Semi-Empirical Merger Models - Method:

Input/Initial Conditions: Add Models: Construct Luminosity
Functions:

Adopt Observed Galaxy
Stellar Mass Function:
N(Myears)

Determine starburst mass Mot &
peak BH luminosity Lyea from high-
resolution merger simulations, as
function of ( 1, foas, Re, Mytars )

Assign each galaxy a size and
gas mass from observed Adopt observed
correlations: Burst & AGN lightcurves follow obscured fraction and
Re(Mstars) & Mgas(Msears) from Mourse and Lpeak: template IR spectra, as
SFR(t, Muurst) & Len(t, Loeak) function of Lax
Had
Merger
Use observed abundances C h
& clustering to populate No Star onvert to Li wit
Il : empirical relation
HOD (place each galaxy in Merger Formation L ~ SFR
a halo).
Knowing the halo
evolution, this gives the
galaxies that have recently

had a merger:
f'l‘nrv}j-‘r (M'.H".-,l()

Assign “steady-state” SFR from observed

Kennicutt-Schmidt relation:
25FR ~ -\-:gnl e (Mgnﬁ/Rcz)l -
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Example: Galaxy Merger Rates:

(sub)Halo Merger Tree:

Hab 810, 3 10e+12

g POPUIate Mgalaxy(Mhan):
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Semi-Analytic :
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—_—— Bower )
— — - Somerville 1
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/) Observed/HOD :
7 % —5¢— SDSS Clustering

—++— Weak Lensi
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Example: Galaxy Merger Rates:

Galaxy Mergers
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Example: Galaxy Merger Rates:

Major Gal-Gal Mergers

(>1:3) per unit z
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Galaxy Mergers

Mgai(stars) changes
- slowly with Mpaio

\Mga|(stars) changes

steeply W|th Mhalo
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Must Distinguish What “Mass Ratio” Means!

B e B e
Halo Mass Ratio )=
— — — Stellar Mass Ratio ’,

- | =---- Baryonic Mass Ratio e
e~ | —mimie Dynamical’ Mass Ratio ,’/,.”" _
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Different observable and physical consequences for each!
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More Detailed Comparison
USING SIMULATIONS TO MAP MERGERS <> OBSERVABLES/BULGES/QUASARS

Predicted/Observed
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Measure Merger ‘Timescale’, etc.

G3G2Pt cam0

Simulation

T= 0Myr
t=2 68 Gyr t=3,27 Gyr

\

Mock Images

| GICIPP 1=2.4 Cyr

| Gw 054 W, = -1.09
| Cw 270A« 047

Gw 053 Mgw =118
Cw 290A= 035

| GIGIP, 1=3.9 Cyr CIGOP, teda Cyr

Observables

(e.g. concentration) @ @,w j Lotz et al. 2010
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Compare to Observations:
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Consequences for Bulge Formation:
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More Detailed Comparison
TEST STATISTICS OF QUASAR, RED GALAXY, & MERGER POPULATIONS

10g( Peary ) [MeMpc™]

Hopkins et al. 11 7
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Redshift z

or... merger rate needed
to match observed
growth 1n bulges

Merger Fraction

predicted bulge mass

| density from

mergers in
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110 ¢
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IR Luminosity Functions/Distribution of SFRs: PFH, Younger et al. 20

Normal/Disk
Burst/Merger
Obscured AGN

log(®) [Mpc®log™(Lp)]
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IR Luminosity Functions/Distribution of SFRs: PFH, Younger et al. 20

14.0 "Mergers/Bursts Dominate~ 114.0 ['Obscured AGN Dominate ===
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Different processes dominate at different luminosities, just
like z=0 (but the threshold moves!)
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Merger-induced bursts don’t dominate SFR density:
(but critical for structure of ellipticals)
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More Detailed Comparison
TEST STATISTICS OF QUASAR, RED GALAXY, & MERGER POPULATIONS

(see also Fontanot et al. 2006, Malbon et al. 2006, Volonteri et al. 2006)
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Can Mergers Account for Quasars?

log(¢(L)) [Mpc™ log(L)"]
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