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How and when did the “red How and when did the “red 
sequence” ETGs (massive sequence” ETGs (massive 

ellipticals) form? ellipticals) form? 

Which mechanism(s) can Which mechanism(s) can 
explain the complex SFHs of explain the complex SFHs of 

“blue sequence” low mass “blue sequence” low mass 
galaxies and dwarfs?galaxies and dwarfs?



  

Massive ellipticals

Downsizing scenario: at variance with the hierarchical trend of DM 
halos, more massive galaxies tend to form their stars earlier and in 
a shorter period than smaller galaxies, which experience more 
prolonged star formation histories (at odd with ‘naive’ hierarchical 
models). See e.g. Bundy et al. 2006, Clemens 2006.
Recent observations of massive and red spheroids at very high 
redshift (e.g. Cimatti 2007, 2008) support this scenario.

Dwarfs

Ages of stars in LG dwarfs (Mateo et al. 1998)



  

Perez-Gonzalez et al. 2007 - 28’000 Spitzer galaxies from 
HDFN,CDFS,Lochman Hole



  

Recently, many numerical studies have focused on the formation of galaxies:
- Sales et al. (2010) produced galaxy models with different feedback prescriptions
 -Sommer-Larsen & Toft (2010) produced a mock cluster and studied its evolution and its galactic 
population
 -Stinson et al. (2010) used a multi-resolution technique to study the formation of galaxies within 
highmass halos
- Croft et al. (2009) examined a large set of models extrapolated from a large scale cosmological 
simulation
 -Naab et al. (2007b) presented three models produced without any source of feedback
- Cox et al. (2006) investigated the process of merging between spirals 
- Kobayashi (2004, 2005) created a very large number of low resolution chemodynamical models of 
ellipticals.

In the present study, we focus on the relation between the initial conditions of the host halo and the 
final properties of the galaxy in terms of stellar populations
. 
With the aid of N-body T-SPHnumerical simulations, performed using the parallel code EvoLEvoL 
(Merlin et al. 2010), we investigate the cosmological formation process of isolated galaxies with different 
masses and initial overdensities.

Are the internal properties of a galactic halo sufficient to obtain the zoo of morphologies and physical 
properties which characterizes the early-type population? 



  



  

EvoL validation tests - Planar shocks



  

EvoL validation tests - KH instability

Price & Borve (2010)



  

EvoL validation tests - Explosions and collapses



  

Simulating the formation of cosmic structuresSimulating the formation of cosmic structures

Ingredients and recipes

• Matter

• Dark Matter

• Gas

• Stars

• Interactions

• Gravity

• Hydrodynamics

• “Specials”

• Cosmological framework

• Temporal evolution
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“Particles” (“bodies”) with 
different properties, 
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Ingredients and recipes: N-body - T-SPH code

Tree structure (N logN)



  

• Matter

• Dark Matter

• Gas

• Stars

• Interactions

• Gravity

• Hydrodynamics

• “Specials”

• Cosmological framework

• Temporal evolution

“Particles” (“bodies”) 
with different properties, 
moving in the phase 
space

Conservation laws

(Only for gas particles)

Smoothed 
Particle 
Hydrodynamics
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Ingredients and recipes: N-body - T-SPH code



  

• Matter

• Dark Matter

• Gas

• Stars

• Interactions

• Gravity

• Hydrodynamics

• “Specials”

•Cosmological framework

• Temporal evolution

“Particles” (“bodies”) 
with different properties, 
freely moving in the 
phase space

• Energy sinks and sources: 
• Cooling (radiative cooling, inverse Compton effect)
• Heating (Stellar feedback, UV cosmic background,  
“exotic” sources)

• Chemical composition and enrichment
• Star formation
• ...

• Cosmological expansion of the Universe
• Appropriate boundary conditions

Simulating the formation of cosmic structuresSimulating the formation of cosmic structures

Ingredients and recipes: N-body - T-SPH code



  

Challenges in simulating the formation and evolution of galaxies

Extremely large ranges in physical values
- mass: 10^6 ---> 10^14  Msol (8 orders of magnitudes)
- temperature: 10 ---> 10^8 K (7 orders of magnitudes)
- distances: 1 ---> 10^7 pc (7 orders of magnitudes)
- times: 1 ---> 10^10 years (10 orders of magnitudes)
- density: 10^-33 ---> 10^-18 g/cm3  (25 orders of magnitudes)

