N\
6%‘1 European Coordination of the CMB programme ’
sa= HFI PLANCK

ar AT BNFTT Emw T I sIErETESEE W ENE WS A S ESE S N INES S I E TS W E SrasE I SSEwws By s

Systematic effects

J.L. Puget
Institut d’Astrophysique Spatiale

many figures in this presentation are taken from:

Planck intermediate results. XLVI. Reduction of large-scale
systematic effects in HFI polarization maps and estimation of the
reionization optical depth
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* Detector noise in Planck-HFI near the peak of the CMB (143 GHz) is
dominated by the background photon noise
— the white noise propagated to polar maps and power spectra is <2 104
uK?
— Planck HFI CMB observations released so far have not been fully

detector noise limited for lowest ell polarization because of systematic
effects (for the 2013 release we were around 1 pK? at |=2) although the
2015 released could use polar PS for 1>100

— It took 3 years to identify fully the systematics and remove most of
them

* for future missions: the instrumental + scanning strategy choices
lead to different systematic effects

— if instrumental choices can avoid some of the main the systematics
they should be a high priority

— the increased sensitivity of the future CMB experiments aiming at B
modes will probably reveal some mor systematic effects

OPLANCK @



5 testing systematics:
= Simulations vs null tests
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* Null tests provides an estimate of the noise
and systematics residuals

* end to end simulations needs to be carried out
including :
— no syste,
— all syste
— any useful sub combination of syste

* The coherence of both sets of tests is the way
to show that there is no obvious unknwon
systematics (but not full proof !)
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e Concentrate on low ell * |nstrumental effects
polarisation — polar parameter knowledge
— polarisation extraction — sensitivity to thermal drifts
i Combining diﬁ:erent detectors — Sensrtlvrty to Cosmlc rays

* several observations with a
single detector

* single observation with fast * Data analysis

rotating halfwave plate (1,Q,U — leakages (I>P, ESB)

in a single pointing)
.. * spectral band pass knowledge
[
Mission level * detector inter-calibration

— redundancies — global analysis

— scanning strategies * measuring instrumental parameters
— thermal stability in ground tests

— telescope * extraction of parameters from the
sky data

— Higher order terms (B,-T and V/c)

* induced polarisation
e FSL
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==5| Systematics leading to intensity to polar leakages
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 TES detectors are sensitive e use of HWP provides 1,Q,U

to: measurement on each pixel
— temperature drifts if spin rate high enough
— CR hits but with short time e Planck has shown that
constants makes them less leakage parameters and
sensitive than the Planck

bolomoters other systematics

e leakases E to B due to corrections can be extracted
caras _ from the sky if enough
— broad bandpass mismatch redundancies are present in

lead the survey
— calibration mismatch

e KIDS detectors insensitive to
T and even faster than TES
thus very low losses due to
Cosmic rays
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* zodi removal * extracted in the
* baseline removal f < sin mapmaking
frequency) (generalised destriper)

e Far Side Lobes removal — intercalibration

, — ADC non linearity
e glitch removal
— leakages due to

* 4K cooler EMC pick up mismatch between det
at low ell

* Instrumental polar
e detector cross talk
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_Th_ermal dr_ift

* Bolometers are equally ¢ thermal fluctuations in

sensitive to heat from
the radiation from the

telescope and changes
in temperature of their .

common cryogenic
reference plate

Planck needed to be
<40 nK/rt Hz in the
range 2 102 - 100 Hz

reached on the ground
but regulation was
limited to ver low
frequencies because of
thermal drifts



=5/  Thermal behaviour of the 100 mK stage N
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* long term follows
cosmic ray rate (SREM)

* taking out SREM
pattern and dilution
drift correct FULLY the ... I
long term thermal M \
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@ leakages: bandpass mismatch &=

* |eakages can be measured
from the sky data if we
have a good template

* this can be done

ultimately by iterarting
mak making and

0.041: : : 3 M
0.02} : 3 :

::Hﬁwimﬂwwll /

Relative calibration from dust

component separation B I R H

* at the sensitivity of Post T —
Planck experiments if
several detectors are used I R -
to measure Q and U N S .
component separation P PO N PO S
should be integrated with £ oo ' ' c
map making S 008]  Freeiree bandpass leakse .

