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Precipitation & chaotic cold accreion
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Turbulent heating vs radiative losses

heat transfer

A

turbulent
dissipation

<3,



Turbulent heating rate

0P/ Po = N1V 1,1/Cs

« Measure density fluctuations
* Infer velocity fluctuations

* Assume Kolmogorov spectrum
* Infer dissipation rate
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Zhuravleva et al. (2014)



But is turbulence Kolmogorov?
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Possible explanations for non-Kolmogorov VSFE

 Supersonic uplift (Hu et al. 2022)

» Kinetic turbulence in collisionless high-f plasma (Arzamasskiy et al. 2022)

« Gravity wave breaking (Mark Voit)

+ Driving by AGN jets & precipitatation (Wang et al. 2021)
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Supersonic turbulence generates
VSF steeper than Kolmogorov

Hu et al. 2022: VSF flattens over time
Ha filaments need to be short-lived to
explain steep VSF slopes



Kinetic turbulence in
collisionless high-f plasma

Arzamasskiy et al. (2022)
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more negative P(k) slope M) more positive VSF slope
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Atmospheric spectra showing:

AT
« Kolmogoroff kA-5/3 tail @ high k

Staquet & Sommeria (2002)




Turbulent heating vs radiative losses

heat transfer

A

turbulent
dissipation

( ) How does the non-Kolmogorov

character of the spectrum alter the
dissipation & mixing of the gas ?
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Turbulent heating
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How does dissipation change when there is a preferred direction set by g?

g > additional timescale in the problem ~ (N = Brunt-Vaisala frequency)

: Kolmogorov
TNL -

: non-Kolmogorov; gravity waves important, anisotropic turbulence
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significantly higher turbulent velocities
required to offset cooling OR

other heating mechanisms are needed




Wang, Oh, Ruszkowski (2022)

c1is 16x larger than the value
calibrated in Weinstock (1981)
for the conditions appropriate
for the Earth’s atmosphere

Heavily suppressed metal diffusion in hot halos




But what about magnetic fields?
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What physics are we missing?
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FLASH

overly clumpy
massive disks

Li & Bryan 2014

Prasad, Sharma & Babul 2015
Eisenreich et al. 2017

Qiu et al. 2019

Beckmann et al. (2019)
Wang, Li, Ruszkowski 2019



>30% in filaments

>70% in filaments ~50% in filaments
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Magnetic pressure supported cold CGM phase

Wang et al. 2020
CR-MHD AGN feedback
in giant ellipticals

Ruszkowski et al. 2018

Cold gas filaments
heated by CRs??77?



Magnetic tension



Clouds are not falling ballistically

hydro sub-virial in massive quiescent
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Wang, Ruszkowski, Pfrommer, Oh & Yang 2021
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VSF has a non-Kolmogorov slope!

Wang, Ruszkowski, Pfrommer, Oh & Yang 2021

This has been observed

Li et al. 2020

Also seen in Earth’s stratospheric spectra



Sharma et al. 2012
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What drives turbulence in the hot phase?

FID-HD —— FID-MHD

2222222222
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alot of cold gas  spatial correlation of  radially-biased
HD hot & cold phase velocity

Recall Nhut Truong’s talk

e Hot gas is stirred by the
black hole jet & precipitating clouds

« Hot & cold gas turbulence is




Conclusions

Gravitationally stratified turbulence may be non-Kolmogorov & anisotropic

Turbulent dissipation may be suppressed

Turbulent mixing may be suppressed

Even weak B-fields are important for the CGM / ICM dynamics




