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Reduction of large-scale systematic effects 
in HFI polarization maps and estimation of 
the reionization optical depth

Planck2016	PIP	XLVI	lowL	pol	
ArXiv	1605.02985v1

Planck 2016 intermediate results. XLVII. 
Planck constraints on reionization history



CMB	anisotropies	and	
reionisation	parameter

• the	scattering	of	CMB	creates	
E	mode	polarization	

• 	but	also	reduces	the	
amplitudes	TT	~	As.	e-2t

• EE	&	TE	show	a	feature	at	low	
multipoles	EE	~	As.t2	,	TE	~	As.t

• TT	1st	acoustic	peak	5600	µK2	
cf.	EE	reionization	~10-2	µK2			
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Planck 2015 parameters



E2E	simulations:	all	systematic	residuals
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• Top	figure	
– 1st	row	maps:	is	total	ADC	NL	
– 2nd	row	maps:	is	apparent	time	

dependant	gain	correction	
– 3rd		row	map:		is	ADC	NL	dipole	

distortion	effect	(for	simulation	only	
as	we	did	not	remove	it	in	the	
pre2016	data)	

• Bottom	figure	:	the	spectra	are		
– top:	full	ADC	NL	systematics		
– bottom:	after	removal	of	apparent	

time	gain	variation	

Data	(100GHz) Simulations

10-3	µK2

10-3	µK2
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	testing	bias	from	systematics 
83	E2E	simulations

• simulations	of	the	systematic	
residual	power	spectrum	

• simulating	100	times	the	HFI	data	
and	then	full	processing	of	”End	
to	End”	simulations	and	t	
determination		(input	was	0.06)
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PCL	and	QML	100x143	cross	spectra
• left:	2	sets	of	PCL	cross	spectra,		

– very	consistent,		
– debiasing	from	the	ADC	NL	dipole	

distortion	small	(only	ell<4)	
– QML	consistent	pattern	with	PCL,	

lower	dispersion	and	error	bars	
• bottom	right:	PTE	remain	consistent	in	

QML	when	using	2	independent	sets	of	
simulations	for		
– i)	pixel	covariance	matrix		
– 	ii)	simus	for	noise	and	likelihood			
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τ	results:	baseline	100x143 
consistency	check	 
70x100	and	70x143

• PCL	spectrum	estimates	have	larger	
posterior		

• the	simulation	based	likelihood	
gives	better	results	on	low	Tau	

• QML	estimator	has	narrower	
posterior	distribution	but	the	same	
peak	value	

• LFI-HFI	give	also	nearly	the	same	
peak	value	but	with	larger	
uncertainties
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Tau	baseline	results	HFI	100x143	(now	283	simulations)  
and	check	of	consistency	HFI	x	LFI	(10	simulations)	

HFIxLFI	consistency	results

9

Planck2016	PIP	XLVI	lowL	pol	
ArXiv	1605.02985v1



the	new	results	are	compatible	with	Planck	2015

• more	accurate	-		lower	values	
• an	almost	independent	measurement	from	the	
other	cosmological	parameter		

• bringing	reduction	of	some	tensions	between	
CMB	and	astrophysical	cosmology			 10



τ	from	CMB	(historical)
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WMAP

Planck	
2015

Planck	
pre-2016

•consistency	of	all	Planck t results	
•improvements	of	uncertainties	
•drift	towards	lower	values
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• Constraints	on	zrec	,Δzrec		
											for	Dz	=0.5		
• WMAP	9y					 	 zre	=	10.3	

• Planck2015	
• TT+lowP					 	 	 	zre	=	9.9+-1.7	

• TT+lowP+lens+BAO		zre=	8.8+-1.3	

• Planck	pre	2016	

• lowEH+TT+BAO		 zre=8.16	+-1	
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	z	symmetric	
tanh((y-yrec)/dyrec)	
y=(1+z)3/2
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τ,	As,	ns	degeneracies	

•better	τ breaks	almost	
completely	the	degeneracy	
with	ns	and	reduces	the	
degeneracy	with	AS	

•	adding	lensing	does	not	
improve		
•	although	τ breaks	the	
degeneracy	with	ns
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models	of	reionization
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•	CMB	polarised	EE	
•	high	redshift	sources	
•	HI	21cm	
•	other	lines…	
			

combined	to	constrain	the	
first	sources	history
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models	of	reionisation	based	on	the	high	
redshift	sources	observations  
with	the	new	Planck	constraints	

Planck	pre	2016

Robertson	et	al	2015
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helping	to	constrain	the	
SFR	at	very	high	z
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Mashian,	Oesch,	Loeb	2015

Planck	pre2016

In	this	model	the	Planck	new t implies	
a	steepening	of	the	decrease	of	SFR	at	

z>10	
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Summary

• First	use	of	Planck	HFI	EE	low	Ell	spectra	and		τ	value	
with	smallest	uncertainties	

• measurement	almost	independent	of	the	other	
cosmological	parameters	

		
• Gives	a	value	for	τ	lower	than	previous	CMB	ones	

• Removes	the	tension	between	CMB	and	model	of	
reionisation	based	on	the	formation	of	first	stars	
and	galaxies		
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app: Clustering of hot electrons in groups  
around Planck clusters is detectable

Planck 2013 sigma_8 ~0.83 (WMAP tau .089),  
Planck 2015 0.83 (.815 + lens) (cleaned LFI tau .078 (.019)) 

Planck 2016 PIP: 0.815 (.812 + lens) (HFI tau .059 (.011)) 
PRELIMINARY Puget@Aspen March 2016, paper v soon 

relaxing tension of clusters and primary CMB 
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