Very large numbers of particles are (would be…) needed
Barionic mass of a typical galaxy: 10^11 Msol
Mass of a typical small structure: 10^6 Msol
Particles to resolve small structures: 100
---> 10^7 particles (without considering outskirts...) - currently unfeasible ---> lower resolution

Extremely violent phenomena
Supernova explosions
Supersonic turbulence and shocks
AGN feedbacks

Simulating the formation of cosmic structuresSimulating the formation of cosmic structures



  



  

Setting of the initial conditions; methodsSetting of the initial conditions; methods

Code: COSMICS (E. Bertschinger) + Refining stuff

ρ = const
reduce radius => mass

radius = const
reduce δρ/ρ (BEFORE output!) => ρ

output at δρ/ρ = 1



  

Setting of the initial conditions; methodsSetting of the initial conditions; methods

Add Hubble expansion, gas, and let go



  

• 12 self-similar models with 
identical scale-free random 
perturbations

• artificially modified total masses 
(factors of 64) and densities 
(factors of 0.75)

• spherical proto-galaxies with 
60000 gas + 60000 DM particles 
(==> different resolution) 

• Hubble flow added to peculiar 
velocities to simulate expansion

• Λ-CDM W-Map5 cosmology 
adopted (H0 = 70.1 km/s/Mpc, 
ΩΛ=0.721, Ωm=0.279, n=0.96, 
fbar=0.1656)

• Simulations include: adaptive softening lengths, radiative + Compton cooling, Jeans 
pressurization, reionizing background, star formation, stellar feedback (SN + winds)

• Simulations do NOT include: magnetic fields, AGN and other sources of feedback

Setting of the initial conditions; methodsSetting of the initial conditions; methods



  

dm* = εSF mg dt / tff 



  

Relative initial mean density

log Mtot

The twelve main modelsThe twelve main models

13.24

11.43

9.62

1 0.85 0.7225 0.5

9.62

1



  
z=11.5, 5, 3, 1
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On resolution issuesOn resolution issues

LowRes

HiRes



  

On adaptive softening lengthsOn adaptive softening lengths

E

Hydrodynamic test



  

First experiment: Chiosi & Carraro (2002)

Using an early version of the Padova Tree-SPH code, they produced models of 
ellipticals.
They started from a spherical model containing Dark and Baryonic Matter in proportion 
9:1. They set the initial density profile of DM  according to

which mimics the Navarro, Frenk & White (1996) profile in the central regions. The gas 
particles were homogeneously and ramdomly distributed in the halo of cold DM with 
null velocity field  infall of BM in the potential well of DM.
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Diagnostic planes #1



  

Diagnostic planes #2



  

ConclusionsConclusions
• The SFH of a model is strongly dependent on its initial total mass. Massive models (Mtot = 
10^13 Msol) build their stellar content via an initial burst of activity at early times. Low mass systems 
(Mtot = 10^9 Msol) continue to form stars throughout their lifetime (galactic breathing).
• Models with the same initial mass have different star formation histories depending on their initial 
overdensity: the strongest the perturbation, the more peaked, early and intense the activity.
• The structural and chemical properties of our models are in good agreement with those of the 
observed real galaxies, with some significative exceptions (e.g. the density profiles in the central regions; 
the mass-to-metallicity relation) which we reckon to be due to our unusual choice for the star formation 
dimensionless efficiency parameter.
• We suggest a possible interpretation of the origin of the mass-radius relation for early type 
galaxies (next talk by C. Chiosi).
• An early hierarchical (z>2), monolithic-like burst of early star formation is sufficient to explain 
the bulk of the observed features of massive ellipticals. Events of late major merging are possible, 
but they are not required, and it is easy to understand that they would alter the delicate equilibrium 
which leads to the remarkable tightness of the early-type properties. 
• Noticeably, the stellar feedback seems to be sufficient to quench the star formation process in 
massive objects without the action of more exotic sources of energy.
• On the other hand, we are able to recover the complex, episodic star formation histories typical of 
many dwarf galaxies. Without any external intervention, the galactic breathing phenomenon is fairly 
reproduced by our models, simply relying on an accurate treatment of the stellar feedback process. 
• We conclude that the fate of a proto-galaxy is essentially determined by its initial conditions
in terms of mass and overdensity, while external factors such as encounters, mergers and disruptions, 
while substantially altering the evolution of the involved systems, are not a fundamental ingredient in the 
global evolution of early type galaxies population.
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