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Cosmic architecture: gravity







Two-degree Field Galaxy Redshift Survey




Sloan Digital Sky Survey
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Galaxy clustering
VS
dark matter
clustering

« Galaxy correlation

function ~ power
law over 3-4
decades inr

« DM correlation

function not a power
law

« Scale dependent

bias

Jenkins et al. 1998
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Use DM haloes instead of DM

“biased” CDM
100

10 |
- Las Campanas
Redshift survey
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First “Halo Occupation
Distribution” model

Scale dependent bias
No low mass cut off

No split between
centrals and satellites

N/M x M~

Jing, Mo & Boerner 1998
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Avoiding “overmerging’
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ierarchies of substructure

Springel et al 2008
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Matching

sub-haloes to

“galaxies”

Put cut on
subhalo circular
velocity

Associate
subhaloes with
galaxies

Early version of
SHAM

Colin et al. 1999
Klypin et al. 1999
Kravtsov et al. 2004
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Clustering
evolution

Apply fixed Vc
threshold on
subhaloes

Find little evolution
In “galaxy”
clustering

Contrast with strong

evolution in DM
clustering

Evolution in galaxy
bias

Colin et al 1999



Can we compute N(M)?

M, —dlog,,h
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ACDM haloes

2dFGRS groups
Eke et al. (2005)

abundance
logm(dn{LbJ]/dlogm(Lbj)}
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Total group luminosity

Baugh 2006

Galaxy group luminosity function
Measured from 2dFGRS by
Eke et al. 2004, 2005

Lgroup =2 Lgalaxy

Simple prediction:
Take CDM halo mass function
plus fixed M/L ratio

!

Galaxy formation TOO efficient
in both low and high mass haloes

{

Different physical processes
affect efficiency of galaxy
Formation as function of M



COSMOLOGICAL MODEL
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Cole et al. 2000; Baugh 2006; Benson 2010



Galaxy clustering from gas dynamics
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Six orders of magnitude in length scale

Millennium Volume GIMIC hi-res region (1 of 5) GIMIC galaxy (1 of ~1000)
L =500 Mpc/h L ~ 50 Mpc/h force resolution ~500pc

Crain et al. 2009



Gas simulations vs.
Semi-analytic modelling

Gas simulations:
e More direct

* (Sometimes) more
information

* Challenged by dynamic

» Still use 'sub-grid
physics (=semi-
analytics)

Semi-analytic models:

More generalised
calculation e.g. Spherical
symmetry

Faster
Flexible
Modular

Can populate huge
volumes without losing
accuracy in baronic
physics
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Galaxy clustering iIn SAMs

3 . — T T — T T .
;\SC?MI s |+ Models that match LF
s\ “ Dark matter give rob_ust pred_lctlons for
2T (Baugh 1996) | correlation function
« Can recover power-law
i simply by predicting
number of galaxies per
halo
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log(r/h~*Mpc) Benson et al. 2000

Kauffmann et al. 1999a, b
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Explaining the form of the
correlation function
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Predict connection between different
galaxy samples and dark matter

S ) g L
g =

H-o selection H-band selection
Orsi et al. 2009




Predict clustering for different selections:
e.g. cold gas mass

Universal baryon fraction in cold gas in one object
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Predict HOD for cold gas samples
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Implications for galaxy clustering
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Scale-dependent bias: DM haloes

Deviation from unity is a deviation from linear theory
Deviation from dashed line = scale dependent bias
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Strength of scale dependence of bias depends on peak height M/M*

Angulo et al. 2008; see also Smith et al., Crocce et al.



Bias for different galaxy samples
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Luminosity dependent clustering
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A need for new physics?
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Or a revision to cosmological
parameters?
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Use models to calibrate empirical methods
e.g. HOD, SHAM



SHAM - sub-halo abundance matching

KEY ASSUMPTIONS:

 Assume a monotonic relation between (sub)halo mass and
galaxy luminosity

(Vale & Ostriker 2004; 2006; 2008)

ns(>Ms)=ng(> Mg)

28
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University



Which halo mass to assign?

satellite

central

Assign all
galaxies

mass of

host halo:
Main subhalo

Use mass of
substructure
at infall for
satellite



SHAM - sub-halo abundance matching

KEY ASSUMPTIONS:

 Assume a monotonic relation between (sub)halo mass and
galaxy luminosity

(Vale & Ostriker 2004; 2006; 2008)
ng(>Ms)=ng(> My)
* For central galaxy, use host halo mass
* For satellite galaxies, use sub-halo mass at time of accretion
(Kravtsov et al 2004; Nagai & Kravtsov 2005)
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Stellar mass vs host halo mass
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Stellar mass vs (sub)halo mass
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Stellar mass
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Stellar mass vs (sub)halo mass
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Different gas cooling in satellites
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Stellar mass — (sub)halo mass

evolution

12 N R R

1 [ -
I z=0
18 B 2=0.5
9_ - z=2

8 | N

- L T

10 11 12 13 14 15
log,g (Myao/h™" Mo)

Bower et al. 2006 — redshift evolution




Summary

* Galaxy clustering: approx. power-law

* DM clustering: not a power-law

* |dea of using haloes, then sub-haloes

 Empirical approaches: HODs, SHAM

* Physical approaches: gas dynamics, semi-analytics

e Semi-analytics currently only way to populate large
volumes with compromising baryonic physics

* Predict scale dependent bias from how galaxies
populate haloes
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