What turns galaxies off? - Revealing the
links between galaxy color, structure and
dark matter halo properties




Galaxy bi-modality

SDSS 0.02 <z <0.085

Peng et al. (2010)
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Galaxy bi-modality
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Kauffmann et al. (2003)
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What drives the bi-modality?
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Kauffmann et al. (2003, 2006) - Surface Stellar Mass Density (2% = M/
Re?) provides the best correlation.

Franx et al. (2008) - Inferred velocity dispersion (M/Re) may be better

than 2.
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What drives the bi-modality?

10G4q w,/Mekpe™

Bell 2008 - Sersic index (n) may be better than 2x.

Surface brightness «exp(radius")
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What drives the bi-modality?

SDSS z<0.05
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Bell et al. (2012) - n is even better than
inferred velocity dispersion.
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Which of these properties is the best
indicator of a galaxy’s color?

® 5DSS data is large enough to make a precise test.

® Spectroscopic data provides measured velocity
dispersion (O).

PR, 2 F|x each parameter in turn and see_‘—how the mean
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The data

SDSS DR7 MAIN galaxies selected from the NYU VAGC (Blanton
et al. 2003).

NYU VAGC provides k-corrected colors, Sersic fits to give n and
Re.

Stellar mass-to-light ratios from the MPA-JHU group (Kauffmann
et al. 2003).

Fiber velocity dispersions are transformed to central dispersions
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The Structural Parameters
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Isolating the dominant correlation.

10.50 < logM, <
10.60 < logM, <
10.70 < logM, <
10.80 < logM, <

<

10.90 < logM,
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< 11.05 %
< 11.15 *
< 11.25 *
< 11.35 %
< 11.45

Kavli IMPU

755 < o < 80.0
84.8 < o < 89.8
956.1 < o < 100.7
106.7 < 0 < 113.0
119.7 < 0 < 126.8

238.9 < ¢ < 2563.0
268.0 < o < 283.9
300.7 < 0 < 318.5
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Surface Mass Density vs Stellar Mass

10.00 < logM, < 10.05 e 10. 0.556011.0
10.10 < logM, < 10.15 e 10. 0.65011.1
10.20 < logM, < 10.25 e 10. 0.75011.2
10.30 < logM, < 10.35 e 10. 0.856011.3
10.40 < logM, < 10.45 » 10. : 11.40 < logM,

0 < logM,
0 < logM,
0 < logM,
0 < logM,
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Stellar Mass vs Sersic Index

10.10 < logM, ; 10.60 < logM, 11.10 < logM,
10.20 < logM, : 10.70 < logM, 11.20 < logM,
10.30 < logM, : 10.80 < logM, 11.30 < logM,
10.40 < logM, : 10.90 < logM, 11.40 < logM,
10.50 < logM,

David Wake, University of Wisconsin Madison Kavli IMPU 24th October 2012



Surface Mass Density vs Sersic Index
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Velocity Dispersion vs Stellar Mass

x
G junele K P

o 08" o o)
o % 0 0500°9%00° 600 o
g oo
i © 000006 00 g
o O 0o
0%, 0900 0
Oo o
oo ©O
o)

o
o o
P )

10.00 < logM, : 10.50 < logM, < 10.550 11.00 < logM, < 11.05%
10.10 < logM, . 10.60 < logM, < 10.650 11.10 < logM, < 11.15%
10.20 < logM, A 10.70 < logM, < 10.750 11.20 < logM, < 11.25%
10.30 < logM, : 10.80 < logM, < 10.850 11.30 < logM, < 11.35%
10.40 < logM, . 10.90 < logM, < 10.95
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Velocity Dispersion vs Surface Mass
Dens
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Velocity Dispersion vs Sersic Index
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1.14 1.21

ATLAS3P Cappellari et al. (2012)
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What causes the observed correlations?

Best indicator is O (or 2 k), followed by n, 2 (or M/
Re) and finally mass.

This implies that the formation of a dominant bulge is
contributing to the shut off of SF (Major merger, gas
exhaustion/removal, AGN feedback e.g. Hopkins et

al. 2009).
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Using clustering to relate galaxies to dark
matter halos
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® Dependence of clustering on luminosity,
stellar mass, color, SFR and morphology
have all be investigated.

® For central galaxies Mswr is thought to be

i tlghtly correlated W|th Mhak,

Shoas et
..._(_,
¥




Which of stellar mass, surface mass
density or velocity dispersion is the best
indicator of clustering amplitude?

® Fix one parameter whilst varying the other and
see how the clustering amplitude changes.
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Varying O at fixed Mstar

11 < M, < 11.16

234.8 < o < 921.7
79 < o0 < 1852
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11.16 < M, < 11.32

207.4 < o < 565.1
814 < o < 207.9

11.32 < M, < 11.48

R79.4 < o < 562.7
102.9 < o < 232.9
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Varying O at fixed Msar Varying Mser at fixed O

11 < M, < 11.16 210 < 0 < 240.6

234.8 < 0 < 921.7 11.13 < M, < 11.89 ®
79 < 0 < 185.2 10.73 < M, < 10.88 ®
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Varying O at fixed Msar Varying Mser at fixed O

i 210 < 0 < 240.6
234.8 < 0 < 921.7 i o 11.13 < M, < 11.89
79 < 0 < 185.2 5 10.73 < M, < 10.88

star

l ! 1 1 1 ||I ! 1 ] ] l ! l | 1 lllll 1
11.16 < M, < 11.32 : 240.6 < ¢ < 271
257.4 < g < 565.1 : - 11.25 < M < 11.91
81.4 < g < 207.9 _ 10.73 < M_,__ < 10.95

| 1 1 1 11 | | I I N I
T L L L T L

11.32 < M_,,_ < 11.48 T 271.1 < 0 < 301.6
279.4 < o <|562.7 ; - 11.35 < M, < 11.97

10.73 < M <

star

Combined Pratio=1 = 0.00009 Combined Pratio=1 = 0.58
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Ratio of high to low velocity dispersion Ratio of high to low stellar mass
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No velocity dispersion dependence No stellar mass dependence
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Stellar Mass (Mg) Velocity dispersion (km/s)
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Potential systematic errors!?

