Infalling Satellites and Structure
- of Galactic Disks in CDM Models

Stelios Kazantzidis

Kavli Institute for Particle Astrophysics and Cosmology
Department of Physics and Astronomy
Stanford University

Adréy Kravtsov Anﬂdrew Zentner
Umversﬂy of Chlcago Umversﬂy of Chicago
AT
& " ;:"' 3
L S
|

."1
‘1

:ﬂ '"&‘James B’ullock (UCIrvme)



Motlvatlon

nation models :
eamunts ek ..

:l T T T || T | \l T |:
E_U % % =
~ o Ers e ey E
2 = | | 3
R
§ 60— -
& wE = i
2 205, P Sl =
'_é' O_I | | | | | 1 1 | | 1 |
Qo T T T T T T T T T [
S 60 | | =
> Eow b
e =t
o1 TR IR R MR N R
0 5 1
log Age (Gyr)
il
ot Overv1ew
lb“‘f E
’\.' = %

us Stu dleﬁ“ Quinn & Goodman 1986,;1' oth & Ostriker
uinn. 1993; We alke tet‘al.i1996 -Sellwood gt aI 19!{)8;



r actlon of Disk Galames w1th

" |.4 5

-

-

LU e L 1

@ Solar Radius
Az = 40%

g, TP TO B o e . e

L2

[km/s]

100

[kpe]

o
<

Pericentric Radius

20 | ot .- Age—0 relation (Milky Way)
/
..’,!' —_with substructure \E-U)\P
4 __.with substruc (ACDM)

Disk Velocily Dispersion al Ry

——without substructure

T T 1
Satellite Mass [M,]

4 8]
Time [Gyr]




E ag
f‘f

Interactlon of Disk Galax1es with

m Gao~et al. (2004)

& [
'E 0.5 -
= [ BB 3
L 4 N_,>100 {f) ‘é\g -
oL m N..>300 (f,) &80

1.2 1 08 08 04 02 0
Redshift (z)

U A significant fraction of CDM subhalos on typical orbits
present at z=1 are destroyed by z=0 which biases the present-
day satellite orbital distribution against central mergers.
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4 u} Disk galaxies have been notorlously
dn‘fl*cult to form in _CDM cosmological
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Modeling Satellite-Disk Encounters in a
Hierarchical Cosmology: Our Method

Fully self-consistent cosmological simulations with
the dynamic range needed are effectively impossible.

In order to overcome this difficulty, we adopt a hybrid
approach:

1. Extract merger histories and satellite
properties from high-resolution cosmological
N-body simulations of Galaxy-sized halos.

Modeling Satellite-Disk Encounters in a
Hierarchical Cosmology: Our Method

Fully self-consistent cosmological simulations with
the dynamic range needed are effectively impossible.

In order to overcome this difficulty, we adopt a hybrid
approach:

2. Construct high-resolution N-body
models of Galaxy-sized disks.
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Modeling Satellite-Disk Encounters in a
Hierarchical Cosmology: Our Method

Fully self-consistent cosmological simulations with
the dynamic range needed are effectively impossible.

In order to overcome this difficulty, we adopt a hybrid
approach:

3. Simulate impacts of substructures ‘
with the disk using properties (masses,

orbits, density structures etc) derived
from cosmological simulations.

Advantages of the Current Study

Satellite Orbital Distribution: Realistic orbital parameters
for the infalling satellite systems consistent with the evolution
of substructure throughout cosmic time.

Primary Galaxy Models:

O Self-consistent, multicomponent galaxy models derived from
explicit distribution functions for each component (Widrow &
Dubinski 2005).

O Models satisfying a broad range of observational constraints
available for the Milky Way galaxy (e.g., total mass surface density
- and stellar kinematics in the solar neighbourhood, mass
- measurements at large radii via satellite kinematics).

; e
'2 Satellite Galaxy Models:

» EI Self-consistent models initialized according to the density structure
F )_of satellites found in high-resolution cosmological -
" N-body simulations (Kazantzidis et al. 2004).
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Cosmological Simulations

ART code simulations (Kravtsov 1999):

ACDM : Q,, = 0.3; Q, = 0.7
h=0.7; 03 =0.9.n=1.0

. = 2x10° particles

= 10° particles
buige = 9X10° particles
<t = DX10° particles

Roughly 25 times higher mass resolution in the disk
compared to Font et al. and Velazquez & White.

