ASTR 670: Interstellar medium and gas dynamics

Prof. Benedikt Diemer

Chapter 9 ¢ Star formation in a turbulent ISM



§9.1 ¢ Free-fall collapse and the Jeans mass
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Clouds, clumps, and cores

Clouds? Clumps® Cores®
Mass (M) 10° - 10* 50-500 0.5-5
Size (pc) 2-15 0.3-3 0.03-0.2
Mean density (cm™) 50-500 103-10* 10%-10°
Velocity extent (kms=!) | 2-5 0.3-3 0.1-0.3
Crossing time (Myr) 24 ~1 0.5-1
Gas temperature (K) ~10 10-20 8—12
Examples "Taurus, Oph, Musca B213, L1709 | L1544, 1.1498, B68

Cloud (210 pc)

Clump (~1 pc)

Filament
(~0.1 pc wide)

Core (~0.05-0.1 pc)

Envelope
(~300 - 3000 AU)

Disk and star
(~10-200 AU)

Bergin & Tafalla 2007 e Pokhrel et al. 2018



The Jeans Mass
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* Gravity tries to collapse gas

Sir James Hopwood Jeans

* Pressure resists collapse

e Gravity wins if cloud is larger than Jeans length, or has mass larger than Jeans mass

* In the Universe as a whole, we can work out the Jeans mass of gas right after

. . ) - 6
recombination: Mj ..compination X 10°Mg



Star formation

A Dark cloud B Drestellar core C Protostar

S 0000 AU e =000 boueand s Size: 1,000 AU

F Main cequence star

time = up 10 a milicon years time = 1p 10 10 milon ware Size: 100 AU fere = more $an 10 miien gears Size: 50 AU

frontiersin.org


http://frontiersin.org

Protoplanetary disks

ALMA



Star formation

.

-

STARFORGE Collaboration (youtube)


https://www.youtube.com/watch?v=BEckYJwCJno&ab_channel=APODVideos

§9.2 ¢ Basic observations of star formation




Galaxies in different wavelengths

Hydrogen gas supply core

clumps 0.1 pc

Merger/collision molecular cloud
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SFR indicators

Band Age range (Myr)? L, units log C,? M, ] M, (K98)°© Reference(s)
FUV 0-10-100 ergss—! (vL,) 43.35 0.63 Hao et al. (2011),
Murphy et al. (2011)
NUV 0-10-200 ergss ! (vL,) 43.17 0.64 Hao et al. (2011),
Murphy et al. (2011)
Ho 0-3-10 ergs s 41.27 0.68 Hao et al. (2011),
Murphy et al. (2011)
TIR 0-5-1004 ergs s~ ! (3—1100 pm) 43.41 0.86 Hao et al. (2011),
Murphy et al. (2011)
24 um 0-5-1004 ergss—! (vL,) 42.69 Rieke et al. (2009)
70 um 0-5-1004 ergs s~ (vL,) 43.23 Calzetti et al. (2010b)
1.4 GHz 0-100 ergs s~ Hz™! 28.20 Murphy et al. (2011)
2-10 keV 0-100 ergs s 39.77 0.86 Ranalli et al. (2003)

*Second number gives mean age of stellar population contributing to emission; third number gives age below which 90% of emission is contributed.

log M ,(M, year ') =log L, — log C,

Kennicutt & Evans 2012



Kennicutt-Schmidt relation
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dn/dlog,ym

Stellar initial mass function (IMF)

—— Salpeter 1955
——— Miller & Scalo 1979

- —— Kroupa 2002

- —— Chabrier 2003
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Dense core
mass function

Stellar initial
mass function
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Pipe Nebula ¢ Yuri Beletsky/Las Campanas ¢ Alves et al. 2007 ¢ Slide inspired by Karen Sandstrom



The cloud lifecycle

SCHEMATIC VIEW OF MOLECULAR CLOUD EVOLUTION

OLO0LOS

molecular dense gas onset of star pre-supernovae cloud cloud dispersal &
cloud formation formation stellar feedback disruption supernova explosions

Schinnerer & Leroy 2024



Declination

Declination

The cloud lifecycle

NGC4254 CO (2-1)
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§9.3 ¢ The role of turbulence
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Are GMCs gravitationally bound?

