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What is UC-HIPACC?
Assembling Galaxies of Resolved Anatomy (AGORA)

High-resolution Galaxy Simulation Comparison
Project -- and Comparison with Observations

Joel R. Primack, UCSC
(Director, UC-HIPACQC)
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The University of California
High-Performance AstroComputing Center
A consortium of nine UC campuses and three DOE laboratories

As computing and observational power continue to increase rapidly, the most
difficult problems in astrophysics are now coming within reach of simulations
based on solid physics, including the formation and evolution of stars,
planets, and supermassive black holes, and their interactions with their
galactic environments.

The purpose of HIPACC is to realize the full potential of the University of
California’s worldleading computational astrophysicists, including those at
the affiliated national laboratories. HIPACC will do this by fostering their
interaction with each other and with the rapidly increasing observational
data, and by empowering them to utilize efficiently the new supercomputers
with hundreds of thousands of processors both to understand astrophysical
processes through simulation and to analyze the petabytes and soon exabytes
of data that will flow from the new telescopes and supercomputers. This
multidisciplinary effort links theoretical and observational astrophysicists,
physicists, earth and planetary scientists, applied mathematicians, and
computer scientists on all nine UC academic campuses and three national
labs, and exploits California’s leadership in computers and related fields.

HIPACC’s outreach activities will include developing educational materials,

publicity, and websites, and distribution of simulation outputs including
visualizations that are beautiful as well as educational.
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A consortium of nine UC campuses and three DOE laboratories

-

UC-HiPACC Suppof’é: ~$350,000/yr from the University of California

UC-HiPACC Executive Committee

Director: Joel Primack (UCSC) <joel®ucsc.edu>
Coordinator from Northern California: Peter Nugent (LBNL)
Coordinator from Southern California: Michael Norman (UCSD)

UC-HiPACC Council
UC Berkeley: Christopher McKee UC San Diego: Michael Norman

UC Davis: Marusa Bradac UC Santa Barbara: S. Peng Oh

UC Irvine: James Bullock UC Santa Cruz: Sandra Faber

UC Los Angeles: Steve Furlanetto Los Alamos National Lab: Thomas Vestrand

UC Merced: TBA Lawrence Berkeley National Lab: Peter Nugent
UC Riverside: Gillian Wilson Lawrence Livermore National Lab: Peter Anninos

UC-HiPACC Staff

UC-HIPACC Office Manager: Sue Grasso <hipacc®ucsc.edu>

Visualization and Outreach Specialist: Nina McCurdy <nmccurdy®@ucsc.edu>
Senior Writer - Publicity and Proposals: Trudy Bell <t.e.bell@ieee.org>
Webmaster and Videographer: Eric Maciel <emaciel®@ucsc.edu>
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The University of California
High-Performance AstroComputing Center
A consortium of nine UC campuses and three DOE laboratories

Funding Opportunities
Calls for proposals scheduled twice annually for Fall/Winter & Spring/Summer funding Cycles.

UC-HIPACC will support focused working groups of UC scientists from multiple campuses to pursue
joint projects in computational astrophysics and related areas by providing funds for travel and
lodging. At the heart of UC-HIPACC are working groups.

1. Small travel grants enable scientists, graduate students, and post-doctoral students to travel
easily and spontaneously between Center nodes. UC-HIPACC will fund travel grant proposals
submitted by faculty members, senior scientists, postdocs or graduate students up to $1000 on a
first-come-first-served basis with a simple application describing the plan and purpose of the
travel.

2. Grants ranging between $1000 - $5,000 to support larger working groups or participation in
scientific meetings.

3. Mini Conference grants of up to $5,000 to support collaborations of multiple UC campuses and
DOE labs.

4. Grants to faculty to support astrocomputing summer research projects by undergraduates.
5. Matching grants of up to $10,000 for astrocomputing equipment.
6. Innovative initiative proposals for other purposes that are consistent with the goals of UC-

HIPACC. Such purposes could include meetings or workshops, software development, or education
and outreach.
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Annual Conferences in Northern and Southern California

HIPACC will sponsor two large meetings each year especially (but not exclusively) for scientists
working on computational astrophysics and related topics at the UC campuses and labs. Unlike the
more specialized meetings of working groups, we expect that these larger meetings will be broad,
with the purpose of bringing theoretical astrophysicists together with computer science specialists,
computer hardware experts, and observational astronomers. One meeting will be in northern
California and the other in southern California to promote maximum participation. In addition to
sharing new information, these meetings will highlight problems needing attention to advance the
state-of-the-art and introduce participants to potential colleagues and begin collaborations.

Annual International AstroComputing Summer Schools

HIPACC will support an annual school aimed at graduate students and postdocs who are currently
working in, or actively interested in doing research in, AstroComputing. Topics and locations of the
annual school will rotate, and Caltech and Stanford are also welcome to participate.

The 2010 school was at UCSC, on the topic of Hydrodynamic Galaxy Simulations. Lectures were
presented by experts on the leading codes (AMR codes ART, Enzo, and RAMSES, and SPH codes
Arepo, GADGET, and Gasoline) and the Sunrise code for making realistic visualizations including
stellar SED evolution and dust reprocessing. There were 60 students, including 20 from outside the
USA. Lecture slides and videos, codes, inputs and outputs are on the UC-HIPACC website http://
hipacc.ucsc.edu. Funding from NSF helped to support non-UC participant expenses.

The 2011 school was July 11-23 at UC Berkeley/LBNL/NERSC, on the topic of Computational
Explosive Astrophysics: novae, SNe, GRB, and binary mergers. The scientific organizers were Daniel
Kasen (LBNL/UCB) and Peter Nugent (LBNL). There was additional funding from DOE.

The 2012 school is at UC San Diego/SDSC, on Astrolnformatics and Astrophysical Data Mining. The
scientific director is Alex Szalay (Johns Hopkins) and the host is Michael Norman, director, SDSC. We
have modest funding from DOE.

