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Component separation methods

Goal: To recover the sky components.

Methods that take into account di erent criteria:
@ One component (CMB, point sources, galaxy clusters...).
@ Several components.

Our goal: To recover the CMB signal.

o Internal linear combinations.
¢ Template tting.

@ Internal.

o External.

Choise: an internal template tting method.
Why?
¢ It does not depend on the assumptions of the physical feature
of the foregrounds.
s Internal templates: it reduce systematic e ect that are atéd
to the calibration.
¢ Multi-frequency cleaned maps.
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Template tting method

o Goal: To clean maps at di erent frequencies.

Wt
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o Internal templates.
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o To obtain ; coe cients, we minimize the variance of :
" #
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@ Our implementation works in wavelet space.
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HEALPIix wavelet

@ Resolutionj: the number of pixels to cover the sphere is
Npix = 12N2,, and Nsjge = 2.

e Decomposition: an aproximation atNgjge) 2P and
(jmap  Japrox) detail maps.

@ Detail construction at resolutiongetail :
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e Faster ( Npix) than other wavelets ( Npix)
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HEALPix wavelet and the template tting

o Quantity to minimize:

X Xt #2

E()= T(; p) i tii (P)
p i=1

@ The CMB map is recovered performing the synthesis of the
wavelet coe cients.
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Application on WMAP-7yr data

Stokes Q Stokes U
K band (23GHz)

Ka band (33GHz)

Q band (41GHz): 2 DAs
(Q1, Q2)

V band (61GHz): 2 DAs
(V1, V2)

W band (94GHz): 4
DAs (W1, W2, W3, W4)
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(http://lambda.gsfc.nasa.gov/)

Rail Ferrandez{Cobos Astronomical Data Analysis VII



Application on WMAP-7yr data: low resolution analysis

o Cleaning Q, V and W frequency bands Btjje = 16.
@ Only one internal template: K-Ka.
e We compute a 2 distribution to compare our cleaned maps
with the expected noise level:
X
2= Mj(PNgps(Pi )M (a); j2 1;:::;10°
P
M;(p) is an instrumental noise simulation.
Nops is the noise correlation matrix of Q and U Stokes
parameters.
@ The same analysis is made for the cleaned maps supplied by
the WMAP team.
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Application on WMAP data: low resolution analysis

e The CMB contribution of the 2 of the data is negligible:
@ Any signi cant deviation has to be due to foreground residgia
e The value of the 2 for the data is fully compatible with the
noise at the Q and V frequency bands.
@ Using one template fewer than the WMAP team, the noise
levels of our cleaned maps are lower.
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Application on WMAP data: low resolution power

spectrum

o Circles are the spectrum
supplied by the WMAP
team.

@ Asterisks represent our
estimation.

@ The ducial model is
plotted by the solid line.

o EE spectrum: there is
almost no signal except
perhaps until" = 6.
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High resolution analysis

*] Nside = 512
e Two internal templates:
o K-Ka
e V1-W3
@ 6 DAs to compute the auto power spectrum (15
combinations).
@ High multipoles: for > 499 is computed with V2, W1, W2

and W4.
s Low multipoles: for < 23, low resolution analysis is used.
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High resolution power spectrum

o It is possible to distinguish the acoustic peak around 400.
@ The BB spectrum is compatible with zero.
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High resolution cross spectrum

e For™ > 499 the TE
pseudo-spectrum is
only computed with
V2, W1, W2 and
w4,
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Application on QUIJOTE-like data

o Observation frequencies: 11, 13, 17,
19, 30 and 42GHz.

o Simulated data with instrumental
noise and beams.

o Degraded to a common resolution of
1.

o Internal templates: (11-13)GHz and
(17-19)GHz.

(Rubiro-Martn J.A. et al. 2010)
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Application on QUIJOTE-like data

@ Method comparison: levels of residuals, 42GHz.

Squares: template tting in real space.

Plus signs: template tting in the wavelet space.
Circles: ILC of 11, 13, 17, 19 and 42GHz maps.
Diamonds: a pixel-by-pixel parametrical method.
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Conclusions

e A template tting method with a decomposition in the
HEALPix wavelet space.
s Multi-resolution analysis and multi-frequency maps.
s Faster than other wavelets.
@ Two applications:
o WMAP-7yr:
@ Less noisy maps at low resolution.
@ Compatible results for the power spectrum.
s QUIJOTE-like data:

@ Other procedures can recover better results in terms of
residual level, but not without assuming foreground models or
renounce to a multi-frequency solution.
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