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Motivation for this project

Hubble deep field

Springel et al. 2005

We have several tools for this purpose ...



I'hree Dark Matter Probes
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Combining multiple Dark Matter Probes
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$ Most studies so far have only ever used one type of probe
to study the link between galaxies and dark matter.

¢ Nonetheless, each probe contains different information.
Combining probes makes sense in order to understand

the beast :
It’s a
Fan!

[t’s

: a Wall! ’
It's a - IU's

Spear!
Rope!

[t's
a Snake!

[t's a

Tree!



Motivation for combining dark matter probes

The galaxy-dark matter connection
* Building 2 more robust probe

i e Galaxy formation

* Informing semi-analytic models

Cosmological parameters: OQOm, Os
Yoo et al. 2006, Cacciato et al. 2009 - the combination

l of lensing and clustering is a cosmological probe.

Modified gravity as an alternative to Dark

@ Energy
®: dynamics

Y+ ®:lensing of light around galaxies
-3 Screening mechanisms on linear, quasi linear scales.
Need to understand the galaxy-dark matter connection.



The Galaxy-Galaxy Iensing Signal

A2: surface mass density contrast
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THEORETICAL FRAMEWORK



Halo Occupation Distributi

ons (HOD)
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¢ We have developed the theoretical framework necessary

€

€«

to combine galaxy-galaxy lensing, galaxy clustering, and the
galaxy stellar mass function

Our model is an extension to the HOD framework

Our model enables us to:

- self consistently model the three observables

- Fit for the stellar-to-halo mass relation (SHMR)

- account for intrinsic scatter and measurement error

- fit data from multiple probes while allowing independent
binning schemes for each probe



‘I'he Stellar-to-Halo mass relation (SHMR)
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For central galaxies :

A
. P(M+|Mh) is lognormal with :
S - a mean relation: fsHMRr
o S
S - a logarithmic scatter: OjogM+
N

Stellar mass

loglﬂ(fST{;&R(M*)) — loglo(Mh) —

M. ,
logy0(M1) + 8 log;q ( ) T 5
1 *

Adopted from Behroozi et al. 2010




‘I'he Stellar-to-Halo mass relation (SHMR)

10° 10" 10" 10° 10 10" 10° 101 10" 10° 101 10"
Stellar Mass M. [ Mg]

M| :y-axis (halo mass) normalization

M+ : x-axis (stellar mass) normalization

B :low mass slope

O :controls high mass sub-exponential behaviour
Y :controls transition regime



T'en Parameter Model

stellar-to-halo mass relation (M, M=, [3, 0, Y)

10g1o(fsﬁ1%m(M*)) — 10g10<Mh) —

" ( M., )5

* M.,

logyo(M1) + 3 logyq (M 0) + - _
>I<, 1

¢ Central occupation function (Giogm*)

<Ncen (Mh |Mil )> =

1 1 — erf loglo(l\/[il) — log o (fsumr (Mn))
2 \/§O-log1\/[*

¢ Satellite occupation function (Bcut, Bsac, Beut, Psar)

Mh - _Mcut
Nt (Mp M) = (Noo, (My, | M2
(N (M M) = (Neon M M) () e (7 )

Mot _p  (foe(M) )7
1012M. =\ 1012M.

+ Tinker et al. 2008 halo mass function

N——. + Tinker et al. 2010 bias function
1\‘[(‘11[‘ t\'”\m (h‘['l ) 0

5 = Beut o + Halo exclusion
1012M,. 1012M,




APPLYING THIS MODEL TO
COSMOS DATA
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The COSMOS HS'T survey
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Mock catalogs: sample variance and co-variance

10
' First order effect
of sample variance
is a global up/down
shift in the stellar

\ ] mass function

This will affect the
halo mass
normalization of

the SHMR
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Mock catalogs: sample variance and co-variance
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RESULTS :
FORM AND EVOLUTION OF THE
STELLAR-TO-HALO MASS RELATION
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Galaxy-galaxy lensing
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Clustering

Galaxy-galaxy lensing
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Clustering

Galaxy-galaxy lensing
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Star formation efficiency

A

M200b/ M+

Halo mass M2oob [Msun]

Stellar mass vs Halo mass

[U—
)
—
W
I

[E—

S
—
EAN
I

[U—
S
—
(98]
I

[S—
<
[\

I

[E—

-}
—
—_
I

[
S
—
(@]
I

10000 E
1000

100 £

LILRLN | T T T T 1r1TT] T T T T 1r1TT] T T T T 1r1TT] T T IIIIIIII

—

Typical systematic error in stellar masses J

(between different surveys)

WL, COSMOS this paper, z=0.37

8 WL, Mandelbaum et al. 2006, z=0.1
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AM. Moster et al. 2010, z=0.1

- - AM, Behrooz ¢t al. 2010, z=0.1

o SK, Conroy et al. 2007, z~0.06

A SK. More et al. 2010, z~0.05

* TF, Geha ef al. 2006, z=0
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+ TF, Springob et al. 2005, z=0
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Mh [Msun]

Halo mass

Redshift evolution in the SHMR
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Pivot masses: location of the minimum of Ma2oob/M:
marks the halo mass in which accumulated stellar growth of the
central galaxy has been the mode efficient



Evolution of the “pivot masses”

We find a downsizing evolution for the pivot stellar mass, and the pivot halo
mass. The pivot ratio however remains constant.

