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Why do we care so much about the merger rate?

Galaxy mergers transform star-forming disks (blue cloud)
to
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All galoxies

Strateva et al. 2001; Bell et al. 2003; Schawinski et al. 2007 I
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Why do we care so much about the merger rate?

© Anglo-Australian Observatory
. .

Galaxy mergers trigger :
starbursts (Luminous-IR

galaxies, Lyman break galaxies,
kickstart reionization?, enrich

the IGM?)
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Why do we care so much about the merger rate?

Galaxy mergers feed super-massive black holes and ignite AGN oiacceo + springei 2005)
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Why do we care so much about the merger rate?

Galaxy mergers feed super-massive black holes and ignite AGN (oitaceo + springel 2005)

T = 160 Myr
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wWe'd like to know:

‘Galaxy merger rate’ as a function of time, mass,
environment....

Galaxy merger rate == # major galaxy mergers/Gyr/Mpc? ‘

First step: identify galaxy mergers.
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ldentifying galaxy mergers observationally:
close pair counts
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ldentifying galaxy mergers observationally:
morphological transformation indicators

Super Antenae

Lotz et al. 2003; Abraham ét al. 2003
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ldentifying galaxy mergers observationally:
morphological transformation indicators

Super Antenae

Lotz et al. 2003; Abraham et al. 2003
90 ar he * o) o - ._ ,')

IRAS l9254—7z4s.§ S oY

SR oy i .
; ‘ £ 4 % : _‘,
Gini index -- a measure of how
®,: 4 : " equitably the light is distributed
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ldentifying galaxy mergers observationally:
morphological transformation indicators

Super Antenae

Lotz et al. 2003; Abraham et al. 2003
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Toward a quantitative merger criterion...

Lotz et al. 2004; Conselice 2004

/S0/Sa

ULIRGS/
mergers
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wWe'd like to know:

‘Galaxy merger rate’ as a function of time, mass,
environment....

Galaxy merger rate == # major galaxy mergers/Gyr/Mpc?
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Next step: estimate the merger timescale.
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Evolution in Merger Fraction at z<1.2
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redshift redshift

fmerger ~ (1+2)™ = m = 1.12 £ 0.60 (excludes ambiguous candidates)

= 0.26 * 0.64 (all Gini-M20 candidates)

(Lotz et al. 2008; see also Bundy et al 2004, 2005, de Propis et al 2005, Bell et al 2006, lIbert et al 2006...)
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Theory: Galaxy dynamics is predicated on the
dynamics of dark matter




Problem: major halo merger # major galaxy mergers

Theory says that halo major merger rate ~ (1+2)3
(Gottlober et al. 2001)
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One way to connect galaxies to halos:
Semi-Empirical Merger Models

Hopkins etal.2010 (Conroy & Wechsler 2009; Cooray 2006;Yan et al. 2003;
Perez-Gonzalez et al. 2008;VWVetzel et al. 2009; Stewart et al. 2009)

Input/Initial Conditions: Add Models:

Adopt Observed Galaxy
Stellar Mass Function:

n(M\un)

Assign each galaxy a size and
gas mass from observed
correlations:
Re(Msurs) & Mgn(Msurs)
Had
Merger

Determine starburst mass Myt &
peak BH luminosity Ly from high-
resolution merger simulations, as
function of ( i, fas, Re, Mstars )

Burst & AGN lightcurves follow
from Mpyurse and Lpeak:

SFR((. Mburst) & LBH(L LP““)

Use observed abundances
& clustering to populate
HOD (place each galaxy in
a halo).

Star
Formation

Knowing the halo
evolution, this gives the
galaxies that have recently
had a merger:
fmcrgcr(Msur;. ‘ll)

No
Merger

Assign “steady-state” SFR from observed
Kennicutt-Schmidt relation:
ESFR ~ E!“H ~ (Mgu/Rez)H
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Construct Luminosity
Functions:

Adopt observed
obscured fraction and
template IR spectra, as

function of Lax

Convert to Lir with
empirical relation
Lr ~ SFR




dark matter - Let’s walk thrOugh the PrediCtiOn
halo merger of galaxy merger rates

tree

Semi-Analytic :
de Lucia
Croton
-- Bower
- Somerville
Khochfar

Observed/HOD :

—%— SDSS Clustering
—+F— Weak Lensing

Abundance Matching
- Group Catalogues

log( Central M,,[baryonic]/Mg )

12 13
log( My, / h” Mg)
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Beware! Major halo mergers aren’t always
major galaxy mergers (and vice versa!)

Halo Mass Ratio.
— — — Stellar Mass Ratio
Baryonic Mass Ratio

'Dynamical’ Mass Ratio 7
]l Here Mo My 1002

so 1:9 halo merger is a

|:3 stellar merger
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Here Mx o Mhaio?

so |:3 halo merger is

a 1.9 stellar merger
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Recent semi-analytic models and high resolution
SPH simulations fail to reproduce the evolution of
the galaxy merger rate Hopkins et al. 201 |

|OQ(M.)=9'10 Iog(M,)=10-11 |OQ(M,)=11 -12
—— — | Semi-Empirical (HOD) Models: - SPH Simulations:
[ mmea. - Stewart ) I

Hopkins -

Semi-Analytic Models: -
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Kartalepe et al. 2007; Conselice et al. 2009; Xu et al. 2004,2008;
De Propris et al. 2005; Bluck et al. 2009; Bundy et al. 2009; Bell et al. 2006a,b
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Changing the way you deal with dark matter/
gravitational dynamics contributes to a factor of
~2 uncertainty in galaxy merger rates
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‘Overquenching’ the gas in satellite
galaxies makes the biggest difference
in galaxy merger rates

—
o

Observed (z=0) Centrals
Satellites

o
o

o
»

z=0
Mgy > 1/3

Fixed Halo-Halo Merger Rate
and Mo /(Mia)

O
~

© O
o N

90 95 100 105 11.0

Semi-Analytic Model
(de Lucia et al.)
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Another approach: using high resolution
SPH simulations of galaxy mergers to better
inform the semi-analytical models

these were sbcr_hr _f stars c.mov and (next slide)

the gas counterpart but stupid keynote=too big
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What we learn: major mergers don’t quench the ‘satellite’

Here:
Radiation pressure
Imparts momentum

to gas

Stellar winds from

young and old stars
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What we learn: ‘Cold’ Flow accretion feeds the
galaxy and satellite well into the merger

Keres et al. 2005; Bellovary et al. in prep.
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What we learn: ‘Cold’ Flow accretion feeds the
galaxy and satellite well into the merger

Keres et al. 2005; Bellovary et al. in prep.
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Cautionary note: Galaxy Flybys may matter

Sinha + KHB 2012
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Flyby encounters can happen just as often
as mergers -- currently ignored in hierarchical
growth scenarios

log (Nflybys/Nmergers)
B
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Why this matters: galaxy flybys can strongly
Pertu rb the galax)' Vesperini+Weinberg 2001

Mayer et al 201 |
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Why this matters: galaxy flybys can strongly
Pertu rb the galax)' Vesperini+Weinberg 2001

Mayer et al 201 |
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Recap: Finding the major galaxy merger rate is a
subtle business

® Though major halo mergers strongly increase with redshift,
major galaxy merger evolution is more modest.

® At z=0, major halo mergers depend weakly on halo mass, but
major galaxy mergers occur ~ |0x more often for massive

galaxies.
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That’s all folks!!
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