ssssssssssssssssssssssssssssssssss

C VDMP&E%A

(oRIGiNS

Simulations
of the
Synchrotron Cosmic Web

Ludwig Boss ¢ Klaus Dolag « Harald Lesch
Ulrich Steinwandel ¢ Elena Hernandez-Martinez ¢ Ildar Khabibullin
Jenny Source ¢ Nabila Aghanim

Cosmic Magnetism in Voids and Filaments 2023



Synchrotron Emission from
the Cosmic Web

- Hierarchical structure formation
leads to gas accretion

. Gas dissipates energy in shocks:

Merger shocks (cluster periphery)

Accretion shocks (onto
clusters/filaments)
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. Electron acceleration via
,,diffusive shock acceleration*
(DSA)

- Synchrotron Emission due to

magnetic field = =
RIGHT ASCENSION (J2000)
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What about the magnetic field? -> 10 nG
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What about the rel. Electrons? -> Mega Halos

Gas density (computer simulation)
® Megahalo - radius = 1400 kpc
® Classical halo - radius = 352 kpc
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Relativistic Electrons

Mega Halos hint towards

-40_

significant relativistic CR electrons

in the cluster periphery I38]-

y [Mpc]

Cooling times of electrons:

t ~ 100-500 Myrs

Turbulent energy flux
Shock energy flux

Something needs to re-energize =k

electrons!

Insights from simulations

x [Mpc]
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A

Spectral CR Model

Populations of CR protons and
electrons attached to each SPH
particle

Discretized as Piece-wise powerlaw
Evolve Distribution Function f(p) at
every timestep of the simulation
Feedback via pressure component

Observables from distr. function
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Df(p,t)
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Df(p,t)
Dt

= V(k(p)VS(p,t)+ (3V- )pafég’t) i izaﬁ (p2 {Zg bif(p,t) + Dpp%ﬁ’ﬂn + j(x,p)
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Electron Density 7i,- [ cm™ ]
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SLOW - Fact Sheet

- 500 Mpc/h boxes
- Constrained ICs (Sorce+14)
- Resembles the local observed universe

- Non-radiative MHD simulation + Spectral Cosmic

Rays ( protons (12bins) & electrons (24bins) over 6 dex)
- Particle resolution:
Wit 25 20770 e P Spad

- Mass resolution:
mpum ~ 4.5 x 105 M

Meas ~ 8.5 X 10" M

~ 2x Magneticum hr
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Electron Density 7,.- [cm™3]
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CR Electron Energy Ecr..> 1Gev [erg]
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Excellence Cluster

LMB, et. al. (in prep)
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CR Electron Energy Ecr.e> 1Gev [erg]
1048 1049 1050 1051 1052

Traces recent
shocks

LMB, et. al. (in prep)
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CR Electron Energy Ecr.e> 1Gev [erg]
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Mass M [M o ]
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- Phase-space analysis /
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- What about the magnetic field?
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Problem:

B-field
only in
clusters!
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Synchrotron Power P, 144y, [W Hz 'kpc=2]
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Re-Acceleration Coefficient Dy [s7!]
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Based on: Next Step:
Cassano & Brunett1 (2005) Turbulence
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Conclusion
COMPLEX
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Synchrotron Power P, 144pm. [W Hz 'kpc 2]

* Prediction for radio emission S it ot 102 0% 10 10 10" 10"

Outlook "

+ Radio Emission of COma ECISSNNNY = * 7 . . g Sl T URE

& 7 s ¥ %
and Virgo (Dolag, LMB, in prep.) &l 6
* Predictions for allsky Gamma-Ray o &
Emission (LMB et. al., in prep) NG T
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Surface Density 2, [ g cm~2] Temperature T [K; Magnetic Field B [uG]
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Turbulent Energy Eyb [erg]
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Two injection regions, but currently only one emission region!
Can turbulent re-acceleration change this picture?
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100 Eam————— —
. Merger Accretion

CR Injection

. On-the-fly shock finder

Kang+ 2007

Kang&Ryu 2013 ]
Caprioli&Spitkovsky 2014 |
—— Ryu+ 2019 |
—— Acc. Efficiency

10721

Fraction of shock energy converted to CRs

Acceleration efficiency 7 of model

Fraction dependent on:

----- Reacc. Efficiency
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. Spectral slope dependent on shock B pi el
Sl
compression 2ol
Efficiency models: £
2 oaf
https://github.com/LudwigBoess/DSAModels.jl S
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https://github.com/LudwigBoess/DSAModels.jl
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