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ark halos grew via mergers
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Mergers affect morphology

5 Elliptical, Lenticular, Disc galaxies random
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Mergers affect morphology

5 Elliptical, Lenticular, Disc galaxies random
Z

5.0 3.0 2.0 1.0 0.5 0.2 0.0
I | [ I

WWNN/ / |
4NN

Roles of mergers in galaxy evolution critical.

| (Elliptical)

2
(SF, morphology, ...) -
~ NN N
M | / N \\/\v T
0.0 1. ——— W L0 o ] S

14 12 10 8 6 4 2 NOOW



Deep imaging reveals mergers.



Kaviraj et al. 2010




Credit: CFHTLS: P-A. Duc




Early-type Galaxy Mergers

2654 VAN DOKKUM \

~50% of field bulge-dominant
galaxies show merger features

in deep (J41=28) images
(van Dokkum 2005).

130 3 ATpT frachon



How about in clusters?



Merger timescale in a “frozen halo”

Chandrasekhar merger timescale (Lacey & Cole 1993)

2 2 2
1 f(e)Vers Vers BVer T Mhost _1/2
tmerge i X X X
2 CGmyggilnA Msqt Mt Ve Mgt

CTmerge

For given m_ sat,
Chandrasekhar merger time scales with m_host for fixed Mgt

Mhost



Merger timescale in a “frozen halo”

Chandrasekhar merger timescale (Lacey & Cole 1993)

1 fe)Ver? Vers Ve re
tmerge = 5 X X X
2 CGmygqilnA Msat Mgat Ve

In a large halo,

galaxy density is high /

but spatial velocity is also high

and galaxy merger becomes highly unlikely!  Lim.

Mhost



Sheen et al. 2012, Ap]S, 202, 8

Clusters at z~0.1

« FOV covers Ruirial
A389 Ruyiral = 2.3 Mpc
A3330 Ruiriai = 1.9 Mpc
A2670 Ruiria = 1.6 Mpc
A119 Ruiia = 1.0 Mpc

* Rvir ~ CTIO Blanco 4m MOSAIC
FOV (36°x36’)

« exposure ~ 2hr

- All with deep GALEX images




Hydra Spectroscopic Survey
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Merger Signatures in Red-sequences in A2670

composite
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High post-merger fraction

2 van Dokkum 2005
Class Cluster Field?®

Bulge-dominated® S R »

Total 42 70%

Sheen et al. 2012,Ap]JS, 202, 8

* N.B.
~10-20% on ETGs (CFHTLS)



Yietal.2013,A&A

Merger relics!

® build halo merger history from DM simulations

® semi-analytic tracking of subhalos in dense regions
(Binney & Tremaine GD; Jiang et al. 2008)



Subhalo tracking tough!

Jung, Lee,Yi 2014,
ApJ, in press
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Merger relics!

® build model galaxies using SAM

® estimate “post-merger feature time” from galaxy
merger simulations



Post-merger feature time

Distacne (kpc)
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Ji, Peirani,Yi
2014, A&A
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Post-merger features

40 kpc
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Merger relics!

® calculate the number of merger relics showing post-
merger features in each halo



Subhaloes with a resident galaxy with PM feature
red: bulge-dominant
blue: disc



Subhaloes with a resident galaxy with PM feature —
red: bulge-dominant

blue: disc
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0.4

1:relic

Merger Relic Fraction

Redshift
0.1 0.3 0.6 1.0 20 3.0

.....................................................................................

discs show
merger features
less frequently

(c.f., Ferguson)

Look back time(Gyr)

tPM feature=2-4 Cmerge (ﬁdUCiaI 3)



Lee &Yi 2013, Ap|

Merger accretion dominates stellar mass
growth in the most massive galaxies

Most massive galaxies |1.5 <log Ms < 12.0

Accretion(quiescent)

70% (10L*)
10% (1L*)

In-situ(quiescent)

Mass fraction of each component

Burst(In-situ & Accretion)

0 2 4 6 8 10 12 C

Age of the Universe For Direct progenitors




-
Summary GEM

® caveats

- merger feature, mass ratio determination subjective
- baryon effects on halo merger tree

- post-merger feature time (larger parameter space to explore)

® galaxy mergers
- found to be frequent in clusters too

- may be merger relics from previous halo environments

® cluster deep imaging campaign: 20 clusters with CTIO/Magellan/CFHT

® new approach of galaxy evolution studies

® full hydrodynamic simulation (Hoseung Choi’s poster)



Hoseung Choi

Ramses
Zoom-in
simulations
on clusters




