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FastICA is a blind technique aimed to separate differentgammants in CMB experiments, with
a very few assumptions on the signals to recover. Since mukreowledge about foregrounds
in polarization are very poor, this kind of technique cany@acrucial role in forecoming CMB
experiments. Recent and ongoing developments of the metiegaresented here
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1. The Component Separation Problem

In any Cosmic Microwave Background experiment, it is undabie to detect contributions
from any foreground between us and the last scatteringcréalded to the cosmological signal.
Basically what we actually measure is a mixtuief different components;, mixed up by a matrix
A, that takes into account the different frequency scalifdhedifferent components.

Xi :Aiij +nj (1.1)

here the subscrigt indicates the frequency channels of the detectorsrans the instrumental
noise.

Now, the aim of any component separation technique is tovezahe signals;. There are
basically two diffent approaches to solve the problem in @liefpending on how reliable are as-
sumptions on the mixing matrix. 'Non-blind’ techniques ®ipa priori knowledges about the
signal to recover and try to estimate parameters that ddiwie spectral behaviour. These algo-
rithm proved to work very well in the past, e.g. the maximurtrgpy method [8, 14] and Wiener
filtering [15, 3], but they have an evident drawback in the fhat if the assumptions are not cor-
rect, provided results will be biased. Then, in the case oBQddlarization experiment, since the
polarized foregrounds are likely to be greatly uncertditeraative approaches, not relying on such
priors, may be required. These second class of componeatasigm techniques is called 'blind’.
They only exploit the statistical independence of the sinais to be separated, a natural expec-
tation for the CMB and Galactic emissions. Within this cldssre is the Independent Component
Analysis (ICA) technique.

2. Independent Component Analysis (ICA)

The core of the ICA principle consists in the maximizationhaf neg-entropy, which measures
the distance of a mixture of signals from a Gaussian digichyl, 7]. The hypothesis are that the
mixture contains at most one Gaussian component and that thikm obey different probability
distributions and frequency scalings; under these assongpit is possible, exploiting the central
limit theorem, to demonstrate that each local maximum ofriéég-entropy corresponds to one of
the component present into the mixture. FastICA is an agiptic of this principle.

2.1 Major Achievements

FastICA has been successfully tested on the real data froBEIOMR [10], recovering the
main CMB results of that experiments, concerning the annbdéitand power spectrum of the cos-
mological perturbations on large scales and also on theadlditee BEAST experiment [6]. It also
provided good results when applied to simulated Planck bath in total intensity [9] and po-
larization on all sky [2]. Finally, as we show in the next saetthis blind component separation
technique proved to have the capability to recoverBheodes of the CMB, on a limited patch of
the sky [13].



Component Separation in Polarization with FastlCA Federico Stivoli

2.2 A successful example

In the next future, many experiments will try a detection ME B modes on patch of the sky
[11], [4]. That is a real challenge from a practical point aw, for the following reasons. First of
all, we still don’t know the actual level of the cosmologitahsor contribution, since theory is not
albe to lead us in this aspect. Then, even in the best sitydtie signal would be extremely low
and new technologies (e.g. large array of detectors) mussée to detect it buried in the noise and
to keep systematic effect under control as much as possilially, simulations and data from the
third year release of WMAP [12] clearly show that foregrosirzdle dominating the polarized sky
on large scales at all frequencies of cosmological intefidss means that some kind of component
separation must be performed in any attemB afiodes detection.

For these reason we tested FastICA in a simulated enviranolese to those expected from
the next sub orbital CMB experiments, on a limited patch & $ky and in the presence of a
substantial foreground contamination as estimated onasis bf the current models of the Galactic
emission.

We consider two fiducial observations, one operating at &% @0 GHz) and one at high
(150, 350 GHz) frequencies and thus dominated by the sytronr@nd thermal dust emission,
respectively. We use a parallel version of the FastICA cadexplore a substantial parameter
space including Gaussian pixel noise level, observed sig and the amplitude of the foreground
emission and employ large Monte Carlo simulations to qfiaetirors and biases pertinent to the
reconstruction for different choices of the parameter esluWe identify a large subspace of the
parameter space (even in the cases wheBtm®de CMB signal is up to a few times weaker than
the foreground contamination and the noise amplitude ispemable with the total CMB polarized
emission.) for which the quality of the CMB reconstructiereicellent, i.e., where the errors and
biases introduced by the separation are found to be comparalower than the uncertainty due to
the cosmic variance and instrumental noise. In figure 1, we/she pseudo-B modes [5], extracted
at 40 GHz with a signal to noise ratio equal to 2.

3. Ongoing Developments

Even if the algorithm proved to work properly in differentv@onments, there are still tests
to perform and developments to implement to optimize thé fimofuture experiments. Then it
is important to become more and more realistic with the sitahs. For this reason, in the next
step we plan to take into account also the most common systeefi@cts (¥ f noise, asymmetric
beam and so on) and to add the point sources contributioreigsithulated skies.

On the other hand, it is possible to improve the code itsaf.dxample, we are studying how
to implement a flexible version of the algorithm, keepinghssibility to impose very well known
priors in the separation process, getting closer to a séimd-bpproach.

Finally, in the view of working with the Planck data, we areriaog on a new parallel ver-
sion of the code. Because of the high resolution and the lawgaber of channels of the Planck
experiment, it will be necessary to spread the separatiomamny processors in order to avoid
memory issues. For this reason a fully parallelized versibthe very core of the algorithm is
being implemented.



Component Separation in Polarization with FastlCA Federico Stivoli

2.0x107 12

1.5x107 10

1.0x107 10

I T Y

esrbbpEpE R

-50x10 "l oy
200 400 600 800 1000

T T T ‘ T T T ‘ T T T

/2n [K antenna units)?

B
-

)
T

A A A R ISR SR SRR

£(e+1)C

o
L S

Figure 1: Power spectra of the reconstruc(é%l modes of the CMB at 40 GHz. The region between the
dotted lines is the theoretical CMB signabr cosmic and noise variance on the sky area considered. At the
bottom we show the average and standard deviation of theuadsion each realization.
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