The Epoch of Disk Setthing: z~1 to Today

Susan Kassin (NPP Fellow, NASA Goddard), Ben Weiner (Steward), Sandra Faber
(Lick/UCSC), Jonathan Gardner (NASA Goddard) + DEEP2 Survey members

Simulation by Fabio Governato , V=220 kmy/s, 50 Mpc box, 170 pc resolution, H2 + Z Iine cooling




What do these simulations tell us about

oalaxy formation?

 Much of the mass and angular momentum of
galaxies may come from cold flows

* There 1s more merging/accretion at early times







Sample selection 1s key!

e If we select high-z galaxies to be like those
today, we will minimize evolution.

Our final sample 1s selected essentially on magnitude (R ,; < 24.1)
and emission line strength.




DEEP2 Kinematics Sample: Distribution in Color-M
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Most Blue Galaxies Today Play Nice

Stars and gas are well-ordered:

* rotate In x.- y plane

* move up and down a bit in z

Velocity Dispersion (0,) ’.

Rotation Velocity (\/ N




Most Blue Galaxies at z~1 Play Rough

They rotate and show disordered motions

Velocity Dispersion (Og) quantifies
disordered motions...

HST/ACS

Rotation Velocity (V

rot)

(...ike our Milky Way once was)




g, 1s Ditferent at High Redshift

Galaxy spectra are
observed with thin slits...
but galaxies are smaller 1n
the past




At High-z, o, Quantties the Amount of Disordered Motions

3 Example Galaxies:

V_ .- dominated Mixed O, - dominated

HST/ACS, z~ 1

Vst = 208 km/s Vs = 75 km/s V. smi = 29 kmy/s

I I

o, 40 km/s O, = 55 kmy/s, 0, = 59 km/s

Kinematics are measured from spectra and the effects of seeing are modeled

Weiner+ 06a,b, Kassint07, Covington+10




Stellar Mass Tully-Fisher Relation Since z=1.2

Redshift

0.1 <z< 0375

0.376 < z < 0.85 065<z<0925 0.9256 <2< 1.2
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Generally Only Well-Ordered Galaxies Lie on Ridgeline

0.65 <z<0.925

= disturbed or compact morphology * = normal morphology




New Kinematic Quantity to '1'race Galaxy Potential Wells

2 — 2 2
SO.5 = O’5vmt T Og




0.1 < z < 0.375 0.375 < z < 0.65

0.65 < z <

0.925

Stellar Mass Tully-Iisher Relation
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Creating a Mass-Limited Sample
9.8 <log M. (Mg) < 10.7

Ol<z<0375 0375<z<065 065<z<0925 0925<z<12
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Kinematic Evolution of the Mass Limited Sample
(9.8 <log M« Mg) < 10.7)

m_s!)
o

log o, (k

ot
o

_ tirne — tjn]e — time

Decrease 1n o, (5.00 significance)

Increase m V__(4.20) and S, ; (3.60) with time.

Blue galaxies become more ordered and increase in potential well depth
over the last 8 billion years.

SAK+12b




Kinematic Evolution of the Mass Limited Sample

9.8 <log M. (Mg) < 10.7)

1 lOg évrot/so.s

C—— (]]))C C—— {11 C

Decrease n 0%/ S0.5(5.00) and Increase in V__ /S ; (3.00) with time

Blue galaxies become more ordered and increase in potential well depth
over the last 8 billion years.
SAK+12b




“Kinematic Downsizing™

(M« limited sample: 9.8 <log M+ (Mg) < 10.7)
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When 1s a disk galaxy settled?

Settled: V/O o > 3
V. jo=34 z=084
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Fraction of Settled Galaxies with Redshiit

e 10.3 <I log M., (MIQ) < 10.74
A 9.8 < log M. (My) < 10.3 -
=9 <log M. (M) < 9.8
@8 <log M (M) <9

f

wetleq = fraction of
galaxies with V/ g,> 3

Settled fraction
increases with time

T’he more massive a
galaxy population 1s,
the more settled 1t 1s at
any z

Same qualitative
behavior for thresholds

1<V/crg<4

SAK+12b




What Processes Cause Disk Setthng/Formation?

1. Mergers, mmor & major, rile up disks (e.g., Covington+10).

2. Mass accretion might also disturb disks (e.g., Bournaud+11,
Cacclato+12)

Galaxies likely had larger gas reservoirs in the past:

3. Should cause more SF => more feedback

4. Violent disk mstabilities (e.g., Bournaud+11, Cacciato+12)




Conclusions

1. Most disk galaxies not 1n their final state at z~ 1.

e they have significant disturbed motions and morphologies

2. Galaxies increase m 'V

o & S, s and decrease in O ; with tme.

3. The more massive a galaxy 1s, the more kinematically ordered 1t 1s
at any time.

We are essentially seeing the creation of the Hubble Sequence
for disk galaxies.




Comparison to other surveys of blue galaxy kinematics
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