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Polarized foregrounds

3D model of the galaxy: optimization

Expected constraints with Planck simulations

Contamination of the CMB data

[LF, Macias-Pérez et al, submitted to A&A, astro-ph: 1003.4405]
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polarized foregrounds

=4 instrumental noise

galaxies
SZ (cinetic

SZ (thermal

CMB

F.R. BOUCHET & E. GISPERT 1996

synchrotron dominates at v < 70 GHz

thermal dust dominates at v > 70 GHz
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synchrotron emission (408 MHz)
[Haslam et al, 1982]
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thermal dust emission (353 GHz)
[Finkbeiner et al, 1999]
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. 3D model of the Galaxy

physical model of polarized foreground emissions depends on:

T R Yt N S e
the shape of the galactic magnetic field : 2 [~ Tr 7 .
el '; -_): A R , ______ .w_
——> regular component : MLS or ASS N e %ﬁ;j‘?t ~ o
. s E’ J.r' \.\ g R ™
free parameter : pitch angle [Han et al, 2006 ] Ry f’ PN ‘&\ N .
Eu: e Ry |
> non regular component [Han et al, 2004] | _{f v LB S
free parameter: A, . Disance from the Sun: X (k)
[Han et al, 2006]

the distribution of relativistic electrons , free parameter: h_

[Page et al, 2007, Sun et al, 2008]
the distribution of dust grains
[Page et al, 2007, Paladini et al, 2007]
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. 3D model of the Galaxy

integrating along the line of sight

-_synchrotron emission

I= (.df - ( ne(Bj + B

Oms = jfdfﬂﬂﬁ(z?)ps

Ups = jdfsin@}*)pj

with:
s+ 1

_ polarization fraction related
Ps = 55773

to the cosmic ray energy
dimension slope s: p.= 0.75

1 2B, B .
Yy = < 31‘ctﬂn[ - ;] ldem for' Ther'mal dust

B
.

I f

extrapolation at various p : .
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o thermal dust emission

Im: Iﬂa"ﬂr.i'

Oma = j 4 cos(2y) sin’(a) foormPa

Upa =

f 1 sin(2y) sin’ (@) fromPd.

p,+ the polarization fraction = 0.1
[Ponthieu et al, 2005]

1 - B;

-B].'IDIIH

extrapolation at various p: °
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3D model of the Galaxy : optimisati

/408 MHz all-sky continuum survey  [Haslam et al, 1982] \

o 5 years of WMAP data  [Hinshaw et al, 2009]

NASA satellite currently flying

5 polarized channels between 23 and 94 GHz

\ mmm) optimisation of the synchrotron emission model /

- ARCHEOPS [Benoit et al, 2003]

ballon experiment, flew in 2002

1 polarized channel at 353 GHz

\ ) optimisation of the thermal dust emission model / 0
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3D model of the Gﬂlﬂ&}l : best fit model MLS field

- for the synchrotron emission

A..,<025B

reg

p=-30+ 20 deg

h. <15 kpc
p,=-3.3+0.1

* for the dust thermal emission

A.,<025B

reg

p=-20+10deg
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Expected constraints on the
galactic magnetic field with Planck

[LF, Macias-Pérez et al, to be submitted to A&A]
L. Fauvet PCHE meeting, 08/06/2010




E | ints with Plancl

simulations of Q and U map of Planck and WMAP 8-years data for all

polarized channels :
f-’.:‘” o o Q% .
( L ) ( Ug j | ( i j | ( Uy ) e

4 types of simulations :
-> with or without turbulent component of the magnetic fields (A, = 0.25)

-> with spectral index spatialy constants (p,= -3.0, p,= 1.4) or variables

hoise : gaussian random [Planck Bluebook, 2004, Hinshaw et al, 2010]
CMB : model ACDM [Komatsu et al, 2010]

| —:;.; e ;—29 o "
-3.5¢ ﬁs <-2.8 bd: 14 +0.3 Q

[Gold et al, 2010] [Macias-Pérez, LF et al, in preparation]
L. Fauvet PCHE meeting, 08/06/2010
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E | ints with Plancl

simulation | component | Ssimu Aturd pldeg) by he Bs B

b cst < 0.25 30710 | <17 | <15 | —3.079% | 147958

r ) Var < 0.25 —3075 <17 | <17 —3.0"53 13758
Simu oW cst < 0.125 —30+10 | <2 | <17 | —30+01 | 1.4797%
var < 0.125 —30+10 | <2 | <17 | 30=01][ 14705

b est | 012579552 | —3073 [<17 [ <17 —317o% | 1545

PR var | 0.125 5190 | —80 a0 | <17 | <17 | —3.1 9% | 1.4 .9

| bW est [ 02540125 | —30+10 | <2 | <17 | —3.0£0.1 | 1.477;
var | 0.25 £0125 | 30+£10| <2 | <17 | —3.0£01 | 1495

strong constraints expected on p, p.and p,
ho constraints expected on he and h¢,

adding WMAP data improve the constraints

L. Fauvet PCHE meeting, 08/06/2010




Contamination of the CMB data
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Contamination of the CMB data: galactic cut
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from blue to black model of galactic emission for |b| > 15, 30, 40 deg

red: CMB simulations, r=0.1, ACDM [Komatsu et al, 2010]
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\Contamination of the CMB data: dust masks

