Galaxy formation and evolution
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Forming structures with simulations

EXP003

LARGE scale:
DM only, various

cosmological
models

ACDM

(E.G., Baldi+,2012)

0)
S
=
o
@)
-]
n







”

?
.

o
’
">

» 4

; TN Bt o
’ =* < 7 o . o~ P W
Y p : . 4

v ey o o IR T

v - -1-

< I

R T T e . . 2 S %
™ : 3 ;



[talian collaborations
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», PRIN INAF 2010, PI M. Viel, OATS,

OATO, IRABO, UNIBO, focus:

 Imprint of feedback on IGM/ICM

 Galaxy formation

* Non-thermal phenomena in galaxy clusters

 Simulations on non-standard cosmologies

92356
», PRIN INAF 2012, PI G. Murante,

OATS, UNIBO

* Galaxy formation

 Galaxy clusters

* Analysis of non-standard cosmologies simulations

» Resimulations of single objects from them



Galaxy formation with numerical simulation

(Most) multiscale problem, needs HPC!! Is first principle
approach possible? Will be with future facilities?

Code we used: GADGET-3 (Non-public TreePM+SPH
evolution of the public code GADGET-2)

Parallelized with MPI+OpenMP

(density field sampled by particles and used to
calculate gravitational potential, used to evolve particles)
at large scale

(direct particle interactions at small scales,
interaction with center of mass of cells at larger ones)

: thermodynamical quantities smoothed on gas
particles using a kernel

: need to treat astrophysical processes
like cooling, star formation, UV heating...



MUIti-Phase Particle Integrator (MUPPI):

a new sub-resolution model for star formation and feedback in SPH simulations
within Gadget-3
Murante, et al (2012); loosely following Monaco (2004, MNRAS 352, 181)

@ gas in multi-phase particles is composed by two phases in
thermal pressure equilibrium, plus a stellar component;

@ gas molecular fraction is scaled with :

@ the evolution of the multi-phase ISM is described by a
system of ODEs;

@ the system of ODEs is within the
SPH time-step (NO equilibrium solutions);
@ energy from SNe is ;

SPH hydro is done on this phase
@ ...entrainment of the cold phase...
@ particles to energy injection
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Relevant features

Continuos interaction between hydro (SPH) and ISM characteristics.
Determines SF regulation-

Thermal and kinetic feedback: energy given to neighbours in a
directional way

Destruction of molecular clouds: MP ends after 1-2 dynamical times
Chemical evolution and metal cooling (Tornatore et al. 2007)

SK relation is predicted, not imposed

Low density threshold for multi-phase, n~0.01 cm3

star.formationis significant for (Sub-grid) densities of nc > Po /. 1c
~ 70 CIln?

No early radiative feedback



Cosmoloegical disk galaxy simulations

Simulation Mpm Mgas EpP] My, Ry Npm

2.60-10'2 21217 13748 6907 26612
2.72.10'2 21474 133164 63232 281685
2701012 21137 1201310 628632 2543495
- - =11000000 - -
2.21-10'2 16980 87340 43605 187823
2.96-10'2 17151 694617 355056 1585276

(Stoehr+, 2002, MNRAS, 355, 84)

« (See The Aquila comparison project, Scannapieco+, 2012, MNRAS, in press)

Resimulations of ~1e12 Msun halos with Vc~220 km/s and quiet merging
history since z~2



Aquila comparison project

(Scannapieco et al. 2012)
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«Realistic» simulated galaxies

e Flat

* «Dynamical»

0.14, 0.15
e On the (high end

of)
e On the (high end

of)

plot

simulated by
shows
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Cosmological boxes

Box size: 25 and  Mpc (Ho=72 km/s/Mpc)
N. particles: 2 x 2563 and

Mgas: 5.4x10° Msun

Mstar: 1.3x10° Msun

softening: 0.5 physical kpc (comoving for z>2)
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Centre: -8.855, 0.658, 9.192

Redshift: 0.000E+00

Centre: 0.134,-0.081, -0.005




SFR averaged over 1Gyr [kpc]
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- o We begin t

W.l[.r | Obser

(Disk) galaxy 51mulat10ns now produce reahstlc ob)ects...‘
...with similar properties when simulated by different
groups...

...we have convergence at moderate resolutions...

_..uut using different subgrid prescriptions!

Italian numerical cosmology & structure formation
research is currently state-of-the-art..

..but suffer from lack of appropriate resources and lacks the
possibility of long-term planning (fundamental in this field)

™
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Molecular fraction fmol

Inspired by Blitz &
Rosolowsky, we scale the
molecular fraction with SPH
pressure - NOT the same
quantity the observers use!
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... SFR/HI spirals +
... SFR/HI dwarfs +

logy P, / Ky [Cm_s K]

Leroy et al. (2009)



Energy from SNe increases
pressure

Pressure increases fmol

fmol increases star formation

star formation ranaway, up to
fmol~1

NO EQUILIBRIUM SOLUTIONS



Multi-Phase particle

SPH

At, AS, Ap
Ehydro = A[S/(Y'I)P(Y_l)]/At

Ehot = ‘Ecool+Esn+Ehydro

» Star formation stars new AS

* SNe energy increases pressure

* Molecular fraction increases

e SFR goes up To SPH again

SPH interaction with
surrounding particles
halts the runaway

* Star formation runaway
No equilibrium solutions



Eh =ESN —Ecool +Ehydr0

ENERGY RELEASED BY SNe ENERGY LOSS DUE TO COOLING ENERGY CONTRIBUTION
DUE TO HYDRODYNAMICS
: E :
sy~ Lisi S pin -l hydro pai y -1
ﬁsf tcool dt (Y 1) P

A large fraction of thhermal & kinetic energy
is given in a directional way to neighbours




Other relevant features

destruction of molecular clouds

ﬁ

exit after 1-2 dynamical times

Chemical evolution and metal cooling (Tornatore et al.
2007)

Low density threshold for multi-phase, n~0.01 cm?3

C 0

3

No early radiative feedback



Distribution of SN energy

The energy given to Only a small part (2%) of SN energy is given to
neighbours is assigned along the local hot phase, the rest is distributed to
the “least resistence path”, i.e.neighbours.
along (minus) the density
gradient

Thermal energy (20-30% of
10> erg per SN) is weighted by
distance from cone axis