Pivot halo mass Pivot stellar mass Pivot ratio
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¢ First study to see a clear

¢ Most previous results see ¢ The evolution of

a downsizing trend in MyPV downsizing trend for M:P" MwPY and M«
€ Normalization difference ¢ Systematic errors between stellar leaves the pivot
between Moster et al. mass estimates in distinct surveys: ratio constant

2010 and Behroozi et al. ~ 0.25 dex
2010 and our results ¢ Moster et al 2010 do not account

for these errors. Behroozi et al
2010 do account for these errors



Evolution of the “pivot masses”

We find a downsizing evolution for the pivot stellar mass, and the pivot halo
mass. The pivot ratio however remains constant.
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Stellar growth versus halo growth

0.10]

/ M200b

h
1 1 L 1 1 1 PR T T T
2
Halo Mass \ M,,,, [Mgp]

* Halo mass has grown by a
factor of Amh:

Mh(tiow) = AMh X Mh(thigh)

e Stellar mass has grown by a

factor of Am=
M:(tiow) = AM# X M:(thigh)

Am= = (No/N1) X Amh

The relative growth of the stellar mass has been stronger
than the growth of the dark matter: Am+ > Amh
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"l'otal stellar content as a function of halo mass
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¢ Centrals dominate the total stellar content & At My, < 10'2 Myn: stellar growth
13
at Mh < 2x10"° Msun outpaces halo growth

¢ Satellites dominate the total stellar content & At M}, > 10'2 Mgyn: halo growth outpaces
13 -
at Mp > 2x10"% Msun stellar growth (smooth accretion)

Also see Conroy and Wechsler 2009
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A rough calculation of Am+and Amn

Star formation rate :

— ;0.20£—Z<0A45

£0.45<=2<0.70

30.70<=2<0.85
3 :

0.85<=2<1.10 _

10 11 10 11

log (M.[Msun])

log (M.[Msun]) log (M.[Msun])

10 11 10 11

e SFR ~ 2-7 Mgyn yr-!
e 3.2 Gyr between bins
’>\M* ~ 2-3

Noeske et al. 2007

Halo growth rate :

1.127

g o " L M
Mot 42 Mo Y1 ( 1012 M @ )

(14 1.172)v/Qm(1 + 2)3 + Qa.

e growth ~ 22 Mgy yr-!
* 3.2 Gyr between bins

’>\Mh ~ |.34

Fakhouri et al. 2010
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Using this naive calculation :
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log(M+/Mp)

'1'he most simple evolution scenario

log(M+/Mp)
log(M+/Mp)

N\

—-> —->
log(halo mass) log(halo mass) log(halo mass)

AM* = AMh AM* > AMh Am* < AMh




Fixed halo mass (Mq) above which star formation
is quenched

A Does not produce downsizing
in the pivot quantities
3 E
s :
\U/O i
e :
M
4 —




Evolving pivot mass (M) above which star formation

log(M+/Mp)

is quenched

Can produce downsizing
in the pivot quantities
But does not necessarily
produce a constant pivot ratio




Fixed (M+/My) limit above which star formation
is quenched

A S A critical pivot ratio,

coupled with AM+>Amn
naturally leads to

\ downsizing

> Still need maintenance
mode feedback to
prevent growth in
hisher mass halos
AM* > AMh 5

log(M+/Mp)

log(halo mass)




Evolution of the “pivot masses”

Pivot halo mass Pivot stellar mass Pivot ratio
Pivot halo mass Pivot ratio
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PBehroozi using our data!

The mechanism(s) that regulate the quenching
of star formation may have a physical
dependance on M+/Mj and not simply on Ms




Mechanisms that might depend on M+/Mj, ?

e ——— — — e —— e
e — B — — - —— —

Speculative !!

N o o oo, o o o o *‘—.—7 o o
¢ Disk instabilities : if the mass of the disk dominates the gravitational

potential, the system is unstable to perturbations.

Vmax/(GMuisk/Raisk)?- < 1 Efstathiou et al. 1982

¢ AGN feedback - a) halo of hot gas to which AGN jets can
couple b) a sufficiently large BH to offset cooling in the halo

Lieat/Leoot = 103(A/200)13(Qun/0.25)13(Feas/0.15)  (Teool/ GyT)
(Mi/1012Mun)-23(£/0.01)(M+/Mp)

® I\/I*/Ivlh= |/27 “""‘> Lheat=37 X Lcool
* uncertainties in fgs, €, ...

From A.Benson

¢ others ??
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We have build a method to combine galaxy-galaxy
lensing, galaxy clustering, and number densities into a
more robust probe of the galaxy-dark matter connection

We have applied this technique to the COSMOS field and
studied the SHMR from z=0.2 to z=1.0

We find a downsizing behaviour for the “pivot masses”
but the “pivot ratio” remains remarkably constant

This coincidence raises the intriguing possibility that the
quenching of star-formation may have a physical
dependance on My, / M-
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Work in Progress and future plans

€

€

€

€

€

Calculation of the total amount of stars locked up in
galaxies, implications for the baryon fraction in groups

Comparison between HOD models and abundance
matching methods

Comparisons with semi-analytic models such as Galacticus
with A. Benson

Application to larger data sets (e.g. BOSS, HSC)
Cosmology and GR tests



