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Analysis of ART simulations.

Bulge ART

Introduction

+ Work in collaboration with:
Daniel Ceverino, Nir Mandelker, Adi Zolotov, Marcello
Cacciatto, Loren Hoffman, Avishai Dekel, Joel Primack.
+ AMR simulation hydro ART, (Kratsov, Klypin), 30
zoom-in simulations of high redshift galaxies, spatial
resolution 35-70 pc.

- Main focus, VDI, disc evolution, bulge formation.
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High resolution AMR zoom-in z>1 simulations

Bulge ART . . . .
e Daniel Ceverino’s 1% simulations sample

Galaxy TargetM, R, M, Msgar M,
102My;  kpc 102 Mg 10'' Mg 10"
MWOT 153 102 081 0.72 057 042
MW02 1.21 105 0.89 2.56 112 0.34
MWO3 193 099 073 0.60 051 042
MWO04 401 123 142 1.41 089 042
MW06 409 106  0.92 1.06 049 050
MwWo7 170 073 0.30 0.30 022 050
MW08 141 071 028 0.28 015  0.50
MWo9 110 059 0.16 0.19 0.08 050
MW10 153 102 0.82 0.72 044 050
MW11 142 088 053 0.51 028  0.40
MW12 169 130 1.70 2.06 1.01 048
VLO1 200 117 128 154 075 037
VL2 200 101  0.81 0.89 046 050
VL03 204 117 122 1.44 0.76  0.33
VL4 206 109  1.01 1.33 051 050
VLO5 200 118 1.8 1.29 0.75  0.41
VL0B 201 099 075 0.94 032 050
VL07 2,61 129 1.66 215 082 035
VL08 266 112 1.09 1.35 0.46  0.50
VL09 259 086  0.49 0.61 024 034
vL10 259 102 0.81 0.95 044 050
VL1t 264 130 173 2.02 0.81 050
VL2 2.61 105 0.90 0.96 0.51 050
SFG1 330 129 166 2.10 0.87 0.46
SFG4 329 112 1.09 1.16 0.66 042
SFG5 333 123 138 1.52 078 050
SFG8 659 121  1.38 1.70 072 035
SFG9 517 135  1.89 244 122 0.49

Introduction a
fin

Table : Target mass is at z=1, virial measurement are at z =2.
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Gas mosaics

Bulge ART
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Pipeline

Bulge ART

Stellar clumps and
merger history

% Group finding on stellar component with AdaptaHOP:
Galaxies, clumps.

2 Stellar Merger trees: stars used as tracer particles .

8 Analysis: Galaxy evolution, In-situ clump, Ex-situ
clump (mergers/interactions)
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Visualisation

Bulge ART
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Visualisation

Bulge ART
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Visualisation

Bulge ART
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Visualisation
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Visualisation

Bulge ART

Merger tree

000

0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0

o 0-0-0-0-0
0-0-0-0-0-0-0
000000 >-0-0-0-0-0-0-0-0-0-0-0

oo

6/12

15/8/2012

Bulge ART

D. P. Tweed Racah Institute



Visualisation

Bulge ART
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Visualisation

Bulge ART
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Visualisation

Bulge ART
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Clumps co-rotating with the disc.

Bulge ART
Visualization in the rotation frame of the galaxy’
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Clumps co-rotating with the disc.

Bulge ART
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Clumps co-rotating with the disc.

Bulge ART
Visualization in the rotation frame of the galaxy’

Kinematic structure

drn/<dm

~1.0 —0.5 0.0 0.5 1.0
jZ/]I‘ﬂUX

Smooth component

1, o —
Uz = Lstar~Lgal and Jmax = |rstar| * |vsla:|
D. P. Tweed Racah Institute Bulge ART 15/8/2012

7/12



Bulge ART

Analysis

Question

" How is the stellar bulge built up? (Zolotov & Tweed
2012 in prep)
2 Can we understand the build up of the Galaxy with this
merger trees?
- We can quantify the evolution of global properties of
the whole galaxy.
- We can define the galaxy as 3 kinematic components.
8 |s it enough to understand the build up of one
component?

