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Our main Goals

« Check the robustness of inflation to its initial conditions.

« Explore the non-linear dynamics from highly inhomogeneous
cosmologies. While considering only a single scalar field.

e Learn and derive some conclusions from it.
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« There are many models of inflation, we didn't test them all.
[ e.0. see Encyclopoedia Inflationaris, arXiv: 1303.3787 ]
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Outline

Brief introduction to inflation

How we simulate it?

Results

Future prospects
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|.C. for inflation:

HISTORY OF THE UNIVERSE
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|.C. for inflation:

HISTORY OF THE UNIVERSE A
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|.C. for inflation:

HISTORY OF THE UNIVERSE
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The concept for the above figure originated in a 1986 paper by Michael Turner.
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|.C. for inflation:

HISTORY OF THE UNIVERSE

- « Inflation is a hypothetical phase
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Accelerators
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cosmic rays
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the Universe
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» Naturally solves Big Bang problems:
— horizon problem
— flatness problem
— lack BB relics

— Provides seeds for LSS
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|.C. for inflation:

HISTORY OF THE UNIVERSE A
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|.C. for inflation:

« The main idea of inflation

FLRW :
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|.C. for inflation:

« The main idea of inflation

FLRW: 72!

a 4 1
a:—gﬁ(f”r?)p) + GR... d>0—>w:&<——

Py 3

« Single scalar field inflation:

What if not in FLRW?
i.e. gradients?
kinetics?
Unforeseen GR effects?

Fine-tuned?
W
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|.C. for inflation:

« The main idea of inflation

FLRW: 72!

a 4 1
a:—gﬁ(f”r?)p) + GR... d>0—>w:&<——

Py 3

« Single scalar field inflation:

Does inflation still it work?
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|.C. for inflation:

« The main idea of inflation

FLRW: 72!

a 4 1
a:—gﬂ(PJr?)p) + GR... d>0—>w:&<——

Py 3

« Single scalar field inflation:

Does inflation still it work?

YES!
It's basically unavoidable.

7 o
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GR simulations with scalar fields :

« What we do them?

T
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GR simulations with scalar fields:

« How we do it?
— 3+1 decomposition Einstein eq.

—ao2dt? + Vij dz' + p'dt ) dz? + 37 dt)

1
RMV — §gluyR — 87TTMV

T
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GR simulations with scalar fields:

e How we do it?

— 3+1 decomposition Einstein eq.

1
RMV — §gluyR — 87TTMV
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GR simulations with scalar fields:

« How we do it?
— 3+1 decomposition Einstein eq.

— Constrains Equations (ICs)

1 — Evolution equations
RMV — §gluyR — 87TTMV

o
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Simulation results :

e
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Simulation results :

» Interesting variables for inflation:

7 1 1
g _ _ga?) (N s 47T/0 (§ -+ w@)) -+ (gauge terms)

— The necessary conditions for an accelerated

exponsion of the universe : . Energydensity
of the metric
4
W <—l N < |12 L Nochh
© 3 < ™ g + Wy (VERZY

o)
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Simulation results:

« Dynamical Equation of State::

5
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Simulation results :

- Evolution of Wy, P, 3\ (ECMS) ;

lmd.l': le+04 !P' pr = 3e-10 !?I?,‘

Amax — 1e404 1, py = le-10 mﬂ

—_— fit: Weca® o=-2.01%0.05
fitt peca™ a=-50=+0.05

Amax = 1e404 [, py =9e-11 mj,‘

—_— it Weca® o=-1.80.02
fitt peca®™ a=-398 +0.02
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Simulation results:

e Pre-Inflation BHs

by
Kination

AT = 1e+06 [, py =3e-12 nr)

Super-Hubble
(confirmed by the AH-finder)

Mpy ~10—10° Mp;

P

W= le+0d I, py =3e-10 m;f

Sub-Hubble
(not found by the AH-finder)

Mpy ¥
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Simulation results

Mpp ~2-10* Mp

— (0,850

— 10,4245

Do PIBHs
—004167 facilitate
__0.5079 inflation onset?
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Toke home message

« Simualted many ICs, different scenarios:

® pllo) = Parad
® plto) = piin

Generate ECMs!

(vector&tensor metric modes)

1072 1073 3 10~ 10-14

D

EHOITIEE,

Cristion Joana (UCLouvain-CURL)



Toke home message

« Simualted many ICs, different scenarios:

o lto) = Pnd : — Inflation is robust

® /o) = Piin
— Formation of
ECMs and PIBHs

Generate ECMs!

(vector&tensor metric modes)

1072 1073 3 10~ 10-14
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Observables?

« Decay rates ....
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Observables?

« Decayrates... Noxa
& metric components?
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Observables?

« Decayrates... Noxa
& metric components?

If inflation last just

N ~ 60 efolds! Maybel ﬁ
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shear

j hi1 + hoo + hss — 3
6.498e-05
4,132e-05

Max: 7.680e-05
Min: 2.94%9e-05

tensor

hi1—hao

5704605
4558605

Max: 0.0001391
Min: -6.610e-05
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|.C. for inflation: Summary (key points)

« We extended the analysis on the initial conditions for
Starobinsky/Higgs inflation (and alike)

« We simulated varius plaussible configurations of the
pre-inflationary era. Including Kination domination.

» Large perturbation in the scalar field induce pertubations
in the metric sector (ECMs) and may produce PIBHs.

 Inflation prevails robust!
ECMs and PIBHs may give as a more complex picture of

the Pre-inflationary eral (_\
,/? 33

Cristian Joana (UCLouvain-CURL) EHOTIEE



A paper is coming very soon!

* Late October/ Beginning of November...

Inhomogeneous initial conditions for inflation:
A wibbly-wobbly timey-wimey path to Salvation

m after an
:115'! pl'ﬂflll(:"‘

the field potential
potential of platean-type, fav

INTRODUCTION

In the inflationary paradigm, the Universe undergoe
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Thank you |
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Back up




Inhomogeneous initial conditions for Inflation:

A wibbly-wobbly timey-wimey path to Salvation.

A journey through:
Kination phases, space-time waves & black holes

[Coming soon: arXiv : 2011.XXXX]
with S. Clesse and C. Ringeval
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|.C. for inflation: Initial data

. ICs in terms of energy scale (p]) & perturbation length (L):

L < grid size

In previous
works

s
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ds® = —a’dt*+;; (dﬁidt + d:z:”:) (dﬁjdt 4 d;cj)

atr}/’éj - Ld’)’u — —2(}.‘K3‘j

Conformal decomposition:

. 5
Vi = e & Ky =€ Azﬁg%m




The (341) decomposition of the Einstein equation raises four constrain

equations, given by

1 L
0=H=R+ AyA7 -

0 — M; _ e—b@)Dj (6()@)443?3)

(with R =e~ 3 D, D .e® 5 le—4op )
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e Flatness Problem: The big bang model doesn’t explain why the Uni-
verse seems so flat. (|2 o] < 0.005)

k
W= —

a2

QU = HQ(1 + 3w) Qr N ~ 1071°

(). = 0 — unstable e Bl o 1093
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