® FErrors on Mswar are much larger than those on
O.
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Varying O at fixed Mayn

11.31 < Mdyn < 11.47
235 < o < 454.5
81.4 < 0 < 183.2

I 1+ I —
11.47 < Mg, < 11.62
257.4 < 0 < 410.7

102.9 < 0 < 205.9

©11.62 < My | < |11.7¢€
276.7 < g <9500.7

T 1%“{{

Varying Mayn at fixed O

210 < o < 242.3
11.45 < Mdyn < 12.22
1087 < Mdyn < Ll.al

ratio

p

b

W

2423 < g < 2746

11.6 < Mg, < 12.2
10.51 < Mg, < 11.33

%

2747 < o < 308.9

11.72 < Mdyn < 12.28
10.66 < Mdyn < 11.44

b dag et :

Comb|ned Pratio=| - 0.87
24th October 2012

Comb|ned Pratio=| - 0.00085
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Varying Z at fixed Mstar

10.8 < M, < 10.87
9.156 < £ < 10.51
6.58 < £ < 8.71

10.87 < M, < 10.93
9.15 < T < 10.24
6.58 < T < 8.73

ratio

p

10.93 < M, < 10.99
9.14 < £ < 10.41
6.77 < E < 8.74

w

1099 < M, < 11.05
_ t
ratio=1 = 0-047 g4, v %037
7.05 < I < 8.74

Comb|ned Pratio=| — 0.007I

David Wake, University of Wisconsin Madison

Varying Mstar at fixed 2

Kavli IMPU

9<% <0916
11.1 < M, < 11.94
10.78 < M, __ < 10.8

star

9.16 < ¥ < 9.32
11.08 < » < 12.0
10.78 < < 10:86

Msta
M

star

9.32 < T < 9.48
11.05 < M, < 11.75
10.78 < M, < 10.84

star

9.48 < ¥ < 9.64
11.04 < M, < 11.78
10.78 < M, < 10.84

star

Comb|ned Pratio=| S 0.66
24th October 2012



Ratio of high to low velocity dispersion Ratio of high to low stellar mass

Large scale bias ratio

No velocity dispersion dependence No stellar mass dependence

2x10'? 220 240 260 280

Stellar Mass (M) Velocity dispersion (km/s)
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5x10'! 220 240 260 280

Dynamical mass (Mg) Velocity dispersion (km/s)

Ratio of high to low surface mass density, Ratio of high to low stellar mass

Large scale bias ratio

No surface mass denisty dependence No stellar mrss dependence

L0 2x10°

Stellar mass (Mg) mass density (Mg Kpc %)
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Third variable?

® Both 0 and 2 are more strongly correlated
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Fixed Mayr

0.2 0.4 0.8 0.8

Elliptical probability

210 < o € 242.3
All Md,n
High Mdvn —
Low den —_

Fixed o

0.4 0.8
Elliptical probability
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Dependence of clustering amplitude on
morphology

Fixed Mgy Fixed O

atio of high to low elliptical probability/Ratio of high to low elliptical probability
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Dependence of clustering amplitude on
color

Fixed Mgy Fixed O

Ratio of high to low g—r color Ratio of high to low g—r color
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No g—r color dependence
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Color could be the third variable
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Red galaxies only

Fixed Mayn

Ratio of high to low velocity dispersion] Ratio of high to low dynamical mass

g—r > 0.9 g-r > 0.9
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No velocity dispersion dependence No dynamical mass dependence

5x101! 220 240 260

Dynamical mass (M) Velocity dispersion (km/s)
Combined Pratio=1 = 0.027 Combined Pratio=1 = 0.92
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Elliptical galaxies only

Ratio of high to low velocilty dispersionl Ratio of high to low dynamical mass

P, > 0.6 P, > 0.6

1.5

1

No dynamical mass deperr"dence
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Dynamical mass (Mg) Velocity dispersion (km/s)
Combined Pratio=1 = 0.0043 Combined Pratio=1 = 0.77
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Relating clustering amplitude and halo
properties.

® Three possibilities:

|. Tighter correlation between 0 and Mnaio
than between Msw.r and Mhaio for central
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O and Mo Centrals

11.04 < M, . < 11.19
High o

Low o

Central

Satellite

<N(M)>
W, ratio

~i
o
-
<
o

T
o
-~

A 1012 1018 1014 1015
Halo Mass (h_lM@)
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O and halo formation time

Wp ratios =

.56 - 1.13

c/—
e

10% youngest

0.10

Gao et al. (2005)
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O and Mo Satellites

® Need satellite galaxies of a given mass to be
in a higher mass halo if they have a higher O.

® Tidal striping could cause this.

. O <02
M <My
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O and Mo Satellites

® Need satellite galaxies of a given mass to be
in a higher mass halo if they have a higher O.

® Tidal striping could cause this.
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Back to color

® (O is the best indicator of a galaxy’s color.

® High O means their is a large bulge, which means a
large black hole => truncation of SF

® (O could also be better correlated with halo mass
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Next steps

® Which mechanism is responsible for the

ticht relationship between O - clustering
amplitude!?
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