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56 Dark Matter and Structure Formation

Table 1.6. Inflation Summary

PROBLEM SOLVED

¢ Horizon Homogeneity, Isotropy, Uniform T

® Flatness/Age Expansion and gravity balance

® “Dragons” Monopoles, doman walls,. .. banished

® Structure Small fluctuations to evolve into galaxies,

clusters, voids

Cosmological constant A > ( = space repels space, so the more space the more
repulsion, = de Sitter exponential expansmn a e‘/“‘

Inflation is exponéntially accelerating expansion caused by effective cosmological
constant (“false vacuum” energy) associated with hypothetical scalar field
(“inflaton”).

FORCES OF NATURE Spin
Known { Gravity ‘ 2
Strong, weak, and electromagnetic 1
Goal of LHC Mass (Higgs Boson) 0
Early universe Inflation (Inflaton) 0

Inflation lasting only ~10732%s suffices to solve all the problems listed above.
Universe must then convert to ordinary expansion through conversion of false to
true vacuum ( “re-”heating).
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60 Dark Matter and Structure Formation

Table 1.7. Linde’s Classification of Inflation Models

® How INFLATION BEGINS

Old Inflation  Tipitial high, ¢in & 0 is false vacuum until phase transition
Ends by bubble creation; Reheat by bubble collisions

New Inflation  Slow roll down V(¢), no phase transition
Chaotic Inflation  Similar to New Inflation, but ¢;, essentially arbitrary:

any region with 24? + 1(8;¢)2 < V(¢) inflates
2ny reglon Wi 39 T a\%ie) S Y .

Foecore i

Extended Inflation  Like Old Inflation, but slower (e.g., power a o t7),
so phase transition can finish

® POTENTIAL V(¢) DURING INFLATION

Chaotic typically V(¢) = A¢", can also use V = Ve%?, etc.
N Saxtl, p=16r/a’ > 1

® How INFLATION ENDS

First-order phase transition — e.g., Old or Extended inflation
Faster rolling — oscillation — e.g., Chaotic V(¢)?A¢"
“Waterfall” — rapid roll of o triggered by slow roll of ¢

® (RE)HEATING

Decay of inflatons
“Preheating” by parametric resonance, then decay

® DBEFORE INFLATION?

Eternal Inflation? Can be caused by
e Quantum §¢ ~ H/2m > rolling A¢ = ¢At = ¢H ' m V|V
e Monopoles or other topological defects
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