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The WMAP of the whole CMB sky
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he disk formation problem




Structure formation in the Dark Matter

e Structure growth on large scales

e The formation of a “Milky Way” halo
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Density profiles have converged!
Aquarius Project: Virgo Consortium 2008
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Density profiles have converged!
Aquarius Project: Virgo Consortium 2008
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Substructure has also converged!
Aquarius Project: Virgo Consortium 2008
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Substructure has also
converged!

Aquarius Project: Virgo Consortium 2008

Convergence in the size and
maximum circular velocity for
individual subhalos cross-matched
between simulation pairs.

Biggest simulation gives convergent

results for
V >1.5km/s

max

r > 165pc

ma

Much smaller than the halos inferred
for even the faintest dwarf galaxies



R, [kpc]

The simple model for disk formation

e Disk 1s a modest (~1/3) fraction of the available baryons, fb Mhal

()

e The disk baryons have the same mean J/M as the halo DM

e The disk 1s exponential, stable and in equilibrium

e An NFW halo 1s adiabatically compressed by disk formation
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Simulations of cosmological disk formation

15'_ T T T T
~ o GAS,z=0
11} ol a =
# - L
PR O
sz
5 - Fea 50, ]
- 4 a -if’:,",“) .
F - * ]
N iy i - -]
[ == , r s -]
L s ¥ = 4
T . 1
[ ’J"?J' .; "; i ]
L _
S Fat = r'rf .
10 » —
.15 C L i i 1 I a1 i I L1 4 1 | 4 1 1 i I 1 j .| I 'l L
-15 -10 -5 ] 5 10 15
]
Navarro & White 1994
15 LI I LI T T I T T I T T T I LI T J T T T T
- =l =
- GAS.z2=0 E
= =
51— —
- "
-
0 -
5 = - -
w8 ¥ -; -
N ~ ]
A0 = -
- - -
115 -I L1 1 t L1 1 1 I L1 1 1 J_ Ll [ 1 i i I
15 10 5 0 5 10 15

Cooling but no star formation or feedback

'L L I L L [ B B

~ (&) j

2 GAS _

B Vet .

£ i . : St b, 1

: 11— ' . Lg% ]

5| ) -, ]

3 s i

g o "1-11"-. " A : _.

B .-- L] a —i

I I'llll.-ﬂd '

_1;__|| W AT AN AN INTTAN ANrar AT
0 2 4 & 8 10 12 14

radius [kpc)

e Cold gas accumulates 1n a flat disk...



Simulations of cosmological disk formation
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Simulations of cosmological disk formation
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Simulations of cosmological disk formation
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e Cold gas accumulates 1n a flat disk...

e ...made of most of the available baryons...

e ...with an “exponential” density profile...

e ...dominating the central potential...



Simulations of cosmological disk formation
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Simulations of cosmological disk formation

e Stmulation of the Aquarius halo with strong feedback
(Okamoto et al 2008)

e Simulation of the Aquarius halo with “N-body shop” feedback
(Okamoto et al 2008)

* Stmulation of another halo by the N-body shop themselves
(Governato et al 2007)
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Varying resolution also changes B/T!

Governato et al 2007
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A careful look at a “spiral”
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A careful look at a “spiral”

STARS

<€ 320kpc—»
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Abadi et al 2003
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Too little angular momentum or too much bulge?
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Disk galaxies that ACDM (simulations) can't make




Disk formation issues in ACDM (simulations)

* Do real galaxies have (compressed) NFW halos?
* How do we make Sc and later galaxies?

e What differentiates barred and unbarred galaxies?
* Do we see secular evolution produce bulges?

e Can thin disks survive satellite bombardment?

e Are warps and lopsidedness reproduced?

e Is feedback the answer? How does 1t work? Does it
leave chemical clues?

* What do we learn from high redshift data on disks?



