent QED Corrections in Exclusive Leptonic B-Decays



QED Corrections at Intermediate Scales

Energetic virtual photons with Eγ ∼mb and p⃗γ ‖ p⃗ℓ can recoil against the light
spectator quark and transfer momentum between the lepton and the spectator.

The light partons are then displaced along the lightcone, and the hadronic currents
become non-local. The corresponding hadronic matrix elements

〈0|q̄ (z−) . . . hv (0)|B 〉 , 〈0|q̄ (z−) . . .Gµν(y−) . . . hv (0)|B 〉 ,
are lightcone distributions.

In the case of QED, due to the external states being charged, these distributions are no
longer process-universal because QED is sensitive to the directions of the charged final
state. → see Martin’s talk tomorrow!
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A Multiscale Problem

Beyond leading order in QED, the process B → ℓν depends on a variety of both static and
dynamical scales (here discussing only ℓ=µ)

mW

mB

µhc =
p

mBΛQCD

mµ ∼ΛQCD

Es ∼ ΛQCDmµ
mB

µusc =
Es mµ

mB

description of meson by Fock states |b q̄ 〉+ |b q̄ g 〉+ . . . [Beneke et al (2019), JHEP10 232]

description of meson by point-like scalar

[Dai et al (2022), Phys.Rev.D 105 3]

→ Factorization of scales requires a number of different EFT constructions

(LEFT, HQET, SCETI+,II , bHLET, ...)

Structure-Dependent QED Corrections in Exclusive Leptonic B-Decays

https://inspirehep.net/literature/1750326
https://inspirehep.net/literature/1850557


A Multiscale Problem

Beyond leading order in QED, the process B → ℓν depends on a variety of both static and
dynamical scales (here discussing only ℓ=µ)

mW

mB

µhc =
p

mBΛQCD

mµ ∼ΛQCD

Es ∼ ΛQCDmµ
mB

µusc =
Es mµ

mB

description of meson by Fock states |b q̄ 〉+ |b q̄ g 〉+ . . . [Beneke et al (2019), JHEP10 232]

description of meson by point-like scalar

[Dai et al (2022), Phys.Rev.D 105 3]

→ Factorization of scales requires a number of different EFT constructions

(LEFT, HQET, SCETI+,II , bHLET, ...)

Structure-Dependent QED Corrections in Exclusive Leptonic B-Decays

https://inspirehep.net/literature/1750326
https://inspirehep.net/literature/1850557


A Multiscale Problem

Beyond leading order in QED, the process B → ℓν depends on a variety of both static and
dynamical scales (here discussing only ℓ=µ)

mW

mB

µhc =
p

mBΛQCD

mµ ∼ΛQCD

Es ∼ ΛQCDmµ
mB

µusc =
Es mµ

mB

description of meson by Fock states |b q̄ 〉+ |b q̄ g 〉+ . . . [Beneke et al (2019), JHEP10 232]

description of meson by point-like scalar

[Dai et al (2022), Phys.Rev.D 105 3]

→ Factorization of scales requires a number of different EFT constructions

(LEFT, HQET, SCETI+,II , bHLET, ...)

Structure-Dependent QED Corrections in Exclusive Leptonic B-Decays

https://inspirehep.net/literature/1750326
https://inspirehep.net/literature/1850557


A Multiscale Problem

Beyond leading order in QED, the process B → ℓν depends on a variety of both static and
dynamical scales (here discussing only ℓ=µ)

mW

mB

µhc =
p

mBΛQCD

mµ ∼ΛQCD

Es ∼ ΛQCDmµ
mB

µusc =
Es mµ

mB

description of meson by Fock states |b q̄ 〉+ |b q̄ g 〉+ . . . [Beneke et al (2019), JHEP10 232]

description of meson by point-like scalar

[Dai et al (2022), Phys.Rev.D 105 3]

→ Factorization of scales requires a number of different EFT constructions

(LEFT, HQET, SCETI+,II , bHLET, ...)

