Organizing Galaxies




Organizing Galaxies

Are the rules simple or complicated?




Rule : an early type galaxy 1s formed when
a 3:1 or higher merger event happens if the
satellite 1s on an plunging orbit with an

impact parameter less than the stellar
radius of the primary galaxy and neither galaxy has higher than a 10%
gas fraction. Furthermore, the primary galaxy needs to
reside in a DM halo that is sufficiently deep to heat up any residual

gas and prohibit subsequent accretion of cold gas. If the progenitor
- primary is an SO rather than and E, then the merger remnant wil
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Organizing Galaxies

Are the rules simple or complicated?

Can progress be made?




- accretion history (minor vs. merger, prograde/retrograde, radial/
tangential, dynamical friction, tidal disruption of satellite,...)

- disk heating

- secular evolution (bulges, psuedobulges)
- outflow/infall of gas/metals

- feedback
- angular momentum redistribution
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Organizing Galaxies

Are the rules simple or complicated?

Can progress be made?




[.essons from Stellar Structure

0 Bor B2 B5 B8 B Ao A2 A3 As Fp Fe F5 F8 GO0 G5 Ko K2 Ks M
.. SPECTRAL CLASS

Equilibria identified

1-D sequence 1n 2-D space
implies one driving
parameter

luminosity

Problem of structure
separated from that of
formation

TEMPERATURE

spectral type or color



Prospects for Galactic Structure

Tully & Fisher 1977

Tully-Fisher

Masters et al. 2008
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Prospects for Galactic Structure

log ¢ + 0.26 <u>,

Fundamental Plane
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A Grand Unification?

“In reality, there 1s
probably a continuum of
fundamental planes, just as
we know there 1s a
continuum of Hubble
types, but we simplity
them here to just three.”

Burstein et al. 1997



So where are we?

There appear to simple rules of structure
(at least for certain galaxy types)

Unification lacking (if possible)




Back to Basics

21+ 11+ W =0 Tensor Virial Thm




Tensor Virial Thm

systemic (bulk) motion




Tensor Virial Thm

random motion




Tensor Virial Thm

potential energy




ensor Virial Thm




Tensor Virial Thm




Data

Spheroids:

normal ellipticals (Jgrgensen et al. 1996,
SDSS/DRS5 NYU-VA, Blanton et al.)

E’s (Matkovic & Guzman 2005, Geha et al. 2003)
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Ellipticals



log r_ [kpc]

dwarf Spheroidals
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So where are we?

I. All types of galaxies satisty

logre=lomliedomdi /A

II. A is a function of V and /.




Where do we need to go?

What is A ?




A=logT, —logA+logB—-C

compare to Cappellari et al. 2006,2007 & Bolton et al. 2008



A=logT, —logA+logB—-C

add Walker et al. (2007) dSphs



Galaxies with independently measured T

0
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Why the Fundamental Plane must fail

nearby

galaxies
with Jeans
modeling

1.5 2
log V [km s7']




galaxies - UCDs
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galaxies - UCDs

+ LG globulars

o

(McLaughlin &
van der Marel ‘05)
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galaxies - UCDs

+ LG globulars

o

(McLaughlin &
van der Marel ‘05)
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LG globulars
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(McLaughlin &
van der Marel ‘05)
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LG globulars

(McLaughlin &
van der Marel ‘05)




LG globulars

(McLaughlin &
van der Marel ‘05)




Bootes 11

Segue 1
Willman 1
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Bootes 11

Segue |
Willman I
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So where are we?

IV. Virial Thm + Y. describes the gross
structure of all stellar systems

V. Scatter constrains models of
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Where do we need to go?

What two parameters drive Y. for galaxies?




Where do we need to go?

What two parameters drive Y. for galaxies?
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efficiency packing

L 1%
n= K3 E=J—

logé +logn=—logT,+C Te

(comparison to Mandelbaum et al. 2006)



So where are we?

VI. Scaling relations can be used to
populate halos

VII Answer relatlve questlon about SF
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What two

Where do we need to go?

fundamental

parameters drive 1. for galaxies?




Where do we need to go?

What two fundamental parameters drive Y. for galaxies?




Where do we need to go?

What two fundamental parameters drive Y. for galaxies?
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Organizing Galaxies

Summary

All galaxies on 2-D surface —> two driving parameters
i go proof ’ for galactlc structure"
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Organizing Galaxies

Summary

All galaxies on 2-D surface —> two driving parameters
i go proof ’ for galactlc structure?
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Organizing Galaxies

Summary

All galaxies on 2-D surface —> two driving parameters
a “‘go proof” for galactic structure?




