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@ Given some spacetime (Map, guv)
Myp 4D smooth manifold, g Lorentzian metric

@ GYOTO integrates the equation of geodesics

T 50%0 = 0

@ Geodesics: timelike or null (+ spacelike also possible)
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What is it used for?

@ Doing astrophysics

@ Light curves, spectra, images

@ of "stuff" around typically black holes / neutron stars
°

Metrics implemented so far:

rotating black hole,

rotating stars and neutron stars,

few compact alternatives to black holes in GR,

few black holes of alternative gravity theories.

What it could be used for?

@ Visualization of spacetimes
@ Probably the most interesting for you with Sage!
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Example: timelike geodesic

Eichier Affichage Aide ‘
System|: 1 ( 0.6192, 0.2841) Particle type
® star O Photen

Metric parameters

Type Kerr v

Spin param. |0,995000000000
Mass 4000000

Initial conditions

r, 10,791000000000
Hn 1,570796326795

0,000000000000
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t 0,000000000000

drydt 0,000000000000
dodt 0,000000000000

dp/dt  {0,016664000000

Projection
PALN -180,000000000000
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Inclination  |120,000000000000

Phase -120,000000000000

B A A EE

Distance  |8,00000

Integration parameters

t, 3000,000000000000 b
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Example: timelike+null geodesics

Image primaire
Image secondaire
Image tertiaire
Image quatemaire
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X' = const.

Gourgoulhon (2007), arxiv 0703035

Numerical spacetimes (3+1 formalism)
@ Intrinsic geometry: 3-metric ~;

@ Extrinsic geometry: ‘
extrinsic curvature tensor Kj, lapse N, shift 5’

@ Lorene: computes these quantities for a given spacetime
www.lorene.obspm. fr

Frédéric VINCENT The GYOTO code: introduction


www.lorene.obspm.fr

Equation of geodesics in 3+1

@ GYOTO can also integrate the 3+1 equations of geodesics

i
d;; = NV -§ (1a)
dvi f i k i 3ri vk
= NVI |V (§InN = K V) + 2K, = 3T} v

1N — V19;3" .
Vincent, Gourgoulhon, Novak, CQG, 29, 245005 (2012)
@ or equivalently the 4D usual equation

XM T xexP = 0

with Christoffels computed from 3+1 metric quantities
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Conclusion of introduction

@ GYOTO is a geodesic integrator (it is also an integrator of the GR
radiative transfer equation, but probably not interesting for you)

@ it can be easily used with any 4D analytical metric
@ it also handles 3+1 numerical spacetimes.
@ Now: the numerics (Thibaut)
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