formation on (sub-)galactic scales
4

*

Rob&rt Feldmann

.
| National Acceleragor r

N ¢ ion with: N. Gr

r

== Heidelberg, 2012

Kavli Institute
for Cosmological Physics
at The University of Chicago
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. Running on gas: the 21 - 25k relation

2. H>, CO and SF in simulations

3. The Hj - HI transition and mid-plane pressure

4. Slope and scatter of the 2H3 - 2srr relation
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The 2y - 2srr relation
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The Kennicutt-Schmidt (2« - 2srr) relation
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* [raditional K-S relation arises naturally from the
H| @ H, transition (around 2.) for given 2o

* 2ot K 2c=> gas predominantly HI => little SF
indep. of Ztot

® 2ot ~ 2c =2 Ha fraction increases => steep
increase of SF with 2o

2ot » 2. => gas predominantly Hy = SF ~ 2

| oH| « H> transition

*larger 2ot = increased shielding
®larger 2ot =2 higher formation rates

* 2 changes with dust-to-gas ratio
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e scatter relatively small (~0.1-0.2 dex) on kpc
scales

* but Increases rapidly with resolution =»
“break down of SF laws”

e On < few |00 pc scales: clear separation
between CO and Ha emission

*\O
evo

Jtion m

ve INto

 Different interpretations:

odel: CO regions (high Tgep)

—a regions (low Tdep)

*regional variations of Tdep

* Discreteness of Sk (see later)



Questions

Why does the 2+, - 2srr relation have a slope ~1.1-1.2 when
measured over 4 orders of magnitude ?

What is the origin of the scatter of the 213 - 2srr relation &
can we understand rts change with scale!

What Is driving the H; - HI transition in galaxies?

What role does the CO-H; conversion factor play?

R ——
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Modeling

N-body + AMR hydro code ART* *Adaptive Refinement Tree (Kravtsov+9/7,02)

* non-equilibrium cooling & 1onization
* non LI E chemical network
%qule Iin kpc

* radiative transfer in the LW bands (OTVET) 00 250 '
* metal enrichment, SN feedback

* H, formation & destruction, including dust-
shielding and self-shielding

* subgrid modeling of stochastic SF based on H;

e CO, FUV, Ha emission In post-processing

* cosmological, zoom-in simulations
e Ax~60 pc, mpm~1.3x10° M@
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Modeling: Ho

* H) density Is an advected field with source terms
 formation catalyzed on dust grains

e dissociation by UV radiation in the LWV bands

e Shielding is iImportant: I'w == I'tyw S, SD

* Dust shielding Sp = e~ Pmw gonm Lsob
: : 1,
e H, self-shielding Sy, = {(NH —
NH2 ~ nHzLC
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for Ny, < 10 cm™2,
for Ny, > 10 cm™2,




Modeling: CO
CO

starting point:
e MHD, driven turbulence ISM simulations (Glover, Mac Low, 2010)
e CO abundance as function of Z & N

added:
* modeled of dependence on UV (photodiss. eq.) sl ol o a1 2003
*virial scaling of CO line width with gas surface density _ 1 > AVrIV?;;c”)%ZI"- 1%312_
e compute CO emission from each cell in the escape & | s
probability formalism LB N L |
see Feldmann et al. 2012,AP), 747,2 arxiv:1 | 1 2.1732 58 21 /“+
SFR tracers (HX, FUV) — .
e use Starburst-99 + ages and metallicities of star particles 2§_O1WCO?;KkmS;_11 B + .
212y, ]
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The H> to HI transition

| ratio scales with

ane pressure
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The H> to HI transition

. | 0.5 0.5
The H» to Al ratio scales with Poxt = (2G)"° X v, <&> " (W Zg>
midplane pressure o

often Rmol > | I:> H) dominated regime

100

Flmegreen '93 formula: Rmol ~ P4/} derived
for frp = 0. |

NO reason to expect it to describe the
asymptotic (fro ~ 1) slope

10
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The H> to HI transition
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find slope ~0.7 (vs. B&R'06 ~0.9, W&B'02 ~0.8),
consistent amplitude

12



The H> to HI transition

amplitude
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dlitude with Z

odel => i.e. by 2(£)

amplitude

' H2 based on CO (Xco effect)
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e ot IN conflic
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- with observations

(but not confirmed yet erther)
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Modeling: Star formation

ZOMBIES

AHE
Wﬁ% on avg. | Sk event per Atsr

per volume element
Ansatz: Sk = Poisson Process with rate Ats_l—} \ Atse~10-20 Myr

M, (ensemble avg. SFR)

-xtremely crude model!

(SFR) =

Tdep

e draw Poisson distr, random varlable with

N Ay mean and variance At/Atgy
e number of “SF events” In time At

SFR A, = Nat (SFR) (observed S‘R) ﬁ

Feldmann + 2012 (arXiv:1204.3910)
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Modeling: Star formation

Consequences of the stochastic SF model

e observed depletion time given a Sk tracer with lifetime At

<NA,§> At/AtSF
Tdep Ty At

]\41_12 /SFRAt —

:: observed depletion time can be much shorter
than the global average & depends on tracer

* ntroduces scatter in the 2 - 2.5 relation via

* Poisson (discreteness) noise In the number of Sk events
e fluctuations in the ave. SFR due to H; variations
ethelr covariance
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Modeling: Star formation

MF of young massive clusters

(M* ~ 2.5x%|0° Mo, see Portegies Zwart et al. 201 0)

6

w BEN
T ‘ T T T T T T T

log dN/dlogM + const

N
T ‘ T T T
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Arsuments for Atse ~ [0-20 Myr

on ~ 100 pc scales

e [ower limit: crossing time /o ~ 10 Myr (at I=100 pc)

* upper limit; scatter in the 2, - 2srr relation

* reproduces reasonable cluster mass function

® consistent with

observed relation between SFR &

maximum embedded star cluster mass (VWeidner+04)

Atsr fundamentally different from tg

*time betweer

SF events eduration of SF event

® decreases wit

N scale ® |ncreases with scale
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The Slope of the 213 - 2srr relation (reloaded)
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Slight super-linearity in observed molecular KS relation explained by:

eidrmann 4 9012 * Increase of Xco with column density (primarily)
(arXiv:1204.3910) * Increase of Xco with decreasing metallicity of higher z galaxies
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The Scatter of the 2+, - 2srr relation (reloaded)
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Scatter

* strong Increase with decreasing scale
*above ~ | kpc: Xco variations dominate
*below ~ | kpc: discreteness noise of Sk

* decreases with increasing tracer lifetime
® Increases with Increasing Atsr

e scaling ~IY2: 2D configuration + finite
width of density pdf
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Conclusions

|. 27 - 2srr relation clearly important test-bed for SF modeling

2. CO-H2 conversion factor can lead to increase in slope of the 217 - 2.s¢r relation
at large surface densities

3. Scatter in the 2 - 2R relation

e potentially caused by discreteness of Sk

* testable predictions for the scatter and Tdep as function of Sk tracer lifetime

4. Scatter roughly ~scale™~; explained by 2D set-up of the gas disk & width of the

density pdf
5. Strong Z de

hende

consistent
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2 MOC

nce of the amplitude of the pressure - Hy/HI relation in self-

els
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Thank you!
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