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CONTAMINANTS

FOREGROUNDS

A A GNs, star-forming galaxies,
radio halos and relicts

free-free emission
synchrotron emission

10 GHz 100 GHz
Chapman & Jeli¢ (2019) @150 MHz Chapman & Jeli¢ (2019)

Galactic synchrotron emission (GSE) is one of the main foreground contaminants in cosmological
experiments and its emission dominates the radio sky at frequencies below about 10 GHz.

It is therefore of great importance to obtain a detailed understanding of the spectral and spatial
variations of GSE in order to mitigate their effects on cosmological observations.



SUNDAMENTALS OF SYNCHROTRON EMISSION
e > 1, -1
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MAPS

d lOg TI/ o/ - Spatial variations of the spectral index f, reflects spatial
ﬁ]/ - — = (]6’ BJ_) variations of the CR electron flux and the magnetic field
d IOg L properties of the ISM along the LOS.

Guzmdan+ (2011)

Full sky maps of GSE show spatial

variations of / already at the (low)
angular resolution of 5 deg,.
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LOFAR and SKA, with at least
three times this angular resolution,

will be able to investigate even

SSBUEUN  finer variations of /3.




SPECTRAL INDEX MAPS

d IOg TI/ o/ - Spatial variations of the spectral index f, reflects spatial
ﬁy p— = S (]6’ BJ_) variations of the CR electron flux and the magnetic field
d IOg L properties of the ISM along the LOS.

General oversimplification

Mozdzen+ (2017,2019)

S0 <v/MHz <100 : =2.59 < f < —-2.54+0.01 Depending on the observing frequency, it is usually

90 < v/MHz < 190 : —2.62+0.02 < < —2.60 assumed that the CR electron spectrum contributing to
the GSE is characterised by a single energy slope, s.

Platania+ (1998) \ : q < 408 MHzZ — s = — 2
.]e(E)OCE v>408 MHz — s = — 3

1.4 <v/GHz<75:/=—-281=x0.16

This assumption avoids time-consuming calculations.




ELECTRON FLUX

J(£) x E?

misinterpretation of GSE!

‘-Voyager2(8tone+ 2019)
L

Pamela (Adriani+ 2011)
5 "

AMS-02 (Aguilar+ 2014)

Fermi-LAT (Ackermann+ 2010)




ELECTRON FLUX

; \) ="
1 (E) x E o
e( ) W
‘-Voyager 2 (Stone+ 2019)

SN - misinterpretation of GSE!

!

Orlando (2018): multifrequency observations (radio,y) plus
V1, representative of intermediate Galactic latitudes

Pamela (Adriani+ 2011) (10° < |b| < 20°), including most of the local radio
w " e synchrotron emission within a radius of ~1 kpc around the

AMS-02 (Aguilar+ 2014) S
un.

Fermi-LAT (Ack 201 - . e
ermi-LAT (Ackermann-+ 2010) . analytical four-parameter fitting formula

that perfectly reproduces the power-law behaviour at low

and high energies;

—— Qrlando (2018)
—— Padovani et al. (2018)

v Below 50 GeV (energy range of interest) these two
Padovani+ (2021) realisations differ on average by less than 25%.




ELECTRON FLUX

(E) B
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misinterpretation of GSE!

The spectral energy slope s has large
and continuous variations with energy

— QOrlando (2018)
—— Padovani et al. (2018)
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UNIFORM SLAB

Brightness temperature for a 1 pc slab with a fixed, spatially uniform, component of the magnetic field B, varying
from 2 to 20 yG exposed to the CR electron flux. Frequency range v = 115 — 189 MHz; frequency resolution
Av = 183 MHz; angular resolution 8, = 4’ (representative of LOFAR HBA observations by Jeli¢+ 2015).

— (QOrlando (2018)
— Padovani et al. (2018)

1st take-home message:
s cannot be assumed as constant
to interpret GSE;

2nd take-home message:
— Orlando (2018) the choice of the CR electron

—— Padovani et al. (2018)
v —2.70 Padoidmi+ 2021) ™ pew spectrum is crucial.
—2.75]
—2.80

~2.85 B : L
990 and high latitudes (Mozdzen+ 2017) The highly accurate determination of / allowed by current (e.g.

