AGN Feedba ck & IGM Regulation

G M Voit / M/ch/gan State University

- How dogs the IGM differ from 'the,IC‘M? -'
. What triggers AGN feedback?
» How does AGN feedback regulate Ltself?
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AGN Feedback & IGM Regulation



The “Entropy Floor” in Groups

Ponman, Cannon, Navarro 1999, Nature
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Entropy & Cooling Time

Voit & Bryan 2001, Nature
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Cooling+feedback inevitably breaks self-similarity at . ~ tH




Central Entropy & Multiphase Gas

Cavagnolo+ 2008, 2009, Voit & Donahue 2015
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Central Entropy & Star Formation

Rafferty+ 2008, Hoffer+ 2012
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Central group galaxies have Ko < 10 keV cm? but little star formation




Precipitation & Feedback

AGN Feedback & IGM Regulation



The “Copenhagen Interpretation”

McCourt+ 2012, Sharma+ 2012, Gaspari+ 2012, Li & Bryan 2014, Voit & Donahue 2015
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Condensation triggers strong feedback at tcoo/ti threshold




The “Copenhagen Interpretation”

McCourt+ 2012, Sharma+ 2012, Gaspari+ 2012, Li & Bryan 2014, Voit & Donahue 2015
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Precipitation-Regulated Feedback

Gaspari+ 2012,2013,2014; Li &Bryan 2014a,b; Li+ 2015
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Precipitation-Regulated Feedback

Gaspari+ 2012,2013,2014; Li &Bryan 2014a,b; Li+ 2015
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Ballistic Condensation

Voit+ 16, arXiv:1607.02212
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Evidence for a Threshold

AGN Feedback & IGM Regulation
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Cooling

Voit+ 2015, Nature
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Cooling-Time Profiles

Voit+ 2015, Nature
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Precipitation Threshold in Ellipticals

Voit+ 15 (Apr 2015, ApJL) , data: Werner+ 12,14
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Precipitation Threshold in Ellipticals

Voit+ 15 (Apr 2015, ApJL) , data: Werner+ 12,14
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Bistable Regulation of Ellipticals

Voit+ 15 (Apr 2015, ApJL) , data: Werner+ 12,14
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A General Lx-T-R Relation

AGN Feedback & IGM Regulation



Precipitation-Limited Luminosity

Voit+ 16, In preparation
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Precipitation-Limited Luminosity

Voit+ 16, In preparation
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Precipitation-Limited Luminosity

Voit+ 16, In preparation
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Precipitation-Limited Luminosity

Voit+ 16, In preparation
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The Feedback Valve

AGN Feedback & IGM Regulation



Thermal Instability & Feedback

Voit+ 16, arXiv:1607.02212

D
Q
Z
@
Q
>
D
p
R0
Q
K<
Y
D
Q
c
O
=
<
S

bipolar K t isentropic zone power-law zone
outflow
power-law zone isentropic zone
uplift , / thermal instability
_ el multiphase
isolated P U i condensation
condensation Lo\ N
| fes L T condensed gas >
\ fuels outflow r
o - Convective damping
suppresses condensation
bipolar 7 -
e in power-law zone




Entropy & Condensation

Voit+ 16, arXiv:1607.02212

Frames from Li+15 simulation
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Entropy & Condensation

Voit+ 16, arXiv:1607.02212

Frames from Li+15 simulation [
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Entropy & Condensation

Voit+ 16, arXiv:1607.02212

Frames from Li+15 simulation [
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Entropy & Condensation

Voit+ 16, arXiv:1607.02212

Frames from Li+15 simulation |

Inner entropy profile has
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Entropy & Condensation

Voit+ 16, arXiv:1607.02212

Frames from Li+15 simulation
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Entropy & Condensation

Voit+ 16, arXiv:1607.02212

Frames from Li+15 simulation
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Entropy & Condensation

Voit+ 16, arXiv:1607.02212

Frames from Li+15 simulation
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Entropy & Condensation

Voit+ 16, arXiv:1607.02212

Frames from Li+15 simulation

AGN shuts down when
cold gas is exhausted
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Entropy & Condensation

Voit+ 16, arXiv:1607.02212

Frames from Li+15 simulation
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Entropy & Condensation

Voit+ 16, arXiv:1607.02212

Frames from Li+15 simulation
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