E 0******* """"""""
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Iea kages bandpass mlsmatch re5|duals
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4% leakages: inter-calibration -

H Fl PLANCK
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e calibration mismatch
residuals
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s Polar foregrounds e

H Fi PLANCK
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e At frequencies >= 143
GHz, only one dominant

foreground: dust ol o
e estimates of uncertainty
on the projection coef < |
S
* uncertainties (including < .|
| bining):
— 100GHz 3. 104 uk? _
— 143 GHz 5. 10_4 U'Kz 30 70 100 143 217 353

Frequency [GHz]
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Component separation residuals

direct component
separation residuals

band pass mismatch
require forground spatial

templates

the mapmaking not
independent of map

making

there are also indirect
effect of component
separation: foreground
templates are needed in

mapmaking
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all effects
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@1‘5 End to end simulations of systematics
STESam -
&= _inHFlandLFl

143 GH

e systematic effects
propagated to EE
power spectra

 LFI was more noise
dominated than HFI

e notice that the main

systematics are close
to the fiducial EE PS at
low ell

LFI 10* A L A 10* P L A
2 10 100 2 10 100
ultipole e

H lE /JFTEE AL § 1§ TESE W E L SR 1 AW 5 _ 1 =

AS Orsay

—_— CMOIEM) - NoisefromHR  — Calbraton uncertalnly
® o Farsidohbes — ADC ron Insarity
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* Cross spectra between
frequencies or instrument
remove part of the
systematic effects

* need nevertheless to get
the noise much lower than
the the single mode one

* noise in cross spectra is
the noise variance +
averaging in | bands
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@{w_;) results on reionisation param Tau
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e use of cross spectra in Planck (100x143 and between LFI and
HFI 70X100 and 70x143 remove substantially the main
systematics residuals

100x143 GHz cross spectra PCL QML

Method peak £l o peak +20 peak £lo peak +20

Lollipop ... 0.053*%2!!  0.075

SimBaLl.... 005277710 0076  0.055'30%  0.073
SimBal2 . ... 0.055% 00  0.071
SimBaL3 . ... 0.055*00%e  0.073

r = 0.049°7715 for the 70x 100 cross-spectra,
T = 0.0531’8:8:;?; for the 70x 143 cross-spectra.
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P Noise (white and 1/f)- Cosmic Rays Glitches 9§ LGl
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* noise 1/f vs 1/f2
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100 GHz EE 100 GHz BB

ad 2015 release pre—2016 data 1; “
10k DetSet—ross [D\ot‘._ie(—:r:vs \ _i —-
dfNission—<ross 'Hl)”i;:'cn—«m ; ] 2a
E 'o.os. ) ‘v :;;iuﬁoﬂ—di"‘ ::":iuiw-di‘f R 1! I = E Taau MLFK
& 1oof NN SNV A, ]
' :'"\- - gt it '.,‘;..'*-_,w_,. vare-sa - o .'A‘l " i e o f 2. 10-4 uKz
wf A \ . I
N MMM Null tests
0%y ¢
i SE o T — Det Sets
85

— Half mission
— half ring

— these are

respectively
sensitive to

1.4 10" pK?

* detector
properties
errors

* longterm

drifts

* very close
to
detector
noise

lo‘. . 2 2 22231 N s 2 2 23221 2 M. . 2 2 22231 2 . s 2 22221 N 2
2 10 100 1000 10 100 1000
Myltipole ¢ Myltipeie ¢




Null tests — 2015 vs 2016 release
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Comparison 2015v vs 2016

Detector sets
Half mission

For Half Mission null test:
minimization done independantly in each half mission reveales the
ADC dipole distortion (blue curve) in agreement with the
simulation of all systematics (green curve)
but not seen in the full mission minimization (red curve)

EE BB

EE

Detector set
Half Mission
Halt Ring

HM1-HM2 full missicn mihinisation -

\ HMI-HM2 halt mbsslon minimisation 3§
- ~ slmucted all eftects resldual

el L HMT—HM2 FFPB slmudation
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removal of dipoles and dipoles HF”[«;K el
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RD12ll vs RD12 RC3

* calibration uses the orbital dipole

(and solar dipole at 545 GHz) e e
* the direction and amplitude of *FF X COMMANDER 143GHz 7
the solar dipole are VERY - A SEVEM 353GHz
consistent between Planck b P E
frequency channels (in the two F ol s -
instruments) 3 b Fn — .
* the kinetic dipoles and anf- :
guadrupoles must be removed _f » ;
from the sky maps because they T New L RD12-RC3 -
induce spurious low ell S F

component through masking
* higher order terms should be

Conc|u5|ons on RD12 RC3

Cpue Amplitude

computed and removed (see the : :
end of this presentation) sone}- * { T

* note that inter-calibration errors bt :
are below 0.1 % 5 ]

E el .