The 2013 school is at UCSC, on Star and Planet Formation, as you know, with no funds from NSF or
DOE. The 2014 school will be at UC San Diego/SDSC, on nuclear astrophysics and supernovae.
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Past UC-HiPACC Conferences & Workshops

* June 14-16,2012: The Baryon Cycle. Beckman Center, Irvine, CA
 August 8 - 12,2011: The 2011 Santa Cruz Galaxy Workshop, UC Santa Cruz
e August 16 - 18,2010: The 2010 Santa Cruz Galaxy Workshop, UC Santa Cruz
December 16 & 17, 2010: The Future of AstroComputing Conference, San Diego Supercomputer Center

~w
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e June 24-27,2012: The Computational Astronomy Journalism Boot Camp
* August 13-17,2012: The 2012 Santa Cruz Galaxy Workshop, UC Santa Cruz
* August 17-20,2012: High-Resolution Galaxy Simulations Workshop

Upcoming UC-HIPACC Conferences & Workshops

e August 12-15,2013: The 2013 Santa Cruz Galaxy Workshop, UCSC
* August 16-19, 2013: AGORA Galaxy Simulation Workshop, UCSC
e February 12-14, 2014: Near-Field/Far-Field Cosmology, UC Irvine
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The University of California
High-Performance AstroComputing Center
A consortium of nine UC campuses and three DOE laboratories

The 2010 school was at UCSC, on the topic of Hydrodynamic Galaxy Simulations
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The University of California
High-Performance AstroComputing Center

A consortium of nine UC campuses and three DOE laboratories
W
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*UC HIPACC's 2011 Interiationg] Summer Schod on A:,lroCom.PhUng ?, e g
b.l 3 NS Y
Dates: July 18 - July 29, 2011 2 ’ . o " . p.f .

Location: i ;.c,;az%;&_ag:ﬂf:ixmgE«.mu.:.ww '&f“ S Announcing the 2011 UC-HIPACC International AstroComputing
. ’ L Summer School on Computational Explosive Astrophysics

Déscription: This year's Summer school wil foous on computational explosive
astrophysics, inchuding the modeling of core collapse and thermenucioar supemovae
gamma-roy bursts, COmpact objoct mergers, and cther anergetc fransenrts” Lectures
will include instrucion in the physics and numenics of muit-dmensional hydrodynamics
+. general relativity, radation transport. nucioar rgachion networks, neutrino physics, and
oquations of state. Workshops will guide studerts in running and visualkzing simulations
on supercompulens Using codes such as FLASH. CASTRO, GR1D and incdules for %
equations of state. nucioar buming, and radiation ransport. * '

| Topics Include: supernovae, gamma-ray bursts, compact object
l mergers, energetic transients

\f\ljnnlu Organizers: Daniel -\non )N,F’MM Jug(n!l\)vaﬁ rJl » ) .
i;;‘;';:;;"‘il‘élli,.‘éi:';.as' SRR AT o L 8 Location: University of California, Berkeley/ Lawrence Berkeley
Alary Calder (Stony Brook) - FLASH A . » . . Y

Hank Childs l\lEQs\, )« Vislt
Christian O (Callech) and Erik ‘dmoum LS Uv C:NO Caclus
Frank Tmmes (Arizona State) - Equabion of smo reachon network modules

National Lab/ Nationa! Energy Research Scientific Computing Center

Additional lecturers .um!!~opu-.\\.ll.:|.Im1c g . \ - -
Katie Antypas (NERSC) - Using NERSC 3 4 R DateS: JUIY 18 . JUly 29, 201 1
Gedege Fuler (UC San Diego) - neutrino physics . P ’ - 4
Daniel Kasen (UC Borkeoley) - radation trarmspon . s »

* Androw MacFadyen (NYU) - MHD, gamma-rary bursts

Esot Quataert (UC Barksley) - compact object mergers T Boh, et : Organizers: Daniel Kasen & Peter Nugent (UCB/LBNL)

Enrico Ramire2-Rutz (UC Santa Cruz) - Sdal disruptions, collisions . -

Am Lattimaer (Stony Brook) - nuciear equation of state

Other Details - + 1 Description: The University of California High-Performance Astro-
Housing: Students will be staying at Stern Hall on the UC berkoley campus ($84/night). * ' ' - . ,
meghiics o e Ry achool e e S350 el B g o e i 1= 1 : Computing Center (UC-HIPACC) is pleased to announce the

acceptance. Ald: UC HIPACC wil cover lodging and travel expenses for UC students

and same fnancidl assistance may be avatable for o shudents.  » IR TS ’o continuation of its international summer school, to be held this year by

For more information and 10 apply, vist us on the web

Mipiipaccucec.adutBSAC2011.14% : : Il A | UC Berkeley and LBNL from July 18-29, 2011. This year's summer

Yo \ ; school will focus on computational explosive astrophysics, including the
N " i v modeling of core collapse and thermonuclear supernovae, gamma-ray
— AR bursts, neutron star mergers, and other energetic transients. Lectures
Za : ; 8 will include instruction in the physics and numerical modeling of multi-

dimensional hydrodynamics, general relativity, radiation transport,
nuclear reaction networks, neutrino physics, and equations of state.
B Afternoon workshops will guide students in running and visualizing
simulations on supercomputers using codes such as FLASH, CASTRO,
GR1D and modules for nuclear burning and radiation transport. All
students will be given accounts and computing time at NERSC and
have access to the codes and test problems in order to gain hands on
experience running simulations at a leading supercomputing facility.

- "
o . ._ ~ 5 °
' ttp.//hipacc.ucsc.edu
. b : . . ° ° °
e Usewetisty of CaMoersn lt@' Pafformance AsroCommautng Cenler | M Mpacc utes aeks | h{:-.uv}vti,r\: | BT SSIS AL?
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UC-HIPACC 2012
International Summer School
on AstroComputing

students all got accounts on
the new Gordon
supercomputer at SDSC with
300 Tb of FLASH memory

Director: Alex Szaley, JHU
Host: Mike Norman, SDSC
HIiPACC Director: Joel Primack

We will have ~37 students,

8 from UC, 19 from other US
universities, and 10 from
abroad.

-1APPLY BY MARCH 16, 201 2. FOR MORE INFORMATION AND TO APPLY:
= W _ L]

% ASTROINFORMATIC

= AID: UC-HIPACC wILL COVER LODGING AND TRAVEL EXPENSES FOR UCG-AFFILIATED STUDENTS,

=, AND SOME FINANCIAL ASSISTANCE MAY BE AVAILABLE FOR OTHER STUDENTS.

Rl \
o o=

o L

THE 2012 INTERNATIONAL SUMMER CHOOL N ASTRaoCaMPUTI

JuLy 9 - 20, 2012

SAN DIEGO SUPERCOMPUTER CENTER
UNIVERSITY OF CALIFORNIA, SAN DIEGO

HTTP:/HIPACC.UCSC.EDU/ISSAC2012.HTML

THE DATA AVAILABLE TO ASTRONOMERS IS GROWING EXPONENTIALLY.
LARGE NEW INSTRUMENTS AND NEW SURVEYS ARE GENERATING EVER
LARGER DATA SETS, WHICH ARE ALL PUBLICLY AVAILABLE. SUPERCOM-
PUTER SIMULATIONS ARE USED BY AN INCREASINGLY WIDER COMMUNITY OF
ASTRONOMERS. MANY NEW DBSERVATIONS ARE COMPARED TO AND INTER-
PRETED THROUGH THE LATEST SIMULATIONS. THE VIRTUAL ASTRONOMICAL
DOBSERVATORY IS CREATING A SET OF DATA-ORIENTED SERVICES AVAILABLE
TO EVERYONE. IN THIS WORLD, IT IS INCREASINGLY IMPORTANT TO KNOW
HOW TO DEAL WITH THIS DATA AVALANCHE EFFECTIVELY, AND PERFORM
THE DATA ANALYSIS EFFICIENTLY. THE SUMMER SCHOOL WILL ADDRESS

SDSE‘S GDRDON SUPERCOMPUTER. PHOTO: ALAN DECKER.

