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Simple Question:

Does there exist a formalism for electrodynamics and its non-linear 

generalizations, which is analogous to the Palatini formalism of 

General Relativity and its extensions and modifications?

Answer for Maxwell is easy and simple: Yes

Answer for NLED: Yes, but not as simple
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Maxwell Lagrangian and Field Equations – First Order
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(+B. Kockel, 1935)



Why NLED?

• Answer 2: QED radiative corrections; Euler‐Kockel‐Heisenberg (1935‐
6)

• Answer 1: less singularities; Born‐Infeld (1934)

• Answer 3: regular black holes; Ayon‐Beato & Garcia (2000)…
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Some simple NLED solutions – Second order formalism
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Electric Field and Energy density Profiles
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“spectroscopic” 
color code:
red‐small,  
blue‐large



(E decreases with n)
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Simple Example: Polynomial Electrodynamics in 1st Order

=

Purely electric fields:

Spherically‐symmetric solutions:

“healthy”  solutions:

Total field energy diverges.
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Spherical electric Black Holes:

all RN‐like except Q=0



Palatini Nonlinear Electrodynamics (PNLED)
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Gravitational profiles: fixed M, varying Q.

• S‐like and RN‐like solutions.

• Notice the solution with finite f(0). It is 
NOT regular BH.
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Gravitational profiles: fixed M, varying Q.

• S‐like and RN‐like solutions. And more:

• For n=2, solution with finite f(0). It is NOT a 
regular BH.

• For n=3, a new intermediate family exists with 
2 inner horizons
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Define also:                                   such that                                           
and:            

such that: 

and             given as a function of               as:                

m
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Thermodynamics: temperature and entropy

Spherical symmetry:

Dimensionless temperature:
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Entropy:

Lines of constant mass for n=2 
only (left):

Lines of constant T for n=2 (solid) and n=3 (dashed):

Lines in s‐q plane



What Next?
• Systematic study of PNLED beyond       .
• Causality constraints, ghosts?
• Birefringence and light propagation
• Black hole solutions and their main properties: 
electric, magnetic, dyonic, (non‐) rotating,  
mass‐charge‐horizon relations, temperature, entropy…
particle trajectories and light rays

• Regular black holes?
• Cosmology – beyond  Rassanen&Verbin, Open Journal of Astrophysics, 
6 2023 [2211.15584]
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Thank you for your attention
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Additional Slides



Maxwell Lagrangian and Field Equations – Second Order
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