The Planck Legacy: Inflation and

the Origin of Structure in the Universe
George Efstathiou KICC
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PLANCK FREQUENCYMAPS

THE CMB AS SEEN BY PLANCK
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Statistics of the CMB:
2-point: power spectrum
3-point: bispectrum
4-point: trispectrum
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Planck lensing map
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.. and beautiful lensing spectra

TT, TE, EE, EB, TB spectra
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Other science .....

O Clusters of galaxies

QO infrared luminous and radio galaxies

O cosmic infrared background

O synchrotron, free-free and “anomalous’
dust emission

O Galactic dust emission in temperature and
polarization

0 Maps of CO emission, evidence of “dark’ Hl

0 Magnetic field structure of the Galaxy

O Cold “clumps’ in our Galaxy

=

Baryon density (Q,h?)

Cold dark matter density (Q.h?)
Angular scale of acoustic peaks
(6)

4. Amplitude of fluctuations (A,)

5. Spectral index of fluctuations (n,)
6. Reionization optical depth (1)
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BASE ACDM MODEL
Parameter TT TT,TE,EE+lensing
Q,h? 0.02212+0.00022 0.02237%0.00015
Q.h? 0.1206+0.0021 0.1200+0.0012
1000. 1.04077+0.00047 1.04092+0.00031
T 0.0522+0.008 0.0544+0.0073
N, 0.9626+0.0057 0.9649+0.0042
Ho 66.881+0.92 67.36x0.54
Q. 0.321+0.013 0.3153+0.00073
Og 0.8118+0.0089 0.8111+0.0060
Z,o 7.50+0.82 7.67+0.73
...and so cosmology is done!
Planck 2013:

* good agreement with Planck lensing
e consistent with BAO
e ~20 tension with la SNe
e« ~2.50 tension with Hy X X 3.80 AGR etal
* tension with measures of og including:
weak lensing >
cluster counts 2
redshift space distortions

Some skeptics have even doubted the fidelity of the Planck
data!
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Baryon Acoustic Oscillations (BAO)

Forward distance ladder Riess etal
Ho= 73.52 £1.62 km s Mpc?
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Inverse distance ladder
Lemos etal arXiv:1806.06781

Planck and BICEP
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Single field inflation:

V() = A
1-n,=(a+2)/N, r=4a/N
For n,=0.965, N=60, a=2.2,r=0.15

e = (% /1610) (V//V)?, 1 = (M /8T0)(V"/V)
n=1-6g+2n, r=16g, n,= -2¢/N

Generically would expect

1-ns~ 1/N
r ~ 1/N

otherwise we need to ‘fine-tune’ the potential
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Are ljjas, Steinhardt and Loeb right?

Yes! Inflation is an incomplete theory
Initial conditions,
Measure problem,
Infinities

No! This does not mean that inflation is ‘in
trouble’.

It just means that there are many, many
open problems in cosmology,

and we should acknowledge this when we teach
inflation.
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The scientific results that we present today are a product of
the Planck Collaboration, including individuals from more
than 100 scientific institutes in Europe, the USA and Canada.
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