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⟨π+(k) | ūγμ(1 − γ5)b | B̄0(p)⟩
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⟨π+(k) | ūγμ(1 − γ5)b | B̄0(p)⟩

⟨0 | ūγμ(1 − γ5)b |B−(p)⟩

Non-perturbative QCD: Exclusive decays

= fB→π
+ (q2)(pμ + kμ) + fB→π

− (q2)(pμ − kμ)

q2 = (p − k)2 = M2
B + m2

π − 2MBEπ

fB→π
+ fB→π

−

= ifBpμfB
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Heavy Hadron Chiral Perturbation Theory

What can you actually calculate?

- Relate form factors and decay constant high q2

q2 = (p − k)2 = M2
B + m2

π − 2MBEπ

High Low q2 → Eπ

-  relations at high  (relate )SU(3) q2 π, K, η
[Falk and Grinstein, 9306310]
[Fleischer, TUM-T31-34-92]

- Chiral extrapolation at high  (for lattice)q2

[Becirevic, Prelovsek, Zupan, 0305001]



Heavy Hadron Chiral Perturbation Theory

πsoftB → πsoftℓνB → ℓν πsoft

Heavy Quark Effective Theory

B → XuℓνB → X

mQ ≫ ΛQCD
symmetries!→

Chiral Perturbation Theory ( )π, K, η

mq ≪ ΛQCD
symmetries!→

π → ℓν πsoftπsoft → πsoftπsoft→
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QCD through EFTs
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Eπ < 1 GeV

[2411.18639]

High / low recoil regions

Chiral Perturbation Theory only works here!
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Eπ < 1 GeV

[2411.18639]

High / low recoil regions

Chiral Perturbation Theory only works here!

Eπ > 2 GeV

New Theory works here too!
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Heavy Hadron Chiral Perturbation Theory

QCD through EFTs

Soft-Collinear Effective Theory (II)
- Based on the method of regions:
 q → qs , qcqs qc

ℒ(0)
SCET II = ℒc + ℒsℒc ℒs
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Heavy Hadron Chiral Perturbation Theory

SCET (II) for ChPT
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=

QCD through EFTs

Vμ =
1
2 [ξ†iDμ

Lξ + ξiDμ
Rξ†]

Aμ =
1
2 [ξ†iDμ

Lξ − ξiDμ
Rξ†]

ξ(x) ≡ exp [ iπa(x)ta

fπ ]
Σ(x) = ξ2(x) → Lξ2(x)R†

ξ(x) → Lξ(x)U†(x) = U(x)ξ(x)R†

Vμ → UVμU† + U[iDμ, U†]

Aμ → UAμU†

Covariant formulation of ChPT

Soft-Collinear Effective Theory (II)
- Based on the method of regions:
 q → qs , qcqs qc

ℒ(0)
SCET II = ℒc + ℒsℒc ℒs
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SCET (II) ChiPT: Power counting

All chiral loops in the effective 
theory count as . ∼ ϵ2

ϵ ≡ p/(4πfπ), λ ≡ 4πfπ /mbPower counting parameters:

Scale hierarchies: p ≪ 4πfπ ≪ mb

Momentum modes: ps ∼ (p, p, p) pc ∼ (mb, p2/mb, p)

ps ∼ 4πfπ (ϵ, ϵ, ϵ)Power counting: pc ∼ 4πfπ (λ−1, ϵ2λ, ϵ)

A2
c =

1
2

{n̄ ⋅ A, n ⋅ A} + A2
⊥ ∼ ϵ2
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⟨0 | ūγμ(1 − γ5)b | B̄(p)⟩ ≡ ifBpμ

QCD
QCD → HQET → HHChPT
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HQET
ūγμ(1 − γ5)b

!= CV−A(μ)ūγμ(1 − γ5)hv

q̄LΓhv
!= C(μ)Tr [HvPRΓ] ξ†

C(μ = mb) = MB fB +𝒪(1/mb, αs,1/fπ)

HHChPT

External currents: Matching QCD  HHChPT→
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External currents: Matching SCET  HHChPT→

SCET I
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External currents: Matching SCET  HHChPT→
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[Lange and Neubert, 0311345]
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External currents: Matching SCET  HHChPT→

SCET II

SCET I

} Eventually match to chirally 
subleading hadronic 
operators / contributions*
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External currents: Matching SCET  HHChPT→

SCET II

Infinite tower of operators with the same power counting but different coefficients…

is chirally unsuppressed and completely invariant!  

