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the general outline:

hierarchical structure formation
relating theory (DM haloes) & observations (galaxies)
results: luminosity and color-dependent clustering

results: evolution of galaxy clustering

1. we show how luminosity and color-dependent clustering
evolves between z~0 and z~1

2. we show how “cosmic variance’ (sample fluctuations) can
be an important effect

Skibba, Smith, Coil, et al., 2013, Ap]J, submitted
Skibba, Sheth, Croton, et al. 2013, MNRAS, 429, 458




Some questions to explore:

How do galaxy formation and evolution depend on a
galaxy’s small or large-scale environment?

How are galaxies affected
by the dark matter haloes
that host them?




Large-scale structure, in the CMB

Constraints from Planck on the primordial density fluctuations:
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Growth of large-scale structure: haloes vs galaxies

haloes in Millennium (Springel+ 2005)
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Hierarchical structure formation

Hierarchical structure formation results in assembly of
group and cluster haloes

merger tree halo MF vs galaxy LF
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Halo model of galaxy clustering

3 main types of halo models:
halo occupation distributions, conditional luminosity

functions, subhalo abundance matching
(see Cooray & Sheth 2002; Mo, van den Bosch & White 2010)

one-halo term

central and satellite galaxies:
<Ngal | M) = (Ncen | M) + (Nsat | M)

two-halo
open question: galaxy distributions term

determined only by halo mass?




environmental correlations: color

different methods: density estimators, clustering measures, group
catalogs, void stats, lensing, satellite kinematics, etc.

low-redshift galaxies z~1 galaxies
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environmental correlations: color

galaxy clustering can quantify environmental correlations

redder galaxies tend to be more strongly clustered than bluer ones

color-dependent clustering at z~0.1 and z~1
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measuring galaxy clustering

(1) quantifies excess probability dP over random of
finding pairs of objects at separation r (Peebles 1980):

dP = n[1+ &(r)]dV
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projected CFs integrate over
nonlinear & linear redshift-
space distortions:
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quantifying clustering strength and bias

projected CF:

w,(r,) =2 [ "E(r,mdn = 2f°°—

solve for clustering length
& slope from power-law,

g=(r/ o)™

10°

10*

100 1000

10

galaxy bias is relative to
(non)linear DM clustering;:

1

0.1

Smith et al. (2003)




Galaxy clustering in the PRIMUS survey

PRIMUS (Coil et al. 2011) survey of seven independent
fields, from which we construct volume-limited

catalogs at 0.2<z<1.0 (complementary to VIPERS)
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The PRIMUS Fields
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Selecting Galaxy Catalogs

luminosity-selected samples color bins in CMDs
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redshift distributions, completeness weights,
random catalogs, other complications

magnitude & density-dependent weights (incl. spectro
slit collisions) -- see Coil et al. (2011)
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Luminosity dependent clustering

(mean) luminosity-dependent clustering L-dependent high-z clustering
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Clustering strength and bias

clustering length and slope galaxy bias
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Color dependent clustering: red vs blue

L-dependent CFs of red galaxies

T llllllll T IIIIIIII T

red, low z

, 0.20<z<0.50 T
, 0.20<2<0.50 @
, 0.20<2<0.45
, 0.20<z<0.34

| — lTllul

red, high z

wp(rs) (Mpc/h)

.50<z<1.00
.50<2<0.95 —
.50<z<0.90
.50<z<0.80
.50<z<0.70

1 llllllll

10
rp (Mpc/h)

E
1
3
i

clustering length and slope

(log(L/L,)) (log(L/L,))
-0.5 0 -0.5 0 0.5

I I I ] I I I I I I I 1 I I [ I I | I I

m PRIMUS = eoee Coil08
— halo model

3

11 1

IlIlllllllllIlllII

llllllllllllllllllllll

it fy

% low z 7 high z
llllllllllllll-llllllllllllll

l]IIIIIIIIIIIIIII]IIIIII—
IlllIlIlIlIlllIIIllIllll

S -18 -19 -20 -19 -20 -21

(M,)—5log(h) (M,)—5log(h)




Color dependent clustering
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Large-scale clustering evolution

evolving bias vs passive evolution

® n,,=0.50 (10-2h3Mpc-3)
m 0.85

A 1.30 passive evol: large-scale clustering
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Cosmic variance

field-to-field variation: low-z field-to-field variation: high-z
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Cosmic variance: effect of LSS

Sloan Great Wall structure (see and LSS in COSMOS (see Guzzo;
Zehavi et al.; Norberg et al.) Scoville; Knobel; Kovac et al.)
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Mark correlation functions: introduction

single halo + separate halo terms

Galaxy clustering described by:
f("“) — glhalo (’I“) + €2halo (T)

Environmental dependence of
galaxy properties described
by marked clustering stats:
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Applications of rank-ordered mark CFs

shows an important application of rank ordering, which
removes the dependence on mark distributions

allows for simple interpretation: FA densities sensitive to
large scales (r,>1 Mpc/h), and NN to small scales

density mark
_ correlation functions

100 |

108 3 C * NN’(ots) :
8 - o = FA (8 Mpc/h) ]
o .
) )

LE O
3
o g
[ O
v 104 \é ©
= = ° °8° g5
c g * ¢ ¢<> o
v s = : ¢ 3" e o g
o | = . ® ¢ ™
£ 1000 F e " g
Q = &
S - s g
(o} 1 i |
:II 1 L L 1 lIlII 1 1 1 IlIIII I:
100 0.1 1 10

r, (Mpc/h)




Results: rank-ordered luminosity and color MCFs

another app.: rank-ordered mark CFs (right) demonstrate
that color is better tracer of environment than is luminosity

luminosity & color MCFs rank-ordered luminosity & color MCFs

lllll I I I I LI I I I I | I 1 Illllll
luminosity mark w - luminosity mark -

- ii%ﬂﬁggﬁ

X
XXIIXZX i
EXH e

L Ll 1l L1l I | l- 1 L L Ll 1l 1l I L 1 1 Ll 1l 1l I
1 LI I 1 1 | 1 1 Ll LI I 1 1 1 LI I
color mark . y color mark

b

X
3
Kxg*

2

IIII 1 1 IIIIlII
1 10

r, (Mpc/h) r, (Mpc/h)

Skibba et al. (2013a)



mark clustering evolution in PRIMUS

SDSS (low-z) vs PRIMUS (0.2<z<0.8)
rank-ordered mark CFs:

luminosity mark

non-evolution of these mark CFs
imply not much evolution of L-Mnaio
and C-Mhaio relations since (z~1)
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Work-in-progress and Future Plans

1. halo occupation modeling of evolving and L & C-
dependent clustering

2. age/abundance matching modeling of clustering
(with Doug Watson and Andrew Hearin)

3. clustering of (U)LIRGs, and dependence on IR
luminosity & star formation activity




Other PRIMUS Clustering Work

X-ray vs IR AGN clustering by

Alex Mendez (preliminary)
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Other PRIMUS Work
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also: work on star formation in close pairs (Wong et al.); AGN
accretion rates (Aird et al.); evolution of star-forming “main

sequence” (Coil et al.); obscured SF on red sequence (Zhu et al.);
environment-dependent stellar MFs (Hahn et al.); evolving
AGN properties (Azadi et al.)...
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Conclusions

measurements of luminosity and color dependent
clustering, and constraints on halo models

galaxy bias evolution consistent with “passive evolution’

‘cosmic variance’ can be significant source of uncertainty in
high-z clustering measurements, even for large-area catalogs

mark clustering statistics are powerful tools, very sensitive
to environmental correlations; rank-ordered mark stats allow
for direct comparisons, with many applications




