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Inflation + Cold Dark Matter
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The Cosmological Simulation
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Cosmological Gal. Form.

Maschenko, Wadsely, Couchman (2008)
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DISSIPATIONAL GALAXY FORMATION. II. EFFECTS OF STAR FORMATION

NEAL KATZ!
Princeton University Observatory and Steward Observatory
Received 1991 May 31, accepted 1991 December 4

ABSTRACT

We present numerical simulations of hierarchical galaxy formation, including gasdynamics, star formation,
and supernova feedback. The simulations model the collapse of isolated constant-density perturbations, ini-
tially in solid-body rotation and in Hubble flow. The perturbations are made of dark and baryonic matter in
a 10:1 ratio. Small-scale power is added using the Zel’dovich approximation, assuming a power-law slope of
—2.5. We are successful in making a three-component system that resembles a spiral galaxy: a thin disk made
of stars and gas, a spheroidal component made of stars, and a dark matter halo. The disk has a flat rotation
curve and an exponential surface density and surface brightness profile. Many stars form in the dissipated gas
cores of dark matter clumps that form during the collapse. The remaining gas merges to form a disk, while
the dark matter and stars merge to form a spheroidal distribution. Most of the supernova energy is radiated
away and does not greatly affect the evolution of the galaxy. The star formation history is combined with
population synthesis models to determine the absolute and apparent brightness of the simulated galaxy in
many color bands. Simulated observations are also made. The system is brightest during a burst of star for-
mation that occurs as the disk forms. It first reaches its peak I-magnitude of 22 at z = 2 and is fainter than
B=245atz=1.

Subject headings: galaxies: formation — galaxies: spiral — hydrodynamics — methods: numerical
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Saitoh and Amanogawans (2008)
“Toward First-Principle Simulations of Galaxy Formation”
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NUMERICAL PARAMATERS OF AQUARIUS RUNS

E3321L—23> “AQUARIUS”

Springel, Navarro, Jenkins, White,
Frenk, Yoshida et al. (2007)

Halo A

4003
8003

12003

24003
(15 x Via Lactae)

Particle number in
largest FOF group

5.546.052
44.049.741

157.239.052
-1.258.000,000,

# of substructures
in largest group

1.412
9.490

30.178
~450.000

mass resolution

2.49 x 105 My/h
1.67 x 10° Mgy/h

1.00 x 104 M /h

1.25 x 103 My/h
(10 pc/h softening)

Particle number in

# of substructures

Halo B largest FOF group in largest group mass resolution
7003 38.608.777 6.353 2.49 x10° M /h
8003 54.991.282 8.897 1.67 x 105 My/h <
12003 191.836.727 34.018 4.95 x 104 M /h
Diemand, Kuhlen & Madau (2007):
“ViaLactae | _g4 700.000 ~10.000 1.53 x 104 M,/h

simulation”
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Molecular Gas Clouds at High-z

Gas distribution@z=17

- Yellow spots at
. theintersections
| of filaments

"1 cloud per halo”

Host dark halos:
" M ~ 108 Msun
Tvir ~ 1000 K

~ Strongly clustered,

~ large bias.
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A new born proto-star
with T, ~ 20,000K

200Rsun

Self-gravitating cloud

Fully-molecular core
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1 Msun fully molecular cloud

0.01 Msun atomic core
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