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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:
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2 Left and middle: Volume renderings of a simulation of the Milky Way AGN jet emerging from the
circumnuclear disc (left) and propagating into the interstellar medium of the Milky Way disc (middle). Right:

Predicted hard X-ray surface brightness (colormap) and radio surface brightness (contours).

constructed models of the putative Milky Way AGN jet that is thought to have inflated the
FERMIbubbles (See Fig. 2). We identify vestiges of the interaction of the jets with the
circumnuclear disc as well as clouds on ~ o pc scales. We have constructed the first models
to reproduce the new MeerKAT radio data and eROSITA X-ray data of the inner regions of the
FERMI bubble. (Preliminary results presented at the 43rd COSPAR Scientific Assembly, G. N.
Cecil, A. Y. Wagner, et al.);

obtained new, spatially resolved [CI]1-0, [CI]2-1, CO(7-6), and dust continuum observations
of 4C41.17 at z - 33, one of the best candidates of jet-triggered star formation at high redshift.
The gas mass, densities and star-formation rates found are comparable to those in other
populations of massive, dusty star-forming galaxies in this redshift range, suggesting that the
jet does not currently enhance the efficiency with which stars form from the gas. This is
consistent with expectations from our simulations, where radio jets may facilitate the onset of
star formation in galaxies without boosting its efficiency over longer timescales, in particular
after the jet has broken out of the interstellar medium, as is the case in 4C 41.17. (Nesvadba et
al., including Wagner, 2020);

performed, using optical integral field spectroscopy, an analysis of the ISM conditions in
Minkowski’sobject (z =0.0189), @ peculiar star-forming dwarf galaxy located in the path of a radio
jet from the galaxy NGC 541. We confirmed the young age of the stellar population that suggest
that Minkowski’s object was formed from a recent interaction with the jet. With our new data
and our understanding of jet-cloud interactions, we invalidate several formation mechanisms
previously proposed in the literature, while proposing two new, more detailed, scenarios.

(Zovaro et al., including Wagner, 2020)
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