The Turbulent ISM

SUPER-SONIC TURBULENCE
DOMINATES (ALMOST) ALL SCALES
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Cooling (atomic, molecular, metal-line, free-free)
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The ISM

YET THERE IS SURPRISING REGULARITY
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Number (dN/dM)

The ISM

YET THERE IS SURPRISING REGULARITY

Giant Molecular Clouds:

Stars & Pre-Stellar Gas Cores:
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Super-Sonic Turbulence
BASIC EXPECTATIONS

E(k) kP dE = E(k)dk
(k E(k) ~ Ut(k)Q)
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BASIC EXPECTATIONS

E(k)oc kP

1

dF = E(k) dk

(k E(k) e Ut(k)z)

Lognormal in r: dp(lnp|R) =

0.6

04

PDF

0.2

0.0

V21 S(R)

—(Inp - <lnp>)2}

25(R)

e
| Vasquez-Semadeni,
Nordlund, Padoan,

- Ostriker, & others

—

0.01

et M. =16

o000 M, =24

100

Tuesday, December 25, 12



Super-Sonic Turbulence
BASIC EXPECTATIONS
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Super-Sonic Turbulence
BASIC EXPECTATIONS
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Super-Sonic Turbulence
BASIC EXPECTATIONS
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Super-Sonic Turbulence
BASIC EXPECTATIONS
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Extended Press-Schechter / Excursion-Set Formalism

Press & Schechter ‘74:
I Fluctuations a Gaussian random field

Know linear power spectrum P(k~1/r):
variance ~ k3 P(k)

Millennium Run

10.077.696.000'particles
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Extended Press-Schechter / Excursion-Set Formalism

Press & Schechter ‘74:
I Fluctuations a Gaussian random field

Know linear power spectrum P(k~1/r):
variance ~ k3 P(k)

9

“Count” mass above critical fluctuation: “Halos’

Turnaround & gravitational collapse

p(< R ~1/k) > perit

Millennium Run
10.077.696.000 particles
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Extended Press-Schechter / Excursion-Set Formalism

Press & Schechter ‘74:
I Fluctuations a Gaussian random field

Know linear power spectrum P(k~1/r):
variance ~ k3 P(k)

unt” m ve Criti uctuation;
“Count” mass above critical fluctuation: “Halos”

Turnaround & gravitational collapse

p(< R ~1/k) > perit

Generalize to conditional probabilities,
N-point statistics, resolve “cloud in cloud” problem
(e.g. Bond et al. 1991)

Millennium Run
10.077.696.000 particles
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What Defines a Fluctuation of Interest?
DISPERSION RELATION:

47 G p |k|h
1+ |k|h

w? = Kk? + 2 k% 4+ u (k) k*

Chandrasekhar ‘51, Vandervoort ‘70, Toomre 77
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What Defines a Fluctuation of Interest?
DISPERSION RELATION:

w? = Kk? + 2 k% 4+ u (k) k?
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K~ —
Raisk xXTr 2

Chandrasekhar ‘51, Vandervoort ‘70, Toomre 77

47 G p |k|h

11 [k|h

Tuesday, December 25, 12



What Defines a Fluctuation of Interest?
DISPERSION RELATION:
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What Defines a Fluctuation of Interest?
DISPERSION RELATION:
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What Defines a Fluctuation of Interest?
DISPERSION RELATION:

A7 G o |k|h
wQ:m2+c§k2—|—ut(k)2k2 TG plk

/ T \ 1+|k|h\

Angular Momentum Thermal Turbulence Gravity
Vi Pressure x rP=3 ~ p—1
disk xXTr " > Tgsonic - Uy > Cg

Mode Grows (Collapses) when w<0:
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Chandrasekhar ‘51, Vandervoort ‘70, Toomre 77

Tuesday, December 25, 12



“Counting” Collapsing Objects PFH 2011

EVALUATE DENSITY FIELD vs. “BARRIER”
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“Counting” Collapsing Objects
EVALUATE DENSITY FIELD vs. “BARRIER”
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“Counting” Collapsing Objects PFH 2011

EVALUATE DENSITY FIELD vs. “BARRIER”
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“Counting” Collapsing Objects PFH 2011

