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Radio-Loud Broad Line
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NGC 5813 2 &

X-ray: NASA/&C/SAO/S_.RandaH et al., Optical: SDSS
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Ben McKinley, ICRAR/Curtin and Connor Matherne, Louisiana State University.
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Hydrodynamics provides a general framework to efficiently include

complicated physics.



Energies and rates of the cosmic-ray particles
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CR-MHD: Treating CR as a second fluid
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Cosmic-ray interaction

> Hadronic (proton) processes
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Cosmic-ray interaction

Radiation emitted from
> Synchrotron emission any part of trajectory
Electron with acceleration
a (1 to B), velocity v,
pitch angle o (not shown)

Electron/position gyrates
around magnetic field.
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Cosmic-ray interaction RN

» Inverse Compton scattering

Electron/position collide with |
CMB photons.
Efficient way of losing energy

for CRe.
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Lin et al. (2023)

Evolution and feedback of AGN jets of
different cosmic ray composition
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Perseus cluster
HST i 1mage overlap Wlth X—ray (blue) and

Bubble / X-ray Cavity / Radio Lobe

X-ray: NASA/CXC/IoA/A.Fabian et al.; Radio: NRAO/VLA/G. Taylor; Optical:
NASA/ESA/Hubble Heritage (STScI/AURA) & Univ: of Cambridge/IoA/A. Fabian



Unsolved problem
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Simulation Setup

Code: FLASH 4.2.2 (modified)

Similar to Perseus Cluster

Box size: 500 kpc

NFW Profile of gravitational potential
Gas profile from Perseus

Eject bipolar jet at the center

Jet power: 5x10% erg/s

vV V. V VYV VY V V VY

Jet duration: 10 Myr 500 kpc
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Key difference between CRp and CRe

Cooling: CRe >> CRp (Synchrotron + inverse Compton scattering with CMB)

Heating: CRp > CRe (Coulomb + Hadronic collision)

Expectation: )

» Dynamics: Blowing a balloon with holes. %
» CRe jets might fail to inflate bubble.
» CRe bubbles might deflates. g A

» Heating: Can not heatup ICM

> A failed AGN feedback? CRp CRe
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CRp and CRe bubbles are quite similar! Why?
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Evolution of different energy component in the bubbles
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Cold Gas Mass (My)

Mass of Cold Gas
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Heating to ICM
> Mass of cold (T < 5x10° K)

gas is usually used to

measure heating efficiency.

» Initial rise due to rapid

expansion induced local

thermal instability.
» Quickly heat up by the
bubbles within 10 Myr.
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Key results

1. Despite difference in cooling,

"

CRpS Jet (Bubble) CReS Jet (Bubble)

—— Inject jet energy —— Inject jet energy

Energy (erg)

CRe and CRp bubbles have
similar dynamical evolution.

CRe bubbles quickly become
thermal bubbles within ~20 Myr.
CRp/CRe jets/bubbles can
provide similar heating/feedback
to the ICM.




