18

iphase gas
onset & structure

Mult
CGM:

Prateek Sharma, lISc Bangalore, MPA Garching




Outline

e [wo Independent problems:
lructure

production:;

* Production: teool/tr<10 In HSE (galaxy clusters);
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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)

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




|dealised cluster sims.

Legie @llE cin:) multiphase Sl only hot phase

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




|dealiseqd cluster sims.

Legie @llE cin:) multiphase Sl only hot phase

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

excess gas from core
condenses & tcool/tir =10




[Choudhury et al. 2019] The condensation curve
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latest on idealised simulations v

constant entropy
low entropy gradient; lowest Kigp = 150, a = 1.1
& high entropy gradient; lowest K9 = 600, o = 1.4
densation easier if 0= (filaments, galaxy wakes)
harder for a steeper entropy profile
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1-D model for CGM

[Sharma et al. 2012]

‘“universal” gas profile 3% 101 Msun
close to rogo ' density decreases
6x1013  \vith dey easing halo mass

iIntegrate inward w.
hydrostatic eq. >
calculate teool/ti =

f toooi/tit <10, introduce core iR

upper limit on core density
in thermal eq.

=> Very dilute & Iarge qualitative agreement w. observations
Galactic halo




source term applied in a small
bipolar cone at the center:

. oy
2 kpe opening angle of 309, size 2 kpc

Viet=0.1¢C, €=6X10°, rinout=1, 200 kpc
robust to variations
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| N
., can do with better resolution!
. of the structure of cold gas is he

infalling cold gas condenses
| when jets are weak!
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Cool-core cycles

NFW+BCG
[Prasad et al. 2018]

repeating cycles of
cooling & heating

fewer cycles for higher €

min(teool/tf) Detween
a few and 20

huge variation in jet power




MP gas in galactic outflows

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

-2 -1 0
SFR~10 Msun/yr at 5 Myr

central injection doesn't
give MP clouds

similar conclusions from
Schneider et al. 2018

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



Part [l: structure of MP gas




Nonlinear evolution of T

[Sharma et al. 2010]

] | | 1 I | 1 J | I 1 1 I | I I | 1 ] T T 1 1 IN' T II. T I - - T r I . l . —
—1nitialx100 --.,- Nonlinear state _ ~--

-~

- 0.48 Gyr, HNC

[—

---0.95 Gyr, HWC

I

ll. | lllllll\\ |
- \

Pt

| llllllll

~ ~
— —
QO Q
-~ 4
p — p —
)] Q
- -
=2 0.8 3
(4o} ©
S —
) Q
Q, Q.
g &
QO QO
- -

O
o)
o
—
I

1Vl

- imposed fl
- Linear evolution w. & w.o. conduction-

= R

1 1 | 1 l 1 1 1 1 I 1 1 | | l 1 1 1 1 O-Ol
0 10 20 30 40 30 40

x (kpe) x (kpe)
nonlinearly, dense regions merge (not fragment as in a mist!), forming a
quasi-steady structure (see also Waters+Proga '19)
What happens in a realistic turbulent medium?
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With turbulence?

CGM likely to be turbulent: see Eugene’s talk
Volume rendering of cold structures

[Mohapatra & Sharma 2012] F%

evolution without turbulence turbulence determines structure of cold gas

MP gas is created & destroyed dynamically

shows nonlinear coalescence variability in LOS properties of cold gas



Conclusions

» production of cold gas in HSE due to Tl (tcool/ts

e cold clouds thrown up by SN in disk can seed
growth of MP gas via Gronke-Oh mechanism;
need to study this inr

Thank Youl!




