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e Radio-active phase part of the life-cycle of all
galaxies

e Significant amount of energy and momentum injected
info the ISM during this phase

e Influence on cooling flows - used in modelling the
galaxy luminosity function (Croton+'06)

e Radio galaxies heat cooling flows - prevent further
accretion
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e ISM in evolving galaxies is inhomogeneous (esp. at
z~2)

® AGN feedback is not just a matter of heating the
ISM and preventing accretion

® Emphasised by the physics of Gigahertz Peak
Spectrum (GPS) and Compact Steep Spectrum
(CSS) sources
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® What are GPS and CSS sources?
e Relativistic jet - ISM interactions
e Evolution of radio spectrum

e Turnover frequency - size relation

e Relevance to AGN feedback
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® Code: PLUTO Relativistic Hydrodynamics Code
- Andrea Mignone et al.

® Thermal cooling using MAPPINGS cooling
function - Sutherland & Dopita

e Australian National Computational
Infrastructure supercomputer

e See Mukherjee, GB, Wagner & Sutherland,
MNRAS, 2016 for simulations
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Dens1ty at tlme 7.00900 Myr
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DenS1ty at tlme 1.65281 Myr
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Assume electron energy density and magnetic energy
density proportional to total energy density

Electron energy distribution: N(v) =K~y ¢ a=2a+1

Doppler factor Jet tracer

N\ / (a+1)/4 (em><“+5>/4 (u)

(j,) = Constants X §°T%¢iet fo [

€0 Vo

S o < Eiot €EB = B X €tot
fe = 0.1 fs = 0.3
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Density® dependence
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® Peak moves to lower
frequencies as source
evolves - Effect of
decreasing density and
path length

® Spectral slope flattens
- Effect of increasing
dispersion in optical
death
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Spectra att = 0.30 and 0.69 Myr
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Turnover - size relation
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® GPS and CSS sources strongly related to AGN
feedback in early stages of galaxy evolution

® Low-powered jets important - FRO sources?

® Low frequency turnover plausibly related to
free-free absorption by inhomogeneous ISM

® Initial density and velocity dispersion of ISM
similar to values inferred from optical
observations

® Radio spectrum provides independent information
on ISM density and spectrum of density
fluctuations - important for modelling feedback
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Radio luminosity function (Mauch & Sadler 2006)
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ke Optical depth at
T = 0.39 Myr

tau_nu 0.39 Myr

1-1.82
12.08

- 1-2.87
11.67

-3.91
11.25

-4.96

0.84

\\.\’}\\'T'\"\\-\\\.
1 0 1 2

Surface brk}icghfness at
T = 0.39 Myr

-6.00

0.42

0.01

— IAU Symposium 324: New Frontiers in Black Hole Astrophysics



