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Topics Covered
|. Inflation Basics

ll. Perturbations

- Generation of scalar and tensor pertubations
- The horizon crossing formalism

- Comparison with data

lll. Beyond slow roll

- Ultra-slow roll inflation
- Constant roll inflation
- Horizon crossing

- Attractor behavior

V. Eternal inflation / quantum gravity
- Inflation and the string swampland

- Eternal inflation and the multiverse
- Geodesic completeness



Inflation: basics



ds® = dt* — dx”






ds® = dt* — a*(t)dx”
























ds® = a*(7) (d7° — dZ*)



The FRW light cone
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Dynamics of FRW Space




The cosmic cocktail: matter




Dynamics of FRW Space
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The cosmic cocktail: radiation




Dynamics of FRW Space

e " /i pocl/at = p=—4Hp
&._____......L . {/ p=(1/3)p

a(t) o t1/?



0 = const.



Dynamics of FRW Space
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History of the universe: abridged
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If the Lord Almighty had consulted me before
embarKing on creation thus, I should have recommended
something simpler.

Alfonso X of Castile (r. 1252-84) on the Ptolemaic system




Looking out in space is looking back in time
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The cosmic horizon
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Schema huius pramiffz diuifionis Sphararum.




History of the universe: abridged

N
RAVT
- —— QUANTUM © '
GRAND UNIFICATION
To o~ (INFLATION? BARYOGENESIS?)
g, T  (DARK MATTER FORMS7?)
ELECTROWEAK PHASE TRANSITION
17
S QUARK/HADRON
To e v PHASE TRANSITION
NUWCLE| FORM
10 NEWTRINO DECOWPLING
10 K]
o <\e:: ANNIHILATION
T MATTER/RADIATION
RADIATION DOMINATED EQUALITY
0% K— e — ; :
103K (Rscomsm;\rao;
\(— MATTER DOMINATED
2R K= T. FORM —
I STARS FORM /TODAY
AT -5 N A2
s 5 dyyw 5 S o= DARK ENERGY
x U o"’/‘v"’ﬂ o v DOMINATES
i < 4}5 = hﬁ‘
w “ D "



Recombination




Primordial perturbations

(Image: ESA and the Planck collaboration)



The horizon problem
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Vacuum energy and inflation
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Inflation makes the universe flat
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Curvature

0 k
() = =1+
3M%H? (aH)?
pe = 3MEH?
a (t) oc ¢/30+w) p=wp
() =1 Unstable: w>-1/3 a<0
(1 =1 Stable: w<—-1/3 a>0



Inflation solves the horizon problem
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Inflation solves the horizon problem
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Symmetry breaking: an analogy
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Symmetry breaking: an analogy
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Symmetry breaking and vacuum energy
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Symmetry breaking and vacuum energy
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Scalar fields and stress energy

T = pg"” + (p + p)uru”

Stress energy (perfect fluid):
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Scalar fields and stress energy

Stress energy (perfect fluid): 7" = pg"” + (p + p)utu”

hypersurface
/ orthogonal to 4-velocity
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Scalar fields and stress energy

Stress energy (perfect fluid): 7" = putu” + pA\*¥
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parallel projection: u*

orthogonal projection: A" = g + utu”

M, = (g" +utu)u, =uf —ut =0



Scalar fields and stress energy

Stress energy (perfect fluid): 7T = putu” + pA\*”

A = utd), L0
ut =
VH = A, V09" .90
j ¢ — E = ’U/Maﬂ¢



Exercise
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Scalar fields and stress energy

1. — Pressure

525 ‘—Vi(p)=p . d g

1 ds #
H:§¢ + V(o) =0p gy
T~ energy density
3
Exercise:
VHp =0

i 1,0,0,0

| ( ) /p \
comoving gauge
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Equation of motion

T = putu” + pAH”

{ p—(p+p)u,, =0 (1)
™., =0=
(Vp)* —(p+p)u* =0 (2

g"" = diag. (—LCLQ,CLQ,CLQ) = ut,, = -3 (2) = —3H
a

1.5
p=5¢"=V(o) i .

; G+3HG+ 5o =0 ()
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Slow roll
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