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The Planck legacy

Planck: a great success

— (top and 5 out of the 10 most cited papers in physics, astronomy and archive-eprint,
as given by SAO/NASA ADS, over the period Jan. 2013 — Dec. 2013).

— near-ultimate CMB temperature anisotropies mission

— good measurement of the power spectrum of polarization anisotropies caused by
density perturbations (E-modes).
— much science beyond the primary anisotropy C, spectrum and parameters
* CMB science: lensing; anomalies; primordial non-gaussianity
* Non CMB cosmology: galaxy clusters; Cosmic Infrared Background...
* Astrophysics: interstellar medium
* Non-CMB science: 3/4 of the science papers, 1/2 of the citations
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Next : Polarisation B-modes

Objective: CMB B-modes (primordial and lensing)
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Many proposed Post-Planck CMB missions
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Next : Polarisation B-modes

B?=1/2 for B ,=6'
B2=1/2 for B =3.5'

Objective: CMB B-modes (primordial and lensing)
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COrE+ : First goal

Inflation
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Inflation

Many models exist.
Single scalar field inflation in the slow roll approximation:
Inflation occurs by a scalar field slowly rolling down a potential

V(9)

> P

Inflation generates scalar (density) and tensor (gravitational-wave) perturbations
with amplitudes, power spectra depending on slow roll parameters:

2 2
¢ — My "V n = Mp1" Vo
212 %4

November 25, 2014 J. Delabrouille - COrE+

4
Mp1™ Ve Vsse
V2

€2 =

9



Inflation — slow roll models

scalar spectral index nS — ]_ — 277 — 66

tensor spectral index ny — —26
dn,

running — —1667’} —|— 2462 —|— 252
d Ink

consistency relation r ~ 16e ~ —Snt

Measuring those parameters yields constraints on the inflationary
potential and hence on the physics of inflation
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B-modes detected !

BICEP2: Ade et al., PRL 112, 24, id.241101 arXiv:1403.3985
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B-modes detected !

Ade et al., PRL 112, 24, id.241101 arXiv:1403.3985

BICEP2: B signal
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Dust B-mode C
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Planck estimate of dust B-modes in BICEP2 field
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CMB B-modes and inflation
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e CMB with and after Planck
==) ¢ Science beyond primary CMB

November 25, 2014 J. Delabrouille - COrE+




CMB lensing

Inflation
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Lensing potential power spectrum
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Reconstruction of the lensing potential

Planck 2013 results. XVII.

Galactic North Galactic South

The reconstruction is noisy (S/N =0.6 — more noise than signal here)
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Reconstruction of the lensing potential
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* Polarization: 3 observables for 3 unknown (temperature 1 for 2)

* High-fidelit IY reconstruction of the LOS integral of the gravitational

potential a

the way to recombination.

* Connected to a map of projected mass.
 Complementary to Euclid, which is limited to redshifts < 1.5.
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Temperature & Polarisation CMB C,

plot adapted from J. Carlstrom’s P5 talk
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Constraining the neutrino sector

4.8

Planck+WP+highL
Planck+WP—+highL+BAO

COrEe+

4.0 -
%
=
3.2 -
3.046 --------
A mission such as COrE+
54 could measure il
' the neutrino hierarchy !

| | |

0.0 0.2 0.4 0.6 0.8 1.0

60 rr:weV 2m, [eV]




Outline

=

November 25, 2014
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e Science beyond primary CMB
e Why a space mission ?
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Comparison of the sky background
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Sensitivity comparison
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Reject foreground contamination

B?=1/2 for B ,=6'
B2=1/2 for B =3.5'

Objective: CMB B-modes (primordial and lensing)
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Atmospheric emission
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e CMB with and after Planck
e Science beyond primary CMB
e Why a space mission ?
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COrE+ and ESA M4 call

ESA M4 call for a medium mission.

— Budget 450 M€ (ESA) + National contributions for the science payload (including international
contributions, e.g. from NASA);

— Call issued August 19, 2014; Proposal due January 15, 2015;
— If pre-selected, definition phase from 2015 to 2018.
— Selection in 2018; Launch in 2025.

Primary objectives:
— primordial B-modes,

— N 2M,, Y, all extensions to the standard model of cosmology impacting CMB maps or
spectra.

Strong interest and support in European countries for such a future CMB mission,
e.g.
— CMB polarization top in France prospective plan for space science;

— PRISM evaluation: " The SSC was fully convinced of the great importance of the core CMB
science and encourages the CMB community to consider proposing this science for a future
M-class mission.”
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COrE+ light

OBJECTIVE: Most of the CMB polarization S Precession axis
. ] in axis ind ~ 0-
science, at reduced cost and low risk. (pe,,-ogzl_z min.) (period = 2-3 days)

Optical axis

e ——————p

OPTION: ESA mission

(ESA member states only) Non-deployable

shields

=2000 detectors total (x75% in CMB channels);
3 years of observation;

CMB polarization sensitivity = 2.2 pK.arcmin;
Data rate = 3 Mbit/s after compression;

Large lissajous orbit around Sun-Earth L2;
Mass and size compatible with Soyuz launch;
Budget 550 M€.

Acceptable solar

illumination .
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COrE+ extended

OBJECTIVE: Ultimate CMB poIarization Precession axis

o ) . Spin axis jod = 2-3 d
mission, and extensive non-CMB science. (period = 1-2 min.) (perio R )

Optical axis

OPTION: ESA mission with

substantial international Solid inner '|. Deployable
. . shield -, Shields
contribution, e.g. NASA, JAXA
: . # Deployabl
~6000 detectors total (x65% in CMB channels); /‘ﬁ’;‘:b €

3 years of observation;

CMB polarization sensitivity = 1.3 pK.arcmin;
Data rate = 15 Mbit/s after compression;
Large lissajous orbit around Sun-Earth L2;
Mass and size compatible with Soyuz launch;
Budget 700 M€.

*. panels

Acceptable solar

illumination .
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Extragalactic
Astrophysics

Interstellar medium
(magnetic field)
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Detection of the cosmic web
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Conclusion

November 25, 2014

Let’'sdoit!
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