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1. INTRODUCTION

The pt of inflation was introduced into logy by Guth (48)
about a decade ago. It has pnemted a remarkable degree of response,
both positive and negative, from physi By hindsight, the idea

a natural q! of the pt of the phase transition, whlch is
believed to have occurred in the very early epochs of the big bang universe,
when the breakdown of the so-called grand unification symmetry took
placc Whennwasﬁ:stproposed theconceptwnssomew’hatd.tﬁmﬂtto

, s it combi |deasl‘romparuclephynusmﬂ:thnm
from the general theory of relativity. Even today, controversy remains
about important questions, e.g.: Was there really an inflationary phase in
the universe? If yes, what was the physical mechanism behind it? Given
the mode of inflation, what tangible relics should that era have left for
today?

The Flatness Problem

* Tiny departures from (p = p.) at small ¢ (large z) grow into much larger departures
than are observed.

e Q,close to 1 at present time.
* But this requires incredible precision at start (t = 0).
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Freezing out the forces.
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Phase changes and latent heat

* Apply heat energy at a steady rate to a fixed quantity of H,O
* How does the temperature change?
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Inflation

At extremely early stage of universe:
o (~103s
¢ T~10%K
o r=ct~3x102 m
* No baryons yet

* Gravity is a separate force, but E&M,
strong, weak forces still joined (GUT)

Expansion = cooling =» “false vacuum”
* Quasi-stable energy state above true ground state
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Expansion =» cooling =» “false vacuum”
* Quasi-stable energy state above true ground state
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“So we will drop any pretensions
of connecting the generic scalar
field which drives inflation to
known physics. Making this
connection is left as a homework
problem for a future Nobel

laureate.”
from Dodelson, “Modern Cosmology”, 2003.
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Strength of scalar field =2




False Vacuum =» Inflation [CO Fig 30.4]

Fixed energy density.

Same effect as large value of
cosmological constant.
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Exponential expansion until universe
falls into true lowest energy state.

False vacuum: u = 10% J m3
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Reheating

Then, reheating.

¢ Vacuum energy density (latent heat)
gets converted back to radiation
energy.

Current energy density of CMB
radiation ( T =2.725K) :
u=al*=4x10"4 ] m?3

GUT epoch ended when T ~ 1028K
u~8x10% Jm?3
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negative pressure.

Important note: bottom paragraph on [CO pg. 1241]
says regions of zero pressure expand into regions of

[CO Fig 30.4]
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An expanding, cooling universe.

TABLE 30.2 Eras and Events in the Early Universe. The values are approximate.

Era or Event

Time

Temperature (k7°)

Planck era

Planck transition
Grand unification era
Inflation

<=5 %105 s
5x10~*s
Sha 105 SHOMOR2s

> 10" GeV
10" GeV
10" GeV to 10" GeV

R Ve 10" GeV
Electroweak era 107*sto 107" s 10" GeV to 100 GeV
Electroweak transition 107!l ¢ 100 GeV
Quark era 10" sto 1073 s 100 GeV to 200 MeV
Quark—hadron transition 10—>s 200 MeV
Neutrino decoupling 0.1s 3 MeV
Electron—positron annihilation JESEs | MeV
Big-bang Nucleosynthesis 3 min

Decoupling

379,000 yr




