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Turbulent multiphase gas In different

contexts.
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Tails of Jellyfish galaxies Empirical models and synthetic observations
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Cloud complexes as multiphase turbulent

boxes
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Cloud complex from Bisht+25 (incl. AD) Projected cloud distribution in the CGM
See also Hummels+25 (GIBLE; Ramesh+24)
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Cloud complexes as multiphase turbulent

boxes
o Basic
14 A A A o Advanced
e A [ 4 o Werk+13
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Background quasar

Courtesy: Astrobites (Anderson 2025)

Provides a natural explanation
to the observed scatter in

guasar absorption spectra from
multiple quasar-galaxy pairs.
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Cloud complexes as multiphase turbulent

boxe
é The size distribution of cloudlets in a cloud complex and their

velocity dispersion are model parameters.
» These in turn depend on the turbulent properties of the multiphase

medium that they are a part of.

N, 10s=25, rq=10 pc Nl 10s=2411, r=0.1 pc
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Cloud complexes as multiphase turbulent

BOX8Sio 1 e o

2/3
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@

tmix/tcool deCreases
Lossless energy transfer: Kolmogorov cascade

14



Cloud complexes as multiphase turbulent

BOX8Sio 2 ety

8 kpc tmix € constant

1 kpc
0.125 kpc

Reduced turbulent stirring
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t=0.0 Myr
N (Column Density) T (Temperature) Ecool/Area (Cooling Flux)
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Hydro MHD
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Hydro MHD
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Hydro MHD
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What does all this mean?

» Boxes of different sizes but with the same t,ix/tc001 ShOow similar cold gas
properties.

» Smaller boxes following the Kolmogorov cascade cannot sustain cold gas.

» Cold clouds dominate mass but are compact have a low volume filling
fraction.

Takeaway message:

» Turbulent multiphase cloud complexes (size < 10 kpc) are unlikely to be
stirred by Kolmogorov-like driving from larger scale eddies.

» Instead, cold cloudlets in cloud complexes arise in mildly turbulent
regions of the CGM.
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What does all this mean?

» Boxes of different sizes but with the same t,ix/tc001 ShOow similar cold gas
properties.

» Smaller boxes following the Kolmogorov cascade cannot sustain cold gas.

» Cold clouds dominate mass but are compact have a low volume filling
fraction.

Takeaway message:

» Turbulent multiphase cloud complexes (size < 10 kpc) are unlikely to be
stirred by Kolmogorov-like driving from larger scale eddies.

» Instead, cold cloudlets in cloud complexes arise in mildly turbulent
regions of the CGM.

Watch out for t,,ix/tcool!
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Connecting to large scale sims and

observatinne

Constrain
and develop
a self-
consistent
parameter
space for
cloud
complexes
from
simulations.
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Turbulent radiative mixing layer

Watch out for Da =




Turbulent radiative mixing layer

Watch out for Da =




Z( —8Eco0l) [erg]

d/dt Z(_éEcc-oI) [erg 5_1]

Dutta+ in prep.

Radiative cooling energy budget in TRML runs

saturated d/dt D (—6Ecom) [erg s™']

Quasi-steady cooling rate vs Da
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Quasi-steady cooling rate vs Da: kFix run sets
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Dutta+ in prep.

Da of the transition

® Da;:05-025
fit: 0= 1.5, yp=95.3, xo =0.669
B Da,: 0.25 > const
fit: 0=1, yo=7.21e + 03, xo =0.444
----- no explicit conduction
] —— Keode; N=40,A=2.5pc
[ |
10° 1 u
[ |
10 -
S e R S T e e
103 o
e
102 omee mme " @ v v L | o - I I N I e A EE I —
1073 1072 1071 10° 10t 102

K/Ksp(8 % 10% K)

29



Looking ahead ...

» Strongly cooling systems compress the mixing zone.
» Does this compression suppress turbulence?
O This might be form the mildly turbulent multiphase cloud
complexes
» What sets the minimum size of the mixing zone?
O Maybe the answer lies in thermal conduction!
O This would determine saturation of the cooling rate
» This would mean magnetic fields would introduce anisotropic cooling

saturation.

30



Looking ahead ...

» Strongly cooling systems compress the mixing zone.
» Does this compression suppress turbulence?
O This might be form the mildly turbulent multiphase cloud
complexes
» What sets the minimum size of the mixing zone?
O Maybe the answer lies in thermal conduction!
O This would determine saturation of the cooling rate

> This would mean magnetic fields would introgksas; ~~i~ zooling

saturation.

Thank you!

31



