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Analytical Models
(SAMs)

1. Define a Galaxy

* hot gas . .

o coldg as 2. Quiescent Physical processes
. e accretion of new gas

* stars

e cooling: hot—cold
e SF: cold —stars
 feedback (SN & AGN): cold —hot

Qutline:
3. Merger trees o

* merger trees of subhalos

& SAM recipes

e dynamical friction SeSAM method
* stripping/accretion by satellites Degeneracy
* merger-induced bursts Abund. match
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Cooling

cooling efficiency:

Most SAMs follow White & Frenk (1991)

p,; hot gas density [ Meotd ]cooling = fo My
24 .
t .
L M AGNTE e
o = S AmhT 2 ]
2 palr)ALT 2) < fast cooling , &
S5 : : | =
b ~dynamical time I
> S
r 3
A(T, / ) : Sutherland & Dopita (1993) 1087 : o 4
Time since big-bang Ou

De Lucia & Blaizot (2007)g= sAM recipes

Uncertainties
) . . SeSAM method
 Gas density profile, 3D effects (filaments)
. .. .. . cyer e Degeneracy
» Assuming collisional 1onization equilibrium o
und. matci

e Metals: non-solar abundance ratios "
* Different implementations of White & Frenk concept. High-2iy
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= Star-Formation (SF)

Schiminovich et al (2010) Kennicutt (1998) De Lucia & Blaizot (2007),
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Uncertainties: cold Degeneracy

* H, or HI (SAM use H,+HI) - Fuetal (2010)
* Density averaged over the whole galaxy or local
 Large scatter observed




Supernova Feedback

- Cold gas 1s heated back to the hot component
Kauffmann et al (1999) a=2

W, =——pit, Cole et al. (2000) a=5.5
? Vha e Croton et al (2006) a=0
Khochfar & Ostriker (2008) o=2
- Cold gas i1s ejected out of the halo
. b .
m. = —a \m Croton et al (2006) a=2 Outline:
eject a star
Vh & SAM recipes
SeSAM method
Open issues: Degeneracy
: Abund. match

 High level of uncertainty

» Not enough observational constraints
 Other kinds of feedback: AGN, preheating, SN-Ia, stellar feedback
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Approach - SeSAM

rsesam semmel

b
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Motivation
* include most of the physical processes
(merger-trees, cooling, SF, feedback, accretion, bursts)

* keep it as simple as possible
(while not changing the results of SAMs)

* deal with uncertainties within the recipes
e fit the data !

The ‘recipes’ depend only on halo mass and redshift

Outline:
(mergers and satellites are treated in a similar way as in SAMs) SAM recipes
&~ SeSAM method
COOling: mcool = fc (Mh s Z) m, . Degeneracy

SF: msmr — fs (Mh ’ Z)n/lcold




SeSAM

The formalism 1s simple and compact:

' F
recycli /S cold accretion
Mstar 0 (1 T ) fS 0 0
M— | e A= O = Hife—Tife e B=| fa
Mhot 0 fafs — fefs = fra
f /db k e ti
ecabac cjecuon .
cooling hot accretion
One equation for the quiescent evolution:
m = Am 3T B]\’{h Outline:
SAM recipes
Benefits &> SeSAM method
* We don’t to parameterize recipes in advance Degeneracy

* Tuning the model is straight forward
* The complex structure or merger-trees is being used




Too simple?

De Lucia & Blaizot SAM | limmmm)»> | SeSAM

1. Werun De Lucia & Blaizot SAM and save all transition rates
2.  We average transition rates per halo mass and redshift:
. SE- f
cooling - f Log[Gyr'] s Log[Gyr]
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3. We use the averaged recipes within our model, using the same Hights

merger-trees as De Lucia & Blaizot Eyal Neiste
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Comparing results

Stellar mass functions Specific SF rates
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&= SeSAM method

Outline:

Degeneracy

The scatter in the properties of galaxies comes

mainly from different merger-histories !!




Motivation

* explore the degeneracy
e span different scenarios

e identify important observ. constraints

* fit the data !
I — no SN feedback

IT — no ejection feedback

III — cold accretion
IV — only bursts

V — shutdown by mergers
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SAM recipes
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king the degeneracy
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I — no SN feedback

IT — no ejection feedback
III — cold accretion

IV — only bursts

V — shutdown by mergers

Residual SF 1n passive galaxies
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Abundance matching

EN, Cheng Li, Simone Weinmann, Michael Boylan-Kolchin
Belllzroozi, Conroy & Wechsler (2010)
m,(M,,) -

Stellar-mass as a function of the
subhalo mass at the time of infall

Assumptions on satellites at z=0: ] S
1. Using only subhalos which log,((M,) [Mo] "
survive until z=0 10— . . . _
- Different SeSAM models Outline:

2. No redshift dependence: m, (M, , z)

3. infalling subhalos are similar & ..., ] SAM recipes
to other centrals ] SeSAM method
4. No mass gained after infall F, Degeneracy
F y @ Abund. match.

High-z SSE
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" Abundance matching (II)
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High-z SFR
Simone Weinmann, EN & Avishai Dekel
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SAM recipes

redshift SeSAM method

Degeneracy

* [s the plateau in conflict with the theory?
* Why most models behave the same (and
different from the observ.)?




High-z SFR (1I)

Fitting the plateau

e significant changes in SF
and feedback efficiencies

 too low stellar mass function
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Reproducing both only by
changing mergers

* high efficiency of SF bursts

e short dynamical friction times
at high-z

Outline:

SAM recipes
SeSAM method
Degeneracy

Abund. match

= High-z SS|




Summary

Abundance matching

* more complicated behavior in SeSAM
» dependence on environmental effects

* dynamical friction

New ‘SeSAM’ methodology:

 simple & fast (8 sec for the Milli-MS)
* casy to tune

* NO a-priory parameterization of recipes

* 5 very different models
High-z SSFR

» different SF/feedback recipes needed
* high efficiency of mergers burst
* shorter accretion times

Run it from

Web page your palm:

SeSAM

http://www.mpa-garching.mpg.d

1. Choose your parameters

2. Run the model (on our server!)

3. See comparison _ Ny y TN
against observations S} AU L il

4. Download catalogs

|
Thank you! 3
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Scatter
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SF — halo spin distribution, depends weakly on halo mass
Cooling — numerical behavior for small mass halos
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Model I - Minimum Cooling

What are the minimum cooling rates possible?

e cooling is balanced by feedback, (minimum cooling)=(zero feedback)

* cooling will then control the total amount of mass within stars & cold gas
 ~unique solution for cooling rates

(=

Model ingredients:

e zero SN feedback
» no merger induced SF bursts Log f,(M,,z2)
e total freedom 1in cooling and SF: 195 1
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