- No.
- Let’s track the stars which build up each component.
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3 criteria classification

Bulge ART
% Structural decomposition: AdaptaHOP, smooth, In-situ
clumps, Ex-situ clumps
2 Kinematic decomposition: stellar halo, stellar bulge,
stellar disc.

s Stellar origin: where the star was born in the merger
tree and kinematic component.
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Exemples: Build up of the discs and the bulges

Bulge ART

a = 0.11 z = B.08
wet inflow In situ dise Ex situ
Origin of the Bulge . . . .

VLO2 V0LO4 VLDS VLO&

Iz hale Is bulge Is disc Iz elump I 10<tp<1:3 1:3<fg,

Zolotov, Tweed et al. (in prep)
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Exemples: Build up of the discs and the bulges

Bulge ART

a = 0.13 z = 6.689
wet inflow situ disc Ex situ
Origin of the Bulge . . . .

VLO2 V0LO4 VLDS VLO&

Iz hale Is bulge Is disc Iz elump I 10<tp<1:3 1:3<fg,

Zolotov, Tweed et al. (in prep)
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Exemples: Build up of the discs and the bulges

Bulge ART

a = 0.15 z = 587
wet inflow In situ dise Ex situ
Origin of the Bulge . . . .

VLO2 V0LO4 VLDS VLO&

Iz hale Is bulge Is disc Iz elump I 10<tp<1:3 1:3<fg,

Zolotov, Tweed et al. (in prep)
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Exemples: Build up of the discs and the bulges

Bulge ART

a = 0.17 z = 488
wet inflow In situ dise Ex situ
Origin of the Bulge . . . .

VLO2 V0LO4 VLDS VLO&

Iz hale Is bulge Is disc Iz elump I 10<tp<1:3 1:3<fg,

Zolotov, Tweed et al. (in prep)
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Exemples: Build up of the discs and the bulges

Bulge ART

a = 0.19 z = 426
wet inflow In situ dise Ex situ
Origin of the Bulge . . . .

VLO2 V0LO4 VLDS VLO&

Iz hale Is bulge Is disc Iz elump I 10<tp<1:3 1:3<fg,

Zolotov, Tweed et al. (in prep)
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Exemples: Build up of the discs and the bulges

Bulge ART

wel inflow Ex situ

Origin of the Bulge . . . .

VLO2 V0LO4 VLDS VLO&

Iz hale Is bulge Is disc Iz elump I 10<tp<1:3 1:3<fg,

Zolotov, Tweed et al. (in prep)
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Exemples: Build up of the discs and the bulges

Bulge ART

a = 0.23 z = 3.35
wet inflow In situ dise Ex situ
Origin of the Bulge . . . .

VLO2 V0LO4 VLDS VLO&

Iz hale Is bulge Is disc Iz elump I 10<tp<1:3 1:3<fg,

Zolotov, Tweed et al. (in prep)
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Exemples: Build up of the discs and the bulges

Bulge ART

a = 0.25 z = 3.00
wet inflow In situ dise Ex situ
Origin of the Bulge . . . .

VLO2 V0LO4 VLDS VLO&

Iz hale Is bulge Is disc Iz elump I 10<tp<1:3 1:3<fg,

Zolotov, Tweed et al. (in prep)
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Exemples: Build up of the discs and the bulges

Bulge ART

a = 0.27 z = 270
wet inflow In situ dise Ex situ
Origin of the Bulge . . . .

VLO2 V0LO4 VLDS VLO&

Iz hale Is bulge Is disc Iz elump I 10<tp<1:3 1:3<fg,

Zolotov, Tweed et al. (in prep)
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Exemples: Build up of the discs and the bulges

Bulge ART

a = 0.29 z = 245
wet inflow In situ dise Ex situ
Origin of the Bulge . . . .

VLO2 V0LO4 VLDS VLO&

Iz hale Is bulge Is disc Iz elump I 10<tp<1:3 1:3<fg,

Zolotov, Tweed et al. (in prep)
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Exemples: Build up of the discs and the bulges

Bulge ART

a = 0.31 z = 223
wet inflow In situ dise Ex situ
Origin of the Bulge . . . .

