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(ONE OF) THE PROBLEM OF COSMOLOGY SIMULATIONS

Sub-grid recipes Movie by O. Agertz
Galactic disk barely resolved (100 pc)




(ONE OF) THE PROBLEM OF SMALL SCALE SIMULATIONS

Movie by M. Bate
Arbitrary or idealised initial / boundary conditions

(geometry, turbulence spectrum ...)




UNIVERSALITY OF STAR FORMATION?
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Kennicutt+1998

Kennicutt+2007

Bigiel+2008
Tacconi+2010 ; Daddi+2010a
Kennicutt+1998

Bouché+2007 ; Bothwell+2009
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widely inspired by Daddi+2010b
(see also Genzel+2010)




THE MILKY WAY Renaud et al. (2013)
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SF AT 100 PC SCALE Kraljic, Renaud et al. (2014)
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SCHMIDT-KENNICUTT RELATION Kraljic, Renaud et al. (2014)
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(See also theoretical prediction in Renaud, Kraljic & Bournaud 2012)

Variations of turbulence - spread in SF efficiencies




WHAT ABOUT STARBURSTS?

Starbursts

different nature
of turbulence

low Mach
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EXTENDED STARBURSTS

ue to inflows

N
SF in overlap

due to cloud-cloud
collisions?

Frequent enough?




TRIGGERED, ENHANCED STAR FORMATION
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A QUICK REMINDER ABOUT TIDES

outward




TIDAL MODES

/ extensive mode \ / compressive mode \

\%

e Earth-Moon e Galactic cores

\ e Dominant in galaxie3/ k- Important in mergers/




COMPRESSIVE TIDES Renaud et al. (2008, 2009)

Simulation of the Antennae (no hydro yet ...)

\ « triggered by the collisions
- « Over large volumes

« Valid for all mergers

red = compressive tides




TIDES AND ISM STABILITY

Renaud et al. (2008, 2009)

/ extensive mode \

» Earth-Moon
* Dominant in galaxies
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Jog (2013,2014)




TRIGGERED, ENHANCED STAR FORMATION

10 kpc 1 kpc 100 pc
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A QUICK REMINDER ABOUT TURBULENCE

Local velocity field =

/

net motion solenoidal
(average) turbulence

(v)




SOLENOIDAL AND COMPRESSIVE TURBULENCE

Candle smoke

Photo taken in the Inter-Sofa Medium (ISM)
of my living room

solenoidal
turbulence

-
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SOLENOIDAL AND COMPRESSIVE TURBULENCE

compressive

solenoidal

"Natural" turbulence energy budget
(i.e. with no external forcing)

Federrath et al. (2010)




YET ANOTHER SIMULATION OF THE ANTENNAE  Renaud, Bournaud & Duc (2014)

' best match with observations .

" blue: gas
red:-old stars’

gas only : White/yellow: young stars




THE ANTEN NAE Renaud, Bournaud & Duc (2014)

gas new stars




IN A MERGER Renaud et al. (2014)
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« Change the nature of turbulence

« Change how the ISM fragments

« Change the IMF (= bottom-heavy)
Chabrier, Hennebelle & Charlot (2014)




T||V|E EVOLUT|ON Renaud et al. (2014)
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DISK VS MERGER

Coalescence

2nd collision

Renaud et al. (2014)

70
Y,




CLUMPY Disk Bournaud, Perret, Renaud et al. (2014)

Milky Way progenitor at z~2 outflows
gas fraction ~50%

Formation of massive gas clumps (10° M
High SFR (~50 M/yr)




HIGH REDSHIFT MERGERS Perret, Renaud et al. (2014)

85 Myrs

Merger of 2 gas-rich disks




HIGH REDSHIFT MERGERS Perret, Renaud et al. (2014)
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Saturation due to the regulation by stellar feedback?



CONCLUSIONS

Galaxy evolution leads to a diversity of environments, clouds, SF

Coupling between large scales and small scales™s.. =
(turbulence, feedback...) v

SF closely related to supersonic turbulence,”

’,

Galaxy mergers change the nature of turbulen.'cf'. '

P\

(and probably the IMF)

which explains properties of starbursts
(e.g. off-nuclear SF)




