Galactic disk formation
calibrated with THINGS
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Combination of THINGS, HERACLES, GALEX,
and Split;er data

23 nearby galaxies ., &0t e L e

.%4
y
[Mg pe™)

Leroy etal. (2008) = M @ 0 LSS W

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

rotation Curves: . 1.|.|wl1£c.'l.i.rlr.'d SFR Imbtddtd SFR ‘---“-II'IcIvLuJ SFR

de Blok et al. (2008) @ k-
dispersion velocites: e
Tamburro et al. (2008) = ...~

By [Ma ¥r I kp(_"z|

_ Obse d SFE: Subcritical
3 [V :- L
III Hy ®
Upper r limit o /r"“‘-i--n_ s H_.-vfim'ﬂ

""I"""'-O:H-r- _.__’_‘_,,-— - _
- : e M
't.-,'.',"'-_._ ot S = = et 1.00 =
F R - | A a
o i
FEeL . Qo ~®
— Rt ®
- Y
Supe: tieal T
-



Basic idea

Vollmer & Beckert (2003)

Set up a simple analytical model that can
reproduce the observed radial profiles

Extend accretion disk theory to turbulent,
clumpy disks

Give access to local cloud properties
Put minimum set of free parameters
Derive free parameters from observations

Most Important parameter: mass accretion
rate within the disk



Model assumptions

ISM = one single clumpy and turbulent gas
(multiphase)

Turbulence Is maintained by SN explosions

Cloud properties according to local free fall,
turbulent crossing,and molecule formation
timescales

Empirical calibrations (Milky Way): SFR-injected
energy by SN explosions, molecular formation
timescale (Z dependent), relation between
turbulent driving length scale and cloud size

Free parameters: Toomre Q, d, M
Observables: CO, HI, SFR



Assumptions: ISM

ISM = single entity

Equilibrium between gas phases only
depends on the 1) free fall timescale 2)
molecule formation timescale 3) turbulent
crossing time

Selfgravitating clouds: free fall timescale =
turbulent crossing time

Molecular fraction = turbulent crossing
time/molecule formation timescale



SN-driven turbulence

urbulent velocity > sound speed
Driving scale length |,

Turbulent velocity v,

Energy input directly related to SFR

ESH : I.zu rb

AA =£ Iy = £ plagy =Tt 2 (non-standard)

S: gas surface density
n: viscosity
X: calibrated with the Milky Way



Small scale properties

Relevant timescale for star formation: local
free fall timescale or molecule formation

tl meSCale (Hollenbach & Tielens 1997) (closed box model)
L 3 . » PIME Eg;u: -1
e = e fiml =afp  @=36x10"(log o ))

Turbulent crossing time: t', . =d*1,. V.
Volume filling factor: F=r/r
Molecular fraction: f_ =t ./t

Large scale properties: radial averaged
small scale properties



Large scale disk structure

Vertical disk structure:
pturb:2r VturbzszS(S_l_O-SS*)

Accretion disk; transport of angular
momentum: nS=M/(2p) (standard)

Viscocity: n=v .y,
Toomre Q=v,,,\W(pGS)
Star formation prescription



Star formation

e ala Krumholz & McKee (2005).
f.=hr(tse)™
e ala Vollmer & Beckert (2003):
F=Fyr (tse)™
 VBO3 - Vertical integration:
S=r .l = dF I Vi
mass flux density into starforming regions

In practice: both descriptions are equivalent, because h~F,~0.01



Two part model

e Inner disk: t'; > gt

mol*

=ty
« QOuter disk: t'y < gt
t|SF:g 1:Imol

Alternative interpretation:

t'<=t'sin the outer disk, but |

change in volume/area
filling factor: VBO3

r.=F meolr (tlff)_lz F Vr (tlff)_1

Bush et al. (2008)



The star formation rate in the XUV disk of M83

Thilker et al. (2005)
HI contours on GALEX NUV/FUV4

Dong et al. (2008)
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Comparison with observations

In collaboration with A. Leroy
Set d=2
Calculate Q=(VispV;o)/ (PGSR)
Calculate vy, SFE, 1

Fit by eye: derive M

Adopt 0.05 < g< 0.2 for each galaxy for
SFE break



Results — NGC 3184
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Rotation velocity

Driving scale length ..