...
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: A bit simplerB → πc
Only one operator contributes at tree level, and even at 1-loop level 

M(1)
J1

= Mtree
J1 ( 1

2
+

9
8

g2
π) m2

π

(4πfπ)2
ln

m2
π

μ2
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Heavy Hadron Chiral Perturbation Theory + SCET

-  relations at low SU(3) q2

What can you actually calculate?

- Relate form factors and 
decay constant high q2

- Relate form factors and decay 
constant low : Cannot doq2

-  relations at high SU(3) q2
[Falk and Grinstein, 9306310]
[Fleischer, TUM-T31-34-92]

- Chiral extrapolation at low q2- Chiral extrapolation at high q2
[Becirevic, Prelovsek, Zupan, 0305001]
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- We built SCET for a hadronic theory: SCHHChPT (placeholder name)


- Matching based on SCET II symmetries


- Chiral corrections from high  are different that those at low   
(  difference in the correction), this is at odds with current literature 


- Our results can be used for chiral extrapolation and  relations at low 

q2 q2

≈ 20 %

SU(3) q2



Jaime del Palacio Lirola

Thank you!
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SCET (II) ChiPT: Power counting
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Explicit results

MJ1
≈ Mtree

J1 (1 −
8m2

π

10f 2
π(4π)2

ln
m2

π

μ2 ) ≈ Mtree
J1

(1 − 0.028)

M(1)
J1

= Mtree
J1

1
f 2

π ( 1
2

+
9
8

g2
π)I1 ≈ Mtree

J1

7.8
10f 2

π
I1

M(1)
Jsoft

= Mtree
Jsoft

1
f 2

π ( 3
8

+
9
8

g2
π)I1 ≈ Mtree

Jsoft

6.56
10f 2

π
I1

M(1)
J1

= Mtree
J1 ( 1

2
+

9
8

g2
π) m2

π

f 2
π(4π)2

ln
m2

π

μ2

≈ 20 % enhancement
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SCET for ChPT

Vμ =
1
2 [ξ†iDμ

Lξ + ξiDμ
Rξ†]

Aμ =
1
2 [ξ†iDμ

Lξ − ξiDμ
Rξ†]

ξ(x) ≡ exp [ iπa(x)ta

fπ ]
Σ(x) = ξ2(x) → Lξ2(x)R†

ξ(x) → Lξ(x)U†(x) = U(x)ξ(x)R†

Covariant formulation of ChPT

Vμ → UVμU† + U[iDμ, U†]

Aμ → UAμU†

Dμ
L(R) = ∂μ − i(Vext ∓ Aext)μ

Dμ = ∂μ − iVμ
ext

Introducing the soft and collinear 
sectors
Vμ → Vμ

s , Vμ
c



π → ℓν ππ → ππ

mq ≪ 4πfπ
symmetries!→

Chiral Perturbation Theory ( )π, K, η
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QCD EFTs

Non-linear representation:



23



24

What can you actually calculate?
 and  form factors are equivalent in the  limitB → π Bs → K SU(3)

[2411.04268]

q2 = M2
B + m2

π − 2MBEπ



What can you actually calculate?
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q2 = M2
B + m2

π − 2MBEπ

JLQCD [2203.04938]

Lattice at high  with chiral extrapolation (HHChPT)q2

High q2



gπ = 0.492(29)

fB→π
+ − fB→π

− =
gπ fBmB

fπ [v ⋅ pπ + ΔB]
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HHChPT: Form factors

ΔB = MB* − MB ≈ 45 MeV

fB→π
+ + fB→π

− = [ fB
fπ ] [1 −

gπv ⋅ pπ

v ⋅ pπ + ΔB ]

[ALPHA, 1404.6951]



Heavy to light form factors
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Determination from , need the form factors over full kinematic range|Vub | B(s) → π(K)ℓν

|Vub | = (3.75 ± 0.06exp ± 0.19theo) × 10−3

HFLAV[2411.18639]
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JLQCD [2203.04938][2411.18639]

Various  measurementsB → πℓν HQ extrapolation


