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Ca. 1e-35 Sekunden nach dem , Urknall“ dehnte sich das
Universum innerhalb von ca. 1e-30 Sekunden um einen
Faktor von mindestens 1le+25 in alle Richtungen aus

s Inflation
(Alan Guth, 1981)
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Horizontproblem:

Raumgebiete waren zunachst kausal
verbunden

Mit der Inflation dehnte sich der Raum
uber den Licht-Horizont hinaus aus
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Flachheitsproblem:

Dichteterm in Friedmann-Gleichung dominiert
Krimmungsterm

Das Universum wird flach

Magnetische Monopole:
Anzahldichte nimmt mit Inflation exponentiell ab

Die magn. Monopole ,verschwinden®
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Das Inflaton-Feld

CLASSICAL VIEW OF INFLATION

The Ultimate Growth Spurt
Astronomers observe that the universe is expanding and has been doing so for
137 billion years. But what happened at the very earliest times, too sarly to see
directly? The leading idea is known as cosmic inflation. It supposes that the em-
bryonic universe abruptly ballooned in size. Such a growth spurt would have
ironed out any curves and warps in space, thus ining the geometry of the
universe today, and left behind slight nonuniformities that seeded galaxies.

'WHAT INFLATION DID
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The amount of growth was & even by astronomers'standards, Within #0-* second,
the universe enlarged by a factor of at beast 0™ inevery direction. It expanded at an accelerated
ratz, pulling regions of space apart faster than the speed of light.

'WHAT CAUSED INFLATION

& Energy Dersity of Inflaton Fild —> 'E

High < Stenghofifiatonfield —»  low

A relative of the magnetic fiekd, the “inflaton™ generated a repulsive gravitational force that drove
space i swell rapidly momentarily. For that i ocour, the field's enengy density had to vary with
strength such that it had  high-energy plateau and a low-eneny valley. The field evolved Bke a ball
rolling downhill. On the platesu, it essrted the repulsive force. When it hit the valley, inflation ended.

The volume of space we observe tnday was a quadril-
lionth the size of an atom when inflation began. During
inflation it grew to th size of a dime. In the billions of

years since then, space has continued to expand but at
& mellower pace, allowing structures such as galaies

tofform. (This figure is concaptual and not to scale )
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Voraussetzung:

Negative Zustandsgleichung

p=—p

Skalares Feld ¢
ple) = %aﬁhé{?wgﬂf(w}
pe) = 297 <Vl ~ V().

Mit ,,slow-rolling approximation“ &
Ignorieren raumlicher Inhomoaenitaten

o' < V(p), (Vo) < V(p)
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Um ausreichend flaches Potential zu
erhalten

Sehr enger Parameter-Bereich flir A (~1E-15)

Problem: Anfangsbedingungen fur Inflation extrem
unwahrscheinlich = , Schlechte Inflation” viel
wahrscheinlicher
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PROBLEM #1: "BAD"” INFLATION

Inflation was s
ing the ¢

" ar more parameters, abb
e would be “bad™-—-a huge volume

of k produ
sity and po

B
z
&
e
=




Argelander-
Institut
far
Alh
XOs Astronomie

Roger Penrose:

Einige Konfigurationen fuhren zu
Inflation und >>flacher Geometrie<<

Andere ergeben ohne Inflation ein
flaches Universum

,Paukenschlag”: Konfigurationen OHNE
Inflation 10100 mal wahrscheinlicher

Gibbons & Turok (2008):

Extrapolationen zeigen, dass Universum ohne
Inflation wahrscheinlicher ist!



Quantenfluktuationen
des Inflaton-Feldes

Durch die rasche Expansion werden
Quantenfluktuationen zu groflsen Skalen hin
»,aufgeblaht”

- ,Samen” fur heutige Strukturen

— Problem: Ewige Inflation
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The Abyss of Infinity

Inflation is known for making precise predictions that have

Jede Ausreilser-Region ruft weitere onrebbbe et deastin
‘Where it does end, a bubble nucleates and grows. We live in

Ausreilser hervor —» Die Inflation dauert scha bbbl ity et v yungec v, an

finite number of bubbles form with an infinite variety of prop-

L] erties. Bverything that can happen does happen in some bub-
ewig an! bbb i

»In einem ewig inflationaren Universum .
geschieht alles, was Uberhaupt
geschehen kann; es geschieht sogar
unendlich oft.” (Alan Guth, 1981)

- Frage 1: Ist unser Universum nur die
Ausnahme von der Regel?

- Frage 2: Kann das Modell Vorhersagen
machen, wenn es im Endeffekt ALLES
vorhersagt?
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Weiteres Problem

— Die Anfangssingularitat!
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Alternative:
Das Zyklische Modell

- 4D-Branen in 5-D Raumzeit
- Paralell-Brane

- Ruckprall nach Kontraktion

- In Kontraktionsphase j » .
werden AureilSer immer

Expansion

kleiner Zyklisches

Universum ,‘E,
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Weit hergeholt?

Concentric circles in WMAP data may
provide evidence of violent pre-Big-
Bang activity (V.G.Gurzadyan, R.Penrose,
2010)



http://arxiv.org/find/astro-ph/1/au:+Gurzadyan_V/0/1/0/all/0/1
http://arxiv.org/find/astro-ph/1/au:+Penrose_R/0/1/0/all/0/1

Paralleluniversum
entdeckt!!!



Vielen Dank!
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