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Polar	foregrounds	
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•  At	frequencies	>=	143	GHz,	only	
one	dominant	foreground:	dust	

•  for	high	sensi0vity	polar	
measurements	(r	value)	we	need	
to	control	both	dust	and	
synchrotron	

•  es0mates	of	uncertainty	on	the	
projec0on	coef	(SED)	is	cri0cal			

•  several	instrument	systema0cs	are	
linked	to	foregrounds	(leakages	I	
to	P)				

•  on	the	2017	Planck	HFI	data	
processing	we	show	first	
implementa0on	of	integrated	map	
making	and	component	separa0on	



Component	separa0on	

•  for	B	modes	search	foregrounds	
removal	will	become	a	major	
problem	

•  removal	accuracy	needs	to	be	
	 	<	1%				for	r	order	10-2	

	 <	0.1%	for	r	order	10-3	

•  the	SED	are	not	stable	over	the	
sky	(see	talk	by	Josquin)	

•  decorrela0on	between	
frequencies	measuring		
foreground	and	CMB	is	a	key	
ques0on	

•  need	an	absolute	instrument	or	a	
way	to	very	accurate	differen0al	
measurement	:	solar	dipole	is	one			

09/09/16	 J.L.	Puget,	IAS,	Orsay	

for	white	noise	the	best	sensi0vity	is	
on	the	reioniza0on	peak	when	dust	
foreground	residuale	are	brought	
below	the	noise			



Op0misa0on	of	complementary	observing	tools	

•  improvements	in	CMB	
measurements	from	the	ground	
will	improve	

•  the	non	selec0on	of	Pixie	leaves	
the	foreground	improvement	
road	map	to	be	reworked		

•  the	ground	dust	measurents	at	
high	frequency	willprobably	be	
more	limited	by	atmosphere	

•  balloons	can	do	very	good	
measurements	but	not	all	sky	

•  the	353	GHz	noise	only	limit	on	r	
is	1.7	10-3		(95%)	on	the	
reioniza0on	peak		(40%	of	the	
sky)	

•  Planck	2017	release	demonstrate	
that	very	good	but		limited	fsky	
are	very	useful	

•  extracted	I	to	P	leakage	
coefficients	for	CO	the	Taurus	
cloud	maps	

•  reconstruct	all	sky	map	from	
Planck	data	

•  same	was	demonstrated	on	dust	
on	itera0ve	process	

•  on	synchrotron	it	did	not	wrk	yet	
•  beeer	maps	coming	(C-BASS,	

QUIJOTE)		
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Planck	HFI	2016	solar	dipole	detemina0on	
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the	2017	solar	dipole	(preliminary)		
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Planck Collaboration: Planck 2017 results. HFI DPC.
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Fig. 17: Maps of the dust removal correction due to the SED
variations for the four frequencies to which this correction is ap-
plied.

Fig. 18: Normalized dust SED of all the concerned alm appearing
as a blue wedge around the average dust SED (shown in orange)
T=18 K, �=1.55 dust SED. The red and green curves illustrate
the range of observed variations in Galactic dust studies T=17 K,
�=1.45 and T=19 K, �=1.65 .

the 353 GHz. Even at 545 GHz, a similar barycenter is found,
but with a larger dispersion (within 3 arcmin of the best direc-
tion found at lower frequencies).

Table 3 summarizes the amplitudes and directions averaged
over the four component separation methods and the di↵erent
sky coverages. The uncertainties are given by the maximum,
over the four component separation methods, of the dispersion of
values as fsky varies from 30 to 60 % which is used as a measure
of the dust removal uncertainty, which is the dominant system-
atic e↵ect.

The amplitudes, which are the crucial test, show - with
this additional dust correction - excellent agreement between
the four CMB calibrated frequencies, validating the procedure.
Furthermore, for each frequency, there is no trend visible for all
12 cases for direction and 16 for amplitude. The 545 GHz chan-

Fig. 19: Solar dipole directions (top panel) and amplitudes (bot-
tom panel) are shown for the four component separation methods
(SMICA, Commander, NILC, Sevem) by di↵erent symbols of size
increasing with sky fraction used. The color refer to frequencies;
the WMAP 2009 is the black dotted cross; the Planck 2015 the
blue one. Grey boxes give the uncertainties as measured on 100
E2E realizations. Note that, at 545 GHz, the points for the largest
sky fraction fall outside of the frame.

Table 3: Amplitudes and directions averaged over the four com-
ponent separation methods with uncertainties given by the rms
of the variations as the sky fraction is changed from 30 to 60 %.

Frequency Amplitude l b
[GHz] [ µK] [deg] [deg]

100 . . 3362.75 ± 0.10 264.022 ± 0.006 48.253 ± 0.003
143 . . 3362.72 ± 0.12 264.021 ± 0.004 48.253 ± 0.002
217 . . 3362.67 ± 0.22 264.020 ± 0.004 48.253 ± 0.002
353 . . 3362.49 ± 0.55 264.013 ± 0.023 48.252 ± 0.006
545 . . 3356.00 ± 14.03 263.906 ± 0.235 48.234 ± 0.056

nel, which is calibrated on the giant planets, shows a remarkable
agreement (< 1 %) with the CMB calibration of the lower fre-
quencies.

Figure 20 shows that the amplitude does not show any trend
with increasing the fraction of sky used from 20 % < fsky <
70 %.

This is an excellent test showing that we have fully under-
stood the e↵ect of the dust removal in the determination of
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•  Dust	SED	varia0on	on	the	
dipoles	and	quadrupoles:	
difference	with	the	
average		

•  dipole:	mainly	nearly	
galac0c	center/an0center	
(3	µK),	small	North	South	
asymetry	

•  most	significant	
quadrupole	terms	galac0c	
la0tude	dominates	(5	µK)				
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@	143	GHz	



summary	

•  the	l=1	and	2	SED	varia0ons	revealed	by	the	solar	
dipole	analysis	will	lead	to		l=3,4,5	effects	aker	sky	
cut	(reioniza0on	peak);	will	affect	limit	r	
measurements	

•  these	first	demonstrated	large	scale	SED	varia0ons	
could	not	have	been	demonstrated	without	the	
integrated	work	map-making/component	separa0on	
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