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How on Earth do these form?



How can we know about the past?

more than 10 billion years old

2.5 million years old

8 minutes old Sunlight 

Light from our closest galaxy (Andromeda): 

Light from very far away galaxies:



Cosmi



What we have to work with: 
Composition of our Universe
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Dark matter filaments



Looking from very far away
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Our sun: 
The closest 
star to us

Actual 
observations 

of the sun
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Enrichment of the gas

iron

helium
hydrogen

oxygen

silicon
carbon



Enrichment of the gas
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Element abundances 
Hydrogen Oxygen



N-body simulation
N : Number of particles

250 million 
light years

2 million 
particlesDark matter 

particles 

20 million  
solar masses

Atomic particles 

1 million  
solar masses



             

high gas density

Star formation region
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Creation of 
one star particle 
100 000 solar masses 

represents a whole 
generation of stars



4 Wang et al.

Figure 3. Edge-on views of a subset of NIHAO galaxies after processing through the Monte Carlo radiative transfer code sunrise.
Images are 50 kpc on a side.

described in Shen et al. (2010) and was calculated using
cloudy (version 07.02; Ferland et al. 1998) These calcula-
tions include photo ionization and heating from the Haardt
& Madau (2005) UV background and Compton cooling and
range from 10 to 109 K. In the dense, interstellar medium
gas, we do not impose any shielding from the extragalactic
UV field as the extragalactic field is a reasonable approxi-
mation in the interstellar medium.

2.3 Star Formation and Feedback

Within the hydrodynamic simulations, gas is eligible to form
stars according to the Kennicutt-Schmidt Law when it sat-
isfies a temperature and density threshold. Our fiducial runs
adopt T < 15000 K and nth > 10.3 cm−3. The stars feed
energy back into the interstellar medium (ISM) gas through
blast-wave supernova feedback (Stinson et al. 2006) and ion-
izing feedback from massive stars prior to their explosion as
supernovae, referred to as “early stellar feedback” (Stinson
et al. 2013).

In gasoline , as in Stinson et al. (2013), the pre-SN
feedback consists of 10% of the total stellar flux, 2 × 1050

erg of thermal energy per M⊙ of the entire stellar popula-
tion, being ejected from stars into surrounding gas. Because
of the increased mixing in ESF-gasoline2, the simulations
required more stellar feedback to have their star formation
limited to the abundance matching value at the Milky Way
scale. Thus, we set ϵESF=13%, which gives a better match
to Behroozi et al. (2013) abundance matching results. Ra-
diative cooling is left on for the pre-SN feedback.

In the second, supernova, epoch of feedback, stars of
mass 8 M⊙ < Mstar < 40 M⊙ eject both energy and
metals into the interstellar medium gas surrounding the
region where they formed. Supernova feedback is imple-
mented using the blastwave formalism described in Stinson
et al. (2006). Since the gas receiving the energy is dense, it
would quickly be radiated away due to its efficient cooling.
For this reason, cooling is delayed for particles inside the
blast region for ∼ 30 Myr.
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NIHAO simulations

A statistical sample of galaxies across many orders of 
magnitude allows a look into the characteristics and 

evolutionary behavior of galaxies in general

From dwarf galaxies  to  milky way-like galaxies 
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Numerical Investigation of a Hundred Astrophysical Objects 
Simulation of 100 galaxies



So what are galaxies? 

complex elements: 
star dust

Hydrogen/ 
Helium

Dark matter

Stars


