Multiphase gas

around galaxies
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The BIG picture
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The BIG picture

Springel et al.

spherical halo

hot plasma~10¢ K

*/gas disk

disk radius
10 kpc for MW

niinear structure develops in time



Most baryons not in stars!
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Galaxy clusters: 101415Msun halos

Abell 2199

Chandra (X-ray) DSS (Optical)

: _ - -
redshift, z = 0.0309 50 thousand light years



X-ray with radio contours

T 14'15Msun ha‘OS

Not only emit in X-rays,
but in radio, CO and Halpha

1 arcmin = 21.4 kpc
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Milky Way (1012 Mgyn) halos

harder to detect in emission: absorption studies
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emission due to galactic outflows at ~10 kpc
quiescent CGM not seen in emission




BlG questions

* \Why multiphase gas? tcool/tsr, €ntrainment

 Dynamics (turbulence) and thermodynamics crucial

* Non-eq. ionization/recombination cooling/heating




Condensation due to T|

hydrostatic equilibrium: dp/dr = -pg
gravity due to dark matter

heating~cooling at every radius
(to explain lack of cooling flows)
but local thermal instability!

Emergent principle: condensation happens only when teool/tf=10




Our equations

t(pv) + V- (pvv+pl) =0 momentum

( w]ﬁl))*v[(p?#*wv—pl))"}

Qur approach: variants of these egs. for various Qs that we ask
finite volume Astrophysical HD/MHD code PLUTO
No explicit dissipation Implicit Large Eddy Simulations (ILES)



|dealised cluster sims.

Logio p (g cm3) multiphase Sltleacir only hot phase

If teool/tf <10 It tcool/tit >10

similar results for jet-ICM sims.
For more: Prakriti’'s talk later




MP gas in galactic outflows

log(Density(my/cm?)) [Vijayan et al. 2018]

central injection doesn't
give MP clouds

TR

dense disk

Where do CO|d clouds in galactic  from multiple SN spread throughout
outflows come from in the first place? disc throwing up cold clouds

seeds needed to grow cold gas



MP gas in galactic outflows

log(Density(my/cm?)) [Vijayan et al. 2018]

Slow cooling
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Where do CO|d C|0Ud8 in galactic  from multiple SN spread throughout
outflows come from in the first place? disc throwing up cold clouds

seeds needed to grow cold gas




Turpbulence & MP gas

Volume rendering of cold structures

[Mohapatra & Sharma 2019] F%

evolution without turbulence turbulence determines structure of cold gas
shows nonlinear coalescence MP gas is created & destroyed dynamically



Analogies?

Terrestrial clouds, mist

Combustion: chemistry, thermodynamics,
D ow timescale
o —

chemical timescale

turbulence;

Multiphase flows: particle laden tlows

Novelty is to come up with idealised setups,
BCs etc. are higher order Qs

Thank you!



