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Outline

* Connection to previous lectures
* Inflation

 Solving problems

* Generating perturbatinos
 CMB polarization

* qualitative

 E/B-modes and inflation and BICEP-II



Correlations

e Structure in the universe has a power
spectrum.

e CMB: C; or D, at z=1100
e |SS: P(k,z)

 Not discussed the initial conditions
for differential equation of &k z).



Correlations

* Spectrum if universe was made of white noise, 2-point
correlation vanishes:
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Correlations

e But white noise in what? Look at e.g.
GR Poisson equation:

Vo 247TGNCL2 (1) PO,
Py (k)ock® P, (k)

o If P(k)=k», origin may still be
uncorrelated system
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Harrison-Zel’dovich

* Horizon: light can travel at most
dy=c t, with t age of universe.

* What is the amplitude of <(50/0)’> of a mode with A1=d,2
o Assume it is « t*n (otherwise there is a preffered epoch)
e if n < 0: divergence in past, local universe is Black Hole

* if n > 0O: divergence in future, local universe is Black Hole in
future

e Only ‘non-special time’ if <(d0/0)’> at A=d,, x constant

e Translates to P(k) < k
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Horizon problem

e Conformal time:
ds® = — dt* + a(t)? [dr® + r*d6* + r° sin® 0d¢” |
ds® =a(t)? [—dr? + dr* + r*d6* + r* sin” 0d¢”]

e Photons travel on ds°=0 or dr= +dr.
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Horizon problem

e Conformal time:
ds® = — dt* + a(t)? [dr® + r*d6* + r° sin® 0d¢” |
ds® =a(t)? [—dr? + dr* + r*d6* + r* sin” 0d¢”]

e Photons travel on ds°=0 or dr= +dr.
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Horizon problem

* If radiation domination since Big Bang
(z=2)

 CMB decouples att = 380.000 year
> CI|-| =50 kpc

(physical distance, not comoving)
e at z= 1100
* Angular scale: 0.3°
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Horizon problem

* If radiation domination since Big Bang
(2=

* du = 50 kpc

(physical distance, not comoving)

e Angular scale: < 1°

* Why is CMB so uniform?
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» Spatial curvature:

2
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Horizon problem solved

* Big bang is still at z=eo

* More space time pushed into our light
cone

* One way of phrasing it: our Universe
stems from a much smaller patch of initial
space time, blown up to big proportions
by inflation, hence it is causally connected.
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Scalar inflation
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Scalar inflation
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goo —a?(7) {1+ 2¢(%,7)}
goi = a’(r)wi(Z.7),

9ij — CLZ(T) {[1 — 2¢(f7 T)](S’ij T X’ij(fv 7-)} ;

scalar



Perturbations in GR

go = —a>(r) {1+20(&,7)}
goi = a’(T)wi(Z,7),

gij = a (1) {[1 —20(& 71)]6;; + x5 (T, 7)} ,

scalar @8 Scalar + vector + tensor
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Perturbations in the
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Perturbations in the
scalar field and in g,

d3k . .
o(rx) = [~ [ m)bee™™ i () e
(2m)
bk — [A)k, bi’; — [A?l];,

by, b, | = 6% (k — k')
bl

5L 9
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Sk 2 OV Apl? — |Bel® = 1.

up (1) x e”*T = A, =1, B, =0.
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Perturbations in the
scalar field and in g,
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Perturbations in the
scalar field and in g,

SN _\°  H?
Pr (k) = (5—5¢> = — o kST
¢ T p € k=aH
d ([ H?
s — 1= HZ(:—1)dN ( € ) = et
32 16H>
PT:<59¢23'>:2>< m—%l<¢2>: m2, xX kT, ny = —2¢.

note: n < 0

[following Will Kinney’s lecture notes arXiv:0902.1529]
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10+1)C' (uK?)

11+1)CR (uK?)

Scalar Tensor
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[Durlier, arXiv:astro-ph/0109522]



Knowns and unknowns

 Scalar perturbations give V'(¢), but
not V() and hence Hi.

* Need tensors for Hiu.
* tensor spectrum is strictly red.

* Blue tensor spectrum would falsify
inflation.



Not talked about

e Multi-field inflation:

* turns in frajectories

e Gaussian or not Gaussian



