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THE GIMIC SIMULATIONS
(Galaxies Intergalactic Medium Interaction Calculation)

Millennium volume GIMIC high-resolution region Disc galaxy

L =500 Mpc/h L =50 Mpc/h L =0.05 Mpc/h

(Virgo Consortium for Computational Cosmology); Crain et al 2009.

GIMIC “High res”: cosmological hydro-dynamical re-simulations (run with Gadget-3)
2 spheres (~ 20 Mpc); spatial resolution ~ 0.5 h-tkpc
M, ~ 1.46x106 hA-1 M, My,,=6.36x106 hA-1 M

solar, solar

A sample of 87 Milky Way-mass (1 x 1012 -3 x 1012 M_,) galaxies;
69 of these are disc galaxies (D/T > 0.3)



Disc Galaxies with realistic properties
(Font et al 2011, McCarthy et al 2012)

D/T = 0.537 cold gas
logMygq = 12.15
logM, = 10.93
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How do we get from here ...

Cosmological

Simulation

... to here?

G < 20 mag




Honing in on the Milky Way “ICs”:
Method I: Reconstruct the merger history from tidal debris in the halo
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Requires large volume coverage,
inner halo is phase-mixed,
In situ halo?



Method Il (Indirect): using disc heating arguments

Toth & Ostriker (1992):

“... we find that no more than 4% of its [Galaxy] mass inside solar
radius can have been accreted within the last 5 billion years or else
its scale height and Q would exceed the observational constraints.”

-> M, ~afew 10° M,

+

Thin disc has some very old stars + ...

Current paradigm:

MW had a quiescent merger history for the past ~10Gyr
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>95% of ~ (1-3) x 1012 M
have a M_,, >101°M_,
z=2 (~10 Gyrs ago)

.o haloes
merger since

>80% of (1-3) x 1012 M, haloes
havea M., > 10 M, merger
(3 times the mass of the disc!)

According to TO92 argument, these

haloes should not host discs!

Yet ~70% of L* galaxies in nearby
Universe are disc galaxies (SDSS data)

Stewart et al 2008; Boylan-Kolchin et al 2009; Le Brun, AF et al 2012.



>80% of (1-3) 1012 M

sol

galaxies in GIMIC are disc galaxies
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Gas physics: key ingredient in disc survival
(this was not included in TO92)

Formation of a large disk galaxy

-10 -5 O ) 10 -10 -5 0O 5 10
kpe kpe
222120191817 16 15 222120191817 16 15 222120191817 16 15
M ercsec™® M arcsec™® M arcsec™®

(Barnes 2002; Springel & Hernquist 2005; Roberston et al 2006; Governato et al
2007,2009; Scanappieco et al 2009; Moster et al 2010; Le Brun, AF et al 2012)



The AVR

Toth & Ostriker (1992):

“We note that, since satellite infall events are discrete, the relation
between age and velocity dispersion should reflect this, showing
jumps at look-back times corresponding to accretion events.”

... but gas physics should also smooth out these discontinuities!




Velocity Dispersion (kms™')

The latest observed age — velocity dispersion (o)) relation
shows a monotonic increase (no jumps) up to ~10 Gyr

Quillen& Garnett (2000)
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* Reconstructing the merger history of the Milky Way?
star formation

What do we need from Gaia:

Disc diagnostics that improve significantly on the GCS data:
->the age - velocity dispersion relation

->the age — metallicity relation



