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2 faces of CMB

Fundamental tests for                                                  High precision
cosmology & physics                                                          cosmology

Linear physics                                               Non-linear astrophysics
i.e. simplicity,                                                    i.e. cosmic structures
robustness 

Cosmic history
Early Universe                                                      up to late stages

and
CMB: global &                                                       Microwave surveys:
statistical information                       astrophysics & specific targets

Framework
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PIXIE NASA

LiteBird
JAXA

CORE
ESA Courtesy 

N. Mandolesi
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CORE: 
designed 

for 
many of 

these 
goals

Courtesy 
P. de Bernardis

Scientific goals of future CMB mission(s): B-modes … but not only J
à scientific return even for extremely low r=T/S

See talks by Finelli & Liguori
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CORE channels and sensitivity



rms fluctuations in T & P: CMB vs foregrounds
Change of paradigm from Planck maps

Planck in T: 81-93% sky 
coverage - 1°FWHM
c.f. common mask 78%

75-85% sky coverage
WMAP 9 Microwave sky 

complexity: more 
relevant components! 
Many parameters!
Synch: 2 +
Dust: 3 (* 2 ?)
FF: 2 (EM,Te)
Spinning dust: 
3loc+1glob
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Planck first results on 
dust polarized emission:

High observed
degree of polarization
(P/I)obs up to 18% 

Crucial for understanding 
the nature of B-mode 
polarization signal

Dust essentially everywhere à
need for space!
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Estimate 
of AME, 

assuming
pol. degree

of 2% 

Residual 
from dust 

starting from 
353 GHz for
an error in 
beta_dust 

of 0.01
Residual 

from synch
starting from 

30 GHz for
an error in 

slope of 0.02

Galaxy @ 70 GHz Sources @ 100 GHz 
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Impact of residuals foregrounds (including e.g.
subdominant components / complexity in dominant components
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CORE: lensing & delensing through arcmin resolution
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Courtesy Feeney & Errard
and Challinor 

Planck 2013-2015: 25-40 σ detection Matter distribution deflects CMB 
photons à map de-focusing

Ø Internal delensing improves σ(r) by factor
1.6-2.3 (for low r) at few arcmin resolution

Ø See Finelli’s talk
Ø CMB lensing power spectrum helps cosmology
ü - E.g., at least 4σ detection of neutrino mass 

(with DESI/Euclid BAO)
ü CORE alone σ (Mn)~44meV + Euclid ~15-20meV

Courtesy J. Lesgourgues 
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Reionization beyond approximation
Extension to all modes – EE & BB modes

From Trombetti & Burigana, 2012

13 Objects
Camilla Monga
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Dipole spectrum: CMB distortions and CIB

de Zotti et al. 2016

Courtesy 
T. Trombetti 
& C.B. 2016

v Without absolute calibration, but with only accurate relative & 
interfrequency calibration CORE will have the chance to detect CIB & 
reonization (& others?) distortions (see also Liguori’s talk) through low
multipole pattern

à Global & (almost) model independent constraints on energy dissipations

Original idea by 
Danese & de Zotti 1981
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Y map gives us lots of clusters

Courtesy E. Komatsu

Ø 3D reconstruction on very large volumes 
Ø Synergy with other experiments 

(eROSITA,Euclid, LSST, WFIRST, Athena)
Ø Velocites (kSZ) to 30,000 clusters with ≥ 5σ precision 
Ø Relativistic tSZ effect 

CORE will increase tSZ 
cluster number to 105



Detection limits for a diffraction-limited survey
In total intensity:

Given current 
sensitivities, 
confusion dominates 
detection limits

à Angular 
resolution critical

Planck HFI worse 
than diffraction 
limited

Improvements
expected even with 
smaller telescope 
but
diffraction-limited
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Predicted counts in polarization for a 1m telescope

Courtesy J. Gonzalez-Nuevo 
& M. Lopez-Caniego

Complete samples in polarization
are currently limited to:

ü some tens of radio-sources
(microwaves/mm)

ü negligible number (sub-mm) 

COrE-M5 high sensitivity in 
polarization open a new window

Simulations for COrE-M5 
suggest:

v detection of:                
thousands of sources in its
whole frequency range

v for the first time:         
hundreds of galaxies with 
intense star formation with            
polarized signal by dust grains

àUnique information on:

Ø their magnetic fields
Ø unknown origin of tight 

correlation between
IR and radio luminosities
of these objects
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1. Planck legacy will set the scene for many years
2. Time is appropriate for starting with a new CMB mission, from 

both scientific expertise and technological development
3. CMB science (“primary” & “secondary”) essential for early Universe,  

cosmic evolution, fundamental physics (see also di Serego’s talk) 
4. Crucial CMB science goals can be achieved by a focussed medium 

mission 
5. Synergy between ground & space projects

6. Space necessary for frequency coverage above 200 GHz (dust!)
7. Resolution necessary for delensing (!)
8. CORE targeted to characterize, not only detect, B-modes down to 

r ≅ 10-3 or even lower (r ≅ 2x10-4)
9. Wide set of key scientific goals & potentially immense legacy 

science “automatically” assured by this aim

Conclusions
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