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⟨π+(k) | ūγμ(1 − γ5)b | B̄0(p)⟩

⟨0 | ūγμ(1 − γ5)b |B−(p)⟩

QCD is “easy” (but non-perturbative)

= 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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QCD is difficult

Heavy Hadron Chiral Perturbation Theory

πsoftB → πsoftℓνB → ℓν πsoft

Heavy Quark Effective Theory

B → XuℓνB → X

mQ ≫ ΛQCD
symmetries!→

Chiral Perturbation Theory

mq ≪ 4πfπ
symmetries!→

π → ℓν πsoftπsoft → πsoftπsoft→
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High / low recoil regions
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Eπ < 0.5 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 is difficult

Soft-Collinear Effective Theory
- Based on the method of regions:
 q → qs , qcqs qc
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Heavy Hadron Chiral Perturbation Theory

QCD is difficult

SCET for PTχ

ℒ(0) = − iTr H̄avμ (∂μδab + iVμ
sba) Hb + gπTr H̄aHbγνγ5Aν

sba
+ ℒ(0)

πs
+ ℒ(0)

πc
+

External Currents: 
Non-local operators, 
energy dependent 

couplings

−iTr H̄avμ (∂μδab + iVμ
sba) Hb + gπTr H̄aHbγνγ5Aν

sba
+ ℒ(0)

πs
ℒ(0)

πc
+−

Hv =
1 + v/

2
[B̄*v/ − B̄vγ5] f2

π

4
Tr [∂μΣ†

c∂μΣc]

Soft-Collinear Effective Theory
- Based on the method of regions:
 q → qs , qcqs qc
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HQET
ūγμ(1 − γ5)b

!= CV−A(μ)ūγμ(1 − γ5)hv

q̄LΓhv
!= C(μ)Tr [HvΓPR] 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→
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External currents: Matching SCET  HHChPT→

SCET II
𝒪 = [q̄c(0)…qc(sn̄)] × [q̄s(tn)…hv(0)]



8

External currents: Matching SCET  HHChPT→

SCET II
𝒪 = [q̄c(0)…qc(sn̄)] × [q̄s(tn)…hv(0)]

HHChPT

𝒪 != c(t, s) Tr[H(0)γμ(1 − γ5)][0,tn]ξ†
s (tn) × ξc(sn̄)[sn̄,0]ξ†

c (0)
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External currents: Matching SCET  HHChPT→

SCET II
𝒪 = [q̄c(0)…qc(sn̄)] × [q̄s(tn)…hv(0)]

HHChPT

𝒪 != c(t, s) Tr[H(0)γμ(1 − γ5)][0,tn]ξ†
s (tn) × ξc(sn̄)[sn̄,0]ξ†

c (0)

Related to the form factor, 
not the decay constant!
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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
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Heavy Hadron Chiral Perturbation Theory + SCET

-  relations at high SU(3) q2 -  relations at low SU(3) q2

What can you actually calculate?

- Chiral extrapolation at high q2 - Chiral extrapolation at low q2



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



Conclusions
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- We are building SCET for a hadronic theory: SCHHChPT (placeholder name)


- Matching based on symmetries (and more that was not shown)


- Allows us to calculate:


-  relations at low : Relate form factors of different decays


- Chiral extrapolation at low : Allow lattice to work in more energetic regimes

SU(3) q2

q2



Jaime del Palacio-Lirola

Thank you!



Backup slides
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q̄LΓhv = C(μ)Tr [HvΓPR] ξ†

C(μ = mb) = MB fB

q̄RΓhv = C(μ)Tr [HvΓPL] ξ

= − 2C(μ)⟨0 |Tr [HvPR] ξ† | B̄⟩

⟨π(k) | ūγμ(1 − γ5)b | B̄(p)⟩
= fB→π

+ (q2)(pμ + kμ) + fB→π
− (q2)(pμ − kμ)

+𝒪(1/mb, αs,1/fπ)

HHChPT: Matching

⟨0 | ūγμ(1 − γ5)b | B̄(p)⟩ = ifBpμ

QCD

HQET

HHChPT

⟨0 | q̄v/(1 − γ5)hv | B̄⟩ = − 2⟨0 | q̄Lhv | B̄⟩

ūγμ(1 − γ5)b = CV−A(μ)ūγμ(1 − γ5)hv

QCD → HQET → HHChPT
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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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External currents: Matching SCET  HHChPT→
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External currents: Matching SCET  HHChPT→
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Wilson coefficient is non-perturbative, 
related to form factors in chiral and HQ limits
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External currents: Matching SCET  HHChPT→

q̄LΓhv
!= C(μ)Tr [HvΓPR] ξ†

HQET SCET II

Wilson coefficient is non-perturbative, 
related to form factors in chiral and HQ limits

S(π)
n (x) = P exp [i ∫

0

−∞
ds (n̄ ⋅ Vs(x + sn))]

W(π)
n (x) = P exp [i ∫

0

−∞
ds (n̄ ⋅ Vc(x + sn))]

S(π)
n (x) → Us(x)Y(π)

n (x)
W(π)

n (x) → Uc(x)W(π)
n (x)

Soft and collinear chiral Wilson lines:

C(μ = mb) = MB fB +𝒪(1/mb, αs,1/fπ)
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JLQCD [2203.04938][2411.18639]

Various  measurementsB → πℓν HQ extrapolation
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Hard pion ChPT diagrammatic analysis
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[2411.04268]

 form 
factors

Bs → K
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[2411.04268]

 form 
factors

B → π
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[2411.04268]

 form 
factors

B → K
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[2411.04268]

 form 
factors

B → π
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[2411.04268]

 form 
factors

D → K
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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, collinear, and 
soft-collinear (messenger) sectors

Vμ → Vμ
s , Vμ

c , Vμ
sc
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