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see talk “CMB in Chile” tomorrow
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[ talk by Daniel Baumann] 
Observations are in remarkable agreement with single-field slow-roll inflation:

• Super-horizon fluctuation 
• Adiabaticity 
• Gaussianity 
• ns < 1 
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zooming at the 10-7 level
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zooming at the 10-7 level
➤ but we want gravitational waves in addition!

Exploring Cosmic Origins with CORE: Inflation  
F. Finelli, M. Bucher et al., JCAP, 2017

The Best Inflationary Models After Planck 
J. Martin, C. Ringeval, R. Trotta, V. Vennin, 
JCAP, 2014



gravitational lensing = increase of B-modes power at 
small angular scales
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astrophysical and instrumental systematics: the biggest 
challenges for the new generation CMB projects
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BICEP2 / Keck Array VI: Improved Constraints On Cosmology 
and Foregrounds When Adding 95 GHz Data From Keck Array 

Keck Array and BICEP2 Collaborations

r < 0.07 @ 2σ
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fsky=50% — 100GHz
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fsky=50% — 100GHz
70GHz
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Characterization of 
foreground emission 
at degree angular 
scale for CMB B-
modes observations  
N. Krachmalnicoff, C. 
Baccigalupi et al (2016)

Foregrounds cleaning, option #1 : avoid them?

+ Polarized galactic 
synchrotron and dust 
emission and their 
correlation 
S. K. Choi, L. A. Page 
(2015)
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Planck 2015 results. X. Diffuse component separation: 
Foreground maps, The Planck collaboration, A&A, 2015
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1. estimation of the mixing matrix A
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see talk by Jean-Loup Puget this afternoon
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Errard, Stivoli and Stompor (PRD, 2011)

Statistical error bars on spectral parameters:

15

Rendition of parametric max-likelihood component separation 
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Amplitude of statistical foregrounds residuals:
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Rendition of parametric max-likelihood component separation 
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JE, Feeney, Peiris and Jaffe (JCAP, 
2016)

Combination with delensing and cosmological parameters estimation:

Rendition of parametric max-likelihood component separation 
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Optimization Study for the Experimental 
Configuration of CMB-S4  
D. Barron et al., arXiv:1702.07467



J. Errard — measuring - r — Firenze 2017

σ(
r)

σ(
N e

ff)
 

• 	Framework	to	op-mize	overall	instrumental	configura-ons	 
• 	Connec-on	of	science	and	instrumental	configura-ons	 
• 	Op-mum	is	broad,	and	aperture	size	of	4-6m	is	a	good	number.	 
•  Itera-on	over	the	model	needed.		

	What’s	expensive?	Which	part	of	the	cos-ng	has	large	uncertainty?	
	Which	part	of	the	instrumental	configura-on	requires	more	thoughts?	(e.g.,	LF	instruments)	 

• 	Foreground	complica-on	to	be	included,	e.g.	polarized AME,	synchrotron	curvature,	etc.

17

Optimization Study for the Experimental 
Configuration of CMB-S4  
D. Barron et al., arXiv:1702.07467
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xForecast  Stompor, JE, Poletti (PRL, 2016)
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laws (e.g. power-law synchrotron and 

gray body dust)  
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(frequencies, 
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FWHM, etc.)
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xForecastR. Stompor, JE and D. Poletti (PRD 2016, 1609.03807)
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xForecast

iterative delensing

R. Stompor, JE and D. Poletti (PRD 2016, 1609.03807)
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toy example  
• with priors from Planck on β, fit for single {βd,βs} only 
• and few frequency bands from the ground 
• on the cleanest fsky=5%
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2yrs w/ 20% efficiency



J. Errard — measuring - r — Firenze 2017

noise

input frequency 
foreground-only 
maps

total BB

average 
foregrounds 

residuals
primordial B-

modes (r=0.001)

bias on r ~ O(0.001-0.01) 
σ(r) ~ O(0.01)

toy example  
• with priors from Planck on β, fit for single {βd,βs} only 
• and few frequency bands from the ground 
• on the cleanest fsky=5%

95+150+220GHz

11870
11870

5930

se
ns

iti
vi

ty
 in

 
po

la
riz

at
io

n 
[u

K-
ar

cm
in

]

frequency [GHz]

21

2yrs w/ 20% efficiency



J. Errard — measuring - r — Firenze 2017

noise

input frequency 
foreground-only 
maps

total BB

average 
foregrounds 

residuals
primordial B-

modes (r=0.001)

bias on r ~ O(0.001-0.005) 
σ(r) ~ O(0.005)

