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Feedback Efficiency
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Rafferty+’06, Hlavacec-Larrondo+’12



Owen+’00 Fabian+’03



Early models of conductive heating:

Trouble in cond

A range of insta

Global conduction models (e.g., Zakamska+’03)

Double heating models (e.g., Ruszkowski+’02, Bruggen
'03)

Dolag+’04
Voit & Favbi

MTI (Balbus 00,0
HBI (Quataert ’08)

Whistler mediated conduction (Roberg-Clark 16, '18,
'18, ...), see talk by Pakriti Pal Choudhury

Radio Mini-Halos:

e Common in cool core clusters (e.g., Pedlar+’90,
Giovannini+’99)

e Unrelated to radi

Difficulty:
e Cooling tim

e Requiresr

Possible relatio nderstood

e e.g. Richard-La ron-Marsolais+’20

Alternatives:
e Turbulent acceleration (e.g., Gitti+'02,’04)

e Cosmic Rays (e.g., Pfrommer+’04)
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Churazov+’03
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A

Ideal MHD simulations
FLASH 4.6, AMR
Single shot injection at 1045 ergs/s for 10 Myrs
B=1
v=0.1c to 0.2c, Mach 10 to 5, respectively (kinetic)

Lagrangian tracer particles (ICM and non-thermal)

Implicit solution to transport equation
Cylindrical nozzle, smallest cell size 30pc
Perseus Cluster adopted from Zhuravleva+’15

Dentist drill jitter

T3




Magnetic Topology

Toroidal Poloidal Helical

Chen+’19, ‘22, Heinrich+’21, llan+'22
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Jets: A Cosmic Heat Pump
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IVlacroscopic Transport

Million+’10 Kirkpatrick+’11
2 arcmin (9.4 kpc) 4 /[ —T—T
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10% Spitzer Heating Rate [erg/s]



thermalization timescale [Myr]
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» The heat pump effect can
substantially increase the
efficiency of black hole feedback
* [his Is gentle heating

» |[f macroscopic mixing Is
efficient, it will complement the
effect

» Next up: Simulations with proper
anisotropic conduction, whistler-
mediated conduction

Chen+'19




Radio Mini Halos

|
Gendron-Marsolais+’17 Pedlar+’90
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Cluster Downdrafts
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Summary

e Jets can uplift substantial amounts of cold gas.

 The close thermal contact between low and high entropy ICM can vastly increase
conductive heating, acting as a heat pump.

* The conductive heating time can be shorter than the dynamical time even for
conduction rates as low as 0.01 Spitzer.

 The heating efficiency can exceed 100% and deposit energy gently.

* The reverse process (downdraft) can drag non-thermal plasma that was stored ar
high altitude and low B-field back into the cluster center, where it re-ignites.

e With sufficiently high jet duty cycle, this downdraft effect may contribute to mini
halos In clusters like Perseus.