THIS ANALYSIS CHALLENGE. THE TOPICS OF THE LECTURES WILL INCLUDE
HOW TO BRING OBSERVATIONS AND SIMULATIONS TO A COMMON FRAMEWORK, HOW TO QUERY LARGEDATA-
BASES, HOW TO DO NEW TYPES OF ON-LINE ANALYSES AND OVERALL, HOW TO DEAL WITH THE LARGE DATA
CHALLENGE. THE SCHOOL WILL BE HOSTED AT THE SAN DIEGO SUPERCOMPUTER CENTER, WHOSE DATA-

INTENSIVE COMPUTING FAGILITIES, INCLUDING THE NEW GORDON SUPERCOMPUTER WITH A THIRD OF A PET-
ABYTE OF FLASH STORAGE, ARE AMONG THE BEST IN THE WORLD. SPECIAL ACCESS TO THESE RESOURGCES

WILL BE PROVIDED BY SDSC.

DIRECTOR: ALEX S5ZALAY {JOHNS HOPKINS UNIVERSITY)
SPEAKERS WILL INCLUDE!:

ADDITIONAL LECTURERS

MIKE NORMAN (UCSD/SDSC)

PETER NUGENT (LBNL / UC BERKELEY)
JOEL PRIMACK (UCSC)

ALEX SzALAY {JOHNS HOPKINS UNIVERSITY)
MATT TURK (COLUMBIA UNIVERSITY)

MAIN LECTURERS

TAMAS BUDAVARI (JOHNS HOPKINS UNIVERSITY)

ANDY CONNOLLY {UNIVERSITY OF WASHINGTON)

DARREN CROTON (SWINBURNE UNIVERSITY)

GERARD LEMSON (MAX PLANCK INSTITUTE FOR ASTROPHYSICS)
RiSA WECHSLER (STANFORD UNIVERSITY)

Rick WHITE (SPACE TELESCOPE SCIENCE INSTITUTE)

OTHER DETAILS

HOUSING: STUDENTS WILL BE STAYING AT CONFERENCE HOUSING NEAR SDSC oN THE UCSD cAMPUS

(APPROXIMATELY $50/NIGHT).
REGISTRATION FOR THE SUMMER SCHOOL WILL BE $300.

TIME OF ACCEPTANCE.

PAYMENT WILL BE REQUIRED AT THE

HTTP://HIPACC.UCSC.EDU/ISSEAC2012.HTML
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% International Summer School S
#HiPpC~ on AstroComputing presents:

UC-HiPACC 2013 STAR & PLANET FORMATlON

International Summer School July 22 - August 9, 2013
. University of California, Santa Cruz
on Star and Planet Formation

StUdentS all QOt accou nts on Description: Star and planet formation are central drivers in
) cosmic evolution: they control generation of radiation, syn-
U CSC S neW Hyad eS aStrO' thesis of heavy elements, and development of potential

sites for life. Because star and planet formation involve nu-

com puter merous physical processes operating over orders of magni-
tude in length and time scale, simulations have become es-
sential fo progress in the field. The objective of the 2013 UC-
HIPACC AstroComputing Summer School is to train the next

: . generation of researchers in the use of large-scale simulo-
D|reCt0 r° Mark Krumh0|2, UCS‘ tions in star and planet formation problems. The school will

o o . o cover many of the major public codes in use today, includ-
H ' PACC D ' re Cto r. J Oel P r| maCk ing tutorials and hands-on experience running and analyz-

ing simulations. Students will receive accounts on the new

3,000-core supercomputer Hyades on the UCSC campus for Volume rendering of the gas density in a simulation of
the duration of the school the formation of a 70 Solar mass binary system. Krumholz

We have 48 StUdents, more The school is directed by Prof. Mark Krumholz (UCSC), and is funded primarily by UC-HIPACC (Prof. Joel Pri-

mack, UCSC, Director). Additional funds are being sought from NSF for student support and from DOE for infra-

than ha|f from abroad A structure support. Students will be housed on the UCSC campus (approximately $50/night). UC-HIPACC will
cover lodging at UCSC for all accepted students and also fravel for UC- 0ff4||o‘red students. Some financial as-
sistance for tfravel may be available for other students. - om0

51 "").

o,

e .9\

H

visit us on the web: hipacc.ucsc.edu/ISSAC2013.himl

Students must apply by filling in the online form at h’rfp://hipucc.ucsc.edu/fSSACZO']"3_Applica’rion.php

Applications are due March 16, 2013, although it may be possible to consider late oboplico’rions. We aim to tell

students who apply on time whether they are admitted by April 2, 2013. Upon acceptance, all students who!

plan to attend will pay a registration fee of $500. Weekday lunches, coffee breaks, ’rhe school banqguet, and a

special excursion will be provided for attendees. : 510

Director: Mark Krumholz (UCSC) ot oonomomione v
Additional Lecfuré}s 5%?5:3.:0'?0“7:5‘?’:. R

Speakers and Topics will include: T11010100101011010 :

0010110710010711010 1

Tom Abel (STonford TSl el ENFO)) S b e
«.Neal Evans (U. Texas Austin, observations of massive star formation)
1Alyssa Goodman (Harvard, observations of Iow mass star formation)

Main lecturers
(5 lectures each and lead afternoon workshops):

Robi Banerjee (U. Hamburg, FLASH) Phil Hopkins (Calfech, the IMF) : ooor

Paul Clark (U. Heidelberg, GADGET / SEREN) Meredith Hughes (Wesleyan, observations of pro‘roplcme‘rory disks)
Patrick Hennebelle (CEA/Saclay, RAMSES) Kaitlin Kratter (U. Colorado, binary foymohon] _

Stella Offner (Yale, RADMC / HYPERION / CASA) Mch Krumholz (UC Santa Cruz, massive star form_q_hon] :

Tom Quinn (U. Washington, GASOLINE / CHANGA Chris McKee (UC Berkeley, star formation rates) . '.l'._J :

Jim Stone (Princeton, ATHENA) w00 Eve Ostriker (Princeton, the ISM/star formation connection) ™%

