
Triggering and delivery 
methods for AGN feedback

Brian O’Shea 
Michigan State University

Paper: Meece, Voit & O’Shea 2016,  
ApJ, submitted (arXiv:1603.03674)

Image: McNamara



Gas Cools

Cold Gas  
 Condenses

Gas Falls 
Into Black Holes

Jets Heat  

the Cluster

Hot Gas

Cartoon view of AGN within cluster



Triggering Feedback

Cold gas: for T < Tmin,

Boosted Bondi:

Booth & Schaye:

! = 100

n0 = 0.1 cm-3

β = 2

ĖFB = ✏Ṁc2

ϵ = 10-5

fk = kinetic fraction 
   = [0, 1]
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Simulation setup: Perseus
• Static NFW halo with M200 = 8.5 x 1014 M  + BCG 

potential (as per Li & Bryan 2012) 

• Box: 3.2 Mpc, 643 root grid, 8 levels of AMR (Δxmin = 
195 pc) 

• Initially in hydrostatic equilibrium w/ACCEPT entropy 
profile (Cavagnolo et al. 2009) 

• AGN particle fixed in the center of the halo 

• Tabular cooling w/Z = 0.5 Z



Cold Triggering, fk=0.5

ρ T K

P Dye tcool/tff



One of these things is not like the others…
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(all triggered by cold gas)



Varying kinetic fraction

(all triggered by cold gas)
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Figure 10. The total mass of cold gas is shown as a function of time for
simulations with different triggering mechanisms and fk = 0.5 (top panel)
and for simulations with cold triggering and varying fk (bottom panel).

4.2.3. Star Formation

BCGs in many cool core clusters are observed to be form-
ing stars (O’Dea et al. 2008, 2010; Loubser et al. 2015) with
a low SFR, albeit larger than observed in non-BCG cluster el-
lipticals McDonald et al. (2015). Stellar feedback alone can
not prevent the cooling catastrophe in cool-core clusters, as
demonstrated by Skory et al. (2013) . Although we do not
include star formation in our model, Li et al. (2015), using
setup very similar to our fiducial model, has performed an ex-
tensive investigation of the role of star formation in regulating
AGN feedback. Seeing as stars form in cold, dense pockets
of gas, the SFR of a BCG should be related to the amount
of multiphase gas present. Li et al. (2015) does see a correla-
tion between AGN properties and the SFR. In those simula-
tions, stellar feedback is not as effective at heating the ICM as
AGN feedback but is more effective in consuming cold gas.
As the simulations run, a reservoir of cold gas builds up in a
large disk surrounding the AGN. The AGN heats the ICM un-
til star formation consumes the disk, at which point the AGN

shuts off. The ICM then cools and becomes thermally unsta-
ble, starting the cycle anew. Thus, the primary effect of star
formation is to regulate the cycling behavior of the AGN on
timescales of Gyr.

4.3. Choice of Hydro Method

The simulations in this work use a 3D version of the ZEUS
hydrodynamics code (Stone & Norman 1992) due to its ro-
bustness and speed. ZEUS is known to be a relatively diffu-
sive code, and requires an artificial viscosity term that may af-
fect the accuracy of our hydrodynamics calculations. We ex-
perimented with using a piecewise-parabolic method (PPM)
(Colella & Woodward 1984) , but encountered numerical dif-
ficulties relating to the strong discontinuities occurring at the
injection site. Our simulations would doubtlessly be im-
proved by using a more accurate hydro method and including
additional physical processes such as cosmic ray transport,
subgrid turbulence, and explicit viscosity in addition to the
processes discussed in the preceeding sections.

4.4. Comparison With Similar Studies

As the importance of AGN feedback has gained greater ap-
preciation in recent years, several studies have been carried
out to investigate the best way to implement AGN feedback
in simulations. Here, we discuss how our results compare to
previous studies. Differences in the models used are discussed
in section 2.3.

5. CONCLUSIONS

We have carried out a comparison of several commonly
used sub-grid implementations of AGN feedback. Our model
treats the AGN as a particle sitting in the core of an idealized
cool-core cluster. The AGN is triggered based on local con-
ditions (either the amount of cold gas or the Bondi rate, with
either a fixed or a density dependent boost) and returns energy
to the ICM as either thermal blasts, a kinetic jet, or a mix of
thermal and kinetic energy. Our main conclusions are:

1. Purely thermal feedback produces very different results
than feedback with even a small fraction of kinetic en-
ergy. Thermal blasts tend to generate strong shocks that
heat the ICM outside the core while doing little to in-
hibit the formation of cold gas near the AGN. This leads
to the AGN being smothered by cold gas while putting
out increasingly powerful bursts.

2. When some fraction of the feedback is returned as a
kinetic jet, the AGN is able to disrupt the formation of
cold gas and prevent a cooling catastrophe. The ICM is
observed to regulate to a state where tcool/tff 10 within
the inner 20 kpc. The cluster core is cooler overall than
the case with pure thermal feedback, but contains much
less cold gas around the AGN.

3. We do not see much difference between Cold gas and
Bondi accretion with a density dependent boost (BS09
), which is expected as BS09 accretion was designed to
account for the formation of cold gas below the resolu-
tion of the grid.

4. Increasing the size of the accretion radius leads to less
short-term variation in the jet power but does not sig-
nificantly alter the properties of the ICM.

(all triggered by cold gas)







fk = 0.5 fk = 0.0

Note difference in y-axis!



Triggering  
or delivery?
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Figure 3. Slices of density through 9 simulations with different triggering mechanisms and kinetic feedback levels. All simulations are shown 1 Gyr after the
beginning of the run. Simulations in the top row are triggered by cold gas accretion, the middle row by Bondi accretion with a constant boost factor, and the
bottom row using the method of BS09 . fk gives the fraction of the feedback that is returned as kinetic energy.



Varying triggering mechanism



Varying accretion region size



Challenges in moving to 
cosmological simulations

Δxmin is a few kpc rather than a few hundred pc! 

This strongly affects: 
• Resolution of cluster core thermodynamics  
• Cold gas formation 
• Jet implementation



Summary
• Purely thermal feedback is very different than feedback with 

even a small kinetic component
• When some fraction of AGN feedback is returned as a jet, 

AGN feedback regulates the ICM in a quasi-steady (and 
relatively realistic) state

• No large difference seen between triggering mechanisms 
as long as “accretion zone” is small

• Increased feedback zone size has some effect, primarily on 
boosted bondi - does not achieve self-regulation as readily

• Next step: translate this into (grid-based?) cosmological 
simulations!
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