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1. Motivation
Dynamics in Gauss-Bonnet gravity?

Outline & Summary

We numerically investigated how the dynamics depends on the dimensionality and how the higher-order curvature terms

e Action

affect to singularity formation in two models: (i) perturbed wormhole in spherically symmetric space-time, and (ii) colliding
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scalar pulses in planar space-time. Our numerical code uses dual-null formulation, and we compare the dynamics in 5, 6

e Field equation
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and 7-dimensional General Relativity and Gauss-Bonnet (GB) gravity.

where H;m = Q[RRJJH - QR;NIR“;; - QR“.fR'H(IV.)’ + R;,”J)A" R!f{l.f’f:] - %.(;_IIIJCGB
¢ has GR correction terms from String Theory
¢ has two solution branches (GR/non-GR).
e is expected to have singularity avoidance feature.
(but has never been demonstrated.)

Both results suggest that GB correction works for avoiding singularity formation in their dynamics. We also

found that the existence of the trapped surface in GB gravity does not directly indicates formation of BH.
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Wormhole Evolutions

For wormhole dynamics, we observe that the perturbed throat will be easily enhance in the presence of GB term.

If we inject large positive energy, then the throat turns to a blackhole, but that threshold of energy becomes larger

for larger coupling constant, alpha, and for larger dimensions.

1. Motivation

BH & WH are interconvertible? initial data

S.A. Hayward, Int. J. Mod. Phys. D 8 (1999) 373

Why Wormbhole?

They increase our understanding of gravity when the usual energy conditions e Static condition

are not satisfied, due to quantum effects (Casimir effect, Hawking radiation)
or alternative gravity theories, brane-world models etc.

They are very similar -- both contain (marginally) trapped
surfaces and can be defined by trapping horizons (TH)
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Only the causal nature of the THs differs, whether THs P+ +p-=0

evolve in plus / minus density which is given locally.

They are very similar to black holes --both contain (marginally) trapped
surfaces and can be defined by trapping horizons (TH).
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Wormhole = Hypersurface foliated by marginally trapped surfaces e Solve z* and 2~ equations with the starting condition at the throat
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GB terms make wormhole unstable. Final structure depends
on the signature of coupling constant, but normal GB
prefers not to form a blackhole.
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of GB term and/or in higher-dimensional space-time, while the singularity formation is inevitable.

COIIIdIng Scalar Waves

GR 5d: large amplitude waves
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GR 5d: small amplitude waves
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This constitutes the first-order dual-null form, suitable for numerical coding.
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