101 cJoeI Prlmcjck (UC Santa Cruz, star formation and galaxy evoluhon]

1110 i."Ci 1010
:-'|'n"'"|3| 01

APPLY BY MARCH 16, 2013. For updated information and ’ro dpply http://hipacc.ucsc.edu/ISSAC2013.hitml
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STAR & PLANET FORMATION

July 22 - August 9, 2013 | university of California, Santa Cruz

Assembling Galaxies of Resolved Anatomy
AGORA High-Resolution Galaxy Simulation

Comparison Project Steering Committee

Piero Madau & Joel R. Primack, UCSC, Co-Chairs
Tom Abel, Stanford
Nick Gnedin, Chicago/Fermilab
Lucio Mayer, University of Zurich
Romain Teyssier, Saclay & Zurich
James Wadsley, McMaster

Ji-hoon Kim, UCSC (Coordinator)

~90 astrophysicists using 9 codes have joined AGORA
Next meeting: after UCSC Galaxy Workshop Aug 16-19, 2013

www.AGORAsimulations.org
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University of California
High-Performance
AstroComputing Center
(UC-HIiPACO)

Joel Primack, Director

‘ / University of California
\ Santa Cruz
?/ Next Telescope Science
Institute (NEXSI)
Piero Madau, Director

Assembling Galaxies of Resolved Anatomy
AGORA High-Resolution Galaxy Simulation

Comparison Project Steering Committee

Piero Madau & Joel R. Primack, UCSC, Co-Chairs
Tom Abel, Stanford
Nick Gnedin, Chicago/Fermilab
Lucio Mayer, University of Zurich
Romain Teyssier, Saclay & Zurich
James Wadsley, McMaster

Ji-hoon Kim, UCSC (Coordinator)

~90 astrophysicists using 9 codes have joined AGORA
Next meeting: after UCSC Galaxy Workshop Aug 16-19, 2013

www.AGORAsimulations.org
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Key Earlier Galaxy Simulation Comparison

The Aquila comparison Project: The Effects of Feedback and
Numerical Methods on Simulations of Galaxy Formation

C. Scannapieco,’ M. Wadepuhl,? O.H. Parry,34 J.F. Navarro,® A. Jenkins, V. Springel,®” R. Teyssier,8 E. Carlson,'® H.M.P. Couchman,
R.A. Crain,'?13 C. Dalla Vecchia,'* C.S. Frenk,3 C. Kobayashi,'>'® P. Monaco,'”'8 G. Murante,’”-'® T. Okamot0,?° T. Quinn,'® J. Schaye,'3
G. S. Stinson,?! T. Theuns,22 J. Wadsley,"" S.D.M. White,? R. Woods" 2012 MNRAS 423. 1726

ABSTRACT

We compare the results of various cosmological gas-dynamical codes used to simulate the
formation of a galaxy in the ACDM structure formation paradigm. The various runs (thirteen in
total) differ in their numerical hydrodynamical treatment (SPH, moving-mesh and AMR) but share
the same initial conditions and adopt in each case their latest published model of gas
cooling, star formation and feedback. Despite the common halo assembly history, we find
large code-to-code variations in the stellar mass, size, morphology and gas content of the
galaxy at z = 0, due mainly to the different implementations of star formation and
feedback. Compared with observation, most codes tend to produce an overly massive
galaxy, smaller and less gas-rich than typical spirals, with a massive bulge and a declining
rotation curve. A stellar disk is discernible in most simulations, although its prominence varies
widely from code to code. There is a well-defined trend between the effects of feedback and the
severity of the disagreement with observed spirals. In general, models that are more effective
at limiting the baryonic mass of the galaxy come closer to matching observed galaxy
scaling laws, but often to the detriment of the disk component. Although numerical
convergence is not particularly good for any of the codes, our conclusions hold at two different
numerical resolutions. Some differences can also be traced to the different numerical techniques;
for example, more gas seems able to cool and become available for star formation in grid-based
codes than in SPH. However, this effect is small compared to the variations induced by different
feedback prescriptions. We conclude that state-of-the-art simulations cannot yet uniquely
predict the properties of the baryonic component of a galaxy, even when the assembly
history of its host halo is fully specified. Developing feedback algorithms that can
effectively regulate the mass of a galaxy without hindering the formation of high-angular
momentum stellar disks remains a challenge.
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Aquila Comparison Project

All simulations
share the same
initial conditions

a zoomed-in
resimulation of the
Aquarius Project
halo “Ag-C”.

Code Reference Type UV background Cooling Feedback
(zuv) (spectrum)
G3 (GADGET3) 1] SPH 6 [10] primordial [13] SN (thermal)
G3-BH (1] SPH 6 [10] primordial [13] SN (thermal), BH
G3-CR (1] SPH 6 (10 primordial [13] SN (thermal), BH, CR
G3-CS 2] SPH 6 [10] metal-dependent [14] SN (thermal)
G3-TO 3] SPH 9 [11] clement-by-clement [15] SN (thermal+kinetic)
G3-GIMIC 4] SPH 9 11} element-by-element [15] SN (kinetic)
G3-MM 5] SPH 6 [10] primordial [13] SN (thermal)
G3-CK 6] SPH 6 [10] metal-dependent [14] SN (thermal)
GAS (GASOLINE) 7] SPH 10 (12] metal-dependent [16] SN (thermal)
R (RAMSES) 8] AMR 12 [10] metal-dependent [14] SN (thermal)
R-LSFE 8] AMR 12 (10 metal-dependent [14] SN (thermal)
R-AGN 8] AMR 12 10} metal-dependent [14)] SN (thermal), BH
AREPO 9] Moving Mesh 6 [10] primordial [13] SN (thermal)
Code Jo mpM Mens Softening . . . P
(/) [10Mg] [10°Mg] €20 kpc] g Most stars form in galactic disks, so realistic
p= simulations should resolve disks. The scale
G3-BH i i i ’
gy s s o e - height of the MWy disk is about 100 pc. It’s
Qe am - (33) (14 (0 better yet to resolve GMCs, |0s of pc.
3-CK
Arepo S . . .
oftening is 500 pc or worse (fixed in

G3-TO 0.18 2.1 0.5 0.5 3 . . _
G3-GIMIC an (37 G comoving coordinates at z = Zfix).
G3-MM 0.16 2.2 0.4 0.7 2

(17) (3.3) (1.4) (2)
GAS 0.18 2.1 0.5 0.46 8

(17) (3.7) (0.9) (8)
R 0.16 1.4 0.2 0.26 9 Softening is 260 pc (fixed in comoving
R-LSFE 11 1.8 0.5 9 . —
gl ) 0 GO coordinates at zfx = 9)




Aquila Comparison Project

Mstellar VS Mvir
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AGORA High-Resolution Simulation Comparison
AGORA Goals

(1) Inaugurate framework to compare high-resolution galaxy simulations (with
resolution better than ~100 parsecs) across different high-resolution numerical
platforms

(2) Establish cosmological and isolated disk initial conditions and shared astrophysics
so each participating group can run a suite of simulations

(3) Maintain the collaboration online (telecon+webpage) between the in-person
meetings

(4) Compare simulations with each other, with theory, and with observations
(5) Produce a set of simulation comparisons and scientific papers starting ~ 2014

AGORA Is Timely

We are launching this project at the time when several key technologies have just
become available including

the MUIti-Scale Initial Conditions generator (MUSIC),

the new UV-background model CUBA,

the new Grackle hydro cooling code,

several of the simulation codes, and

the yt code for analyzing the outputs from all the simulations in a parallel way.