Structure-Dependent QED Corrections in Exclusive Leptonic B-Decays

https://inspirehep.net/literature/1750326
https://inspirehep.net/literature/1850557


A Multiscale Problem

Beyond leading order in QED, the process B → ℓν depends on a variety of both static and
dynamical scales (here discussing only ℓ=µ)

mW

mB

µhc =
p

mBΛQCD

mµ ∼ΛQCD

Es ∼ ΛQCDmµ
mB

µusc =
Es mµ

mB

description of meson by Fock states |b q̄ 〉+ |b q̄ g 〉+ . . . [Beneke et al (2019), JHEP10 232]

description of meson by point-like scalar

[Dai et al (2022), Phys.Rev.D 105 3]

→ Factorization of scales requires a number of different EFT constructions

(LEFT, HQET, SCETI+,II , bHLET, ...)

Structure-Dependent QED Corrections in Exclusive Leptonic B-Decays

https://inspirehep.net/literature/1750326
https://inspirehep.net/literature/1850557


A Multiscale Problem

Beyond leading order in QED, the process B → ℓν depends on a variety of both static and
dynamical scales (here discussing only ℓ=µ)

mW

mB

µhc =
p

mBΛQCD

mµ ∼ΛQCD

Es ∼ ΛQCDmµ
mB

µusc =
Es mµ

mB

description of meson by Fock states |b q̄ 〉+ |b q̄ g 〉+ . . . [Beneke et al (2019), JHEP10 232]

description of meson by point-like scalar

[Dai et al (2022), Phys.Rev.D 105 3]

→ Factorization of scales requires a number of different EFT constructions

(LEFT, HQET, SCETI+,II , bHLET, ...)

Structure-Dependent QED Corrections in Exclusive Leptonic B-Decays

https://inspirehep.net/literature/1750326
https://inspirehep.net/literature/1850557


A Multiscale Problem

Beyond leading order in QED, the process B → ℓν depends on a variety of both static and
dynamical scales (here discussing only ℓ=µ)

mW

mB

µhc =
p

mBΛQCD

mµ ∼ΛQCD

Es ∼ ΛQCDmµ
mB

µusc =
Es mµ

mB

description of meson by Fock states |b q̄ 〉+ |b q̄ g 〉+ . . . [Beneke et al (2019), JHEP10 232]

description of meson by point-like scalar

[Dai et al (2022), Phys.Rev.D 105 3]

→ Factorization of scales requires a number of different EFT constructions

(LEFT, HQET, SCETI+,II , bHLET, ...)

Structure-Dependent QED Corrections in Exclusive Leptonic B-Decays

https://inspirehep.net/literature/1750326
https://inspirehep.net/literature/1850557


A Multiscale Problem

Beyond leading order in QED, the process B → ℓν depends on a variety of both static and
dynamical scales (here discussing only ℓ=µ)

mW

mB

µhc =
p

mBΛQCD

mµ ∼ΛQCD

Es ∼ ΛQCDmµ
mB

µusc =
Es mµ

mB

description of meson by Fock states |b q̄ 〉+ |b q̄ g 〉+ . . . [Beneke et al (2019), JHEP10 232]

description of meson by point-like scalar

[Dai et al (2022), Phys.Rev.D 105 3]

→ Factorization of scales requires a number of different EFT constructions

(LEFT, HQET, SCETI+,II , bHLET, ...)

Structure-Dependent QED Corrections in Exclusive Leptonic B-Decays

https://inspirehep.net/literature/1750326
https://inspirehep.net/literature/1850557


A Multiscale Problem

Beyond leading order in QED, the process B → ℓν depends on a variety of both static and
dynamical scales (here discussing only ℓ=µ)

mW

mB

µhc =
p

mBΛQCD

mµ ∼ΛQCD

Es ∼ ΛQCDmµ
mB

µusc =
Es mµ

mB

description of meson by Fock states |b q̄ 〉+ |b q̄ g 〉+ . . . [Beneke et al (2019), JHEP10 232]

description of meson by point-like scalar

[Dai et al (2022), Phys.Rev.D 105 3]

→ Factorization of scales requires a number of different EFT constructions

(LEFT, HQET, SCETI+,II , bHLET, ...)

