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Clusters and cluster outskirts

Shock energy flux
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Shocks with M>2.3

Inner regions (r < r'seo) are well sampled in
radio by radio halos and radio relics. In X-rays,
they are accessible with Chandra and XMM

Deep radio observations can be used to study how shocks and turbulent
motions dissipate kinetic energy into non-thermal components in
extreme cluster outskirts, over the entire cluster volume



The Galaxy Cluster Deep Field

ASTRONOMY Science Advances
Magnetic fields and relativistic electrons fill entire
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A giant envelope of emission

LOFAR HBA (145 MHz)

Spectral index
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A giant envelope of emission
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A giant envelope of emission
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A giant envelope of emission
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A giant envelope of emission

LOFAR HBA (145 MHgz)
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Implications:

— distribution of B and CRe

- of B in the outskirts

— dissipation of turbulence in NT components

— distribution of shocks and turbulence in the ICM

Spectral index
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Magnetic field

At ~2 Mpc:
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Magnetic field

At ~2 Mpc:
* The magnetic field yielding to the minimum energy of the relativistic plasma is:

e
3+a 1—2a

B (CaLsy{}(V)V"‘(Hk)) Yo > Bmin ~ 0.45 “G

* Assuming B = B,inA the following condition must
be satisfied:
Az e
€B+e S €1cMm0.05 3+_a1+a - B ~ 0.1-1.7 4G
1+

— 250x than UL on Bemb
— 10x than strength expected from simple compression of Bemo

Magnetic field in ‘

must be efficiently amplified
(role of dynamo)

Dominguez-Fernandez+19



Turbulence

Dissipation of turbulent energy flux into
non-thermal components (B+e)

3
v p = density
o = turb rms velocity

P pon
QPA A = scale




Turbulence

Energy Flux

Dissipation of turbulent energy flux into
components (B+e)

An A2255-like cluster
in simulations

~Y —p— s
A

2 4
Credit: F. Vazza  x [Mpc]

1.5 2.0
Radius [Mp({



Turbulence

Energy Flux

Dissipation of turbulent energy flux into
components (B+e)

An A2255-like cluster
in simulations
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Turbulence

Energy Flux

Dissipation of turbulent energy flux into
components (B+e)

An A2255-like cluster
in simulations
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Turbulence

Energy Flux

Dissipation of turbulent energy flux into

components (B+e) An A2255-like cluster

in simulations

‘ Fslerg/s/pixel]

(\\0 '\0(\
‘Qo.g& 2 4
&Q\\K\ Credit: F. Vazza  x [Mpc]
&
B2
P BT LnT ~ NaccFV

B
B2

LNT = Lsyn,bol (1 A

1.5 2.0
Radius [Mp(i

Lsyn bol ‘82 b
acc e <n
77 (773) FV |: + 877F7—eddy773
To reproduce the of radio

emission in A2255 it is required that 5-10%
of Fur is channeled into NT components




A2255 at high resolution
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A2255 at high resolution
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A2255 at high resolution
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Overlapping structures
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Overlapping structures

12.5” ~ 19 kpc )
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Overlapping structures

12.5” ~ 19 kpc LOFAR LBA (49 MHz)
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The structures with morphology have flatter spectra and are polarized at 1.4 GHz

Consistent with the fact that we are observing
relic-like emission onto the cluster center






Ram pressure stripping
lgnesti+23 ” R End R

7 radio selected i — - SI o R
(6 within rse + 1 close to I'oo) G ? oF3

LOFAR HBA+uGMRT
band 3 data

- flux density and spectral index
profiles along the tails

10 arcmin - -
~910 kpc -

Toq3m
RA (J2000)

11m

Constraints on the projected radio plasma
velocity along the tails (100-500 kmys)




Broad band spectral index analysis

L]

1. . * LOFAR 50 MHz + 150 MHz
Ra)puroh1t+ in prep. | WGMRT 400 Mz + 675 MHz

* JVIA 1-2 GHz
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. / ; emitting thermal gas _
¢« ° \ )
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Broad band spectral index analysis

L]

— * LOFAR 50 MHz + 150 MHz
Ra]pur0h1t+ n Prep- s uGMRT 400 Mz + 675 MHz

* JVIA 1-2 GHz

- 4 LR *  + connection with X-ray
emitting thermal gas

Spectral index study of the
in the cluster
— re-acceleration processes in the tails?

log Ix (Jyarcsec™?)

log /s (Jyarcsec?)

-21.0 =-20.5 =20.0 -19.5 -19.0 -18.5 =-18.0 -17.5 -17.0
log I ( counts s~ arcsec %)

-21.0 -20.5 -20.0 -19.5 -19.0 -185 -18.0 -17.5 -17.0
log Iy ( counts s~ arcsec—2)

-2

log Is (Jy arcsec

log /s (Jy arcsec™2)

=21.0 =205 =20.0 =195 =19.0 -185 =-18.0
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Fok gq0, e %
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Long baseline imaging

R ' \ ' .u{..; R i R '* Bright and extended AGN can be
) o ' R 4 .4#.' ' imaged with LOFAR long baselines
] r W, i - . L

What is the origin of the filaments in
the radio emission and what do they
tell us about AGN/ICM physics?

Other possible projects:
* Imaging LBA data <30 MHZz (see Groeneveld talk)
* RM synthesis



Ultra-deep field & LOFAR2.0

LOFAR 336h HBA observations completed in May 2023

* Does the envelope show boundaries?
* Can we detect the synchrotron cosmic web?

* Wide field imaging with long baselines

Credit: M. Bond? ~1/70 of EDFN

LOFAR2.0: e R e '
* Eol submitted Jedio i .
> Synergy with LUDO (see P. Best talk)

* Observations with LLOCuSS @30 pjy/beam @ 40 MHz)



Conclusions

* Abell 2255 is the LOFAR Cluster Deep Field

* Giant envelope of emission embedding the known emission
* A number of filamentary structures are detected

* Implications on acceleration mechanisms on very large scales

* The large dataset triggered different follow-ups

* The processing of the 336h LOFAR1.0 (HBA) is ongoing
* Looking forward to LOFAR2.0
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