PO6

N°1: cut for Q> 50 pKRJ or I > 500 pKRJ (f,,
N°2: cut for Q > 100 pKRJ or I > 1000 pKRJ (f, = 59 %)
N°3 : cut for Q> 300 uKRJ or I > 3000 pKRJ (f,, = 63 %)
PO6 : using WMAP data at 23 and 94 GHz [Gold et al, 2010]

= 27 0/0)

P06 | N°1 | N°2 [ N°3
ACSEmPII  ACgosmic | 37 | 137 | 1.7 | 2.7
L. Fauvet PCHE meeting, 08/06/2010
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Conclusions

coherent models for the diffuse polarized galactic
emissions

compared to existing data

used the best fit model to estimate the foregrounds
contamination to the CMB Planck data

implemented a method to constraint the models of
diffuse galactic emissions using Planck data.

masks to minimize the dust emission in the final
power spectra.

L. Fauvet PCHE meeting, 08/06/2010




The PLANCK missi

Planck : ESA mission dedicated to the CMB anisotropies measurement

large frequency range :
LFI: 30, 44,70 GHz
HFI : 100, 143, 217, 353, 545, 857 GHz

full-sky coverage and angular resolution of 5

sensitivity limited by the ability to subtract astrophysical foregrounds ~ 2.10-¢K

- Ultimate measurement of the CMB temperature anisotropies

- Best possible measurement of polarization with currently available

technologies

L. Fauvet PCHE meeting, 08/06/2010




——  WMAP 7-years, Ka band

©
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[Gold et al, 2010]
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for the synchrotron :

dIJ¥" = ¥ (v) ncre(n,z)

(By(n, 2)? + By(n,2)2) "t gz

for the thermal dust

dI9%*t(n) = e () ng(n, z) dz
yo (M) ( .

129" (m) = jdfﬁ-””“.
Q2" (n) = ﬁlfﬁy““ cos(2v(n, z)) p™"*,

Us¥me(n) = f dI2" sin(2y(n, 2)) p¥™.

Ifﬂ.‘!ﬂ{n] _ f(”jus:f-,

Qivt(m) = [ argesty® cos(y(n, )
Sx(n, 2) fma(m, 2),

Udrt(n) = f dIf*=* p™t sin(27(n, 2))
S0, 2) frna (0, 2).

local angle of polarization:

v(n,s) =

L ) Bs {}gﬂ“f

Qs = Titas (D.dﬂs | .rff?ﬁ‘
Us = e (D.:ﬂs)lgs [jjﬂ_

— arctan

2Bi(n,z) - By(n,z) )
EF{H, :} - Bfg{n‘- :;'

Qdua!
b

Qi = Lsjagamr

[Jduat
T v
Ld - Iﬂ-ir"-{ Jdust
v




Dyr,z)

{

MLS

B) = Breo(u)lcos(s + )In (= ) sin(p) cos(x) - un

—cos(¢p+ 3)In (Tl) cos(p) cos(x ) - uy
0

tsin(x) - ug,

ASS [Sun et al, 2008]

B'D = DII{'T1¢',2]DE{T3.@1EJSIEHEP}

s

BEY = —Dy(r,®,2)Dsy(r, ®, z)cos(p)

BPY =0
(+1
By ezp(*g2 — ) 1> Re Dy(r) = {
Bc r< R,: +1
—1

8 = 1/tan(p)

r=T.5
6<r<T.5
b<r<6

r< 5
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Data Magnetic field model pldeg) Aturb NCRE, r s X min

108 MHz MLS —20.07% 0 | < 1.00 (95.4 % CL) 475" 0 3.58
ASS —10.075 5 | <1.0(95.4 % CL) 575 0 4.65

WAMAP 23 GHe MLS —300780 | <125 (ona % L) | <20 (054 % CL) | —34701 | 5.72
ASS —400755 | < 1.5(95.4 % CL) 3T57(05.4% CL) | —34755 | 7.62

Archeops 353 GHz MLS —2075 < 2.25(95.4%CL) 0 0 1.98
ASS 60.075] 025770, 0 0 1.72

All MLS —207 5, < 2.25(95.4%CL) 0 0 1.98

ASS 60.07 3 0.257 20, 0 0 1.72
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3D model of the galaxy

turbulente component

nhon regular field at all scales
same intensity as the regular component

Kolmogorov spectrum [Han et al, 2006]

Bior = Bree(1') + AnrsBurn(7)

B.., = (BU.Ep)?with y, = 41m.107H.m"!

