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 HL GRAVITY AND CAUSAL ANOMALIES

We are investigating the following questions:
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HOŘAVA-LIFSHITZ GRAVITY

● Quantum Formulation:

Power-counting renormalizable;

Ultra-high energy scales (trans-Planckian).

● Causal Structure of Space-Time:

ADM formulation (space and time splitting);

Lifshitz anisotropic scaling (no local Lorentz invariance).

● Compatibility with General Relativity (GR)

GR to be recovered at low and medium energy scales 

(sub-Planckian).



V Workshop Challenges of New Physics in Space
4

Gödel-Type Universes and Chronology Protection in Hořava-Lifshitz Gravity

VIOLATION OF CAUSALITY IN GENERAL RELATIVY

● Godel-type Space-Times

● ST-Homogeneity

● Closed Time-like curves

M.J. Rebouças and J. Tiomno, Phys. Rev. D 28, 1251(1983)
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VIOLATION OF CAUSALITY

● Classes of Godel-type Space-Times

● Hyperbolic Class

● Critical radius

● Causal circle

M.J. Rebouças and J. Tiomno, Phys. Rev. D 28, 1251(1983)

VIOLATION OF CAUSALITY IN GENERAL RELATIVY
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VIOLATION OF CAUSALITY

● Trigonometric Class

● Critical radius

● Causal circles (altenating with non-causal circles)

G(r) x r

VIOLATION OF CAUSALITY IN GENERAL RELATIVY



V Workshop Challenges of New Physics in Space
7

Gödel-Type Universes and Chronology Protection in Hořava-Lifshitz Gravity

VIOLATION OF CAUSALITY

● Linear Class

● Critical radius 

● Causal circle

VIOLATION OF CAUSALITY IN GENERAL RELATIVY
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CAUSAL STRUCTURE OF SPACE-TIME 

Two interconnected physically signicant ingredients:

1 - the space-time geometry, which may include 
non-causal regions;

2 - the gravity theory, which involves the field equations and 
the matter source.

We investigate Gödel-type models in HL gravity in two steps:

1 - Gödel-type geometries in the ADM framework of HL gravity;

2 - Solutions of HL gravity with Gödel-type spacetime metrics 
and their matter contents.

Gödel-Type Universes and Chronology Protection in Hořava-Lifshitz Gravity
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DYNAMICAL VARIABLES OF HL GRAVITY

Framework of HL gravity:
ADM splitting of space-time in space and time

Space-time metric recast in the ADM framework:

 .

ADM dynamical variables:
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GÖDEL-TYPE METRICS IN HL GRAVITY

ADM restrictions on the Gödel-type metric:

ADM restrictions on closed time-like curves:
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 CHRONOLOGY PROTECTION IN HL GRAVITY

this result is valid for any theory in the ADM framework.
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GÖDEL-TYPE SOLUTIONS IN HL GRAVITY

Now we arrive at our second step::

    Solutions of HL gravity with Gödel-type spacetime metrics 
and their matter contents.

Does HL gravity admit Godel-type solutions in the chronology 
preserving regions?

We examine this question for the hyperbolic class (         ), 
         which has the most important solutions in GR:

(1) The Godel solution, where                  ;

(2) The only causal Godel-type solution, where                 .

The matter content considered is a perfect fluid. 
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GÖDEL-TYPE SOLUTIONS IN HL GRAVITY

To simplify the calculations  we define new  (Cartesian)         
                    coordinates:

where the Gödel-type metric is given by
. 
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GÖDEL-TYPE SOLUTIONS IN HL GRAVITY

The  ADM Variables for the Gödel-type metric in Cartesian 
coordinates

The chronology preserving interval 
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GÖDEL-TYPE SOLUTIONS IN HL GRAVITY

The Lagrangian for the HL gravity we consider is 
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GÖDEL-TYPE SOLUTIONS IN HL GRAVITY

The HL Field Equations 

Perfect Fluid with energy-momentum tensor
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GÖDEL-TYPE SOLUTIONS IN HL GRAVITY

 The solution is outside the chronology preserving interval 

Solution of the HL Field Equations 
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GÖDEL-TYPE SOLUTIONS IN HL GRAVITY

Conclusions 

HL gravity excludes  
perfect fluid solution with 

Gödel-type hyperbolic metrics in the 
allowed chronology preserving region. 

This results holds regardless of the equation of state
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