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INVITATION

WHY
GLOBAL

EXISTENCE
IN

NONLINEAR 
ELECTRODYNAMICS

?
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INVITATION

Lew. D. Landau (*1908, † 1968)

1954

Gauge invariant photon propagator
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INVITATION

Lew. D. Landau (*1908, † 
1968)

1954

perturbative Landau pole
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FUNCTIONAL RENORMALIZATION GROUP

FRG: nonperturbative 
method for QFT studies

Effective 
action

Microscopic 
action
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FUNCTIONAL RENORMALIZATION GROUP

IR

UV

WETTERICH EQUATION

(WETTERICH `92, MORRIS `94)
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FUNCTIONAL RENORMALIZATION GROUP

IR

UV

FIXED POINT EQUATION
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FRG SETUP & EFFECTIVE ACTION

Maxwell action in vacuum:

field strength
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FRG SETUP & EFFECTIVE ACTION

Maxwell action in vacuum:

⊆

Nonlinear electrodynamics:

derivative
expansion
scheme:

fundamental local 
U(1) invariants

⊆

W-Rot.

P-Inv.

Euclidean action:
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FRG SETUP & EFFECTIVE ACTION

Maxwell action in vacuum:

⊆

Nonlinear electrodynamics:

derivative
expansion
scheme:

fundamental local 
U(1) invariants

⊆

W-Rot.

P-Inv.

Euclidean action:

continuous scale-
dependence

re-definitions: scale-dependent & gauge-fixed effective action:

etc. …

12/2312/24



FRG FLOW

FRG: assume the existence of a flow equation for       .

Regulator:

Field space projectors

scale-dependent & gauge-fixed effective action:
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FRG FLOW

Projection on 𝑤𝑘  (field strength homogeneity)

RG time
derivative

Scaling contributions
Loop level contributions
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GLOBAL FIXED FUNCTIONS

Q: What are global fixed functions?

EAA of any theory:

collection of d.o.f.
dimensionless 

Lagrangian density

Assume existence

of a flow equation Define RG time:

RG stationarity condition:

Fixed Function Equation (FFE)

FFE: PDE for fixed function;
 global solution in the mathematical 

sense defines a global fixed function.
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TRUNCATIONS

Partial differential eq. • contains derivatives of fixed function, 
• highly nonlinear

Flow equation for nonlinear electrodynamics:
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I. Theory Space 
Truncation

II. Field Space 
Projection

Discard dependence on the 
pseudo-scalar invariant:

Restrict on self-dual 
field configurations:
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WILSON-FISHER PROCEDURE

Inspired from the Wilson-Fisher fixed point solution; 
O(1,ℝ) Ising model in 1+2 dimensions

EAA ansatz:
scale-dependent,  
dimensionless 
effective potential

FFE:
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WILSON-FISHER PROCEDURE

Expansion for
small fields:

Inspired from the Wilson-Fisher fixed point solution; 
O(1,ℝ) Ising model in 1+2 dimensions

18/2318/24



WILSON-FISHER PROCEDURE

Very similar to 
shift-symmetric 
scalar fields

de Brito, Knorr & 
Schiffer (23):
no legitimate 
solutions to flow 
equation

Inspired from the Wilson-Fisher fixed point solution; 
O(1,ℝ) Ising model in 1+2 dimensions

Expansion for
small fields:
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NLED
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η-PERSPECTIVE

Instead of tracing successive sub-truncation orders (Wilson-Fisher), 
consider the anomalous dimension as an external parameter.

Fixes all coefficients of 
small field expansion

Expansion for large 
values of invariant

constant free 
parameter

unknown 
coefficients

e.g. 1-loop pert. theory of 
photon field: 
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η-PERSPECTIVE

21/23

Full global fixed function
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LINK TO GRAVITY

Gies, Salek (’22): Asymptotically Safe Hilbert-Palatini Gravity in an On-Shell Reduction Scheme

EoM for 
connection:

„gravitational 
field strength“ 

Construct 
theories 
similar to 
local U(1)
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SUMMARY

Globally existing fixed function for 
pure      -dependencies.
⇒ No Landau singularities in strong 
field regime of NLED.

How does this result extend to 
more general/complete systems?

First derivation of full functional RG flow for NLED.

THANK YOU FOR LISTENING!
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