95+150+220+245GHz

11870
11870

5930

5930

se
ns

iti
vi

ty
 in

 
po

la
riz

at
io

n 
[u

K-
ar

cm
in

]

frequency [GHz]

22

toy example  
• with priors from Planck on β, fit for single {βd,βs} only 
• and few frequency bands from the ground 
• on the cleanest fsky=5%

2yrs w/ 20% efficiency
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• with priors from Planck on β, fit for single {βd,βs} only 
• and few frequency bands from the ground 
• on the cleanest fsky=5%

2yrs w/ 20% efficiency
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toy example  
• with priors from Planck on β, fit for single {βd,βs} only 
• and few frequency bands from the ground 
• on the cleanest fsky=5%

2yrs w/ 20% efficiency
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* 2 dust components, curvature on 
synchrotron, polarized AME

toy example  
• with priors from Planck on β, fit for single {βd,βs} only 
• and few frequency bands from the ground 
• on the cleanest fsky=5%

2yrs w/ 20% efficiency
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with COMPLEX* SKY!
* 2 dust components, curvature on 

synchrotron, polarized AME

toy example  
• with priors from Planck on β, fit for single {βd,βs} only 
• and few frequency bands from the ground 
• on the cleanest fsky=10%

2yrs w/ 20% efficiency
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with COMPLEX* SKY!
* 2 dust components, curvature on 

synchrotron, polarized AME

toy example  
• with priors from Planck on β, fit for single {βd,βs} only 
• and few frequency bands from the ground 
• on the cleanest fsky=10% 1

2

3

2yrs w/ 20% efficiency
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One should not forget about point sources!

• “careful treatment is required for CMB B-mode polarization observations if the tensor-to-scalar 
ratio, r, is ≪ 10−2”

• In general, the compact source contribution does not impact the large angular scales (near the reionization peak), 
but can play an important role on intermediate and small angular scales where the lensing-induced B-mode signal 
is present (Curto et al. 2013). 

Exploring Cosmic Origins with CORE: B-mode Component Separation  
M. Remazeilles et al, JCAP, 2017

27
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Exploring cosmic origins with CORE: gravitational lensing of the CMB  
A. Challinor et al, JCAP, 2017

Effect of foregrounds on lensing reconstruction and delensing

+ =

28

+ see also Fantaye, Baccigalupi, Leach, Yadav (2012)
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Exploring cosmic origins with CORE: gravitational lensing of the CMB  
A. Challinor et al, JCAP, 2017

Effect of foregrounds on lensing reconstruction and delensing

+ =

bias
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+ see also Fantaye, Baccigalupi, Leach, Yadav (2012)
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The telescope's view through one realization of turbulent, wind-blown, atmospheric water vapor.

Cumulative daily maps of the sky temperature and polarization at each frequency showing how the atmosphere and 
noise integrate down over time.

29

Modeling Atmospheric Emission for CMB Ground-based Observations  
JE et al.

The Astrophysical Journal, Volume 809, Issue 1, article id. 63, 19 pp. (2015) arXiv:1501.07911

see talk by 
Julian Borrill
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Conclusions and (ideas for discussion during the coffee break)

• showing that one can robustly measure r=O(0.001) is very challenging given the latest 
foregrounds modeling;


• lensing (and atmosphere) are also foregrounds that new generation CMB projects have to deal 
with;

30

A(β)

A(β,β’)• cleaning foregrounds is unavoidable to 
detect r and one of the biggest 
challenges for upcoming CMB data 
analysis;


• component separation is about making a 
trade off between degrees of freedom in 
the modeling and the statistical error 
budget;

A(β)

adding 
new 
d.o.f.
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instru
mental 

design

foregrounds 

complexity

analysis/cleaning method 

• frequency bands 
• sensitivities 
• angular resolution 
• calibration! 
• fsky • include spatial variations of spectral 

indices 
• decorrelation (3D structure of the 

galaxy) 
• point sources

• optimize the trade-off between statistics (modes 
we can count on) and bias (degrees of freedom 
in the model)

A(β)

A(β,β’)• cleaning foregrounds is unavoidable to 
detect r and one of the biggest 
challenges for upcoming CMB data 
analysis;


• component separation is about making a 
trade off between degrees of freedom in 
the modeling and the statistical error 
budget;

A(β)

adding 
new 
d.o.f.