Dobbs et al. (movie page)



https://empslocal.ex.ac.uk/people/staff/cld214/movies.html

Are GMCs graviationally bound?

HNEQ\E Aysusp uwinjos boj

Ty
n._/_ N

_.
_____
‘ ' O\ﬂ.—..l.

LGS g

M)
_
T
I

Dobbs et al. (movie page)



https://empslocal.ex.ac.uk/people/staff/cld214/movies.html
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Federrath et al. 2017 (movie page)


https://www.mso.anu.edu.au/~chfeder/movies.html

Turbulence

van Dyke 1982



Caprace et al. (youtube)


https://www.youtube.com/watch?v=hinY5saodc8&ab_channel=AmericanPhysicalSociety

Turbulent cascade
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Banerjee et al. 2014



Turbulence

AtmOSpheric Diffusion shown on a Distance-Newghbour Graph.

By Lmwis F. RicEARDSON.

(Communicated by Sir Gilbert Walker, F.R.S.—Received November 7, 1925.)

§ 1. Tee Neep ror A NEw MeTHOD.

§1.2. Does the Wind possess a Velocity ?

This question, at first sight foolish, improves on acquaintance. A velocity
is defined, for example, in Lamb’s ¢ Dynamics * to this effect : Let Az be the
distance in the z direction passed over in a time Af, then the z-component of

velocity is the limit of Az/Atas At->0. But foran air particle it is not obvious
that Ax/At attains a limit as A¢->-0.

Big whirls have little whirls that feed on their velocity,
and little whirls have lesser whirls and so on to viscosity.

Richardson 1926



log E(k) Turbulent power spectrum

driving scale

inertial range

viscous scale

o7 27 log k



Turbulent parameters in the ISM

Quantity Unit cold atomic molecular dense molecular
medium clouds cores

(n) cm ™3 30 200 10*

Tx K 100 40 10

B uG 10 20 100

[ pc 10 3 0.1

o] km s~1 ~ 3.5 1 0.1

A =1/(n)o AU 2 0.03 6 x 1074

cs = /kTx/umg kms™! 0.8 0.5 0.2

va = B//4mp km s~! 3.4 2.0 1.4

V= %Avth cm? s~ ! 2.8 x 1017 1.8 x 10! 9 x 1016

Py = (n)kTk erg cm 4 x 10713 1012 10~

Re = lv; /v 57x107 8.1 x10° 5.4 x 10%

1p(u)3/l erg cm™ 2x 1072  17x107% 25x107%

A erg cm™ 5x107% 4x107%*  35x107%*

€ = 5(v)3/I Lo/Mg 15x1073 1.1x107% 32x10°°

1, AU 29 4.0 5.7

A =112 pc 0.34 0.38 0.42

v, = () cm? s ! 2 x 10% 5x 108 5 x 102!

P, = 3 (pv?) erg cm™ 3x 10711 2x 10711 10~ 1

Lequeux §13.3



Turbulent power spectrum
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SILCC: SImulating the LifeCycle of molecular Clouds
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Walch et al., MINRAS 454, 238 (2015)
Girichidis et al., arXiv:1508.06646

KS SN rate, random driving

SILCC project (website) ® Walch et al. 2015


https://hera.ph1.uni-koeln.de/~silcc/
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Are GMCs graviationally bound?
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Turbulent parameters in the ISM

kdrive =5 kdrive =7
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Bialy & Burkhart 2020
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Gravity only

Gravity + turbulence + B
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https://www.mso.anu.edu.au/~chfeder/movies.html
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