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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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Black Holes in Higher Dimensions

Parameters Higher Dimensions
M Schwarzschild Schwarzschild-Tangherlini
M, Q Reissner-Nordstrom Tangherlini-Reissner-Nordstrédm
M, ] Kerr Myers-Perry
M, Q,] Kerr-Newman 33

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

® Unfortunately, general coupling does not yield analytic solutions
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Deshpande-Lunin Theory

R. Deshpande, O. Lunin, JHEP 06 (2025) 066
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® Modifies the action by adding a topological term with a dimensionless coupling constant

® Employs two new non-dynamical fields Equations for the form-fields
® Provides charged and rotating solutions in odd dimensions dA = F
FAH=0
® Does not affect energy-momentum tensor dB =H
B FAK =0
® Adds a current on the RHS of electromagnetic equations \ilc =K
VR = gV

J=21x(HAK)
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Original BTZ Spacetime

M. Bafiados, C. Teitelboim, J. Zanelli, Phys. Rev. Lett. 69, 1849 (1992)

® Three-dimensional rotating black hole with negative cosmological constant and electric charge supported by a ,,static” potential

dr?
ds? = —fdtz +T+ Tz(d(p + hdt)z 1=F1nf(R—2A+4£EM)\/—_gd"x+%TfA/\HAK

rz  j2 r ' r w — qv dA=F  pan=o0
f= +J——m 2021In{— h=2, A=qmn(l)dt Vo =3 g
1z o 2 7o FAK =0
J=2A+*(HAK) dCc =K
® It does not satisfy vacuum Maxwell equations... ¢ dt  tdr
Correct charged solution was introduced in: G. Clement, Phys. Lett. B 367 70 (1996) B=—, H=———,
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® It is a solution to Deshpande-Lunin theory in three dimensions ! 2jQ 3
J=="730
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Original BTZ Spacetime

It satisfies the equations of force-free electrodynamics. First law and Smarr relation are satisfied.
®  clectromagnetic tensor is degenerate dM =TdS + ¢dQ + QdJ + VdP + Il dry
1 0=TS—2PV+0QJ +1I, 7
P = 2By FAV=0
m Q Ty
. characteristic force-free equations are satisfied M=, ¢ =—=In|—/,
8 2 i
4TV, TH = FY ,V,F* = A ¢ T T_rf—] — Q*1°r§
Fuv JV UV R = 27T7'+ 2 )
o . [T AN I i
. it is electrically dominated 4’ 72’ ro T 4
1 Q?
§=-F,F¥W = —-—=-E*<0 1
2 W 72 V=nr{ P=



NLE

Solutions




Non-Linear Electrodynamics
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® Maxwell Lagrangian

L_s
M™ 9

® Electromagnetic Tensor
ky =0,4, — 0,4,

® Energy-Momentum Tensor

Tuv:i FUapv _1 Wg FaB

® Equations of Motion

VMFMV — JV

A
j(R—2A+4LEM)\/_—gd"x+EjA/\H/\K

® NLE Lagrangian
Lye = L(S)

® Electromagnetic Tensor

0L
D. =

v —2§F

uv

® Energy-Momentum Tensor

ruv =~ L (gpm pva 2 _ Lo
41T @ 0S

® Equations of Motion

V,D¥ = g



3D NLE Solutions in D-L Theory

® General solution:

dr?
ds? = —fdt? + N + r2(de + hdt)?
jtort . J
f:_m+7‘_2+l_2+f h=7”_2

A == —¢Odt

® Force-free electrodynamics:

vﬂDuv = Jv a

® Thermodynamics:

dM = TdS + ¢dQ + QdJ + VdP + -
0=TS—2PV +QJ + -

m f'(ry) Ty
M=—=, T= . s=—1,
8 41T 2
Jj Jj 1
O =— = — = — D
re’ J 4’ ¢ ZﬂJ* ’

1
b=5¢o(n),  V=mr,




Example: Regularized Conformal ED

® Lagrangian:

2
Lpc = —2pa? <s + > + In(1 — s))

1

S \4
sz(—;) cO)  [@?]=[p=

® Metric functions:

2002 F2 2
fre = ,BQ —m —4Qa’r + +i—2 + 4a3Br?1n
J
hre = 72
aQ?
Ape = — dt
k™ B2ar +Q/B)

® Thermodynamics:

OIM=T0S+ ¢dQ+ Q6J + VoP+ 11,0+ 115003
|

|
0=T7T5+QJ-2PV— EHG‘Q — E]’[g;ﬁ’

1 m Try : 1
! _M T y_a2, po L
T:ﬁ;c[mf] _ e a*Q(Q+2apr.)

A 2w 2 T(Q+ abry)

j3_+hﬁ&;mg(Q+a&4)‘

2w Or
<ar+Q/ﬁ> , " , ﬂé:+
P J J - /"
ar a=2, 7= 4= —
1;_""_ 4 7 2(BO+aftry)

afr, 453 (afry + Q)

0, = Lod2 1og ((@Br=+ Q) _ Q(Q'+Qapr, +2075r%)
g = 70 1, log ﬂf."j-r+ - 4}32 (ﬂ'.ﬁf‘_ n Q]
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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
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