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• CUNY has 12 astronomy faculty spread out over 7 
campuses. Other people do computational work, 
Quinn Minor (dark matter in dwarfs), Viviana 
Acquaviva (stellar population sysnthesis, 
optimization, data analysis). I’m not up on what they 
are doing, so I’ll just talk about myself. 

• I work on different aspects of galaxy formation using 
analytic, semi-analytic and numerical modeling. 

• I often focus on the gaseous halos of galaxies.



Gas Halos

Maller 2005



Stewart et al. 2013





Scylla Project
• Cosmological Zoom in 

simulation of MW mass 
halo with six codes. 

• AMR - Enzo, Ramses, ART 

• SPH - PSPH (ChaNGa) 

• MM - Arepo 

• Starting run is the Enzo run 
of Ryan Joung

Joung et al. 2012
mdm = 1.75e5 spatial = 95/h kpc
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ABSTRACT 
We compare two cosmological hydrodynamical 
simulations run with different codes, but with the 
same initial conditions. The two codes, ENZO and 
RAMSES, use adaptive mesh refinement to 
simulate the hydrodynamics. The codes produce 
similar mass Milky Way like galaxies at redshift 
zero, though we find the ENZO galaxy to be more 
massive. Using the visualization and analysis 
program yt and the halo finding software 
Rockstar, we identify dark matter halos in the two 
simulations and compare their stellar and gas 
contents.  Surprisingly, we find that while the most 
massive halo in the ENZO run has a more 
massive galaxy than the RAMSES run, in lower 
mass halos the situation is reversed. ENZO 
consistently produces less massive galaxies than 
RAMSES. These results demonstrate how 
differences in feedback implementation can affect 
various mass scales differently.

Yt: 
yt" is" a" python" package" for" analyzing" and" visualizing"
volumetric," multi9resolution" data" from" astrophysical"
simulations," radio" telescopes," and" a" burgeoning"
interdisciplinary"community."Yt"served"as"the"main"tool" for"
analysis"and"generating"many"of"the"displayed"plots.

METHODS 
Data Analysis 
The cosmological simulations output a massive 
set of data that are separated by redshift to 
observe the evolution of the galaxy. A redshift of  
z = 1 was chosen for a predominantly formed 
main galaxy with many smaller halos still present. 
Using yt to ‘read’ the data, we first locate the 
halos using Rockstar. Once the halos are 
identified we can extract the following from halos 
that have dark matter mass greater than 1+e10 
solar masses. 

• Gaseous (baryonic) hydro mass 

• Star (baryonic) particle mass 

• Dark matter particle mass 

• Total mass (sum of particle and hydro 
components)

AMNH in conjunction with Richard Gilder Graduate school provides research and related educational programs to clientele on a nondiscriminatory basis. For more information: http://www.amnh.org/our-research/physical-sciences.
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The figure to the 
left are plots of 
gas density, 
pressure and 
temperature (from 
left to right) for 
both ENZO and 
RAMSES (top 
and bottom).  

One clearly sees 
that the large 
scale structure is 
the same in the 
two simulation. 
There is more hot 
high pressure gas 
in the Ramses 
run because of its 
feedback recipe.  
Somewhat 
surprisingly, there 
is also more high 
density gas in the 
Ramses run too. 

Baryonic Matter vrs Dark Matter

Total Baryonic Mass vrs Stellar Mass

Cold Gas Mass vrs Stellar Mass
COSMOLOGICAL SIMULATIONS 
One of the primary methods of studying galaxy 
formation is through the use of cosmological 
hydrodynamical simulations.  Such simulations 
have many promising results creating realistic 
galaxies. However, we lack an understanding of 
to what degree different codes give the same 
results. 
Our goal is to understand how these two 
simulations differ. To do that we look at the baryon 
content of dark matter halos at z=1. We choose 
this redshift because the main galaxy is largely 
formed, but there are still many other halos in the 
high resolution region. 

Adaptive Mesh Refinement

Rockstar Halo Finder
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The small figure 
shows the location 

of the high 
resolution halos. 

The larger plot is a 
magnification of 

the high-res halo 
region for ENZO 

and RAMSES (top 
and bottom 

respectively). 

Rockstar found 
17674 halos in 
ENZO and 
25678 halos in 
RAMSES high 
resolution 
regions.
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Both"codes"utilize"the"adaptive"mesh"refinement"(AMR)"technique"
where"higher"resolution"grid"cells"are"added" in"areas"of"high"gas"
density." " This" gives" high" resolution" in" the" regions" of" interest,"
without" wasting" computational" resources" in" less" interesting"
regions." " Both" codes" start" with" the" same" initial" conditions," but"
handle" feedback" in"different"manners."The"feedback"attempts"to"
control"the"cooling"of"hot"gas"and"limit"star"formation.

Projected Density, Pressure and Temperature

AMR grid AMR grid

Main Galaxy Plots

RESULTS 
Halo Data Images 
The data point’s size indicates the total mass 
contained in the halo. Halo masses can be 
seen in the supplementary plot of the Baryonic 
Matter vrs Dark Matter figure. The two most 
massive halos vary slightly by mass.  
We see RAMSES consistently produces more 
massive galaxies with halos containing more 
gas and stars (baryonic matter). The high 
amounts of cold gas remaining in the ENZO 
versus the high stellar mass halos containing 
hot gas in the RAMSES galaxies reflects 
differences in feedback implementation. 

CONCLUSIONS 
RAMSES galaxy is only slightly bigger than 
ENZO. The information provided by the 
smaller halos suggest ENZO is better at 
removing baryons from the simulated halos as 
a result of its feedback formula.

Above are the two most massive galaxies for each code. These galaxies 
are expressed as the two most massive halos in the plots in the fourth 
column.  
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• Lots of data, lots and lots of projects to do. Mostly by undergrads. 

• I’m working on trying to make yt easy to use for undergrads with no programming background. 

Ramses Enzo



Fluffy Simulations
• Cosmological simulations without star formation or feedback. 

• Impose a pressure floor that scales with density to give a fixed Jeans 
length. 

• Disadvantages: 

• Doesn’t form galaxies 

• Advantages: 

• Removes most of the uncertain physics 

• Different codes should give the same results 

• Results should converge with resolution 

• Gives a type of starting conditions for galaxy formation; total mass 
of gas, gas accretion rates, gas angular momentum, gas 
temperatures, etc.  These should be more relevant then the dark 
matter values which are often used as the starting point for galaxy 
formation modeling.



Fluffy Simulations
• Fluffy simulations because 

you get unrealistic baryon 
blobs instead of galaxies.  I 
call these marshmallow 
galaxies to highlight that they 
are completely artificial.  

• Fluff is a marshmallow 
flavored spread.



CUNY-HPC
• CUNY has a midsize high performance computing 

center for all CUNY faculty. 

• Machines: 

• Penzias - 1152 cores, Intel 

• Salk - 2816 cores, CRAY 

• Undersubscribed 


