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AGORA: Seeing the Invisible Elephant

You know the familiar fable about the blind mteying
to discern the nature of an elephant simply froetifg the
animal with their hands: one at the side of theledat
thought it was like a wall, one at the trunk thouighvas
like a snake, and one at the tail thought it wes & rope.
Each accurately perceived the elephant in parttHasirt
tactile observations were inconsistent with onetlzem

Astronomers are much in the same positionying to
discern the nature of the Universe. Most of thevitgiting
mass in the cosmos is cold dark matter—a slowlyinggv
weakly interacting elementary particle that holugether
both individual galaxies such as our own Milky sy
well as entire clusters of hundreds of galaxieg.lBumans
are blind to it: dark matter does not emit lightotiner elec-
tromagnetic radiation.

Thus, astrophysicists
must rely on two tools to
discern dark matter’s
nature: 1) observations of
visible ordinary matter
(which scientists call
baryonic matter) that
reveal dark matter’s ef-
fects, and 2) supercom-
puter simulations to
“reverse engineer” and
test ideas of how dark
matter might interact

Differences in supercomputer simuW'th Ofd'”a_fy matter to
form galaxies.

lations to be compared in the AGO- .
RA project are clearly evident in this  JUSt one big problem:
test galaxy produced by each of nidike the blind men study-
different versions of participating ing only parts of the ele-
codes using the same astrophysicsphant but whose observa-
and starting with the same initial  tional results are not con-
conditions. The goal of AGORA is tgjstent for the entire ani-

analyze such differences to improvc]ana| astrophysicists have
the realism and predictive power of,_ "’

supercomputer simulations, and thll%een able to m_odel only

astronomers’ understanding of as- Parts of the universe be-

trophysical processesredit: Simula- Cause of limits to compu-
tions performed by Samuel Leitner (ARTational power. And the

I1), Ji-hoon Kim (ENZO), Oliver Hahn  computer models have
(GADGET-2-CFS), Keita Todoroki ; ;

(GADGET-3), Alexander Hobbs been (lan(_)kr;_?lst_ent. ert
(GADGET-3-CFS and GADGET-3-AFsj€producibility Is a fun-
Sijing Shen (GASOLINE), Michael Kuh-damental principle of the

len (PKDGRAV-2), and Romain Teyssiggcientific method: only if
(RAMSES) a result from an experi-
ment can be independently reproduced by other tistign
can it be regarded as robust.

Now, a nhew ambitious multiyear internationadjpct
AGORA is figuring out how to reveal the entire dlapt—
and also discern which of the inconsistencies agetd
complexities of astrophysics versus computatiossles.

Phegrav Ramses

The challenge of scales

One major challenge, for example, has beerenigaily
modeling astrophysical processes over the vaserahgize
scales in the Universe—all the way from the foromaif
individual stars to the formation of galaxies te formation

of the cosmic web of large-scale structure in thengos. At
small scales, computational models can calculatk da-
tails as shock waves from supernova explosionsutence,
and chemical composition of gas and dust with aluéien
(ability to discern details) the size of our sadgstem. At
gigantic scales, cosmological simulations traceetimu-
tion of the cosmic web in volumes hundreds of mil8 of
lightyears across. At such scale, even the biggestrcom-
puters have been limited to handling just graétaai inter-
actions of dark matter, if calculations are to bepleted in
reasonable time (months) and at affordable cost.

And in the real Universe, both size scalesrantt: local
star formation within individual galaxies is actigd or
quenched by the way galaxies “breathe” in and loeitgase-
ous intergalactic medium. Often computational satiahs
do not create realistic-looking galaxies with thght pro-
portion of stars in the central bulge compared withflat
disk or the right amount of clumpiness.

Major international collaboration

Now supercomputers are starting to have tihepcta-
tional power to simulate large regions of the cosmih
sufficient resolution and realism to create galsutieat look
like ones actually observed. AGORA—an ancient Greek
word for meeting place, and an acronym for Assemgpli
Galaxies of Resolved Anatomy—aims to understand and
resolve inconsistencies revealed among simulations.

AGORA got its start in a kick-off workshoptae Uni-
versity of California, Santa Cruz, in August 200LB8der the
sponsorship of the University of California High-
Performance AstroComputing Center (UC-HIPACC). A
second workshop was held at UCSC in August 2013.

AGORA, a collaboration of more than 90 astiygitists
and computational modelers in over 40 institutioneight
nations, is described in a flagship paper by Jihdion and
45 co-authors that has been accepted for publicati®he
Astrophysical Journal Supplemeifhe collaborators have
set up methodology to compare and contrast thdtsesith
nine variants of different codes (programs for catap
simulations), which numerically handle the physiosl the
computation in significantly different ways. Althgli not
the first comparison of supercomputer simulatiohgataxy
evolution, AGORA is the most comprehensive and the
highest-resolution (finest detail). The projectigpected to
be completed in 2015 and result in many papery. Sta
tuned! —Trudy E. Bell, M.A.

Further reading: The AGORA website is ahttps://
sites.google.com/site/santacruzcomparisonprojadtC-
HIPACC press release isfatp://hipacc.ucsc.edu/PressRelease/
AGORA.html. A UC Santa Cruz press releasé&@p://
news.ucsc.edu/2013/12/agora-project.hifhle flagship paper
preprint “TheAGORAHigh-Resolution Galaxy Simulations Com-
parison Project,” foAstrophysical Journal Supplemeis at
http://arxiv.org/abs/1308.2669/
The University of California High-Performance AstroComputing Center (UC-HIPACC), based at
the University of California, Santa Cruz, is a consortium of nine University of California cam-
puses and three affiliated Department of Energy laboratories (Lawrence Berkeley Lab, Law-
rence Livermore Lab, and Los Alamos National Lab). UC-HIPACC fosters collaborations
among researchers at the various sites by offering travel and other grants, co-sponsoring

conferences, and drawing attention to the world-class resources for computational astronomy
within the University of California system. More information appears at http:/hipacc.ucsc.edu




