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Ferrarese and Merritt (2000)[1] show that the masses of supermassive black holes in the central clusters of galaxies
correlate with the galaxies’ characteristic parameters. The observed correlations between MSMBH ∝ σα , where σ is
velocity dispersion of the galactic bulge and α = 3.83±0.21 (Tundo, Elena et al. 2006) [2] need to be explained

One way to explain these and other similar correlations is through outflows created by Active Galactic Nuclei (AGN).
This is one form of feedback that occurs when an active galactic nucleus creates a wind. Gas affected by the AGN wind
travels away from the centre of the galaxy and is observed. Also, the mass outflow rate correlates with the brightness
of the AGN. However, outflows are resolved into fossil outflows when the AGN luminosity and mass outflow rate are
uncorrelated. This is important because by examining outflow parameters we can try to reconstruct the history of AGN
activity. In this study, models with different initial parameters were investigated to see how long fossil outflows can be
detected.

The models were idealised turbulent gas spheres that were affected by AGN feedback. Later, the evolution of the
system after the AGN episode was observed. The models analysed in this study are divided into two groups M7, where
MSMBH = 107 , and M8, where MSMBH = 108. The gas in M7 is located at the beginning of the model from rin = 0.1 to
rout = 0.64 kpc, and in M8 it is located from rin = 0.1 to rout = 2.57 kpc. The gas density profile is distributed according
to the R−2 law.

Fig. 1. M7 L12 model gas column density map in XZ plane (1.4 kpc box). t = 3 Myr.

The evolution of fossil outflows showed significant difference between the M7 and M8 simulations. The M7 models
showed that fossil outflows are produced in AGN luminosity at LAGN = 1.0×LEdd and LAGN = 1.2×LEdd. It’s a different
case for M8 models. From L07 to L12 (L07, L12 denotes models where the LAGN corresponds to the LEdd luminosity with
appropriate multipliers of 0.7 and 1.2 and so on.), the fossil outflows are quite noticeable as the AGN luminosity increases
(for example Fig. 1). The biggest difference between the two groups of models is that the fossil outflows that occur in the
M7 models persist up to the 10 Myr limit. In the M8 models, the fossil outflows decay as they encounter gas and finally
disappear at the 10 Myr limit. This is because the spherically occupied volume of the model is larger than that of the M7
model, and also the gas density in the M8 model is ∼ 2 times higher than in the M7 model.

The velocities of these outflows are also consistent with the radial velocities of the outflows in the observed galaxies.
The morphology of the outflows noted by Cicone et al. (2014)[3] is also consistent with the morphology of the outflows
analysed in this study, which are elongated conical or bubble-like formations composed of fast-moving gas (at least >100
km/s). Also in the M7 L07, L10, L12 and M8 L10 and L12 models, outflows were detected ten times or more than the
duration of the AGN activity episode. This is in agreement with analytical models, which also suggest that an fossil
outflows can persist ∼10 times longer than the AGN episode (King et al. 2011) [4].
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