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Zt[J] = ∫ Dϕ pt[ϕ] eJ Ôϕ,t[ϕ]Consider the generating functional for a theory:

Scale dependent distribution: pt[ϕ] =
1
𝒩

e−St[ϕ] e.g. St = S + ΔSt

 Use the scale dependent (composite) operator:→ Ôϕ,t[ϕ]
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Ôϕ,t0[ϕ]
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Ôϕ,t0[ϕ]
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·ϕ = ⟨∂tÔϕ,t⟩ , ϕ = ⟨Ôϕ,t⟩
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Z2
ψ(m2

i + p2 + Rk)

Effectively, a four-fermi vertex with a non-
trivial momentum dependence is considered
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Generally we can consider the pair and implement some physical constraint with it:

(Γϕ[ϕ], ·ϕ[ϕ])
Physics-informed RG

FI, Pawlowski, Annals Phys. 481 (2025) 170177

FI, Pawlowski, PRD 113, 076003 (2026

Reconstruction & observables: Generalised operator flow

observable propagator insertion DoF for optimisation

(i) Trade intricate diffusion eq. for a simple linear diff. eq.

Advantages

(ii) Optimised and more versatile expansion schemes

(a)  Ground state expansion

(b)  Feed-down flows

Disadvantage: Reconstruction!

…

(∂t + ∫x

·ϕ
δ

δϕ ) 𝒪t[ϕ] = −
1
2

Tr [GT (∂t + 2
δ ·ϕ
δϕ ) GT

δ2

δϕ2
𝒪t[ϕ]] + Fϕ

PIRG idea

(∂t + ∫x

·ϕ
δ

δϕ ) ΓT[ϕ] = RG1[ΓT] + RG2[ΓT]
δ ·ϕ
δϕ

Γϕ,t0[ϕ] Γϕ,t1[ϕ]
(Γϕ,t[ϕ], ·ϕt[ϕ]) Step 1: Solve approximate flow for  
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• Quantum mechanics: i.e. 1+0 dimensional QFT

 Setup with tunneling→
 Consider the energy gap between ground state and the first excited state ∆ E→

 Behavior at large imaginary times→

This is all known from the Schrödinger equation

 but also: Expansion about Instanton solution→
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VΛ( ̂q) = −
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̂q2 +
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8

̂q4

⟨ ̂q(0) ̂q(τ)⟩ = ∑
n

|⟨0 |q |n⟩ |2 exp( − (E0 − En)τ)

⟨ ̂q(0) ̂q(τ)⟩ ∝ exp(−ΔE τ)

Testing ground for novel methods with non-perturbative physics 


 In particular where fRG has struggled before→
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Γk[ϕ] = ∫τ [ 1
2

(∂τϕ)2 + Vk(ϕ)]
ΔE = V(2)(ϕeom)

Tunneling

Solve the generalized equation in the same truncation for Γk

With an optimized kernel:

(Ground state expansion)

·ϕ(ϕ) → ∂t(∂p2Γ(2)
k [ϕ]) = 0

The optimized kernel eliminates the next order of the expansion scheme.

Results in a field dependent anomalous dimension:

Bonanno, FI, Pawlowski, SciPost Phys. Core 9, 005 (2026)

This allows the extraction of the instanton 
scaling up to 1-2% exactness!


.        ainst,ex = 1.886... ainst,FF = 1.910(2)
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RG-flow now accounts for 
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∂tΓ(2)
k [ϕ] ∝

Γ(2)
k = p2 + m̃2(ϕ)

Consider an expansion about the classical dispersion:
·ϕ(ϕ) → ∂tZ(ϕ) ≡ 0

Z(ϕ) ≡ 1
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The ‚absorption strategy‘

E.g. Hard-wiring the modified Nielsen-Identities

FI, Pawlowski, PRD 112 (2025) 10, 105005
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Thank you for your attention!


