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* An example of theoretical predictions : bouncing cosmology induced by LQC
Collaborateurs: Mielczarek (Cracaw), Barrau, Gorecki & Cailleteau (Grenoble)

* Power spectrum estimation : pure pseudo-spectrum
Collaborateurs: Stompor (APC-Paris) & Tristram (LAL-Orsay)

 Component Separation : parametric approach
Collaborateurs: Stivoli (INRIA-Orsay), Tristram (LAL-Orsay), Leach & Baccigalupi (SISSA-Trieste), Stompor
(APC-Paris)




CMB plays a keyrole in setting cosmology in the ages of precise science
(geometry of the Universe, matter content, neutrinos total mass)

» Statistics of its anisotropies
Temperature T (scalar & tensor)
Polarization E (scalar & tensor)
Polarization B (tensor)

* B-mode
Open window on inflation/alternatives/new theories

Gravitational lensing
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‘ Time Order Data ‘

l

| I, Q and U maps per frequency |

l

‘ I, Q and U maps per component ‘

l

| (T, E, B, TE, TB, EB) power spectra |

T

| Theoretical model |




« Can we construct a quantum theory of spacetime based only on the

experimentally well confirmed principles of general relativity and quantum
mechanics ? » L. Smolin, hep-th/0408048

GR classically re-written with Asilmtekar variables :
densitized triad E{ =|det(e]) ¢f
Ashtekar connection A, =T, + YK,

Quantization by use of holonomies and fluxes (background independence)
F(E)x friEl."nadzs
S

h(A) x exp( 1l r,.A;u“dA)
C

- The area, volume and length operators have a discrete sectrum
- The horizon entropy is completely explained.

- Singularities are eliminated.

- Ultraviolet divergences of QFT are not present.

- Loop quantum cosmology is on the way....



FLRW-reduced formulation of LQG : Loop Quantum Cosmology (LQC)
ds” = az(n)(dn2 — 6ljdxidxj)

Background equation : classical results

(| 8aG N
H =——p
3 SEE WORKS OF: ASHTEKAR, BOJOWALD, LEWANDOWSKI, PAWLOWSKI, SINGH, CORICHI,
oV MIELCZAREK, VANDERSLOOT, ETC.
\ (I) + 3H(I) + (SE =0 ) FOR A REVIEW, SEE: CALCAGNI & HOSSAIN, ADV. ScI. LETT. 2, 184 (2009)

Background equation : quantum corrected results
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Perturbed FLRW metric
ds” = c12(17)(c1,’r]2 - (6111' + h; )dxidxj)

—
Gravity waves equation : classical results

2 "
LA TN (k2 - “—)qs -0 with ¢, =a(h
dn a

* Modified background
* Modified «Dispersion relation»
Gravity waves equation : quantum corrected results

2 "
[ ¢ ¢2k + (k2 _a__vholo(aapc))‘pk =0 with ¢, = a(n)hgjk) ]
dn a

-—/

FOR THE EQUATION: BOJOWALD & HOSSAIN, PHYS. REV. D 77 023508 (2008)

APPLIED TO INFLATION:
J. Grain, A. Barrau , Phys. Rev. Lett. 102 081301 (2009)

J. Grain, A. Barrau & A. Gorecki, Phys. Rev. D 79 084015 (2009)
J. Grain, T. Cailleteau, A. Barrau & A. Gorecki, Phys. Rev. D 81 024040 (2010)

AND WORKS OF: MIELCZAREK, COPELAND, NUNES, MULRYNE, ETC.



J. MIELCZAREK, T. CAILLETEAU, J. GRAIN & A. BARRAU, SUBMITTED TO

PHYS. REV. D
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» Statistics of its anisotropies

Temperature T (scalar & tensor)
Polarization E (scalar & tensor)
Polarization B (tensor)

* B-mode

Open window on inflation

Gravitational lensing

Open window on tentative new theories

Observational challenges
=» instrumental sensitivity

=>» systematic effects
=>» FOREGROUNDS >> CMB : component separation
=>E >> B : E-to-B leakages to be corrected
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J. GRAIN, M. TRISTRAM & R. STOMPOR, PHYS. REv. D 79, 123515 (2009)

Q and U maps

EBEX (balloon)
fsky =1%
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Q(n)

| =D"E@#)+D"B@) with D" -D* =D"*-D* =0
U(n)