09709/F . — - — — - J‘L. Puget’ IAS ’5.:).0 ﬂ“lAD PtA"oCll( 2013 No: (S Lowl n |OO'IGN: \43£ll: 2|7lGHJ 353Gz

Average on 100&143:




__,‘.“2 Higher order terms leading to kinetic dipole and quadrupoles 3 > N8 z’mpwi
n"" . . . . >
LT affecting calibration and their removal from the maps HFU Y @,,
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* the relation between dB, and dT to these introduce extra dipoles

second order and quadrupoles which either
e 2 projects on the sky maps or on
0B  B(T(h)-B(To) AT AT : : :
~ — = f(x)— + f(x)(g(x) - l)(—) the rings (orbital dipole) or a
B B(Tp) To ' To :
mix for the cross term
* this affect the calibration and
* the first order kinetic boost dipole add more terms to be removed
beyond the Planckian CMB : from the sky map beyond the
— spectral distortions and CIB for both solar non distorted CMB dipole

orbital and solar velocity )
. * we have introduced these
— galactic foreground monopoles for solar

velocity terms in the Planck end to end

* the second order termsin v/c simulations

* this allow to estimate for the
Planck case their importance

- AT y . = r
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1. Orbital Dipole Foregrounds Boost

Doppler boost of the foreground field

Considering the isotropic part of the
foreground radiation field of Intensity I(v), a
motion with velocity p leads to an observed
. . . ]' 1 _ . ~
intensity: I'(v) = (v ( /3A ﬂg)
(v(1=B-1n))

sionless quantity

Dimen

At the first order in oo T
I'(v) = I(v) + I(v) (3 - Toe gi’”) (6-)

Applied to the CIB and Dust fields, ignoring the
aberration effect but not the boosting:

* CIB monopole (values from the mapmaking

paper 2015)
* Dust emission monopole (depends on the

mask) (Commander.salution.2015) . ——



Cross Term (solar x orbital)

Coupling between orbital and solar dipole

7
|
W

Boosting an isotropic sky component velocity 3 leads to and observed

field: T,
- T(h) = 0

At the second order in f3:
2

T(0) =To(1+ B -0+ (8-0)" — - +0(8%)

The following temperature contrast is:

A
Tf — Bg -0+ 8o -n+qx)(Bg-n)° +q(x) (Bo - 1) + 2¢(z) (Bg - 1) (Bg - 1) + O(8?)
. o vy ze'+1
With g(z) = 5 coth (5) T 2er— 1



Impact on calibration [%)]

Signal [Kup]
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examples of spurious terms:

level and impact on calibration

- v bl & ba F S 7

100GHz

T
= Solar Dipole

T T
= Foreground — Boosted Foreground = Cross term

— Orbital Dipole

i G
4000 6000

HPR index

100GHz

— Cross term

— Boosted Foreground

i i i
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i
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. | n ma
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earlier

Impact on calibration

—a— m W s W W e aw W = - =9 SU -8B o
10° ‘ ‘ 353GHz ‘
= Solar Dipole — Foreground — Boosted Foreground — Cross term
1071
1072
103
m
& 104
‘%‘10
g 107
.80
[0p] 106
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-9 i i
10 4000 6000
impact on HPR index
. . 353GHz
calibration ‘ ‘ ‘ ‘ ‘
— Cross term — Boosted Foreground — FSL = Total
comparableto o4} T S S —— —— —
intercalibration
errors shown =
0.2 e ,
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Conclusions

there is NO WAY to prove that you are fully noise
dominated

when you have reasonably identified what could be all

systematics, you might still be unable to remove all of them
in map properly

coherence between
— ground tests (system and system tests)

— sky null tests (limit is the amount of redundancy in the data)
— end to end simulations
is critical

then, and only then, you can usefully run 10 simulations

with pure Gaussian noise and CMB and foregrounds (not
Gaussian)

many figures are taken from the paper
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