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Inflation;

a period of superluminal expansion
of space In the early universe

ds® = —dt* +a° (1Z)dX2 FRW universe

a‘(t) — eXp( H Ot) H, = Hubble rate during inflation

~ constant




Inflaton:

Homogeneous scalar field ¢ responsible
for superluminal expansion

p =39 +V(p) SOVl SM SH = p

constant Hubble if @ in slow roll  [ZEESIVA(%)

equation of motion in FRW  [SlmI/R='A ((0) =0




slow roll inflation
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guantum fields fluctuate

field = collection of oscillators, labeled by momenta k

#(X,1) = ¢ (1) + 0g(X, 1)
\

perturbation <§¢(X, t)> =0

with <5¢(x,t)2> #0

can compute

‘ initial condition for evolution of (classical) wave in expanding universe



inflaton fluctuations

time

perturbation freezes
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locally Minkowski (Bunch-Davies)

slow roll » almost scale invariant spectrum of perturbations



From field perturbation to temperature fluctuation

during slow roll /0 ~ V (¢)
field perturbation ‘ 5,0 ~V' (¢) §¢ density perturbation

(but need to worry about gauge invariance)

When the dust has settled ...

slow roll single field inflation predicts the primordial spectrum of
density perturbations



SLOW ROLL SINGLE FIELD INFLATION

spectral index slow-roll parameters << 1.
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primordial gravitational waves Pgrav

gravity + plasma physics in the early universe

slow roll single field inflation predicts the spectrum of
observable CMB temperature fluctations
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Planck: channels
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Planck-satellite temperature map of 380 000 yr old universe

<T>=2.725 K + O(10%) K

. differences of order few 10~ K
hot and cold regions



Planck CMB spectrum
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Large number of inflaton models

Y
V =M s[ij chaotic inflation \j
M P
_ A4 @
V=A exp[_/l M j power law inflation \
P
(Dp
V=A*1-2+..
m P hilltop inflation /‘5\

etc






inflation: massless slow rolling scalar m << H.

other massless scalars ?

several inflatons

spectators £ <54

can play a dynamical role after inflation

inflation all light fields fluctuate

perturbation oo ~ H.



origin of the dominant curvature perturbation:

1) during inflation
single field inflation

multifield inflation
2 field ... Nflation

2) after inflation
- curvaton models
- modulated reheating

- modulated end of inflation

NO THEORY OF INFLATION - YET



