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The Faraday effect
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The Faraday effect

A194 — SRT 6.6 GHz - VLA 1.4 GHz
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The MFS RM grid: an anticipation of the SKA-mid

r<1.42deg (~500 kpc) (r.=173 kpc)
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SKA Cosmic Magnetism Science Working Group:
950-1760 MHz
4 uly/beam of sensitivity
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30’000 pointings, 15 min/pointing

Right Ascension (J2000) The survey will last 2.5 years
Loi et al. 2021 Heald+2020
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The|Eridanus group  d: an anticipation of the SKA-mid

r<1.42deg (~500 kpc) (r.=173 kpc)
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o
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~20 A dense RM grid reveals unexpected features
Localized RM enhancement as a consequence of
~40 accretion phenomena within the cluster virial radius
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Loi et al. 2021
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Better reconstruction of the RM profiles

ASKAP RM grid with 25 p.source/deg? MFS RM grid with 80 p.source/deg?
based on Anderson et al. 2021 based on Loi et al. 2025
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B measurements

Loi et al. to be sub.

Simulations of the RM images with the FARADAY
4 tool (Murgia et al. 2004):

bayesian inference to maximize the posterior
probability of the observed RM Structure function
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B measurements

Simulations of the RM images with the
FARADAY tool (Murgia et al. 2004):

thermal sim. RM
plasma =" bayesian inference to maximize the posterior
model

probability of the observed RM radial profile

Loi et al. to be sub.

B(r) = B, (n(r)/n, )"
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B measurements

thermal
plasma
model

— sim. RM
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Loi et al. to be sub.
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B measurements

100 N A S R Y o r ey ST ey g Py TSV TR P
NGC1399
IV " ' ' {18
. 36
. 24
--- All9
. 12
, . A2255
26/ L 1 5
- & 10-1} A2382
é c S ...... 3C31 3
£ 3 e —— Hydra A _
E = Coma Cluster R AN
< = A \ EAN
& 2| | £ 3C449 N W
35 S -—- A665 : N
30 - A2199 S O\
. 1 >
'E 25 10_2 | A194 ...‘ \\
T 20 , A2345 . N
5L 30 0] i A523 Y &
F: --- A2142 B N\
10 e . o Lo ] e Fornax Cluster B N
Z Right Ascension (J2000) 16—1 160 ] 161
0 50 100 150 200 2 3 4 5 6 1 r/rc
r [kpc] Bo [KG]

Francesca Loi @ INAF - OAC The V National Workshop on the SKA Project — Bologna — 26/11/2025



Supplied Integration Time * Results

A possible SKAO-AA* rogenTe - 0

4.23 pJy/beam (1.16)t

Continuum confusion noise

survey design 2| g 28 pybeam

Total continuum sensitivity

based on the SKAO sensitivity calculator P M oy . | 9:30 ply/beam

Central Frequency*

Can

15.

d-heam-size

07" x 11.69"

Number of sub-bands *

a 44.80 mK

To detect ~ 80 pol. sources/deg? at 56 we would
need Oqu ~3 ply/beam

Weighted spectral sensitivity

On the mosaic the rms will go down by a factor of 13.44 kHz (3.4 kmis 815.75 pJy/beam (1.16)t
O . 7 2 Spectral confusion noise
ilJ%thaJ Averaging * SIS . 8.31 pr/beam
30’000 de92 to cover o oy ‘ Total spectral sensitivity
Image Weighting * Robust * 81579 “Jy/beam
THE ALL-SKY SURVEY WILL LAST 1-2 YEARS  sioos -1 ~| 25 At
Tapering * Spectral surface-brightness sensitivity
4.667" v 391K

FWHM of the RMSF

(up to ~2” with r=0 targeting the same sensitivity) 60.95 rad/m?

Maximum Faraday Depth Extent

73.49 rad/m?2

Maximum Faraday depth

614709.59 rad/m?
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The impact of dense RM grids on the study of intra-cluster and intra-group

magnetic fields
[Loi et al. SKA White Book]

POSSUM SKA-mid

Simulations of RM images of
a cluster at z=0.03
considering the sensitivity
and resolution of four
observational configurations

-1.6e+02 -1.3e+02 -96 -84 -32 0.16 32 64 96 1.3e+02 1.6e+02
RM [rad/m?]

Survey Bandwidth oouU source density resolution

GHz [pJy/beam] [number/deg?] [arcsec]
POSSUM 0.8-1.439 - 87 21  [Vanderwoude et al. 2024]
MFS (SKA-mid AA*) 0.9-1.4 3 80 13 [Loietal. 2025]
SKA-mid mosaic  0.95-1.76 2.2 110 ~1  AA4 mosaic=15 min/points
SKA-mid targeted 0.95-1.76 0.5 414 ~]  AA4 targeted=10 hrs/points
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Conclusion

Goal: accurate B reconstruction in a large sample of galaxy clusters
Methods: deep observations at high resolution (SKA-mid AA* and AA4)

The MFS strategy is good and accurate to trace B
but limited to nearby clusters if one is interested in the B structure (resolution
matters), only deep observations can do this job

Fornax is ear (1 arcsec ~ 0.1 kpc)
At z=0.1 — 1 arcsec ~ 1.857 kpc

At z=0.5 — 1 arcsec ~ 6.169 kpc Thank you

Resolution matters!
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Backup slides
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Euclidean normalized differential P source counts
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'1'0"5 ' o 1'0"4 o 1'0'_3 o 1'0'_2 1071
1.4 GHz Polarized flux density [Jy]

508 polarized sources detected (13 arcsec, Oqu ~ 1.4+19 ply/beam)
~ 80 pol.sources/deg?
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Euclidean normalized differential P source counts
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105 10 100 10 10-1
1.4 GHz Polarized flux density [Jy]
508 polarized sources detected (13 arcsec, Oqu ~ 1.4+19 ply/beam)
~ 80 pol.sources/deg?
Considering the completeness correction there could be 1007 polarized sources

- 160 pol.sources/deg?
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Polarized intensity mosaic (after RM synthesis)
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