Structure-Dependent QED Corrections in Exclusive Leptonic B-Decays

https://inspirehep.net/literature/1750326
https://inspirehep.net/literature/1850557


A Multiscale Problem

Beyond leading order in QED, the process B → ℓν depends on a variety of both static and
dynamical scales (here discussing only ℓ=µ)

mW

mB

µhc =
p

mBΛQCD

mµ ∼ΛQCD

Es ∼ ΛQCDmµ
mB

µusc =
Es mµ

mB

description of meson by Fock states |b q̄ 〉+ |b q̄ g 〉+ . . . [Beneke et al (2019), JHEP10 232]

description of meson by point-like scalar

[Dai et al (2022), Phys.Rev.D 105 3]

→ Factorization of scales requires a number of different EFT constructions

(LEFT, HQET, SCETI+,II , bHLET, ...)

Structure-Dependent QED Corrections in Exclusive Leptonic B-Decays

https://inspirehep.net/literature/1750326
https://inspirehep.net/literature/1850557


Factorization of Virtual Corrections - Endpoint Divergences

The virtual corrections above ΛQCD are described by a SCET factorization formula.
Recall: chirality-suppressed decay⇒ subleading-power in SCET.

In SCET, operators with multiple collinear fields are distributions in the momentum
fraction of the shared direction, matrix elements are convolution integrals:

iA virt
B→ℓν =−4GFp

2
KEW(µ)Vub

mℓ

mb
KA(mℓ)ū (pℓ)PL v (pν)

·
�

HA(mb )SA +

∫
dω

∫ 1

0

dx HB (mb , x ) · JB (mbω, x ) ·SB (ω)

�

SA = 〈0|q̄ (0) /̄nPL hv (0)|B 〉
local matrix element → HQET decay constant FB (µ)

SB (ω) =
∫

ds e iωs 〈0|q̄ (sn ) /̄nPL hv (0)|B 〉
energetic-photon exchange → LCDAs
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Factorization of Virtual Corrections - Endpoint Divergences

iA virt
B→ℓν =−4GFp

2
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mℓ
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·
�
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�

At x = 0 and x̄ = 0, one collinear field has anomalously low energy
and the mode separation between soft and collinear modes fails.

A symptom of this failure are endpoint-divergences. They can be
cured by a rearrangement of the factorization theorem.

This rearrangement begins with identifying the small-x region of the second term
with a contribution to the first one, this is called refactorization.

[Liu, Neubert (2003.03393); Liu et al (2009.04456, 2009.06779, 2112.00018); Beneke et al (2008.04943, 2205.04479)]
[Bell et al (2205.06021); Feldmann et al (2211.04209); Hurth, Szafron (2312.10450)]
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Factorization of Virtual Corrections - Endpoint Divergences
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dx HB (mb , x ) · JB (mbω, x ) ·SB (ω)

�

At x = 0 and x̄ = 0, one collinear field has anomalously low energy
and the mode separation between soft and collinear modes fails.

A symptom of this failure are endpoint-divergences. They can be
cured by a rearrangement of the factorization theorem.

This rearrangement begins with identifying the small-x region of the second term
with a contribution to the first one, this is called refactorization.
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Refactorization-Based Subtraction

iA virt
B→ℓν =−4GFp

2
KEW(µ)Vub

mℓ

mb
KA(mℓ)ū (pℓ)PL v (pν)

SA = 〈0|OA |B 〉
OA = q̄s /̄nPL hvB

Y (ℓ)†n

·
�
HA(mb )SA +

∫
dω

∫ 1

0

dx HB (mb , x ) · JB (mbω, x ) ·SB (ω)

�
endpoint-divergent

JB =−QℓQu
α

2π

e εγE Γ (ε)
1−ε
�

µ2

mbωx x̄

�ε �
1

x
+1−2ε
�
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KA(mℓ)ū (pℓ)PL v (pν)

SA = 〈0|OA |B 〉
OA = q̄s /̄nPL hvB

Y (ℓ)†n

JB =−QℓQu
α

2π

e εγE Γ (ε)
1−ε
�

µ2

mbωx x̄

�ε �
1

x
+1−2ε
�

−θ (Λ−mb x )HB (mb , x ) · ¹JB (mbω, x )º� ·SB (ω)

