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Motivation
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FLRW Universe
Background FLRW: 

Perturbed FLRW metric in Newtonian gauge: 
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Exponential Expansion



Scales
Frozen outside the Horizon!



Slow Roll



Inflationary Models
Chaotic scenario 

Natural Inflation 

Hilltop scenarios 

Non-minimally coupled Higgs-like scenario  

V (�) = V0 [1� cos(�/f)]

V (�) =
�
�
�2 � v2

�2

4
⇣
1 + ⇠�2/M2

pl

⌘2

V (�) / �2

V (�) = V0 [1� (�/µ)p]

v = 0

⇠ ! 1

⇠ ! 0 V / �4

R2
Starobinsky



Fundamentals of Inflation
Attractor solution 

Final state independent of the initial conditions 

Exponential acceleration 
Solves the Horizon, Flatness and Monopole problems 

Predictions 
Perturbations seed (adiabatic/isocurvature)  

Nearly scale invariant power spectrum 

Stochastic background of gravitational waves 



Implications of Inflation
Curvature perturbation in Fourier space:
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Implications of Inflation
Curvature perturbation in Fourier space:

r =
Pt(k⇤)

PR(k⇤)
Pt(k) = At

✓
k

k⇤

◆nt+...

PR(k) = As

✓
k

k⇤

◆ns�1+ 1
2! ↵s ln(k/k⇤)+ 1

3! �s(ln(k/k⇤))
2+...

k⇤ = 0.05Mpc�1

Nearly scale invariant power spectrum:
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Nearly scale invariant power spectrum:

Predictions for single field slow-roll Inflation:
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CMB Anisotropies

A,B = T,E,B

Intensity, I ) T

Polarization, Q, U
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CMB Anisotropies
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CMB anisotropies
Perturbations and Thompson Scattering:

Hu (background.uchicago.edu/)

Kosowski 96’
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CMB anisotropies
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CMB Spectra

Hu (background.uchicago.edu/)
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The sky in radio

Planck 2015 I



Foreground Contamination

Planck 2013 I
` = 200



Foreground Contamination

Planck 2013 I
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Foreground Contamination

Planck 2014 XXX

⌫ = 353GHz

r = 0.2



Experiments Specifications
Mission Channel FWHM �T �P

(GHz) (arcmin) (µKCMB·arcmin) (µKCMB·arcmin)
30 32.7 203.2 287.4
44 27.9 239.6 338.9
70 13.0 221.2 298.7
100 9.9 31.3 44.2

Planck 143 7.2 20.1 33.3
217 4.9 28.5 49.4
353 4.7 107.0 185.3
535 4.7 1100 -
857 4.4 8300 -
45 23.3 5.25 9.07
75 14.0 2.73 4.72
105 10.0 2.68 4.63
135 7.8 2.63 4.55
165 6.4 2.67 4.61
195 5.4 2.63 4.54
225 4.7 2.64 4.57

CORE 255 4.1 6.08 10.5
285 3.7 10.1 17.4
315 3.3 26.9 46.6
375 2.8 68.6 119
435 2.4 149 258
555 1.9 227 626
675 1.6 1320 3640
795 1.3 8070 22200 ESA 2025?



CMB likelihood
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` )2

!
� ĈTT
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� ĈBB

`

CBB
`

� 3

�F ' 0.01COrE

�F  0.1Planck



Foreground Spectra
Synchrotron:

CS
` = AS

✓
`

`S

◆↵S
✓

⌫

⌫S

◆2�S

�S = �3.00± 0.05↵S = �2.5± 0.02`S = 100⌫S = 0.408GHz



Foreground Spectra
Synchrotron:

Dust:
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Noise Spectrum
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Forecast: Fisher matrix formalism
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Consistency check



Implications of Inflation
Curvature perturbation in Fourier space:
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Results 
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Results
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Results
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Conclusions

1) CMB anisotropies: 
Powerful tool 

Observational limitations 

2) Results: 

3) Prospects: 
a) Study the anomaly: Dark Energy, non-standard scenarios? 

b) Large Photometric Survey? Basse et al. ‘15

�sns r ↵snt



Thanks for your attention!
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BICEP2: Dust Confusion

Planck 2014 XXX

r = 1



Planck Data

Planck 2013 I
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