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

012 L L Planck 2016 intermediate results. XLVII.
Planck constraints on reionization history
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Planck 2015 parameters

([1] - [4])/0'||||

Parameter [1] Planck TT+lowP 4] Planck TT,TE.EE+lowP
Quh? ... . 0.02222 + 0.00023 0.02225 £ 0.00016 -0.1
Qh* ... 0.1197 £ 0.0022 0.1198 +£ 0.0015 0.0
10060« o oo ... 1.04085 + 0.00047 1.04077 + 0.00032 0.2
. 0.078 £ 0.019 0.079 £ 0.017 -0.1
In(10'°A,) ...... 3.089 +0.036 3.094 + 0.034 -0.1
Mg voee e e 0.9655 + 0.0062 0.9645 + 0.0049 0.2
Hy ........... 67.31 +0.96 67.27 = 0.66 0.0
Bl o n o o e e mn 0.315+0.013 0.3156 £ 0.0091 0.0
o S, 0.829 +0.014 0.831 £0.013 0.0
10°Age™ ... .. 1.880 £0.014 1.882 +0.012 -0.1
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E2E simulations: all systematic residuals
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107 - 107 “
A A
A*,' )
10° N MR | N N N 10° N PR |
w0

10°

\ '\ a
— / \ f \ N A
o~ \/' \ "A ‘.‘ I\ / \ /\/- ,V,»\,A\/\, - 4‘\'\1"’"“-"""‘\
- / v Y \/

217 GHz

10°rF "
¥ 10‘.- ) p
b -\.
10 PR PR | A A At 10 — A PR S S S
2 10 100 2 10 100

Muttipole ¢ Multipole ¢



Data (100GHz) Simulations
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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 P/anck2016 PIP XLVI lowL pol
ArXiv 1605.02985v1

left: 2 sets of PCL cross spectra,
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T results: baseline 100x143 'O: PeL SimBal /,f'/ \
consistency check ! g, S /
70x100 and 70x143 !
Planck2016 PIP XLVI lowL pol s
ArXiv 1605.02985v1
* PCL spectrum estimates have larger -
posterior BB e
 the simulation based likelihood '
gives better results on low Tau osl 70x100
* QML estimator has narrower gos|
posterior distribution but the same = o4 ,
peak value o2 ;
e LFI-HFI give also nearly the same N om0
peak value but with larger
uncertainties <
i 0.2F
‘o e oot om oo o




Tau baseline results HFl 100x143 (now 283 simulations)

and check of consistency HFI x LFI (10 simulations)
Planck2016 PIP XLVI lowl pol

ArXiv 1605.02985v1
PCL QML

Method peak +10 peak +20 peak £1o peak +20

SimBaLl.... 0.053*)913  0.076  0.055*30%  0.073
SimBaL2 . ... 0.055* 0% 0.071
Lollipop ... 0.053*30;  0.075
CamLow . . . . . 0.055*90;  0.078

0.053+001% for the 70x 143 cross spectra

r = 0.0497015 for the 70x100 cross spectra

HFIXLFI consistency results
T
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the new results are compatible with Planck 2015

T = 0.0789910, ze = 9.971%, Planck TT+lowP; .
9 2 .
r = 0.070*00354 zre = 9.0737, Planck TT+lensing: (

t = 0.0667001°, ze = 8.8714. Planck TT+lowP '

+lensing
_ 240016 _  _ ¢ o+17 , ~
T = 0.067 5016, zre = 8.9774, Planck TT+lensing (
+BAO;
_ +0.013 _ _ +13 I
T = 0.066 5,3, zZre = 8.87,5, Planck TT+lowP |
+lensing+BAO.

* more accurate - lower values

* an almost independent measurement from the
other cosmological parameter

* bringing reduction of some tensions between
CMB and astrophysical cosmology
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~consistency of all Planck t results T from CMB (historical)

simprovements of uncertainties Planck2016 PIP XLVI lowL pol
edrift towards lower values ArXiv 1605.02985v1
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Reionisation history constraints from Planck

| z symmetric « Constraintsonz ,Az
| tanh((y-Y,e)/dy e) for Dz =0.5
[ y=(1+2)3/ .« WMAP 9y z_=10.3
* Planck2015
e TT+lowP z,,=9.9"1/

e TT+lowP+lens+BAO z = 8.8*13
* Planck pre 2016
« lowEH+TT+BAO  z,=8.16*"

e = 8.53113 .

Zre = 8.77705,  (with prior z.,q > 6).

Planck2016 PIP XLVI lowlL pol
ArXiv 1605.02985v1



T,A,n degeneracies Planck2016 PIP XLVI lowl pol
S S

*better T breaks almost 0.12)
completely the degeneracy
. 0.09}
with n, and reduces the -
degeneracy with A 0.06}
0.03}

* adding lensing does not
improve
e although Tt breaks the

degeneracy with n,
0.12

0.09;

0.06}

0.03}

ArXiv 1605.02985v1
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Planck2016 PIP XLVI lowlL pol

models of reionization
ArXiv 1605.02985v1
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Planck 2016 intermediate results. X L-VII.
Planck constraints on reionization history



Thomson Optical Depth ¢

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

SFR at very high z

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

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

measurement almost independent of the other
cosmological parameters

Gives a value for Tt 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

Alvarez, Berger, Bond, Stein, Bahmanyer, Battaglia,..Huang, Frolov 2016 around Planck clusters is detectable



Planck & HST: Reionisation over6<z< 12
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Planck indicates 'Fast Reionization’: Making (questionable) assumptions
about their ionizing output the demographics of early galaxies can match the
Planck 1 with reionisation contained with 12 <z <6

Focus now turns to measuring the ionizing output of early galaxies

Robertson et al (2015). see also Bouwens+(2015). Mitra+(2015)
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