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Overview

I. Black holes in higher dimensions

II. Deshpande-Lunin theory

III. Original BTZ black hole as a 
solution to D-L theory

IV. Solutions to D-L theory in non-linear 
electrodynamics in 3D
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Higher Dimensions



Black Holes in Higher Dimensions

Attempts were made to employ topological Chern-Simons term into the action

Unfortunately, general coupling does not yield analytic solutions

Parameters 4D Higher Dimensions

M Schwarzschild Schwarzschild-Tangherlini 

M, Q Reissner-Nordström Tangherlini-Reissner-Nordström

M, J Kerr Myers-Perry

M, Q, J Kerr-Newman ???



Deshpande-Lunin 

Theory



Equations for the form-fields

Deshpande-Lunin Theory

Modifies the action by adding a topological term with a dimensionless coupling constant

Employs two new non-dynamical fields

Provides charged and rotating solutions in odd dimensions

Does not affect energy-momentum tensor

Adds a current on the RHS of electromagnetic equations

𝐼 =
1

16𝜋
න 𝑅 − 2Λ + 4ℒ𝐸𝑀 −𝑔𝑑𝑛𝑥 +

𝜆

4𝜋
න 𝐴 ∧ 𝐻 ∧ 𝐾

𝑑𝐴 = 𝐹

𝑑𝐵 = 𝐻
𝐹 ∧ 𝐻 = 0

𝑑𝐶 = 𝐾
𝐹 ∧ 𝐾 = 0

∇𝜇𝐹𝜇𝜈 = 𝒥𝜈

𝒥 = 𝜆 ∗ 𝐻 ∧ 𝐾

R. Deshpande, O. Lunin, JHEP 06 (2025) 066
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Original BTZ Spacetime

Three-dimensional rotating black hole with negative cosmological constant and electric charge supported by a „static“ potential

It does not satisfy vacuum Maxwell equations…

                        BUT

It is a solution to Deshpande-Lunin theory in three dimensions !
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M. Bañados, C. Teitelboim, J. Zanelli, Phys. Rev. Lett. 69, 1849 (1992)

𝐼 =
1

16𝜋
න 𝑅 − 2Λ + 4ℒ𝐸𝑀 −𝑔𝑑𝑛𝑥 +

𝜆

4𝜋
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∇𝜇𝐹𝜇𝜈 = 𝒥𝜈

Correct charged solution was introduced in: G. Clement, Phys. Lett. B 367 70 (1996)

𝒥 = 𝜆 ∗ 𝐻 ∧ 𝐾



Original BTZ Spacetime

electromagnetic tensor is degenerate

characteristic force-free equations are satisfied

it is electrically dominated

ቋ
4𝜋∇𝜇𝑇𝜇𝜈 = 𝐹𝜈

𝛼∇𝜇𝐹𝜇𝛼 = 0
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First law and Smarr relation are satisfied.It satisfies the equations of force-free electrodynamics.

𝑑𝑀 = 𝑇𝑑𝑆 + 𝜙𝑑𝑄 + Ω𝑑𝐽 + 𝑉𝑑𝑃 + Π𝑟0
𝑑𝑟0

0 = 𝑇𝑆 − 2𝑃𝑉 + Ω𝐽 + Π𝑟0
𝑟0



NLE 
Solutions



Non-Linear Electrodynamics

Maxwell Lagrangian

Electromagnetic Tensor

Energy-Momentum Tensor

Equations of Motion

NLE Lagrangian

Electromagnetic Tensor

Energy-Momentum Tensor

Equations of Motion
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3D NLE Solutions in D-L Theory 

General solution:

Force-free electrodynamics:

𝑓 = −𝑚 +
𝑗2
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𝛼𝒥𝛼 = 0

Thermodynamics:

𝑑𝑀 = 𝑇𝑑𝑆 + 𝜙𝑑𝑄 + Ω𝑑𝐽 + 𝑉𝑑𝑃 + ⋯
d𝑠2 = −𝑓𝑑𝑡2 +

𝑑𝑟2
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Example: Regularized Conformal ED

Lagrangian:

Metric functions:

ℒ𝑅𝐶 = −2𝛽𝛼3 𝑠 +
𝑠2

2
+ ln 1 − 𝑠

𝑠 ≡ −
𝒮

𝛼4

1
4

∈ 0,1 𝛼2 = 𝛽2 =
1

𝐿

𝑓𝑅𝐶 =
2𝛼𝑄2

𝛽
− 𝑚 − 4𝑄𝛼2𝑟 +

𝑟2

𝑙2
+

𝑗2

𝑟2
+ 4𝛼3𝛽𝑟2 ln

𝛼𝑟 + Τ𝑄 𝛽

𝛼𝑟

ℎ𝑅𝐶 =
𝑗

𝑟2

𝐴𝑅𝐶 = −
𝛼𝑄2

𝛽2 𝛼𝑟 + Τ𝑄 𝛽
𝑑𝑡

Thermodynamics:



Summary

I. Deshpande-Lunin theory generates 
analytic solutions for spinning 
charged black holes in odd 
dimensions

II. Original BTZ black hole spacetime is 
a 3D solution to Deshpande-Lunin 
theory

III. Three-dimensional solutions 
employing non-linear 
electrodynamics can be constructed 
within D-L theory framework

IV. All 3D solutions satisfy equations of 
force-free electrodynamics



Thank you 

for 

your attention!

The End
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