�
subtract small-x

·
�
HA(mb )SA +

∫
dω

∫ 1

0

dx
�
HB (mb , x ) · JB (mbω, x ) ·SB (ω)

¹JB º=−QℓQu
α

2π

e εγE Γ (ε)
1−ε
�
µ2

mbωx

�ε
1

x

Structure-Dependent QED Corrections in Exclusive Leptonic B-Decays



Refactorization-Based Subtraction

iA virt
B→ℓν =−4GFp

2
KEW(µ)Vub

mℓ

mb
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Virtual Corrections Summary

We can now write the virtual amplitude:

A virtual
B→ℓν̄ = i

p
2GF KEW(µ)Vu b

mℓ

mb

p
mB F (µ, mb ) ū (pℓ)PL v (pν)

�M2p (µ)+M3p (µ)
�

with

M2p (µ) = 1+
CF αs

4π

�
3

2
ln

m 2
b

µ2
−2

�
+
α

4π

�
Q 2

b

�
3

2
ln

m 2
b

µ2
−2

�
−QℓQb

�
1

2
ln2 m 2

b

µ2
+2ln

m 2
b

µ2
−3 ln

m 2
ℓ

µ2
+1+

5π2

12

�
+2QℓQu

∫ ∞
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dωϕB− (ω) ln
mbω

µ2
+Q 2
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�
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εIR

�
ln

m 2
B

m 2
ℓ

−2

�
+
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2
ln2 m 2
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µ2
− 1

2
ln

m 2
ℓ

µ2
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5π2

12

��
M3p (µ) =

α

π
QℓQu

∫ ∞
0

dω

∫ ∞
0

dωg ϕ
B
3g (ω,ωg )

�
1

ωg
ln
�

1+
ωg

ω

�
− 1

ω+ωg

�
[Cornella, MK, Neubert, 2022]

The “generalized decay constant” F (µ,Λ) is an unknown non-perturbative object,
which can hopefully be obtained from the lattice.
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Matching to the Low-Energy Theory

Below µ∼ΛQCD, quarks hadronize and the meson is described by a charged scalar of
mass mB .

As we have already integrated out physics at scales above µ∼ΛQCD, the scalar is
described in the context of a heavy scalar EFT:

ΦB (x )→ e −i mB vB xφB (x )

At the same time (since mµ ∼ΛQCD), we integrate out the “collinear dynamics” of the
lepton, passing to a description through a boosted heavy lepton EFT:

ℓ(x )→ e −i mℓvℓxχvℓ (x )

[Fleming et al (hep-ph/0703207); Beneke et al (2305.06401)]

Matching to the resulting low-energy EFT by taking hadronic matrix elements:

ℓν
��LSCET II⊗HQET

��B � = 〈ℓν |LbHLET⊗HSET |B 〉

=
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The Low-Energy Theory

At first glance, the low-energy theory is a theory of only Wilson lines, since the
interactions of the B and the muon with ultrasoft and ultrasoft-collinear photons can
be decoupled:

Y (us,usc)
v (x ) =P exp

�
i e

0∫
−∞

ds v ·Aus,usc(x + s v )

�

The real corrections are now described by the radiation functions:

Wus,usc(ω,µ) =

� ∞∑
n=0

ns∏
i=1

∫
dΠi (qi )

� ��〈nγus,usc(qi )|Y (us,usc)
v Y (us,usc)†

n |0〉��2δ �ω−q0

�
They are integrated with a measurement function that implements the radiation veto

S (Es ,µ) =

∫∫
dωus dωusc θ

�
Es

2
−ωus−ωusc

�
Wus(ωus,µ)Wusc(ωusc,µ)

Integration and renormalization carried out in Laplace space to yield resummation of
soft logarithms.
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Factorization Formula

We can then write the B → ℓν decay rate as a nested factorization formula.

Corrections from real radiation are factorized at the level of the decay rate.

The virtual corrections factorize at amplitude level and appear as an Yukawa coupling.