2 4 6 8 éo [1é] 14 16 18 20 LOFAR) and future (e.g. SKA) instruments is a strong motivation
LM

Padovani+ (2021) for modelling GSE, avoiding oversimplifications.

Typical values of f at intermediate



NUMERICAL SIMULATIONS

log10 (n/cm-3] Snapshots of the Galactic diffuse matter EElEEs

1,60 1,43

(Bellomi+ 2020) over a box of 50 pc, 1283 pixels,

effective resolution of 0.39 pc; initial

homogeneous density ny=15cm™ ,

T'= 8000 K, uniform magnetic field By = Bye, .

The gas evolves under the joint influence of
turbulence, magnetic fields, and thermal

instabilities, and separates into three
different phases: CNM, WNM, and unstable.

"weak-field" case "strong-field" case

(B) =4 uG (B) =20 uG




v =130 MHz, 6, = 6.7, L =50 pc

T is higher where B, is larger;
strong field case: highest T in the POSs containing B, ;
T maps more inhomogeneous in the POS yz of both

snaphots, since in this POS, B, has a significant turbulent
component.

//t p— GBJ_/BJ_ to quantify the relative

turbulent component of B

—20-10 0 10 —20-10 0 10 20
Padovani+ (2021) [pc] [pc]




p w=115-189 MHz)

s—3
j(E) < E P=—p =72

3rd take-home message:

[ variations can only be explained
Bivariate distributions by accounting for a non-constant

Padovani+ (2021) Padovani+ (2021)
energy spectral slope .

Same considerations holds in the high-
frequency regime (v 2 408 MHz),
where the assumption s = — 3, then
f = — 3, turns out to be incorrect.

Only in the case of almost no
turbulence (pu~0), i.e.

constant B, along the LOS, f
can be assumed constant. Still
a very unlikely case.




Padovani+ (2021)

p(w=115—-189 MHz)

Padovani+ (2021) I
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Depolarisation effects are here mainly
caused by the tangling of the turbulent

component of the magnetic field along the
LOS (see POSs yz). This effect has been

already reported in the literature in both
the radio (e.g. Gaensler+ 2011) and in the
submillimetre domain (Planck Coll. Int. XX

2015).

Bracco et al. (in prep.): synchrotron
polarisation can be severely
affected by Faraday rotation,
especially at a few hundred of MHz

(rot. angle « /IzJ'neB” dr).



FUR BJ_ [ - 115 — 189 MHz

—2.0]}

M 467 — 672 MHz

A method to estimate (B, ) for a givenj, . H 833 — 1200 MHz

dl()g Ty(<BJ_>)
dlogv

ﬁ(l/, <BJ_>) —

B 25
for each POS, the estimates of / ®

in the three frequency intervals [
correspond to the same (B );

there is a preferred v range
(~ 0.1 —5 GHz), where s, then
f, varies the most (isocontours

of (B ) are more separated).

LBA
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Padovani+ (2021)



FOR B,

—2.5] L 115 - 189 MHz
‘ SN M : 467 — 672 MHz
A method to estimate (B, ) for a givenj, . 11833~ 1200 MHz
dlog T,({B,)) \
% 1
ﬂ(l/, <BJ_>) —
dlogv

4th take-home message:
it is advisable to simultaneously g
observe in narrow frequency ranges [
with high spectral resolution (as the L,
M, and H intervals) in order to have

independent [ estimates that should

follow a specific isocontour of B .

Frequency ranges of the main{
—3.2

current and future facilities LBA ASKAI

101
Padovani+ (2021)



TAKE-HOME MESSAGES

1st take-home message:
s cannot be assumed as constant to interpret

GSE:

2nd take-home message:
the choice of the CR electron spectrum is crucial;

3rd take-home message:
f variations can only be explained by accounting for a non-constant energy spectral slope s;

4th take-home message:
it is advisable to simultaneously observe in narrow frequency ranges with high spectral resolution

in order to have independent f estimates that should follow a specific isocontour of B, .