A..., (dimensionless) : normalisation
of the turbulent component

N\

3D gaussian simulation with
used a power spectrum

10 A= 1 kpe 0.1 0.01 1072 in~*
T T T T T

-] oA
SF
gaf
T - LR
Bk -~
B |
22f
S
=41
B!
SF
nfi | 1'0 u'm 1u:na 1:':‘
Wavenumber: k (kpe™!)
K
k
Eglk)=C|—
ki
1/k > 15 kpc :

C=(9.5+0.3 )*103erg.cm=3.kpc
a=-5/3

0.5<1/k < 15 kpc :
C = (6.8+ 0.3 )*103erg.cm-3.kpc
a=-0.37

[Han et al, 2006 ] @
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red: synchrotron emission model
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black. 3 years of WMAP and ARCHEOPS data

L. Fauvet Cosmology Workshop09, 12/11/2009
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Flanck
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l

[Planck Bluebook, the Planck
collaboration 2005]

- upper limit of r < 0.05 if no primordial tensor
modes
- detect tensor mode if r ~ 0.03

[Efstathiou et al, 2009]

- constraints : n,~0.1&r ~0.05
—> discriminate inflation models and other models

L. Fauvet
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The P ANCK schedule

launched the 14t of May 2009 from Kourou
travelled to L2 point and cooling until end of June 2009

final checks until 15" of August

: 14 months of operations for 2 all-sky surveys

: First public data release by ESA

: Potential second data surveys (He) @
[Bouchet, 2009]

L. Fauvet Rencontres de Moriond, 2010




The Planck mission : scientific obiectif

o Primary anisotropies: - Secondary anisotropies
- cosmological parameters - ISW
- physics of the Early Universe - gravitational lensing
° hoh-gaussianity * reionisation

- galaxy clusters

- Extragalactic sources : o Galactic & Solar systems :
* radio sources - galactic magnetic field & ISM
- dusty galaxies and their contaminants - planets and asteroides ...
["Planck bluebook”, the Planck collaboration, 2005] @
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Formation de la polarisal%ion

Diffusion Thomson des photons sur les électrons:

Section efficace
do _|e.gl

Rayonnement anisotrope *
(Quadrupole)

Base du plan

de ciel

Polarisation de qq %

Y1 Base
d’observation
Ze X

dQ

Polarisation !

(Kosowsky et al (1994)) @




] 107 = E
. k. 1
- s
= 702 - -
k| "5 5
< . L N - .
£ R e 709 -
© / & Fresssss=ns 3
- 1 S E
=, —0.005 = 5 [ ]
< il | L LR e o - N N P
e - [ ~
+ =| + oot -
< 1 SEtET R g
b £ e
-0.0710 | C ]
-;"«’ 7 1070 =
s E
i i = ‘3
i ] i v
-0.015 . R | . . | L . . L . . L L
0 100 10 100
Muitipole 1 Multipole 1
b
1077

TT T WITHT

Tul Mkl il il

B — W N o
3] 2 3]
£ 7078 e
&

I
N a
S =
2 j&
= =
t 10— =
S i <

Multipole 1

Muitipole 1

from blue to black: model of galactic emission for |b| >
15, 30, 40 deg
red: simulation of CMB, r=0.3

L. Fauvet Rencontres de Moriond, 2010



Ut 22

TAGLOE

7.9

'% 1.0

§ |

LI ¥

B mer

i

=

1~ .y

&0 =

_asl ! !
" 10

Meuttipaly L

yo-

X il

&
4
T

P
L
T

[+ RS R ki

g-Te

a0 TR

0.090F

(B 1 )08 A2 sy
&
=]
=]