Γ = Γ0
��y (µ)��2 ��F (µ)��2 Wus(µ)⊗Wusc(µ)

real radiation
(usoft + usoft-collinear)

collinear dynamics

y (µ) =CL(µ)×H (µ)×J (µ)

Fermi theory hard loops hard-collinear loops
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The virtual corrections factorize at amplitude level and appear as an Yukawa coupling.

Γ = Γ0
��y (µ)��2 ��F (µ)��2 Wus(µ)⊗Wusc(µ)

real radiation
(usoft + usoft-collinear)

collinear dynamics

y (µ) =CL(µ)×H (µ)×J (µ)

Fermi theory hard loops hard-collinear loops
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Radiative Corrections and Excited States

Below ΛQCD structure-dependent corrections occur because of the small mass
difference between the B (mB = 5.279 GeV) and the B ∗ (mB ∗ = 5.325 GeV).

[Becirevic et al, 0907.1845]

The initital-state B meson can emit a photon and transition into an excited state.

The B → B ∗γ interaction is suppressed, but in turn the subsequent B ∗→ ℓν decay is
enhanced wrt. the scalar case.

LBB ∗ ⊃ − e gB ∗
2mB

F̃µν(V
µν

B ∗ Φ
†
B +h.c.) − yB ∗ ℓ̄ /VB ∗ν +

��DµΦB

��2 − ȳB

mB
(DµΦB ) ℓ̄γ

µν

subleading
leading

leading
subleading
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Radiative Correction and Excited States

LBB ∗ ⊃ − e gB ∗
2mB

F̃µν(V
µν

B ∗ Φ
†
B +h.c.) − yB ∗ ℓ̄ /VB ∗ν +

��DµΦB

��2 − ȳB

mB
(DµΦB ) ℓ̄γ

µν

The couplings in this phenomenological Lagrangian can be estimated from a variety of
sources.

Our SCET analysis determines the effective Yukawa coupling ȳB .

The B B ∗γ coupling gB ∗ can be estimated from the decay rate Γ (B ∗→ Bγ).

Unfortunately unobserved, so has to be estimated by a mixture of QCD sum rules,
quark-models and lattice QCD.

[Becirevic et al (0907.1845) and references therein]

We can include also estimates for contributions from B1(5726), B ∗2 (5747).

For consistency with our SCET analysis earlier, rewrite this Lagrangian into an
appropriate effective theory, in which scales mB ,B ∗ and mℓ are integrated out.
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mB
(DµΦB ) ℓ̄γ

µν

The couplings in this phenomenological Lagrangian can be estimated from a variety of
sources.

Our SCET analysis determines the effective Yukawa coupling ȳB .
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mB
(DµΦB ) ℓ̄γ

µν

The couplings in this phenomenological Lagrangian can be estimated from a variety of
sources.

Our SCET analysis determines the effective Yukawa coupling ȳB .
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An Interplay of Suppressions
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The relevance of the B → B ∗ contribution
depends on the maximal allowed photon
energy.

Both channels are power-suppressed, but
by different mechanisms.

The scalar channel B → γs ℓν is statically
suppressed by the lepton mass.

The B → B ∗γ coupling grows with photon
energy as it is a derivative coupling

δL =− e gB ∗
2mB

F̃µνV
µν

B ∗ Φ
†
B

The looser the cut on additional radiation, the more important the B ∗ contribution
becomes.

The contribution from the next higher excited state B → B1γ has only a mild effect.
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Conclusions

We have analyzed the exclusive leptonic decay B → ℓν, which is an important channel
for tests of physics in SM and beyond.

QCD uncertainties < 1% at LO QED, but QED corrections are sizeable due to large
logarithms of lepton mass and photon cuts.

Beyond leading order in QED, radiative corrections probe the inner structure of the B
meson.

Energetic “hard-collinear” radiation exchange between the lepton and light spectator
quark described via non-local currents in SCET.

Subtraction of endpoint-divergences and rearrangement of the factorization theorem
introduces “generalized decay constant” F (µ,Λ).

At low energies µ<ΛQCD structure-dependent corrections exist in the form of excited
virtual B mesons.

These corrections get more important the more energetic the photon is allowed to be.

Thanks for listening!
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