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Cosmic Microwave Background

The remnant electromagnetic radiation from the Big Bang, which we can still see 13.8
billion years later

The history of the Universe, from the Big Bang to today. Image credit: ESA



Cosmic Microwave Background

Penzias and Wilson

T = 2.728 K

AT = 3.353 mK

Image credit: NASA Bucher+20715



Cosmic Microwave Background

Angular scale
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Cosmic Microwave Background

Anisotropy Formalism

* Fluctuations of CMB temperature in different directions on the sky:

(8T) . (T(6,9) = Ty)

T (6, ) T,

* Spherical harmonic decomposition:
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* We define the angular power spectrum as:
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Component Separation
»CMB importance in understanding the Universe
» Precision in CMB anisotropy measurements, especially in polarization

» Characterize and subtract contaminants that “hide” the CMB signal:

»Diffuse emissions in the sky

» Extragalactic point sources (PS)

» Develop new methods looking for better performance



Component Separation

All emissions at microwave & submillimetre wavelengths

Radio emission Dust emission 3 Cosmic Microwave

from the Milky Way * from the Milky Way *  Backgound

Image credit: ESA



Component Separation

Individual Radip emission Dust emission i Cosmic Microwave
sources from the Milky Way from the Milky Way Backgound

Individual Radio emission Dust emission Cosmic Microwave
sources from the Milky Way from the Milky Way |  Backgound

Image credit: ESA



Component Separation

Total intensity
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Planck 2015 IX
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Point Sources

»...Unfortunately, many of the component separation techniques that are
generally used to separate diffuse Galactic foregrounds are not well suited to
deal with PS...

»PS: Distant galaxies seen as point-like objects through the observational beam
»Albeit “clustered”, their distribution is isotropic on very large scales (=100 Mpc)
»Their contribution reduced by detecting and removing them from the maps

» An alternative is to MASK them



— primordial B-mode
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Output MHW2



Point Sources

Masking



Neural Network approach

Looking for: Realistic simulations needed:
» Better performance » Patches of the sky

» No ringing » CMB signal (label)

» No border effect » Galactic thermal dust and
> No mask needed synchrotron emission

> No bk power spectrum » PSradio (label) and IR

background
> Instrumental white noise

estimation

A\

More flexible and authomatic
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Fine - grained features addition Bonavera+21
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PoSelDoN

Input Total Input PS Output MHW?2 Output PoSelDoN
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Bonavera+21
Simulations @217 GHz: Catalogue:
Patch of 32 x 32 pixels searching peaks (i.e. local maxima)
50 000 training set (total & PS)  above ovpwe intensity threshold (PoSelDoN)

5 000 validation set * above 4 opmpwe (MHW2)



Bonavera+21
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Ane-gralned features addition Casas+22a

Ave
deconvalutional

Arst convalutional block Last deconvelutional block
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Recovered Flux Density [m)y]

Casas+22a
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Casas+23

1x(32x32) 8x(16x16) 32x(8x8) 128x(1x1) 256x(1x1)
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NN4CMB

» NN better performance in PS WRT filters
» Same expected in CMB recovery WRT “classical” methods
» In particular:

» Better background removal expected

» Better noise removal expected



Fine-grained features addition
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Fine-grained features addition
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Fine-grained features addition
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Polarization angle (QU), srcs = 11
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POSPEN to real data

Bonavera+ TBS
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POSPEN to real data

Bonavera+ TBS
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POSPEN to real data

Relative errors to unbias the results
Same for Q and U

i) | #ps | Py | P
U o U o

>0.5 16 1.72 9.60 1.18 2.43
0.3-0.5 27 -7.38 11.68 -2.22 6.03
0.2-0.3 32 -12.54 17.50 -3.35 12.07
0.15-0.2 34 -21.78 27.89 -5.55 13.51
0.1-0.15 79 -29.95 31.03 -5.23 20.54
0.08-0.1 51 -33.79 35.65 -15.03 20.84
0.06-0.08 89 -31.49 45.02 -12.51 29.21
0.04-0.06 123 -26.20 44.59 -12.30 31.59
0.02-0.04 255 -6.78 57.44 6.79 42.14
0.0-0.02 294 136.23 215.39 109.42 127.99

Bonavera+ TBS
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Conclusions

» NN reliable methods for PS detection and CMB recoveryin T and P

» NN reliable methods also for foreground characterizationin T and P
» More flexible and automatic methods

» Very suitable for future experiments providing larger amounts of data

» Not a “filter” (no Fourier space), then no ringing or border effects



Conclusions — PS

Simulations

* Lower flux densities limit: larger
number of detected PS

 Smaller number of spurious
detections

* Multi-frequency methodology, very
important for spectral
characterization of galaxies

* Estimation of polarization angle for
even not so bright PS

POSPEN 4 Planck

* Not stightforward application

* Discrepancies bw P & P ?

* (hot pixels issue?)
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Conclusions - CMB

* No PS mask needed

* No mask needed to avoid strong Galactic contamination regions
* Better performance at small scales

* Best performance when trained w/ lower noise

* Possible bias when trained w/ no accurate simulated sky
components (also for traditional methods):

» Train various NN w/ different simulated diffuse
components and use Ensemble Learning



