_ B » ‘ b3
s - : -~ - i
. P s i e e 5
. 2 *

»
C}'
bl
e
Qo
Sl
oQ
@
-
I
Qo
—
N
V
—

. : 2 e sy : - i : el
Ve 2 . B - 5 = . g - - - . ¥ " e N '...
: “ 4 . ; R ‘ i e * i : , g
- : N a : ‘v S @ * ~ " - % X = :

. : 2 ChrlstopherJ ‘Cons glqe SR
g oo U Bk (U ofNotﬁngham) AR b

i .

=z
-




WHAT DO WE KNOW CONCERNING GALAXY FORMATION
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Giavalisco et al. (2004)

Star formation 1s observed to be more common in the past than today —
qualitatively consistent with old stellar populations in the nearby universe




Do galaxies form through mergers?

1. Redshift (time)
2. Stellar Mass

also, galaxy interactions are not the same
as galaxy mergers




How do you find galaxy mergers/interactions?

1. Traditional method for finding mergers is to use pairs

LeFevre et al. (2000)

Rotate and subtract and image and quantify the residuals as a number e.g., CAS




We can use the value of the asymmetry index to determine whether a
galaxy 1s undergoing a merger

® —Markarian 8
®-NGC 7873



How to identify a merger — asymmetries




Mergers deviate by more than three sigma from S-A relationship

mergers

- s

Normal galaxies




Poirs w/ 24, (this work)
Pairs w/o 24, (this work)
Total Froction (this work)

"V Deep2 Field 1 (Lin et al. 2004) c.g., LeFevi
Deep2 Field 4 (Lin et al. 2004) g
CNOC2 (Potton et al. 2002) and Lin

K Bond (Bundy et al. 2004) talks

0.6 0.8
Redshift (z)

Bridge et al. 2007

Can characterize merger history by looking for physical pairs

Does not show much evolution to z = 1




Inferred Merger Fraction

log Moy, (Mg} > 8.5

@ This Paper

Inferred Merger Fraction

What about at higher redshift?

Inferred Merger Fraction

Inferred Merger Fraction

Can fit merger fraction evoluti
as a powerlaw

m
fm =10 * (1 + z)

log M, (Mg} > 10

. @ This Paper

More mergers at
higher (z > 1.5)

redshifts

Conselice et al. (2003)



STELLAR MASS FUNCTIONS
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Bundy et al. (2006

The stellar mass function can
be computed at redshifts up to z~1 4

Using the large area Palomar/DEEH
fields ~2 sq. degree, we find

that the most massive galaxies are
already formed by z~1

The slope of the mass function reve
the total stellar mass density, and hg
it has evolved




The most
massive galaxies

are formed by
z~1.5

Redshiri(z)

10.5 <log M < 11 systems
grown by a factor of ~12
since z~1.5

7
-
2,

=

=

-k

=

o~

&
=
)

Redghift{z)

Conselice et al. (200
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Galaxies atz < 1

Hubble Sequence 1n place




WHAT ABOUT AT Z > L5?

Fontana et al. 2004
Mass density for the most massive galaxies drops

quickly at z > 1




E_B -
.| . « | - S &
bt
- -
2-454.9 Z=2.883 2-449.0 Z=2.883 2-585.1 Z=2.88%
v L
. » - » - -
* A
2-118.1 2=2 232 2-982 .8 2=2. 233 2-525.8 Z=2. 237
- -
K . . - < .
- -~ e
2-g82.1 £=2.267 4-445 .8 2=2. 268 2-824 .8 2=2.413
‘. » -
’ . » . - -
. X . .
2-239.8 2=2 427 2-591 .2 2=2.489 4-539.1 2=2.591

4-555.1 Z=2.8683 1-54.8 Z=2. 329 4-52.8 Z=2.331
. - L L ] .
4-289 .8 Z=2. 959 4-363 .8 Z=2.986 2-643 .8 Z=2.991

Dickinson et al. (2000)

(Galaxies at z> 2 in HDF-N

Rest-frame optical view
with NICMOS

The most massive galaxies
atz > 2 appear very peculia




Can use the number of mergers at
various redshifts to determine the
history of merging
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The brightest and most
massive galaxies are those
undergoing the most
merging at high redshift
with 60% involved in a
Redshift (z) merger
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Conselice et al. (2003); Conselice (2006)




: Useful for verifying that mergers can be identified
morphologically, and for establishing mass and time-scale sensitivity

1:1 merger simulation

From
C. Mihos

Total time of simulation 1s roughly 1.5 Gyrs




Evolution of the asymmetry parameter in 1:1, 1:2 and 1:5 mass ratio

Asymmetry

Time (Gyrs)

1:1 Merger

Asymmetry

o
o

mergers

Asymmetry

1:3 Merger

A merging galaxy
remains asymmetric
enough to be counted
as a merger for 300
Myrs — places a time
scale on the merger
process
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Merger Rates

A Patton et al. (2000)
/\ Patton et al. (2002)
3{ Conselice et al. {(2003)

P
Redshift (z)

Merger rate 1s high

at z > 1, but declines
rapidly at lower
redshifts. Consistent
with an early formation
of galaxies and a lambda
dominated universe




dz

Redshift (z)

+1.6

On average. a massive z~3 galaxy undergoes 4.4.0o major mergers

) Lt (f_o) (14 z)ma—t

Redshift (z)
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z~3 galaxies increase in mass by a factor of ~10— enough to become
today's massive galaxies Conselice (2006)




Comparison to semi-analytic “Millennium” simulation
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Conselice et al. 2007, submitted




Must probe higher redshifts to see the bulk of the formation
of massive galaxies.

We will examine:

Sizes of massive galaxies at z > 2

Structure and morphologies - merging, etc

Data being taken now, and is made public immediatel




Summary

1. The merger and interaction history for galaxies can be
measured using several independent methods

&. Peculiars at high redshift are likely ongoing mergers and
massive galaxies appear to form by these mergers at
z > 1.5, while lower ma.ss galaxies merge at later times -
consistent with their later stellar mass formation

3. A typical massive elliptical in today’s universe will
have undergone 3-5 major mergers since z~ 3

4. Models cannot reproduce the formation of massive

galaxies - underprediction of merger rate at high
redshift?




