Doty to bridge the gap bettveen studies of small -

and large-scale star formation phpsics?
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Agora

Also the name of new galaxy formation code comparison project

Project AGORA: High- search this s
resolution Galaxy
Simulation Comparison

Home | 1. Outline _ 3. AGORA Workshop 2013 | 4. Project Workspace | 3. Blog | 6. ]Join Us

i 2. Project Details
Home
Y Oullne : Here we detail Project AGORA: Assembling Galaxies Of
Resolved Anatomy (formerly known as 5anta Cruz High- s
3. AGORA Workshop 2013 resolution Galaxy Simulation Comparison Project). It 1 Intro: 1st Workshop Summary
4. Project Workspace summarizes the consensus made during the Starting 2 Goals of the Project
5. Blog Workshop, and explains the working groups formed. 3 Working Groups
6. Join Us 3.1 Task-oriented Working Groups
3.2 Science-oriented Working Groups
4 Point Persons for Participating Codes
SPUTLEDrEd b}-‘ 5 Online Collaboration
6 Sign-up

https://sites.gooqgle.com/site/santacruzcomparisonproject/details



https://sites.google.com/site/santacruzcomparisonproject/details
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2y do e care about bridging scales?
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Stimpliclty out of complexity
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molecular gas depletion time
due to star formation
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Ccowmpare this to the free-fall time of gMcCs
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N. Murray 2011, ApJ 729, 133

“We select the most rapidly star-forming GMCs in the Galaxy: the 32 GMCs we
select are responsible for 31% of the star formation in the Galaxy.”
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Depletion time in massive, star forming GMCs in the Milky Way
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SFR scaling law at 250 pc scales
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Ccowmpare this to the free-fall time of gMcCs
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A molecular gas is
t 5><—106/ on average extremely
€= —— ~ 0.0025 —>

= inefficient in making stars

S ERLLLL B 111 ERLLLL N L1 AL R L But many observed star
blue Milky Way GMCs  *®°® ° forming regions seem to
" color GMCs in other | o° o T convert up to ~10% of their
nearby galaxies: ® v ° gas mass into stars, which
would require up to 40t

107 GMC lifetime

What’s going
on???
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Distribution of molecular depletion thmes
L the SMC on 12 pe scales
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merger tree of

galaxy formation

the Cosmic Ouroboros: star formation,
feedback and the merger Tree of Galaxy Formation




what do You know about how star formation is done
in galaxy formation simulations?

“Prescriptions for star formation in galaxy formation simulations are terrible...”
- Laura Lopez



Star formation in galaxy formation simulations

Pgas,SF — Pgas => PSFthreshold Tsp = 3

32Gp
. ~—> (gas,SF
the local SF rate > Px — ESF— £

TSF

is used to “spawn” _——> M, — /O* AﬁSF
a star particle of mass
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But the agreement with the observed KS relation
may be wisleading...

THE ASTROPHYSICAL JOURNAL, 770:25 (26pp), 2013 June 10 AGERTZ ET AL.
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Results are highly sensitive to adopted density
threshold for star formation

cold gas distribution in two simulations from identical initial conditions
(Guedes et al. 2011, arXiv/1103.6030; cf. also Governato et al. 2010, Nature)

this simulation forms stars at densities this simulation forms stars at densities
n>5 cm -3 -> realistic gas disk n>0.1 cm -3 -> small disk, little gas
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-> we need a better physical model for star formation
in galaxy formation simulations!



merger tree of

galaxy formation

star

the Cosmic Ouroboros: star formation,
feedback and the merger Tree of Galaxy Formation

what's going on?

O with low density threshold, star
formation occurs in lots of small events
spread more or less uniformly within a
disk

U with high density threshold, the same
mass of stars may be formed, but in
fewer locations, so that each star
formation site forms a much larger
stellar mass

U feedback is thus also more
concentrated for high density threshold
and is more efficient

this example highlights the intricate
relation between the mode of star
formation and efficiency of stellar
feedback. Both need to be modelled
carefully!



A nonuniform star formation efficiency

p'*zp—gf()rp>p*,

tsr = tg/ €,

Igg = 3/371’/32(;[)-

4. STAR FORMATION TIMESCALES
4.1. A bimodal star formation timescale

We assume that the star formation times scale zsp follows a
bimodal distribution. A fraction f of all star formation events
belong to population 1, and (1 — f) to population 2 such that

I f+1—f

Isr Isr,1  IsF2

2)

As we assume fsp = t/ ¢ in the adopted star formation law

(Equation 1), we can write the free-fall efficiency of popula-

tion 1 as

e —(1— feq
4

As an example, by setting f = 0.1, ¢ = 1% and €2 =0.1%
we arrive at e =9.1%.

3)

€ff,1 =

Agertz et al. 2013, in prep.



Zsrp [Mg kpe~2yr-t]

Almost no difference tn the KS relation

[y
<

[a—y
o
)

10-3

10-4

: I I I LI || 1 1 1 1 L || I I a

| t=300 Myr, Ax=70 pc, <e,>=10% |

| Kennicutt (1998)

3 W f=1€y,=¢€,,=10% =

¢ A £=0.1,6,,=1%, €,,=91% ]
1 1 .I 11 III 1 1 1 1 11 1 II 1 1

10! 102
z:gas [MO pc—2]



Stochastic vs, uniform star formation efficiency

Agertz et al. 2013, in prep.



M(r) [Mgyr!]

Outflow mass rate

<€,>=10%, Ax=70 pc —

— =1, €,,=€,,=10% —

— §=0.1, €,,=1%, €,,=91%

20 40 60 80 100 120 140

k
r [kpc] Agertz et al. 2013, in prep.



Possible additional test of star formation tn stmulations
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merger tree of

DLSCUSSLOW poiwts

galaxy formation

U what is the scale on which we should
focus our calibration of depletion time
or SF efficiency?

0 Can we measure statistical PDF of
depletion time distribution for molecular
regions of a given scale/mass?

U can we robustly identify the amount
and properties of molecular gas that is
not forming stars actively (long
depletion times)?

U can we measure the total energy and
momentum in a statistically
representative sample of regions of this
size at the end of star formations (i.e.,
when region is in the last stages of
disruption — think 30 Dor)?

the Cosmic Ouroboros: star formation,
feedback and the merger Tree of Galaxy Formation



Alyssa’s pgmmﬁd (or mandala)

T o mm oma g Y

Mandala

From Wikipedia, the free encyclopedia

For other uses, see Mandala (disambiguation).

Mandala (Sanskrit: #user Mandala, ‘circle’) is a spintual and ritual symbaol in Hinduism
and Buddhism, representing the Universe ["! The basic form of most mandalas is a
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Atgssa’s pgram’ud (or mandala)
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