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THE PLANCK SATELLITE
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THE PLANCK SATELLITE

Second cosmology data
release in 2015, built from
the full-mission
temperature and
polarization observations
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CONSTRAINTS ON THE PRIMORDIAL SPECTRUM
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assumes no tensor modes
k: = 0.05 Mpc"!

0.9655 +/- 0.0062 (PlanckTT+lowP)
0.9645 +/- 0.0049 (PlanckTTTEEE+IowP)
0.9677 +/- 0.0060 (PlanckTT+lowP+lensing)

HZ spectrum excluded at 5.6c in ACDM from PlanckTT+lowP
Strongly disfavoured also in simple extensions (e.g., ACDM+N )




2016 POLARIZATION DATA

New large-scale polarization data has been released in May 2016
(Planck int. res. XLVI)
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2016 POLARIZATION DATA

New large-scale polarization data has been released in May 2016
(Planck int. res. XLVI)
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CONSTRAINTS ON THE PRIMORDIAL SPECTRUM

Allowing for a running of the spectral index (and possibly running of the running)

. ) ns—1+idns/dinkin(k/k.)+%d*ns/dInk?*[In(k/k.)]?

% Planck 2013 | dns/dlnk =
B Planck TT+lowP

mm pionck 1T rEeesowe | - 0.0084 +/- 0.0082 (PlanckTT+lowP)
no running - 0.0057 +/- 0.0071 (+TEEE)
- 0.0033 +/- 0.0074 (+ lensing)
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Running spectral index dng/dInk
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Preference for negative values is driven
by lack of power at large scales
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CONSTRAINTS ON THE PRIMORDIAL SPECTRUM

Allowing for a running of the spectral index (and possibly running of the running)

. ) ns—1+idns/dinkin(k/k.)+%d*ns/dInk?*[In(k/k.)]?

When running of the running is allowed:

n, = 0.9569 +/- 0.077
dn/dink = 0.011 +/- 0.014
d?n /dInk? = 0.029 +/- 0.016

Other models with suppression of power at large scales (e.g. exponential
cutoff) fit the data but are not preferred wrt ACDM



CONSTRAINTS ON TENSOR MODES
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Primordial tilt (ng)

Fooo, < 0.18 (0.10 with BKP)
dn/dink = 0.013 +/- 0.010



Tensor-to-scalar ratio (r)

0.2
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CONSTRAINTS ON TENSOR MODES

= Planck TT+|0WP+BAO:ACDM+r+Neff
B Planck TT+lowP+BAO:ACDM+r

0.94 0.96 0.98
Primordial tilt (ns)

= Planck TT-+owP+BAO:ACDM+r+Nopp + mSiE

v, sterile

1.00

Constraints can be relaxed in extended models
(e.g oo < 0.20 in ACDM+r+Q, +dn /dInk)
See Planck 2015 XX



Tensor-to-scalar ratio ()

CONSTRAINTS ON TENSOR MODES

| | | . .
B Planck TT+owP+BAO:ACDM+r+ Negy + mEf i1 Constraints can be relaxed in extended models
= Planck TT+IowP+BAO:ACDM+r+Neff
I | (e.g oo < 0.20 in ACDM+r+Q, +dn /dInk)
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SINGLE FIELD SLOW-ROLL INFLATION
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SINGLE FIELD SLOW-ROLL INFLATION
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SINGLE FIELD SLOW-ROLL INFLATION

Table 6. Results of the inflationary model comparison. We pro-
vide Ay? with respect to base ACDM and Bayes factors with AlNB~w = 2.3
respect to R? inflation. NBox = 4.

corresponds to
In Box odds of |0:1

Wint = 0 Wint # 0 Wint = 0 Wint # 0

Inflationary model Ax?

R+ R?/(6M?) +0.8 +0.3 ... +0.7
n=2/3 +6.5 +3.5 2.4 -2.3
n=1 +6.2 +5.5 -2.1 -19
n=4/3 +6.4 +5.5 -2.6 -2.4
n=2 +8.6 +8.1 -4.7 -4.6
n=23 +22.8 +21.7 -11.6 -114
n=4 +43.3 +41.7 -=-23.3 -=-22.7
Natural +7.2 +6.5 -24 -2.3
Hilltop (p = 2) +4.4 +3.9 -2.6 -2.4
Hilltop (p = 4) +3.7 +3.3 -2.8 -2.6
Double well +5.5 +5.3 -3.1 -2.3

Brane inflation (p = 2) +3.0 +2.3 -0.7 -0.9
Brane inflation (p = 4) +2.8 +2.3 -04 -0.6

Exponential inflation +0.8 +0.3 -0.7 =09
SB SUSY +0.7 +04 22 -1.7
Supersymmetric a-model  +0.7 +0.1 -1.8 -2.0

Superconformal (m = 1) +0.9 +0.8 -2.3 -2.2
Superconformal (m # 1) +0.7 +0.5 -24 -2.6




SINGLE FIELD SLOW-ROLL INFLATION
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POTENTIAL RECONSTRUCTION BEYOND SR

Potential is expanded around
¢« at order n=2,3,4
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With more freedom in the potential,
an initial phase of “marginal slow
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Ill

still fits the data and allows for

a larger tensor-to-scalar ratio.

However, statistical significance is
low — no higher order derivatives
are needed




PPS RECONSTRUCTION

Pr(k) = A, (k) exp [ (k)
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not statistically significant (less
than 2c level)

Similar results obtained with
different methods.



ADIABATICITY OF INITIAL CONDITIONS

0.006

purely adiabatic Adiabatic initial conditions are strongly
favoured (AInB < - 5 for nearly all models
and data combinations)
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Running spectral index dng/dIn k

SUMMARY
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/ Planck data are consistent with purel
adiabatic initial scalar pertubations
with a nearly scale-invariant power-
law spectrum

Consistent with single-field slow-roll

\ inflation
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- isocurvature modes
- running of the spectral index

- primordial non-gaussianities

- features in the primordial PS
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