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Energy conditions and their consequences

We consider n(³3) dimensions in the units 8pG=c=1
the Einstein equations Gmn=Tmn
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In GR, the SEC is equivalent to the timelike convergence condition (TCC)
TCC: Rmnvmvn³0 for any timelike vm
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p: pressure
r: energy density
um: four-velocity of the fluid element 
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Hawking-Ellis type of Tmn and energy conditions
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(Santos, Reboucas, Teixeira ’95, ‘04, Hall, Reboucas, Santos, Teixeira ’96)



Can always be diagonal by choosing q as 
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can be diagonal by choosing q as but
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• For each type, the canonical form of T(a)(b) is obtained by local Lorentz transformations (Martin-Moruno & Visser ‘17)
• Equivalent representations of the energy conditions for each type are available (HM & Martinez ‘20) 



Equivalent representation of the energy conditions

Characteristic equation to obtain eigenvalues



Equivalent representations of the energy conditions

Characteristic equation to obtain eigenvalues



Type III matter field violates all the energy conditions

Characteristic equation to obtain eigenvalues



Type IV matter field violates all the energy conditions

Characteristic equation to obtain eigenvalues
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Result (HM ‘21) : The matter field on the horizon is of type I if r’’(xh)=0 and of type II if r’’(xh)≠0

Basis one-forms

Single null coordiantes



Energy conditions for various matter fields





All the ECs are satisfied if and only if the scalar field is real (e = 1) and massless (V=0)



The result for Maxwell field has been recently generalized for a p-form field 
(Bernardo-Brahma-Faruk ‘22)

where



Non-negative functions

Energy-momentum tensors

Associated current vector(A=1,2,…,p)



If the scalar field satisfies an energy condition, the Proca-dilaton field satisfies as well



Spacelike shell
(e=1)

kn=8pG, hmn: Induced metric on S
Kmn:  Extrinsic curvature of S,  e: Signature of S
tmn : Induced energy-momentum tensor on S



Lightlike shell S

m: surface density
jA:  surface current (A=2,3,…,n-1)
p: isotropic surface pressure

where

Null generator of S

induced metric on S

en
A is a basis pointing transverse direction to the generator



• Rotating pressureless null shell is of type III
• This result can be used in any gravitation theory in arbitrary dimensions
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Applications in modified gravity







A model building study









Rotating Dymnikova BH for m mex

4 non-degenerate Killing horizons in - <r<
The ring (r,q)=(0,p/2) could be a p.p. curvature singularity
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