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Introduction

Carter-Penrose diagrams

Visualisation of spacetime slices

= constant

Carter-Penrose diagrams:

@ include the whole spacetime via a
coordinate compactification,

@ use a conformal transformation,
2~
Gab = Q Gab;
o illustrate causal properties,

@ show how the chosen coordinates
(t,r) foliate spacetime.
— t = const
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Schwarzschild black holes

Wormbhole to trumpet geometry in puncture evolution

P PN

Punctures, (Baumgarte,
2011, Class. Quantum
Grav. 28 215003; Hannam
et al, 2008, Phys.Rev. D78
064020).
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Schwarzschild black holes

Schwarzschild trumpet CMC slices

=0

[Kemel =1 |Kemel = 2

— t =const — t =const

-- r = const
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Introduction
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Numerical evolution of spacetime slices

Evolve the Penrose diagram quantities

e The ingoing and outgoing null coordinates, u =t — 7#,v =t + 7,
satisfy the advection equations

Ou = —cyOpu, Ow=—c_0w with cg= (ia X —BT) ,

(from the Eikonal equations, g"* = ¢V, uVyu = 0 = g*".

e Evolve instead

1 1
=-(v— T==(u+
R 2(11 u), 2(u v)

for hyperboloidal compactified initial data:

X

rr

OR=B0,R+a, /WX aT, T =p0T+a|0R.

e Plot T as a function of R in a Penrose diagram
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Schwarzschild

[ Je]

Gauge relaxation

Evolution of hyperboloidal trumpet slices
R=0 it
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https://www.dropbox.com/s/as9f4hoh6ai7geb/penrelax.gif?dl=0

Schwarzschild

oe

Gauge relaxation

Comparison between CMC and relaxed slices
R=0 i"
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Collapse

Collapse: change in slices
R=0

f—i-
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Collapse
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Metric variables and scalar field

Evolution: y, /7, «, 7", ® /)
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https://www.dropbox.com/s/zfq6zbcunt0y0qa/collapse.gif?dl=0

Collapse

o0

Hyperboloidal slices

Evolution of collapse hyperboloidal slices
R=0 i
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https://www.dropbox.com/s/6lzkt6k2fklvlnn/colm5.gif?dl=0

Collapse
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Hyperboloidal slices

Different initial slices
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Conclusions

Summary

Penrose diagrams are a very useful tool for the visualisation of
spacetime foliations.

Here they were used to represent hyperboloidal slices of
Schwarzschild trumpet and collapsing spacetimes.

o Now able to depict the dynamical evolution of hyperboloidal
spacetime slices due to gauge dynamics and collapse.

Ongoing work:
e Kerr hyperboloidal trumpet.
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Conclusions

Summary

@ Penrose diagrams are a very useful tool for the visualisation of
spacetime foliations.

o Here they were used to represent hyperboloidal slices of
Schwarzschild trumpet and collapsing spacetimes.

o Now able to depict the dynamical evolution of hyperboloidal
spacetime slices due to gauge dynamics and collapse.

e Ongoing work:
e Kerr hyperboloidal trumpet.

Thank you for your attention!

Questions?
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