This project will be state-of-the-art, and it will surely advance the entire field of
galaxy simulations.
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Welcome to Project
ACORA: Assembling
Calaxies Of Resolved
Anatomy! We
investigate galaxy
formation with high-
- 4 resolution numerical
simulations and compare the results across different
platforms and with observations. Learn what we plan
to do by visiting Project Details. We welcome any
group or persons who are interested in participating
in the Project.

Project Announcements & News

Announcing 2nd AGORA Workshop (Auqg. 16-19,

2013) We are pleased to announce that the 2nd
Workshop of the AGORA Project will be held 16-19
August 2013 at the University of California, Santa Cruz.
This workshop is ...

Posted May 21, 2013, 9:16 PM by Ji-hoon Kim

WGs | & IV Discussion Summary posted on the
New Workspace Page for Rockstar+yt Thank you
all very much for participating in the discussion on
"Rockstar and YT in the AGORA Project”. We had a very

Fruirtful Aicrnicecinn nn hnw tn tact tha nawact
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AGORA High-Resolution Simulation Comparison
Initial Conditions for Simulations

MUSIC* galaxy masses at z~0: ~10'9, 10! 10'2, 10'3 Mg

with both quiet and busy merging trees
isolation criteria agreed for Lagrangian regions

Dwarf spheroidals Dwarf-sized galaxies MW-sized Galaxies Ellipticals or Galaxy Groups
Halo virial mass at z = 0 ~ 101M.; ~ 10" M. ~ 10" M. ~ 10 M.
Maximum circular velocity ~ 30 kms~! ~ 90 kms~! ~ 160 kms™! ~ 250 kms™!
Selected merger histories || quiescent/violent at z > 0 | quiescent/violent at z > 0 | quiescent/violentatz > (0 | quiescent/violent at z > 2

Isolated Spiral Galaxy at z~1: ~10'2Me

Dark matter halo Stellar disk Gas disk Stellar bulge
Density profile Navarro et al. (1997) Exponential Exponential Hernquist (1990)
o, - -—l Vi — L ]2. . Vig = <, 10 ) . . . )
Physical properties P == 150 KIS -, Magg w10/ %310 7 Mg, s il Jeas = 20% | bulge-to-disk mass ratio B/D = (.1

Number of particles

o = 205.4 kp<:. c=10, A =0.04
10° (low res.), 10° (medium), 10’ (high)

10°, 10%, 107

ra=3.432 kpC. U~

O.II'd

10°, 108, 107

1.25 % 10%, 1.25 x 10°, 1.25 x 10°

* MUItiScale Initial Conditions Hahn & Abel (201 |)
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AGORA High-Resolution Simulation Comparison

Initial Conditions for Simulations
MUSIC galaxy masses at z~0:~10'0, 10!, 10'2, 10'3 Mg
with both quiet and busy merging trees
isolation criteria agreed for Lagrangian regions
Isolated Spiral Galaxy at z~1: ~10'2 Mg

Astrophysics that all groups will include
UV background (Haardt-Madau 2012)
cooling function (based on ENZO and Eris cooling)

www.AGORAsimulations.org

Tuesday, July 23, 13
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Gas cooling in the AGORA S|mulat|ons

102" §

Equilibrium cooling rates

normalized by n°H calculated
with the GRACKLE” cooling
library for H number densities

of 107° (red), 1072 (orange), 1
(yellow), 10 (green), and 10°

(blue) cm™ at redshifts z = 0,
3, 6, and 15.2 (just before the
UV background turns on) and
solar metallicity gas. Solid
lines denote net cooling and
dashed lines denote net
heating. The curves plotted
are made with the non-
equilibrium chemistry
network of H, He, H>, and HD
with tabulated metal cooling
assuming the presence of a
UV metagalactic background
from Haardt & Madau (2012).
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AGORA High-Resolution Simulation Comparison

Initial Conditions for Simulations
MUSIC galaxy masses at z~0:~10'%, 10!, 10'2, 10'3 M4
with both quiet and busy merging trees
isolation criteria agreed for Lagrangian regions

Isolated Spiral Galaxy at z~1,M ~ 10'°, [0'!, [0'2 Mg

Astrophysics that all groups will include
UV background (Haardt-Madau 2012)
cooling function (based on ENZO and Eris cooling)

Tools to compare simulations based on yt, available
for all codes used here (work in progress)

Images and SEDs for all timesteps from yt " Sunrise
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- Data management: Each participating codes will generate large quantities of
unprocessed, intermediate data, in the form of “checkpoints” describing the state of the
simulation at a given time. These outputs can be used both to restart the simulation and to
conduct analysis. We plan to store 200 timesteps equally spaced in expansion parameter in

addition to redshift snapshots at z =6, 3, 2, 1, 0.5, 0.2, 0.0 at the very least. For many
timesteps of simulations to be analyzed, central data repositories and post-processing
compute time will be available at the San Diego Supercomputer Center at the University of
California at San Diego, the new Hyades system at the University of California at Santa
Cruz, and/or the Data-Scope system at the John Hopkins University. Additionally, we plan to
reduce the barrier to entry for the simulation data by making a subset of derived data

products available through a web interface.”

- Public access: One of the key objectives of the AGORA project is to help interpret the
massive and rapidly increasing observational data on galaxy evolution being collected with
iIncreasing angular resolution at many different wavelengths by instruments on the ground
and in space. We intend to make simulation results rapidly available to the entire commu-
nity, placing computational outputs on data servers in formats that will enable easy
comparisons with results from other simulations and with observations.

- Multi-platform analysis: the common analysis scripts can be applied to analyze

outputs from grid codes and SPH codes. yt™ will be used to access and analyze data from
all of the simulation codes, enabling direct technology transfer between participants,
ensuring reproducible scripts and results, and allowing for physically-motivated questions
to be asked independent of the simulation platform.