': g4y = 100 pC
L ® Sdisk = Epuige = 90 PC
me_ =150 pc

sat —

Initial conditions and resolution (mass and force

resolution) adequate to set up thin equilibrium disk
models.

Primary Galaxy Model:

E M, =7.4x10"" M, r;, =240 kpc

. Mgq = 3.5x10'°M_, R;=2.8 kpc,
i z,=0.4kpc,Q =1.6

e (km/sec)

| My, .= 1.1x10"M,, a, = 0.88 kpc.

To investigate the effect of the initial disk thickness on the
results we also constructed an identical galaxy model but
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GWE UP ON THAT S\SE
LIGHTER. FLD.

U Fully parallelized multi-stepping tree+SPH code. Portable on

all supercomputer architectures with efficient modular structure.
Modules exist for cosmology, galaxy formation (radiative cooling, st
formatlon SNe/AGN feedback uv background), star/planet formatio

Properties of Cosmological Satellites

and Orbits
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. GIS1T 096 7.6 1.14(32.6%) 42.4 6.9 452 248
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radial, with r,,/r.; > 6/1
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76  1.14(32.6%) 42.4 6.9 452 248
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and polar orbits (_ ~ 909)
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. . 1.14(32.6%) . . .
G1s2 089 73 1.98(56.6%) 59.8 8.1 40.7
GIS3 054 53 1.48(42.3%) 50.3 7.6 34.0
G1s4 032 36 1.57(44.8%) 42.2 4.1 28.8
GIS5 020 24  0.75(21.4%) 41.5 5.7 50.3
0.73(20.9%)

Very extended satellites
with r,y = 20 kpc
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Fragility of Galactic Disks
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Disk Heating and Satellite
| ~ Accretion
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Disk Tilting and Satellite Accretion
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Surface Brightness Maps

Kazantzidis et al. (2007)
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}«—‘D Satélhte accretlon leads to several observational
i mgnﬂlﬁs (e g., disk flaring) that can be used to
‘predictions of the proposed model. '

- test

}; Satelh { acqretlon excites significant disk substructure
nute.r “rings”, central bar etc). Future observations (e.

¢ xtensmn of SDSS) could help test whether ﬁlsk
\struc  is as excited as theory predicts.




Surface Brightness Maps

Effect of Satellite Density

Structure on Disk Thickening
| . Kazantzidis et al. (2007)
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0 CDM SATELLITES HAVE A PROFO[SE
‘EFFECT ON THE STRUCTURE OF T
STELLAR DISKS AND CAN BE PARTE
RESPONSIBLE FOR THE FORMATIO
THICK DISKS. DISKS BECOME HOT
THICKER, TILTED, WARPED AND THJE
AXISYMMETRY IS DESTROYED.

,,,,,,,,,,,,,,,

D UNLESS A MECHANISM (GAS e
' ACCRETION?) CAN SOMEHOW f
' STABILIZE THE DISKS TO THESE ¢ g

_ VIOLENT GRAVITATIONAL Suf /,/
&ENGO‘&INT'ERS STELLAR DISKS AS OLD ° %,;;//
IN AS THE MILKY WAY’'S WILL o

VE SE"VERE DIFFICULTIES TO SR
URVIV ’wPlCAL SATELLITE v,
ACCRE QN" WITHIN _CDM. | ‘

L CDM SATELLITES EXCITE
'SUBSTANTIAL DISK SUBSTRUCT
(E.G., FLARING, OUTER RINGS).
DETAILED OBSERVATIONS OF
GALACTIC STRUCTURE (GAIA,
RAVE, SEGUE) CAN BE USED TO
DISTINGUISH BETWEEN COMPETING
'COSMOLOGICAL MODELS AND
ELUCIDATE;-THE NATURE OF DARK MATTER.
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O THICKER DISKS ARE LESS SENSITIVE .= '
F _TO ACCRETION EVENTS AND SUFFER L ~—
HEATING SUBSEQUENT SATELLITE
CCRETION BY ALREADY THICKENED C
ODUCE‘ MUCH SMALLER CHANGES IN =~
'Fchxﬁs& AND VELOCITY ELLIPSOID, L

oty »

.



