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cluster merqgers

Abell 399 and Abell 401 Several Gyr Before Impact

10,000,000 Lightyears

Abell 1758 1-2 Gyr Before Impact

6,500,000 Lightyears

1E2215 and 1E2216 0.3-0.6 Gyr Before Impact

2,100,000 Lightyears

CIZA J2242.8 0.6 Gyr After Impact ®

Radio relics! s
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The CIZA relic at different frequencies
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The CIZA relic at different frequencies
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The CIZA relic at different frequencies
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different frequencies
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‘ hy do some radio relics seem patchier at high frequencies?
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1.5-4 GHz 14.25 GHz 18.6 GHz
Di Gennaro et. al 2018 Loi et. al 2020 Loi et. al 2020



Mach numbers & patchiness

[Rajpurohit et al. 2019]
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A shock front is characterised by
a distribution of Mach numbers




Mach numbers & patchiness

Turbulent vs uniform ICM

1.0 r : : 1.0 arc shaped
| i | | | | | ' 0.87 / filament
t=188 Myr 0.64 :
10.56 0.85
0.5} 0.5}
0.48 0.84 -
= S
= S
g 0.40 2 g 0.82 O
a4 - = =
S 0.0 O g 00} o
= 0327 = 0.81%
] £ 7 ki
= | .
‘ o ©
10.24 o 0.80 2
—0.5¢ -0.5 _
0.16 0.78 bristles
2 100% . )
- - 0.77 [Rajpurohit et al. 2019]
~8% @5 18§ 12 14 16 LB Z8 O 6 o8 10 12 14 16 18
x [100 kpc] x [100 kpc]

Dominguez-Fernandez et al. 2021]

A shock front is characterised by

Intrinsic Polarization Fraction

a distribution of Mach numbers
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Mach numbers & patchiness

Turbulent vs uniform ICM
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Our work

1. Set-up a
shock-tube

MHD
simulation

[Dominguez-Fernandez et al. 2020,2021]
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Our work

1. Set-up a
shock-tube
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Hjbrid numerical framework:
MHD + Lagrangian particles

[Vaidya et al. 2018]
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1. Set-up a
shock-tube
MHD

simulation

200 kpc

400 kpc
[Dominguez-Fernandez et al. 2020,2021]

4400

n|

5]
4350

s

4300

250

$ 3. Set-up for
synchrotron
emissivity

Hjbrio’\ numerical framework:
MHD + Lagrangian particles
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y [100 kpc]

Fresh-injection model vs re-acc

Fresh-injection Re-acceleration
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Fresh-injection model vs re-acceleration

Mach number distribution

Mach number distribution
Mach number distribution

1.5 2.0 25 3.0 1.5 2.0 25 3.0 35 40 45 15 20 25 30 35 40 45 50

M M M
[Dominguez-Fernandez, Ryu & Kang to be submitted.]

.. = o
in 3. .= = S

15" (p) e n(Al) AP~ : ; —
Depending on . "é -§
E £
= 2
Re-acceleration model: ——- g 5
>

1.5 Ji./ct) 25 3.0 1.5 20 j\_ils.o 35 40 45
—r

reac q p
> (p) = Jpre —

Depending on ./

4t Fresh injection model:

Mach number distribution

15 2.0 2.5 30 35 40 45 5.0

M

r = min(q, ).



JAUGA Busan FM6 | 2022

Mach numbers & patchiness

DSA theory

[Blandford & Ostriker 1978; Drury 1983]
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Mach numbers & patchiness

DSA theory
F(I/) [Blandford & Ostriker 1978; Drury 1983]
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Patchiness at the shock front

Relative surface brightness variations: 55 — SD/ Sy — 1
U

~200 kpc
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Patchiness at the shock front
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Patchiness at the shock front

Relative surface brightness variations:
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Patchiness at the shock front

Relative surface brightness variations: 55 — Sy/ Sy — 1
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Patchiness at the shock front

Relative surface brightness variations: 55 — Sy/ Sy — 1
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Summa

Why do some radio relics seem smooth at low frequencies and patchier at high frequencies?

1. The fresh injection model reproduces patchier structures at high frequencies, but

| Too patchy substructures

1 If a relic is patchy at very high frequencies, * i Gennam of 2018

then it necessarily also is at low frequencies

Loi et. al 2020
| 1 Mpc |

not entirely in line with observations ‘o ai
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| Too patchy substructures
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1 If a relic Is patchy at very high frequencies,
then it necessarily also is at low frequencies

Loi et. al 2020
| 1 Mpc |

not entirely in line with observations ‘o ai

2. Re-acceleration also reproduces patchier structures at high frequencies, but

The degree of patchiness is smaller than in
. the injection model

1 The substructure at high and low frequencies
' differs less than in the injection model

also not entirely in line with observations but a bit closer! *
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