=080

=240

—.050

Ly

167
Wuttipols 1

{H+1JCRT 2 yFown®

(i1 )85 Br e

A0

={0.8906

={0.9908

—ooarel

i ag
Multipols

from blue to black:. model of galactic emission for |b| > 15, 30, 40 deg

red: simulation of CMB, r=0.3

L. Fauvet

Rencontres de Moriond, 2010




— | EE - BB [—
01000 e E -
10600 E E
'E : °E 1 B A I .
= =
TR0
q a E v.or00f Mo F
& g F 10dE
& il X
Lo X . i
= = ) r
¥ + r I 1—E
[l ~ E
= 5 o.ama% =k
10F E ¢ 3 b N
E E I »
L E
F ) L) E
I 1"\ e :
1 . M Ik': "l‘ N
1 1 0.9601 . 1F 1 1
70 Too 7 1ag
Multipmls T Muiripale £
[N 0.00¢ E B
0.000F
N = 3]
3 E
'% “g -2.00 | 3
£l Yy -o.0s : ]
& 55\ S _g.o0zk E
2 F E
& B X 3 '
= o -nTa - E oy !
& LR : g -ooosf v 3
L 7 Eob !
—oisf B E i\
f —g.004F ! 3
’ ' E k!
E !
L - E v
- E l
—0.20 L I —o.005EF ! 1
i 1989 in tag
_.Iﬁ.(iﬁpolg £ _.H'uiﬁpn.la '

from blue to black:. model of galactic emission for |b| > 15, 30, 40 deg
red: simulation of CMB, r=0.3

L. Fauvet Rencontres de Moriond, 2010




Parametres de StokFes

. intensité

: polarisation linéaire (dépendants du
choix du référentiel).

: polarisation circulaire (absente du
CMB).

Pertu rbatioﬁ

S Perturbations scalaires

~ N
/l\
hidh
N

Gradient de vitesse non nul dans le
repere de 'ee —
quadrupble:.

Décomposition en harmoniques
sphériques

Décomposition en
harmoniques sphériques
spinnées

»Perturbations
tensorielles

D=0 10O

Passage d'une onde
gravitationnelle.

(Hu et al (1997))

(Zaldarriaga et al
(1998))




The Planck mission

¢ = ¢+ 0?2

@~ : gaussian, linear curvature perturbation on the matter dominating era
[Salopek & Bond, 1990]

fy. ~ 0.05 canonical inflation [Maldacena,2003 ; Acquaviva et al, 2003]
f\. ~ 0.1-100 higher order derivatives (biblio ... )

fu. > 10 curvaton models [Lyth, Ungarelly et Wands, 2003]

fu ~ 100 : ghost inflation [Arkani-Hamed et al, 2004]
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the CMB
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3D model of the galaxy

turbulente component

nhon regular field at all scales
same intensity as the regular component

Kolmogorov spectrum [Han et al, 2006]

Bior = Bree(1') + AnrsBurn(7)

B.., = (BU.Ep)?with y, = 41m.107H.m"!

A..., (dimensionless) : normalisation
of the turbulent component

N\

3D gaussian simulation with
used a power spectrum

10 A= 1 kpe 0.1 0.01 1072 in~*
T T T T T

-] oA
SF
gaf
T - LR
Bk -~
B |
22f
S
=41
B!
SF
nfi | 1'0 u'm 1u:na 1:':‘
Wavenumber: k (kpe™!)
K
k
Eglk)=C|—
ki
1/k > 15 kpc :

C=(9.5+0.3 )*103erg.cm=3.kpc
a=-5/3

0.5<1/k < 15 kpc :
C = (6.8+ 0.3 )*103erg.cm-3.kpc
a=-0.37

[Han et al, 2006 ] Q
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Cosmological parameters

1.4F — r<0.58 (5yn
12F — r<1.10 (3yn)

1.0F

0.8 — r<0.43(5yr)
T — r<0.65 (3yn

0.6 ]
L 1 . 08F
0.4 N
0.2 0.4F
0.2F
ool LA SN L 1 ool AL | |,
090 095 1.00  1.05 08 09 1011 12 13 14 1.5

Ny Ng

tensor-scalar ratio constraint by WMAP 5 and 3 years (at 95%
et 68% CL)




The Planck mission

Simplified analysis (isotropic noise, using 70, 100, 143 and 217 GHz Planck
data) : r=0.05 and uper limit at r = 0.03 95%C.L. for lower values

Upper limit of r= 0.05 if no primordial tensor mode
Detect tensor mode if r ~ 0.1
G.Efstathiou ...

L. Fauvet Cosmology Workshop09, 12/11/2009




inflation

lagft)

1.,  (V@)?
po= o'+ ':;;:' + V{(g),
1. V)2 H? = %p (équation de Friedmann)
p = 27 -y Vi
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slow-roll
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The Planck mission: coolina chai

- 1.5 m telescope
- LFT HEMTS to 18K
- HFT bolometers to 0.1K

40K : radiative cooling

18K : H, sorption cooler (J-T)

4K : He mechanical pump (J-T) |

["Planck bluebook”, the Planck collaboration, 2005]
1.6K : J-T expansion

0.1K : 3He/*He dilution

L. Fauvet Cosmology Workshop09, 12/11/2009
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