T. BUNN, M. ZALDARRIAGA, M. TEGMARK & A. DE OLIVEIRA-COSTA, PHYS.
The Standard way | Rev. D 67 023501 (2003)

af _ f(Q,U) . DBIQ x M K. SMITH, PHYs. Rev. D 74 083002 (2006)
mn ’ mn K. SMITH & M. ZALDARRIAGA, PHYs. REv. D 76 043001 (2007)
JT

a, =[ D (0.U)x nm}[gﬁ@,tf)anm + gﬁaQ,U)an]

B-modes only B-modes and E-modes
T + - E
. . ) e s ( Eﬂm Wﬂm,ﬁ’m' lWEm,E‘m' af‘m
E-to-B mixing and L-to-L" mixing ~ = ~ . e
L Bgm 'm' _ZWEm 'm' me,gvmv ag‘mv

v'E-B and L-L’ separation on average
BUT
v'for any realization : E variance leaks into B variance




n
- q) =D"E @) + D®B(@i) with D*-D* =D"*-D"* =0
U(n)
The standard way | | The pure way
a,, = [(QU)-D,, xM an, = [(Q.U)-D*Wy,,)

a;, D" - (Q.U)xWY,, (O, U)d(WY, )+ Po(Q,U)x WY,
at, 4 [ @U)xv, {Fur,, + Qﬁf?(Q,U)anJ Z Ef g Igﬁ w+d f
— = - B-modes only Vanish if W=0 and dW=0 on C

B-modes only B-modes and E-modes



U(n)

(Q(ﬁ)

) = D®E(#i) + D®B(ji) with D* -D® = D® - D* =0

| The pure way

a), = [(Q.U)-D*(WY,,)

ay, E D% ©@U)xwy,, k $Q.UIWY,,)+ PAQ.U) WY%

S<4m

B-modes only Vanish if W=0 and dW=0 on C;

ONLY L-to-L’ mixing I¢ { (

v’ E-B separation for any realizations : ~ <‘l~? ‘2> . .
E variance DOES leaks into B variance <C€ > _ 1 E tm _ E M;, 0 C,
C? 20 +1 B 2 0 M N\C?
. Y4 m Im V4 0,0 /
v’ L-L’ separation on average
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| fao=1 % and 0=5,75 uK-arcmin.

Analytic weighting

Variance for C2-Window
0.100F —————— : :
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T ————— B mode signal (r=0.05)

L - = Fisher estimate
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Optimal weighting

Optimization is reached
=>» needed for all type of weighting




* Fast approach: (Np,-x)3/2 au lieu de (N_. )3

pix
* Precise approach : Var(Cf )=2xVar, .. . (Cf )
=> Efficient alternative to optimal methods and a Monte-Carlo tool
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Performances of parametric ML component separation method for B-mode detection

U ’ ’ ’ ’ )

STOMPOR, LEACH, STIvoLl, BAcciGALuPl, MNRAS 392, 216 (2009

Comparison : foreground residual vs. CMB

* Pixel space : B<<E for CMB (Q, U maps dominated by E) and E~B for foregrounds residuals
9 (Q'U)CMB>>(Q'U)residuals imp“es ECMB>>EresiduaI (eventua”y ECMB>>EresiduaINBresiduaI>>BCMB)

C( MB) C(reszdual) and C(CMB)

* E/B harmonic space :

C(reszdual)

Balloon-borne experiment

* Frequencies : 150, 250 & 410 GHz
» Sky coverage : ~1 %
* Homogeneous noise : ~5.75 ukK-arcmin

Ground-based experiment

* Frequencies : 90, 150 & 220 GHz
e Sky coverage: ~2 %
* Homogeneous noise : ~10 ukK-arcmin
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(e+1)C/2m [uK?]

* Simulated sky : CMB + synchrotron + dust (different frequency scaling,different spatial scaling)

* Component Separation : MIRAMARE STOMPOR, LEACH, STIVOLI, BACCIGALUPI, MNRAS 392, 216 (2009)

* Power spectrum : Xpure GRAIN, TRISTRAM, STOMPOR, PRD 79, 123515 (2009)
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F. Stivoul, J. GRAIN, S. LEACH, M. TRISTRAM, C. BACCIGALUPI & R. STOMPOR, IN PREP. FOR MINRAS



‘ Planck-HFI

Yl+1)C/2m [uK?)

v’ Estimation de C/%
v’ Fluctuations du CIB
v’ Contraintes sur ‘I'inflation’
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v" Angular scale coverage:
constraints on B-mode

v EM frequency coverage:
understanding of the foreground

v’ Estimation de C/%
v’ Soustraction des avant-plans
v Effets systematiques




