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(12]  AGN feedback: The interactions of AGN radiation, jets and winds with the host
galaxy

The supermassive black holes in the centers of galaxies accrete gas and launch jets, fast winds, or emit
copious amounts of radiation. The jets, winds, and radiation may impact the gas in host galaxy on scales
ranging from fractions of parsecs to hundreds of kiloparsec. This cycle of matter and energy affects the
evolution of galaxies and is termed the “feedback cycle of galaxy formation” . It leads to a regulated history
of star-formation, evidenced through the luminosity functions of galaxies, and to the co-evolution of the
central supermassive black hole and the galaxy, evidenced through the scaling relations such as the Magorrian
relation. We are pursuing a numerically intensive project running 3-dimensional relativistic hydrodynamic and
radiation-hydrodynamic simulations with multiphase gas aimed at elucidating the physics of the mass and
energy transfer in the feedback cycle and the effects of jets, winds, and radiation on star-formation and
black hole accretion. In recent work we have: 1) carried out a multi-wavelength study of the z = 0.025
Compact Steep Spectrum radio source hosted by the early-type galaxy UGC 05771, to investigate jet-ISM
interactions in a galaxy with a young radio source. The jet is likely accelerating shocked molecular and
ionized gas outwards at low velocities, creating a “stalling wind". The star-formation rate is also somewhat
reduced, possibly due to the jet-ISM interactions, as our numerical modelling suggest (Zovaro et al, including
Wagner 2019); 2) performed high-resolution simulations of wind-cloud interaction involving a collection of
clouds being swept up by a shock. We followed the fragmentation, compression, destruction, and mixing of
turbulent clouds embedded in a fast astrophysical flow. The work uncovered the very differing of evolution of
turbulent clouds dominated by solenoidal modes, and those dominated by compressive modes, and uncovered
a strong dependencies on porosity (Banda-Barragan, including Wagner, 2020); 3) performed VLA and EVN HI
absorption observations, modelling, and comparison with molecular gas data of the radio source B2 0258435,

which suggest that the cold gas in the centre of its host NGC 1167 is very turbulent and that this turbulence
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1 The small and large scale structures of the jet in B2 0258+-35/NGC

is induced by the interaction of the jets with the interstellar medium. The ionised gas in the galaxy shows
evidence of shock heating at a few kpc from the radio source. The results are consistent with our numerical
simulations of radio jets expanding into a clumpy gas disc, which predict that the jets percolate through the

gas disc and drive shocks into the ISM at distances much larger than their physical extent (See Fig. [1)).
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