SFE

Timescales

Radial velocity

Myr’

velacity (km/s)

Results

NGC3184
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Cloud free fall time

----: complete model



The velocity dispersion

 Inner disk: t's =t
S.>>S ... decreasing

gas-

Syas > i1 constant

o Outer disk: tle.=t'_

Syas =>> Si: decreasing
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Cloud free fall time estimate

14 L -

12 ]

i - NGC0O925 7
10 - RO -

> . - 841 |
model . ° 03 1 T
s L 444%££24 3 NGC3627 ]
g L _ mmhqg%?(@’352w _
E 6 “:Em@@5055 B I ]

i pod3iss L

i T NGC0628 NGCH194 .-

s T NGCE948 L N
27 1

0 7\ I I | I I I | I I I | I I I
0 2 4 6 8
THINGS (Myr)

Tamburro et al. (2008)



SFR /Mdot

Mass accretion rates
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Conclusions

The observed radial decrease of v, can be
reproduced

Radial break improves the fit of the outer disk for
1/3 of the galaxies; break located at 3 times the
disk scale length

For galaxies with log(M.)<10 the viscous
timescale i1s comparable fo the SF timescale

Less massive galaxies can balance their gas
loss due to SF by radial gas inflow

More massive galaxies have to wait for external
infall with low angular momentum



Disk formation

e Assume external mass accretion rate
(cosmology)

 Assume quasi equilibrium disk at all
timesteps

» Q=1 at all timesteps (« all you can eat
disk »)

e d=const.
* Mass flux conservation equation:
M.,.=M.+M-+(DM/Dt)

gas



Star formation breaks

o Kennicutt Q break (« cosmological
cutoff »)

e minimum pressure break (cold Hl;
Elmegreen & Parravano 1994)

« Metallicity-dependant break (t'; >t

mol)



Example — molecular break
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Results |
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Results Il
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rotation eurve (ken/fs)

Results ||

rotation curve evolution (km/s) stellar surface density evolution (M. /pc?)
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Simulations

In collaboration with S. Boissier

Sample: v,,,=100, 150, 200, 250km/s
Spin parameter | =0.03, 0.06, 0.2
Different shape of cosmological infall
Molecular break:

Galaxies with bulges: 7 simulations
Galaxies without bulges: 10 simulations
Minimum pressure break:

5 simulations
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Color profiles

Z-dependent break
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Comparison to observations

Bakos et al. (2008)

TYPE 1I TYPE III

— . SR : :
__QE;E;;_ Somple size: 39 [Piei::, Sample size: 21 ]

Type |: pure exponential
Type Il: downbending break
Type lll: upbending break



Integrated properties |
Tully-Fisher

Z-dependent break Minimum pressure break

observations:
Courteau et al. (2007)
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Integrated properties Il

luminosity - radius
Z-dependent break Minimum pressure break

observations:
Courteau et al. (2007)
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Integrated properties Il

rotation velocity - radius
Z-dependent break Minimum pressure break

observations:
Courteau et al. (2007)
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Disk evolution |

observations: TuIIy-Fisher

Courteau et al. (2007 -
( ) Z-dependent break Minimum pressure break
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observations:

Courteau et al. (2007)

Disk evolution Il

Z-dependent break

luminosity - radius
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observations:

Courteau et al. (2007)

Disk evolution Il

rotation velocity - radius
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Size evolution with redshift

o Take all snapshots of all simulations from
z=1.5 to today

0.00000— .300000
T I T T T T I T T

1.0

e Establish mass-size
relation for redshift |
bins _

e Establish general
mass-size relation |

log(R} (kpc)

-0.5 L 1 1 L 1 L L L L 1 L I I I

9.5 10.0 10.5
log(M) {Mu)



o/

Size evolution with redshift - results

Z-dependent break

Minimum pressure break

soft cutoff r: | bond

 cutoff r: | band
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Observations: Trujillo et al. (2006) for galaxies with M, > 3 1010 M_,
the simuilated galaxies are in general less massive



Conclusions

A running break with a Q=1 disk leads to an
exponential disk without explicit care about the
angular momentum of the infalling material

Z-dependent versus minimum pressure break
No difference in Tully-Fisher
The difference lies in the L-R and V-R relations

Different size evolution with redshift testable with
observations



Future improvements

Disks are too blue

V-lOK, but B-Rnot  vi.

Sqas >> S for all timesteps
Q=1 for all timesteps

LSB galaxies
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