VLO2 V0LO4 VLDS VLO&

Iz hale Is bulge Is disc Iz elump I 10<tp<1:3 1:3<fg,

Zolotov, Tweed et al. (in prep)
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Exemples: Build up of the discs and the bulges

Bulge ART

a = 0.33 z = 203
wet inflow In situ dise Ex situ
Origin of the Bulge . . . .

VLO2 V0LO4 VLDS VLO&

Iz hale Is bulge Is disc Iz elump I 10<tp<1:3 1:3<fg,

Zolotov, Tweed et al. (in prep)
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Exemples: Build up of the discs and the bulges

Bulge ART

a = 0.38 z = 1.78
wet inflow In situ dise Ex situ
Origin of the Bulge . . . .

VLO2 V0LO4 VLDS VLO&

Iz hale Is bulge Is disc Iz elump I 10<tp<1:3 1:3<fg,

Zolotov, Tweed et al. (in prep)
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Exemples: Build up of the discs and the bulges

Bulge ART

a = 0.38 z = 162
wet inflow In situ dise Ex situ
Origin of the Bulge . . . .

VLO2 V0LO4 VLDS VLO&

Iz hale Is bulge Is disc Iz elump I 10<tp<1:3 1:3<fg,

Zolotov, Tweed et al. (in prep)
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Exemples: Build up of the discs and the bulges

Bulge ART

a = 0.40 z = 1.48
wet inflow In situ dise Ex situ
Origin of the Bulge . . . .

VLO2 V0LO4 VLDS VLO&

AL X

Iz hale Is bulge Is disc Iz elump I 10<tp<1:3 1:3<fg,

Zolotov, Tweed et al. (in prep)
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Exemples: Build up of the discs and the bulges

Bulge ART

a = 042 z = 1.38
wet inflow In situ dise Ex situ
Origin of the Bulge . . . .

VLO2 V0LO4 VLDS VLO&

AL X

Iz hale Is bulge Is disc Iz elump I 10<tp<1:3 1:3<fg,

Zolotov, Tweed et al. (in prep)
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Exemples: Build up of the discs and the bulges

Bulge ART

a = 0.44 z = 1.2Y
wet inflow In situ dise Ex situ
Origin of the Bulge . . . .

VLO2 V0LO4 VLDS VLO&

S3HPY

Iz hale Is bulge Is disc Iz elump I 10<tp<1:3 1:3<fg,

Zolotov, Tweed et al. (in prep)
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Exemples: Build up of the discs and the bulges

Bulge ART

a = 048 z = 1.17%
wet inflow In situ dise Ex situ
Origin of the Bulge . . . .

VLO2 V0LO4 VLDS VLO&

3HOP

Iz hale Is bulge Is disc Iz elump I 10<tp<1:3 1:3<fg,

Zolotov, Tweed et al. (in prep)
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Exemples: Build up of the discs and the bulges

Bulge ART

a = 048 z = 1.08
wet inflow In situ dise Ex situ
Origin of the Bulge . . . .

VLO2 V0LO4 VLDS VLO&

35O

Iz hale Is bulge Is disc Iz elump I 10<tp<1:3 1:3<fg,

Zolotov, Tweed et al. (in prep)
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Exemples: Build up of the discs and the bulges

Bulge ART

a = 0.50 z = 1.00
wet inflow In situ dise Ex situ
Origin of the Bulge . . . .

VLO2 V0LO4 VLDS VLO&

OB

Iz hale Is bulge Is disc Iz elump I 10<tp<1:3 1:3<fg,

Zolotov, Tweed et al. (in prep)
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Stacked evolution

Bulge ART
Bulges

Is halo  Is bulge [WISWEISEN Is clump [N :10<fp.<1:3  1:3<fy,

Origin of the Bulge
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Zolotov, Tweed et al. (in prep)
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Stacked evolution

Bulge ART
Bulges

Is halo  Is bulge [WISWEISEN Is clump [N :10<fp.<1:3  1:3<fy,

Origin of the Bulge —
-

Zolotov, Tweed et al. (in prep)
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Conclusion

Bulge ART
Bulge Mass

Conclusion

Fraction of the Bulge Mass
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Conclusion

Bulge ART
Bulge Mass

Conclusion

Clumps

Fraction of the Bulge Mass
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