EVALUATE DENSITY FIELD vs. “BARRIER”
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“Counting” Collapsing Objects PFH 2011

EVALUATE DENSITY FIELD vs. “BARRIER”
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“Counting” Collapsing Objects PFH 2011

EVALUATE DENSITY FIELD vs. “BARRIER”
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“Counting” Collapsing Objects
EVALUATE DENSITY FIELD vs. “BARRIER”
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“Counting” Collapsing Objects
EVALUATE DENSITY FIELD vs. “BARRIER”
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“Counting” Collapsing Objects PFH 2011

EVALUATE DENSITY FIELD vs. “BARRIER”
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“Counting” Collapsing Objects
EVALUATE DENSITY FIELD vs. “BARRIER”

R [pc]|
1000 100 0 1 0.1

15- — e rrr—r——r— rrrrr—r—r— La,s.t., T u ;..

B Crossing -7 A

q 10 - ’
2 I < > -
+ ) -
—~ - . Cores/IMF |
S 5l First | |
\\9; S Crossing ) o
m = \\\‘ -
2 L \\\ -
© 0 ey -
I GMCs ]

I S ]

"5 s 2 2 ssassdl 2 2 2 saaasl : 2 s asaasl e s 222sl . 2 2 assssl i
0.01 0.1 1 10 100 1000

Tuesday, December 25, 12

PFH 2011



The “First Crossing” Mass Function MW
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The “First Crossing” Mass Function MW
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The “First Crossing” Mass Function
VS GIANT MOLECULAR CLOUDS
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The “First Crossing” Mass Function
VS GIANT MOLECULAR CLOUDS
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The “First Crossing” Mass Function
VS GIANT MOLECULAR CLOUDS
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The “Last Crossing” Mass Function
VS PROTOSTELLAR CORES & THE STELLAR IMF
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The “Last Crossing” Mass Function PFH 2012
VS PROTOSTELLAR CORES & THE STELLAR IMF

Log[ M/ Mg]
-2 0 2 4 6
- Last-Crossing MF iCores)
—3 - First-Crossing MF (GMCs)
3 OF
= Log[M/M
% 2 -1 o A MAMT 3
o ]
= -2 'F 5
— 3 5
= 2 0 :
S 4l : 5
3 2 :
p ! — =1 E
O ! = = :
D gl g | |
. D ob Predicted E
— " - - Chabrier IM Z 25 Ophiuchus N I :
F e —-— Kroupa IMF © ¢ Ophiuchus (Enoch) :
L L > | Perseus | -
-4 -2 4 -3F Taurus e
: Orion
-2 -1 0 1 2
Log{M/M__..]

Tuesday, December 25, 12



Structural Properties of “Clouds”
LARSON’S LAWS EMERGE NATURALLY
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Structural Properties of “Clouds”
LARSON’S LAWS EMERGE NATURALLY
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Clustering
PREDICT N-POINT CORRELATION FUNCTIONS
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Clustering
PREDICT N-POINT CORRELATION FUNCTIONS
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Clustering
PREDICT N-POINT CORRELATION FUNCTIONS

. p=2, M, =5

" -\,.'\ p = 2’ Mh =1

. R r— =2,M,=3

Why Do Stars e e B 2

Formin  27E/ -~ . \\ —imein p=5/3, M, =
Clusters? )

S ~ In M(k)?

3—p Last Crossing: 2
~ Inr o Cores & Stars T
-4 -3 -2 -1 0
|Og( l:%projected / h )

Tuesday, December 25, 12



Evolve the Fluctuations in Time
CONSTRUCT “MERGER/FRAGMENTATION” TREES
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Evolve the Fluctuations in Time
CONSTRUCT “MERGER/FRAGMENTATION” TREES
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Open Questions:

1. What Maintains the Turbulence?
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1. What Maintains the Turbulence?

Mgas Uturb

Efficient Cooling: P diss ™~
tcrossing
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Open Questions:

1. What Maintains the Turbulence?

Mgas Uturb

Efficient Cooling: P diss ™~
tcrossing

2. Why Doesn’t Everything Collapse?
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Open Questions:

1. What Maintains the Turbulence?

Mgas Uturb

Efficient Cooling: P diss ™~
tcrossing
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