*The first iteration of yt Data-Hub website is http://hub.yt-project.org/
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AGORA Task-Oriented Working Groups

Working Group Objectives and Tasks
T1 | Common Astrophysics | UV background, metal-dependent cooling, IMF, metal yields
T2 ICs: Isolated common initial conditions for isolated low-z disk galaxies
T3 ICs: Cosmological common initial conditions for cosmological zoom-in simulations
support yt and other analysis tools, define quantitative
T4 Common Analysis and physically meaningful comparisons across simulations
AGORA Science Working Groups
Working Group Science Questions (includes, but not limited to)

Isolated Galaxies and tune the subgrid physics across platforms to produce similar
S1 Subgrid Physics results for similar astrophysical assumptions
S2 Dwarf Galaxies simulate ~10'Y M halos, compare results across all platforms
S3 Dark Matter radial profile, shape, substructure, core-cusp problem
S4 Satellite Galaxies effects of environment, UV background, tidal disruption
S5 | Galactic Characteristics | surface brightness, stellar properties, metallicity, images, SEDs
S6 Outflows outflows, circumgalactic medium, metal absorption systems
S7 | High-redshift Galaxies cold flows, clumpiness, kinematics, Lyman-limit systems
S8 Interstellar Medium galactic interstellar medium, thermodynamics
S9 Massive Black Holes black hole growth and feedback in galactic context

Lya Absorption prediction of Lya maps for simulated galaxies and their

S10 and Emission environments including effects of radiative transter

Tuesday, July 23, 13
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AGORA Task Oriented Working Groups

To successfully commence the project and ensure the consistent comparison across different
codes, four task-oriented working groups are formed. Participants listed below are in an alphabetical
order and will be regularly updated according to the most recent results of the sign-up.

(1) Working Group | - Common Physics and Introduction to Project

- Task: Provide a common physics package for cosmological simulations, write a flagship paper
introducing the comparison project and its rationale
— Leader: Piero Madau

— Participants: Tom Abel, Greg Bryan, Daniel Ceverino, Nick Gnedin, Oliver Hahn, Cameron Hummels,
Ji-hoon Kim, Andrey Kravtsov, Mike Kuhlen, Piero Madau, Lucio Mayer, Daisuke Nagai, Ken Nagamine, Jose
Onorbe, Brian O'Shea, Joel Primack, Tom Quinn, Brant Robertson, Sijing Shen, Britton Smith, Romain
Teyssier, Matthew Turk, James Wadsley, [to be added]

- Description: We will provide a package of common physics for cosmological simulations.
Participants to the Project will agree to a minimal set of common input parameters, from the initial stellar
mass function to the metal yield, and to the ionizing ultraviolet background. Gas cooling tables as a
function of density, temperature, metallicity, and UV background (or redshift) will be provided over the next
six weeks or so to all Project participants for code implementation. We also aim to reach the first milestone

of this project by publishing a flagship paper on a proposed comparison, common physics, and common
analysis, in early 2013. [authored by Piero Madau]

(4) Working Group IV - Common Analysis

- Task: Develop a pipeline for common data analysis, write a research article introducing such
analysis

- Leader: Matthew Turk
— Participants: Nathan Goldbaum, Cameron Hummels, Chris Moody, Daisuke Nagai, Jose Onorbe, Joel
Primack, Britton Smith, Robert Thompson, Matthew Turk, [to be added]

— Description: This working group will focus on defining repeatable, quantitative and physically-
meaningful comparisons of simulation results. Additionally, tools will be identified and developed to
support making these comparisons. [authored by Matthew Turk]
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AGORA Science Working Groups

In order to achieve the astrophysics-based comparison of high-resolution galaxy formation
simulations, nine science-oriented working groups are formed. Each working group consists of
individual volunteers from interested codes. Each group aims to perform original research based on its
code comparison, and to produce a standalone journal article. The group leader is responsible for making
every effort to initiate and maintain the collaboration within the working group, online and offline.
Participants listed below are in an alphabetical order and will be regularly updated according to the most
recent results of the sign-up.

(1) Working Group V - Isolated Galaxies and Subgrid Physics

— Science Question: Common vs. favorite physics in isolated galaxy formation simulations

— Leader: Oscar Agertz and Romain Teyssier (co-leadership)

- Participants: Oscar Agertz, Samantha Benincasa, Daniel Ceverino, Ben Keller, Nick Gnedin, Nathan
Goldbaum, Javiera Guedes, Alexander Hobbs, Phil Hopkins, Amit Kashi, Ji—-hoon Kim, Andrey Kravtsov, Sam
Leitner, Nir Mandelker, Lucio Mayer, Ken Nagamine, Brian O'Shea, Joel Primack, Tom Quinn, Justin Read, Rok
Roskar, Wolfram Schmidt, Sijing Shen, Robert Thompson, Dylan Tweed, James Wadsley, [to be added]

(2) Working Group VI - Dwarf Galaxies in Cosmological Simulations

- Science Question: Simulate and compare a 101° Msun galactic halo across *all* participating codes

- Leader: Jose Onorbe

- Participants: Kenza Arraki, Greg Bryan, Javiera Guedes, Jason Jaacks, Dusan Keres, Ji-hoon Kim, Mike
Kuhlen, Ken Nagamine, Jose Onorbe, Brian O'Shea, Joel Primack, Justin Read, Emilio Romano-Diaz, Sijing
Shen, Christine Simpson, Matteo Tomassetti, Sebastian Trujillo-Gomez, Dylan Tweed, John Wise, Adi
Zolotov, [to be added]

(3) Working Group VIl - Dark Matter

- Science Question: Dark matter profile, distribution, substructure, core-cusp problem, triaxiality, etc.

- Leader: Mike Kuhlen

- Participants: Javiera Guedes, Mike Boylan-Kolchin, Mike Kuhlen, Piero Madau, Annalisa Pillepich, Joel Prima
Justin Read, Miguel Rocha, [to be added]
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(4) Working Group VIII - Satellite Galaxies

- Science Question: Environmental effects, UV background, tidal disruption, too-big-to-fail, etc.

