Probing the Radio Mode AGN
Feedback Cycle in the X-ray

Abstract
baul Nulsen Despite the good empirical evidence that radio AGN (active galactic nuclei) limit the growth of the most massive galaxies, we are far from
Harvard-Smithsonian Center UNerstanding how this process works. Feedback models generally demand that an AGN be fueled by cooled or cooling gas, with accretion of
for Astrophysics cooled gas increasingly favored by observations and theory. Some observations to probe the radio mode feedback cycle that would be feasible for
an X-ray mission with effective area, spatial and spectral resolutions in the ranges of proposed X-ray Surveyor missions are outlined here.
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Observations and simulations (e.g. Churazov et al. 2002) indicate that
large quantities of gas are lifted in the wakes of rising radio lobes.
Kirkpatrick et al. (2011) found that iron enrichment is anisotropic around
radio galaxies in cool cores, being more extended along the radio lobes.
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Thermal instability

David et al.|(in prep.) find

If the radio AGN are fueled by cooled hot excess softX-ray emission The extent of the enriched region is correlated with jet power much as
gas, signatures of cooling should be found in . E;’aer;g;i ?:_:Itgg?ojz expected from simulations (Morsony et al. 2010). The scale and speed
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X-ray spectra. Rapidly cooling gas may fall

directly out of a hot atmosphere (Sharma et | By removing gas from its equilibrium position, where heating balances
al. 2012). Rotational support or uplift can cooling, uplift can promote thermally unstable cooling. This mechanism is a good candidate as the
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Although cooling is suppressed by AGN feedback, there is sufficient cold gas in many A rising radio lobe draws surrounding gas into its wake. Gas

systems to expect the cooling gas to be detectable. Low energy X-ray emission lines drawn into the wake will have angular momentum about the

expected in simple cooling models may be absorbed by adjacent cold gas (Werner et al. radio axis resulting from events, such as minor mergers, that

2013). X-ray emission may be further suppressed if cooling is promoted by mixing with cold continually perturb the gas. Conservation of angular

gas (Begelman & Fabian 1990). Whatever the cooling process, cooler X-ray emitting gas is momentum will cause the gas to spin up and may result in

strongly associated with much colder gas clouds. Physical processes, such as charge significant rotation speeds about the radio axis. Asymmetries

exchange (e.g., Walker et al. 2015) and photoelectric absorption, will be evident in spatially in the initial velocity distribution will generally mean that the

well resolved spectra of the cooler X-ray gas and they will provide strong guidance on the rotation axis of the gas is offset from the radio axis. Such a
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