
Contact

Regular black holes from a nonlinear electrodynamics 
free from fractional powers of 𝑭𝝁𝝂𝑭𝝁𝝂 

o Black holes in Einstein’s GR have spacetime singularities.

o Why is singularity a problem?

o One possible remedy is regular black hole.

What is regular black hole (RBH)?

I. Singular spacetimes are not physical.

II. Physical quantities cannot be defined at singularities.

III. Fate of gravitational collapse of stable structure is unknown.
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o Einstein’s equation for point charge source,
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o No horizon
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o Divergence at 𝐸 = 2/𝜂 or, 𝑟 = 0

o  A naked singularity

Simultaneous resolution of field and spacetime singularities is a great achievement

Source field Spacetime solution

Magnetic monopole (singular) Regular Black hole (non singular)

Electric charge (non singular) Naked singularity (singular)

A typical RBH
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Flat spacetime analysis of matter termShortcomings of the existing models RBHs 
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Problems of the 
matter terms 𝐿(𝑭)

𝐿(𝑭) has fractional 

power of ‘𝑭’
Original objectives of 
NLE are not fulfilled

I. Restricted to magnetic field 
only, in nature negative 𝐹 exists

II. Gravitational coupling with 
electric source not doable

I. Removal of matter field 
singularities

II. Finiteness of self-energy of a 

point charge

Our objective 

The new metric and its matter source 
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;     𝐹𝜃𝜙 = 𝑞𝑚  sin 𝜃

o Curvature invariants:
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Nature of the metric:

o 𝑔2  =  0, singular metric

o  𝑟 → 0, a de-Sitter core  

o  𝑟 → ∞ asymptotically flat

o 𝑔2 < 0.5 𝑏0
2, Double horizon

o 𝑔2 = 0.5 𝑏0
2, Single horizon 

o 𝑔2 > 0.5 𝑏0
2, Horizon-less

o Weak field limit,  L 𝑭 ≈ −𝛾𝑭 + 5𝛾𝜂𝑭𝟐 − 9𝛾𝜂2𝑭𝟑 + 𝛾𝑂(𝜂3)

o Flat space equation of motion:  

o 𝐷 =
𝜕𝐿

𝜕𝐸
= 𝜖𝑖

𝑗
𝐸𝑗,  𝐻 = −

𝜕𝐿

𝜕𝐵
= 𝜇−1

𝑖
𝑗
𝐵𝑗

o Energy of a point charge:
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o 𝐿(𝑭) shows vacuum birefringence

o Causality and unitarity conditions are upheld.
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o Electric field due to a point charge:
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The electric solution
Construct a RBH with 𝐿(𝑭) free 

from fractional power of 𝑭
Original aims of NLE are met

No fractional 

power !!

no black
hole
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Nonlinearity of the Lagrangian is encoded 
via an ‘anisotropic medium’

Similar to Born-Infeld

model !!

𝜂 ≪ 1, linear behaviour

Finite electric field at 𝑟 → 0

Finite self-energy of point charge

Asymptotically flat

Diverges at 𝑟 → 0
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