- Leader: Adi Zolotov
- Participants: Javiera Guedes, Mike Boylan-Kolchin, Mike Kuhlen, Piero Madau, Lucio Mayer, Annalisa

Pillepich, Joel Primack, Justin Read, Miguel Rocha, Christine Simpson, Adi Zolotov, [to be added]

(5) Working Group IX - Characteristics of Cosmological Galaxies

- Science Question: Surface brightness, disks, bulges, stellar properties, metallicity, images and SEDs

generated by SUNRISE/yt, etc.
- Leader: Javiera Guedes and Cameron Hummels (co-leadership)
— Participants: Oscar Agertz, Daniel Ceverino, Maria Emilia De Rossi, Javiera Guedes, Cameron Hummels,

Jason Jaacks, Dusan Keres, Andrey Kravtsov, Sam Leitner, Lucio Mayer, Daisuke Nagai, Ken Nagamine, Brian
O'Shea, Joel Primack, Justin Read, Brant Robertson, Emilio Romano-Diaz, Rok Roskar, Sijing Shen, Britton Smith,

Robert Thompson, Matteo Tomassetti, [to be added]

(6) Working Group X - Outflows
- Science Question: Galactic outflows, circum-galactic medium, metal absorption systems, the effect of

AGN feedback, etc.

— Leader: Sijing Shen
— Participants: Greg Bryan, Daniel Ceverino, Colin DeGraf, Michele Fumagalli, Javiera Guedes, Alexander

Hobbs, Phil Hopkins, Cameron Hummels, Amit Kashi, Dusan Keres, Sam Leitner, Piero Madau, Ken Nagamine,
Justin Read, Wolfram Schmidt, Sijing Shen, Britton Smith, James Wadsley, [to be added]

(7) Working Group Xl - High-redshift Galaxies

— Science Question: Cold flows, clumpiness, kinematics, Lyman-limit systems, etc.

- Leader: Daniel Ceverino
— Participants: Oscar Agertz, Daniel Ceverino, Maria Emilia De Rossi, Jan Engels, Michele Fumagalli, Nick

Gnedin, Javiera Guedes, Jason Jaacks, Dusan Keres, Andrey Kravtsov, Mike Kuhlen, Sam Leitner, Piero Madau,
Ken Nagamine, Brian O'Shea, Joel Primack, Brant Robertson, Emilio Romano-Diaz, Sijing Shen, Robert

Thompson, Matteo Tomassetti, John Wise, [to be added]
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(8) Working Group XllI - Interstellar Medium

- Science Question: Interstellar medium, thermodynamics, etc.

- Leader: Sam Leitner

- Participants: Oscar Agertz, Daniel Ceverino, Charlotte Christensen, Nick Gnedin, Nathan
Goldbaum, Cameron Hummels, Amit Kashi, Dusan Keres, Andrey Kravtsov, Sam Leitner, Piero Madau, Lucio
Mayer, Ken Nagamine, Brian O'Shea, Brant Robertson, Emilio Romano-Diaz, Sijing Shen, Robert
Thompson, Matteo Tomassetti, James Wadsley, [to be added]

(9) Working Group XlIl - Black Hole Accretion and Feedback

- Science Question: Effect of black hole feeding and feedback on the evolution of galaxies (isolated and
cosmological) across participating codes, etc.

- Leader: Alexander Hobbs

- Participants: Colin DeGraf, Alexander Hobbs, Phil Hopkins, Amit Kashi, Ben Keller, Lucio Mayer,
Daisuke Nagai, Brian O'Shea, Justin Read, Romain Teyssier, [to be added]

(10) Tentative Working Group XIV - Lyman alpha absorption and emission

- Science Question: Lyman alpha absorption and emission predicted for simulated galaxies and their
environments across participating codes including effects of radiative transfer, including associated metal
lines, etc.

— Leader: Michele Fumagalli and Sebastiano Cantalupo (?)

- Participants: [to be added]

(11) Additional Working Groups - to be organized as needed

Online Collaboration

The leader of each working group is in charge of organizing the online collaboration via Google Sites, Skype,
EVO-SeeVogh, etc. One possible option is the newly-designed "Workspace" page on Google Sites. In the
new Workspace, each working group has its own page, and every registered collaboration member is granted a
full access to read and write. This page may be used as a simplest option to share the data.
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Examples of galaxy issues to be addressed by AGORA

- Feedback from SF and AGN - effects of different recipes, comparisons
with observations such as SF efficiency, high-velocity outflows, clumps

- How to solve the too-high SF at high z in intermediate-mass galaxies?

- What quenches star formation in galaxies above a characteristic central
density? Radio-mode FB? Cutoff of cold flows above Mnaio~1012 Me?

Environmental effects (satellite quenching, halo quenching)?

- Angular momentum differences between DM and gas, especially after
cooling and SF/FB are included?

- Producing as many bulgeless disk galaxies as observed?

- Effects of baryons on dwarf galaxies: core/cusp? TBTF problem?

- Why is Adiabatic Contraction important for EarlyTypeGs but not Spirals?
Maybe not even ETGs with

IR 5 l ‘ l i 1.4 bottom-heavy IMF

22 — Luminosity- Velomty

_j median Vcirc without AC

- L "‘ .
= | Relation \\ median Vcirc with AC
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e early type | cool & condense to halo
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18 — ; i Faber, Flores, & Primack 1986
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Examples of galaxy issues to be addressed by AGORA
- Feedback from SF and AGN - effects of different recipes, comparisons
with observations such as SF efficiency, high-velocity outflows, clumps

Observations show that about half of all star-forming galaxiesatz=1 -2
are clumpy

Most stars form in galactic disks, but 2/3 to 3/4 of stars today are in
spheroids. High-resolution ACDM simulations such as Bolshoi show that
there are not nearly enough major mergers to produce the observed
intermediate-mass spheroids. But semi-analytic models (SAMSs) find that
including violent disk instability (VDI) creating clumps that migrate to the
galactic centers produces the observed abundance and properties of
spheroids (Lauren Porter, Rachel Somerville, JP 2013).

The next several slides show how we create realistic images using our
Sunrise code and how we are comparising simulations and SAMs with
CANDELS observations...
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Sunrise Radiative Transfer Code

Patrik Jonsson

For every simulation snapshot: 8 Joel Primack
» Evolving stellar spectra calculation

» Adaptive grid construction

* Monte Carlo radiative transfer

» "Polychromatic” rays save 100x CPU time

» Graphic Processor Units give 10x speedup

) “Photons” are
— S

emitted and

4// / scattered/

absorbed
stochastically
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Spectral Energy Distribution
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Bassi computer; NERSC

ART hydro sims

Ceverino et al. 2010 Face-on

now running on NERSC Hopper-ll
and NASA Ames Pleiades supercomputers

W —’ Ly alpha blobs from same simulation
' 220

UDF 9759
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Z ~ 2 galaxies b .
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Fumagalli, Prochaska, Kasen, Dekel, Ceverino, & Primack 201 |
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What'’s the effect of including dust?

- with
‘s.. | dust .

