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THE AGORA HIGH-RESOLUTION GALAXY SIMULATIONS COMPARISON PROJECT: PUBLIC DATA RELEASE

SANTI ROCA-FÀBREGA∗ ,1, 2 JI-HOON KIM,3 JOEL R. PRIMACK,4 MICHAEL J. BUTLER† ,5 DANIEL CEVERINO† ,6, 7, 8

JUN-HWAN CHOI† ,9 ROBERT FELDMANN† ,10 BEN W. KELLER† ,8 ALESSANDRO LUPI† ,11 KENTARO NAGAMINE† ,12, 13, 14

THOMAS R. QUINN† ,15 YVES REVAZ† ,16 ROMAIN TEYSSIER† ,10 AND
SPENCER C. WALLACE†15 FOR THE AGORA COLLABORATION17

1Dept. Fı̀sica de la Tierra y Astrofı̀sica, Facultad de Ciencias Fı̀sicas, Instituto de Fı̀sica de Partı̀culas y del Cosmos, Universidad Complutense de Madrid,
E-28040 Madrid, Spain

2Center for Astrophysics and Planetary Science, Racah Institute of Physics, The Hebrew University, Jerusalem, 91904, Israel
3Center for Theoretical Physics, Department of Physics and Astronomy, Seoul National University, Seoul, 08826, Korea

4Department of Physics, University of California, Santa Cruz, CA 95064, USA
5Max-Planck-Institut für Astronomie, D-69117 Heidelberg, Germany
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ABSTRACT

As part of the AGORA High-resolution Galaxy Simulations Comparison Project (Kim et al. 2014, 2016)
we have generated a suite of isolated Milky Way-mass galaxy simulations using 9 state-of-the-art gravito-
hydrodynamics codes widely used in the numerical galaxy formation community. In these simulations we
adopted identical galactic disk initial conditions, and common physics models (e.g., radiative cooling and ul-
traviolet background by a standardized package). Subgrid physics models such as Jeans pressure floor, star
formation, supernova feedback energy, and metal production were carefully constrained. Here we release the
simulation data to be freely used by the community. In this release we include the disk snapshots at 0 and 500
Myr of evolution per each code as used in Kim et al. (2016), from simulations with and without star formation
and feedback. We encourage any member of the numerical galaxy formation community to make use of these
resources for their research — for example, compare their own simulations with the AGORA galaxies, with the
common analysis yt scripts used to obtain the plots shown in our papers, also available in this release.
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1. THE AGORA INITIATIVE: PAST, PRESENT, AND
FUTURE

Since its launch in 2012, the AGORA High-resolution
Galaxy Simulations Comparison Project (Assembling Galax-
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ies of Resolved Anatomy) has taken aim at carefully com-
paring high-resolution galaxy simulations on multiple code
platforms widely used in the contemporary galaxy formation
research.1 The main goal of this initiative has been to ensure

1 See the Project website at http://www.AGORAsimulations.org/ for more
information about the AGORA Collaboration.
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that physical assumptions are responsible for any success in
galaxy formation simulations, rather than manifestations of
particular numerical implementations, and by doing so, to
collectively raise the predictive power of numerical galaxy
formation studies. Over 160 individuals from over 60 dif-
ferent academic institutions worldwide are participating or
participated in the collaborative effort of the Project.

The first result by the AGORA Collaboration (Kim et al.
2014, hereafter Paper I) was our flagship paper which ex-
plained the philosophy behind the initiative and detailed the
publicly available Project infrastructure we have assembled.
Also described was the proof-of-concept test, in which we
field-tested our infrastructure with a dark matter-only cos-
mological zoom-in simulation using the common initial con-
dition (generated with MUSIC; Hahn & Abel 2011), finding a
robust convergence amongst participating codes. In the sec-
ond paper of the Project (Kim et al. 2016, hereafter Paper II),
we focused on the evolution of an isolated Milky Way-mass
galaxy. All participating codes shared the common initial
condition (generated with MAKEDISK; Springel 2005), com-
mon physics models (e.g., radiative cooling and extragalactic
ultraviolet background provided by the standardized package
GRACKLE; Smith et al. 2017), and common analysis plat-
form (yt toolkit; Turk et al. 2011). Subgrid physics models
such as Jeans pressure floor, star formation, supernova feed-
back energy, and metal production were carefully constrained
across code platforms. With a spatial resolution of 80 pc that
resolves the scale height of the disk, we find that any intrin-
sic inter-code difference is small compared to the variations
in input physics such as supernovae feedback.

Through workshops and teleconferences, and with com-
mon infrastructures built together, the AGORA Collabora-
tion has initiated a one-of-a-kind, open forum where users
of different simulations codes can talk to and learn from
one another. This platform allows the members (and non-
members) to validate one another’s work, promoting collab-
orative and reproducible research essential in any scientific
community. Armed with the common infrastructures estab-
lished, AGORA now serves as a launchpad to initiate ambi-
tious, astrophysically-motivated comparisons using cosmo-
logical zoom-in simulations. Currently we are working on
the gravito-hydrodynamical simulations of a Mvir ∼ 1012 M�
halo at redshift 0. This new suite of simulations will be fully
described in an upcoming paper from the AGORA Collabora-

tion in 2020 (Roca-Fàbrega et al. in prep). For these simula-
tions we have adopted most of the subgrid physics and sim-
ulation strategies developed for Paper II, with improvements
such as a recalibrated stellar feedback prescription and the
most recent version of the GRACKLE library. The data from
these new models will be utilized to undertake a number of
sub-projects based on multi-platform comparison. The first
of the sub-projects we launched focuses on the properties and
evolution of the circumgalactic medium (CGM) and its de-
pendence on the numerical scheme.

2. PUBLIC RELEASE OF THE ISOLATED DISK
SIMULATION DATA

Here we provide the simulation snapshots used in the anal-
ysis of Paper II. The cohort of widely-used, state-of-the-
art galaxy simulation codes who contributed to this release
includes: the Lagrangian smoothed particle hydrodynam-
ics codes CHANGA (e.g., Menon et al. 2015), GADGET-3
(e.g., Choi & Nagamine 2012; Aoyama et al. 2017)., GASO-
LINE (e.g., Wadsley et al. 2017) and GEAR (e.g., Revaz
et al. 2016), and the Eulerian adaptive mesh refinement codes
ART-I (e.g., Ceverino et al. 2014), ART-II (e.g., Agertz et al.
2013), ENZO (e.g., Bryan et al. 2014) and RAMSES (e.g.,
Teyssier 2002), and the mesh-free finite-volume Godunov
code GIZMO (e.g., Hopkins 2015). The provided snapshots
are at 0 Myr (right after each code processed the initial condi-
tion) and at 500 Myr, from two different runs, the first one in
which star formation is not activated and the second one with
star formation and feedback. This release will allow any in-
terested party in the community to be able to, for example,
compare their own simulation snapshots with the AGORA
snapshots, using the publicly available analysis scripts on
the yt platform. They may also study the properties of the
AGORA galaxies in coordination with the Collaboration.

The simulation data and the common analysis scripts in yt

used to obtain the figures and diagnostics presented in Paper
II are available through the Project website.2 Also available
in the same link are isolated and cosmological initial condi-
tions generated by the AGORA Collaboration for galaxy sim-
ulations, and the links to the key softwares. We encourage
all members of the numerical galaxy formation community
to freely make use of these resources for their research.
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