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Singularity Formation

in n-dim Gauss-Bonnet gravity

Outline & Summary
Dynamics in Gauss-Bonnet gravity?

o Action We numerically investigated how the dynamics depend on the dimensionality and how the higher-order curvature terms
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affect to singularity formation in two models:

e Field equation

(i) colliding scalar pulses in planar space-time, and (ii) perturbed wormhole in spherical symmetric space-time.
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Our numerical code uses dual-null formulation, and we compare the dynamics in 5, 6 and 7-dimensional General Relativity

¢ has GR correction terms from String Theory

e has two solution branches (GR/non-GR).

¢ is expected to have singularity avoidance feature.
(but has never been demonstrated.)

and Gauss-Bonnet (GB) gravity.

(1) For scalar wave collisions, we observe that curvarure evolutions (Kretschmann invariant) are milder in the presence of
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GB term and/or in higher-dimensional space-time.
(2) For wormhole dynamics, we observe that the perturbed throat will be easily enhance in the presence of GB term.

Both suggest that the thresholds for the singularity formation become higher in higher dimension and/or in presence of

GB terms, although it is not evitable.

Colliding Scalar Waves

_ Colliding ScalarWaves  CollidingScalarWaves
GR 5d: large amplitude waves

GR 5d: small amplitude waves

Initial data:

flat background, normal scalar field =0, 7 = aexp(—b(z — ¢)?) on x_ = 0 surface, where z = 7 /\/2
=0, 7_ = aexp(—b(z —c)?) on v, = 0 surface, where z = 7 //2

Field Equations (1)
Formulation for evolution [dual null]

n-dimensional, dual-null coordinate, 2 + (n — 2) decomposition
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positive energy input --> BH formation negative energy input --> throat inflates

in GB

§d GR vs Gauss-Bonnet instability appears

This constitutes the first-order dual-null form, suitable for numerical coding.
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