Dramatic effects on

-Appearance

-Half-mass radii (bigger with dust)
-Sersic index (lower with dust)

o stars
| R i

only

. .
cemoody.imgur.com
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Ceverino+ VL6 Cosmological Zoom-in Simulation

Face-On Edge-On

V0LO6_a0.110_0000420_skipir_allrays7
z=8.1 ‘

NUV=-20.55 NUV=-20.42
U=-20.95 U=-20.74
V=-21.39 V=-21.14
J=-21.49 v J=-21.21
z=-21.47 . z=-21.19
' .
. .
- ‘ -8
.

Chris Moody
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The CANDELS Survey with new near-ir camera WFC3
GALAXIES ~10 BILLION YEARS AGO

Emergent Spheroids Emergent Disks Hidden Mergers

(H)

f
\

F160W

|
................................................................................

75W (1)

[ o

-

CANDELS makes use of the near-infrared WFC3 camera (top row) and the visible-light ACS camera (bottom row). Using these two
cameras, CANDELS will reveal new details of the distant Universe and test the reality of cosmic dark energy.

Hubble
Space

Telescope

CANDELS is a powerful imaging survey of the distant Universe being carried out with two cameras
on board the Hubble Space Telescope.

3 , with 802 assigned orbits of observing time. This
is the equivalent of four months of Hubble time if executed consecutively, but in practice CANDELS will
take three years to complete (2010-2013).

. , Installed on Hubble in May 2009.
WFC3 is sensitive to longer, redder wavelengths, which permits it to follow the stretching of lightwaves
caused by the expanding Universe. This enables CANDELS to detect and measure objects much farther
out in space and nearer to the Big Bang than before. CANDELS also uses the visible-light ACS camera,
and together the two cameras give unprecedented panchromatic coverage of galaxies from optical

wavelengths to the near-IR.
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Simulated
Galaxy

10 billion
years ago

as it would
appear

nearby to
our eyes

face-on edge-on &

as it
would
appear to
Hubble’s
ACS
visual
camera

as it
would
appear to
Hubble’s . o _ -
new WFC3
infrared
camera
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Our Simulations w/ Dust look a lot like galaxies
from 10 billion years ago that we see with
Hubble Space Telescope

HS HS

| CANDELS | Simulation “edge-on” CANDELS Simulation “face-on”

ERS-2701 w/ Dust w/o Dust ERS-1249 w/ Dust w/o Dust
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Our Simulations w/ Dust look a lot like galaxies
from 10 billion years ago that we see with
Hubble Space Telescope

LCANDELS | Simulatio ﬁ“edge-on’j CANDELS | Simulatio “face-on”’
ERS-2701 w/ Dust w/o Dust . ERS-1249 w/ Dust  w/o Dust

We are now systematically comparing
simulated and observed galaxy images
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AGORA “Flagship Paper” to be submitted to ApJS

ASSEMBLING GALAXIES OF RESOLVED ANATOMY (AGORA): A HIGH-RESOLUTION GALAXY SIMULATIONS
COMPARISON PROJECT

FOR THE AGORA COLLABORATION: ToMm ABEL!, OSCAR AGERTZ?, GREG L. BRYAN?, DANIEL CEVERINO?, CHARLOTTE
CHRISTENSEN", CHARLIE CONROY®, AVISHAI DEKEL’, NICKOLAY Y. GNEDIN28 NATHAN J. GOLDBAUM®, JAVIERA GUEDES?,
OLIVER HAHN’ ALEXANDER Homas’ PHILIP F. Hopxlxs“’“ CAMERON B. HUMMELSS FRANCESCA IANNUZZI‘2 DUSAN
l([:m:sl3 JI-HOON KlM" ANATOLY KLYPN” MARKR KRLMHOLZ(’ MlCllAEL KUllLLN"] SAMUELN LEITNER'S PIERO

MADAUS, LUCIO MAYER'®, CHRISTOPHER E. MOODY®, KENTARO NAGAMINE! 7, MICHAEL L. NORMAN'3, JOSE ONORBE!®, BRIAN
W. O’ Sm:A” ANNALISA PILLLPICH" JOEL R. PRIMACKZO JUSTIN 1. READ?, BRANT E. ROBERTSON?, DOUGLAS H. RUDD2 SIING
SHEN",BRWTO.\D SMITH!?, ALEXANDER S. SLALAYZl ROMAIN 'ILYSSl[,Rl ROBERT ruo\apsow” KEITA TODOROKI”,
MATTHEW J. TURK?, JAMES W. WADSLEY22 JouN H. WISEZ?, AND ADI ZOLOTOV 24

Draft version June 19, 2013

ABSTRACT

This paper introduces the AGORA project, a detailed comprehensive numerical study of well-resolved galaxies
within the ACDM cosmology. Cosmological hydrodynamic simulations with force resolutions of ~ 100 physi-
cal pc or better will be run with a variety of code platforms to follow the hierarchical growth, star formation his-
tory, morphological transformation, and the cycle of baryons in and out of 8 galaxies with masses M,;, ~ 10'Y,
10!, 1012, and 10'3 My, at z = 0 and two different (“violent” and “quiescent”) halo assembly histories. The nu-
merical techniques and implementations used in this project include the smooth particle hydrodynamics codes
GADGET and GASOLINE, and the adaptive mesh refinement codes ART, ENZO, and RAMSES. The codes will
share the common initial conditions and common astrophysics packages including photoionizing UV back-
ground, metal-dependent radiative cooling, metal and energy yields, and stellar initial mass function. These are
described in detail in the present paper. Their subgrid star formation and feedback prescriptions will be tuned
to provide a realistic interstellar and circumgalactic medium using a non-cosmological disk galaxy simulation.
Cosmological runs will be systematically compared with each other using a common analysis toolkit (yt), and
validated against a variety of observations to verify that the solutions are robust — i.e., that the astrophysical
assumptions are responsible for any success, rather than artifacts of particular implementations. The goals
of the AGORA project are, broadly speaking, to raise the realism and predictive power of galaxy simulations
and the understanding of the feedback processes that regulate galaxy “metabolism”. The initial conditions for
the AGORA galaxies as well as simulation outputs at different redshifts will be made publicly available to the
community. The results from a proof-of-concept test simulation of the formation of a ~ 1.7 x 10! M, halo by
9 different versions of the participating numerical codes are also presented.
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AGORA High-Resolution Galaxy Simulation
Comparison Project: Calendar

AGORA Kickoff Meeting: August 17-18-19,2012, at UCSC

Summer 201 3:;

UC-HIPACC Summer School on Star and Planet Formation
July 22 - August 9, at UCSC, directed by Mark Krumholz
(more info http://hipacc.ucsc.edu/ISSAC2013.html)

Santa Cruz Galaxy Workshop - August [2-16
(Students at the HIPACC summer school are welcome)

AGORA Workshop August 16-17-18-19 at UCSC
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