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Hubble Sequence

Hubble’'s Galaxy Classification Scheme
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Galaxy Pair

e Theoretical view:

« Gravitational bounded
system (enclosed by a
common dark matter

halo)

 Observation view:

* Projected distance
(close enough)

* Redshift difference
(remove overlapping pair)
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Host Halo

dark matter

- rotational velocity
t/s) -
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distance from center [light years)
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Timescale of Dynamic Friction

* N-body simulation

* Mainly depends on mass ratio of pair
member and mass of primary galaxy (e.g.
Colpi et al. 1997, Boylan-Kolchin et al. 2008,
Jiang et al. 2014)

mq
T ~ (—)%m,?
G

 a>0, minor merger spends longer time to
merge

* b<0, massive pairs merge more rapidly
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Observational Evidence of Dynamic Friction

» Timescale of dynamic friction is too long to be
observed directly(~1Gyr)

* Life fime of galaxy pair (~dynamic friction timescale)
depends on mass ratio

=>Observing probability depends on mass ratio

=> Luminosity (mass) function of pair member
depends on neighbor mass

A

107 / P..;.'de"]-:l :
r 20 19

Feng et al. in prep .
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From Close Interaction to Merge

\

2.818 billion years




Classification of Merger

* Mass ratio
* my/m, < 3 : Major merger pair
* my/m, > 3 : Minor merger pair

e Gas content

* Gas rich: Wet merger
* Gas poor: Dry merger
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Disturbed Morphology
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Disturbed Morphology

» Tidal force drives asymmetry

* Morphology asymmeftry is dependence on r,
* Closer r, = higher asymmetry

Fp AT
i :

r, > 1 HLR (projected) ]
r, > 1 HLR (Av < 300 km s ') |1

Patton et al. 2016 ]
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AGN excess

AGN only
AGN+QSOs
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Coalescence
* Morphology

 Single nuclear
« Compact spheroid

 Tidal tails

* More gas inflow L000
> Stronger star burst P
=> Large amount of young ; k:

stars B
=> Supernova or AGB star -

generate dust 3 el
- Obscure star forming :“

region or AGN : .
= High infrared luminosity abes = : -

Time (Relative to Merger) [Gyr]
liges
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ULIRG (CFRS 14.1139) x 10°

10 =g
Galliano 2004

Starburst (M 82)

Disk (M 101)
-+

Elliptical (NGC 5018)
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Galaxy type

e Normal/irregular

¢ Infrared-selected
[0 Blue compact

* Circumnuclear

Starburst
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t=0Gyr t~1Gyr
[ >

Gas-rich spiral
galaxies merge

Gas-poor
spheroidal galaxy

Starburst Post-starburst galaxy

Gas consumed/expelled by
starburst. Black hole feedback
may help expel gas
Credit: Kate Rowlands. Image credits: NASA, H. Ford (JHU), G. lllingworth (UCSC/

LO), M.Clampin (STScl), G. Hartig (STScl), the ACS Science Team, and ESA, and
The Hubble Heritage Team (STScl/AURA), SDSS, Sebastian Sanchez Gas Intensity Gas Velocity Stellar age Stellar velocity

* Post starburst galaxy (E+A galaxy)

* Balmer absorption (recent star formation within 1 Gyr), A
type star e
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Merger Rate

e Method

* Pairs of galaxies (priori)
« Merger remnants, shapes
(posteriori)

* Both methods require a time
scale

 Timescale for the pair to merge
(vs. mass and separation)

 Timescale for features visibility
(vs. redshift, type of feature ...)

* At high redshift z>1: pairs
* Faint tails/wisps lost to (1+z)4
Surface brightness dimming
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Formation of Massive Elliptical

* Phase I: Gas rich major merger =» Compact
red galaxy (Red Nuggets)

* Phase II: Gas poor minor merger = Compact
core + Extend envelop

Phase |: Phase ll: Massive Ellipticals

Red Nuggets Dry Mergers O ‘

Nearby Universe
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