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Our$view$of$the$distant$Universe:$

Hubble$Ultra6deep$Field$



Is$the$visible$
material$all$
there$is?$
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Dark%Cosmology%

%
Much%more%gravity%than%we%would%
expect:%%%

➡ %Dark%Ma;er%(27%)%



%
Galaxies%moving%apart%faster%and%
faster:%

➡ %Dark%Energy%(68%)%

New%Physics,%beyond%the%Standard%Model%
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Observa(on+and+Theory+interplay+

Dark+ma7er+and+dark+energy+have+predictable+effects+on:+
•  Cosmic+Microwave+Background++
•  Pa7erns+of+galaxies++
•  Bending+of+light+in+Universe+
•  Brightness+of+supernovae++

➡ +Measure+these+effects+in+our+large+surveys+
➡ +Compare+with+theories+and+simula(ons+containing++++++++
dark+Physics+

The$Nobel$Prize$$
in$Physics$2011+
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Top Scientific Objectives

The two highest level questions in the field are the following: 

• Is cosmic acceleration caused by a breakdown of Einstein General Relativity  on 
cosmological scales, or is it caused by a new energy component with negative pressure 
("dark energy") within General Relativity? 

• If the acceleration is caused by "dark energy," is its energy density constant in space and 
time and thus consistent with quantum vacuum energy or does its energy density evolve 
in time and/or vary in space? 
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From%surveys%to%measurements%of%dark%physics%
%
➡ %%Measure%sta6s6cs%of%galaxy%proper6es%in%large%surveys%
➡ %%Compare%with%predic6ons%for%par6cular%dark%energy%physical%values%

e.g.%Baryonic%Acous6c%Oscilla6ons%(BAO):%

Measure%correla6on%func6on%of%galaxy%posi6ons%–%BAO%peak%is%found%at%
a%physical%scale%that%depends%on%dark%energy!%



SDSS-
IV 

Large Survey Projects 

COre/PRISM Euclid 

Planck 

eRosita 



Table B2.1: [S] designates a spectroscopic redshift survey, [I] an imaging survey and [R] a radio survey. 

!
!

Projects Status Ref. 
[S] VIPERS 2009-2015 http://vipers.inaf.it/ 
[S] SDSS-III/BOSS 2009-2014 http://www.sdss3.org/surveys/boss.php 
[I] DES 2012-2017 http://www.darkenergysurvey.org/ 
[I] VST/KIDS 2011-2016 http://kids.strw.leidenuniv.nl/!
[I] eROSITA 2015-2020 http://www.mpe.mpg.de/erosita/ 
[S] HETDEX 2015-2017 http://hetdex.org/ 
[S] SDSS-IV/eBOSS 2014-2020 http://www.sdss3.org/future/eboss.php 
[I+S] Euclid 2020-2027 http://sci.esa.int/euclid/ 
[S] DESI 2018-2022 http://desi.lbl.gov/ 
[I] J-PAS 2015-2020 http://j-pas.org/  
[S] 4MOST 2019-2024 http://www.4most.eu/ 
[I] VISTA-VHS 2010-2017 http://www.vista-vhs.org/ 
[I] iPTF 2013-2015 http://ptf.caltech.edu/iptf/ 
[I] ZTF 2016-2020 - 
[I] LSST 2023-onwards http://www.lsst.org/ 
[R] LOFAR 2013-2018 http://www.lofar.org/ 
[R] Meerkat SKA-Pathfiner 2016-onwards http://www.ska.ac.za/meerkat/ 
[R] SKA 2019-onwards http://www.skatelescope.org/ 
[R] CMB (COrE/PRISM) Proposal http://www.prism-mission.org/ 
[R] PLANCK 2009-2014 http://sci.esa.int/planck/ 

Dark Energy racing season has started! 

2021
2019



Large Scale Structure Spectroscopic Surveys
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Europe'is'leading'the'effort'in'providing'large'numerical''
simula5ons'for'cosmological'large'surveys.''
'
'

Simula5ons'calculate'consequences'of'dark'physics'

We provide cosmological simulations for large surveys  
www.skiesanduniverses.org 



Rodríguez-Torres et al. 2016

Power spectrum from the BigMD-BOSS light cone and the BOSS CMASS sample at z=0.5
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The	Uchuu	Project



The	Uchuu	Collaboration
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Collaboration Core Members:

Bruno Altieri, ESAC, Spain (*)
Sofia Cora, Institute of Astrophysics of La Plata, Argentina (*)
Darren Croton, Swinburne University, Australia (*)
Tomoaki Ishiyama, Chiba University, Japan (*)
Eric Jullo, LAM, France (*)
Anatoly Klypin, Virginia University, USA (*)
Ben Metcalf, Bologna University, Italy
David Millan, IAA-CSIC, Spain
Francisco Prada, IAA-CSIC, Spain (*)
Manodeep Sinha, Swinburne University, Australia
Taira Oogi, Kavli IPMU / University of Tokyo, Japan
Cristian Vega-Martínez, University of La Serena, Chile 

(*) members of the Collaboration Board (CB); 
    CB Chairs: Tomoaki Ishiyama and Francisco Prada



Our	Team	Expertise	on	
Computational	Cosmology

• 160	years	of	experience	on	cosmological	simulations	and	virtual	
observations:	

							-	ART,	GreeM3,	GLAM	N-body	codes	

								-	MultiDark,	GLAM,	ν2GC	suite	of	simulations	(data	and	products)	

								-	SAGE	&	SAG	semi-analytical	models	of	galaxy	formation	

								-	Gravitational	lensing	maps	generation	

• 60	years	of	experience	building	publicly	available	databases	and	data	
platforms	for	cosmological	simulation	products	and	virtual	laboratory	that	
host	mock	observations	for	massive	galaxy	survey	data	(SDSS,	DESI,	Euclid)		

								-	MultiDark	Simulations	Database	(www.cosmosim.org)	
								-	Skies	&	Universes	(www.skiesanduniverses.org)	

								-	Theoretical	Astrophysical	Observatory	(https://tao.asvo.org.au/tao/)	
							 �14



HPC	Simulations	of	the	Universe

�15Credit: A. Kravtsov



�16Credit: A. Kravtsov
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Supercomputer Astronomy: The Next Generation

Uchuu is a simulation of the formation of the Large Scale Structure of the Universe based on the 
mutual gravitational interactions between the dark matter particles, and it can resolve smaller 
features to depict the Universe in greater detail.

2,097,152,000,000
two trillion particles!

Uchuu Parameters

Run	with	GreeM3	N-body	code		
by	Tomoaki	Ishiyama

40,000 CPU hours 
Exclusive used over 48 hrs / month 

July 2018 - October 2019

4 PB of raw data!



�18Uchuu Slice
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Mass function of dark matter halos  
at different epochs

Power spectrum of matter density  
at present epoch
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To store and allow analysis with about 300Tb of data:

- 2 (out of 50) outputs of all particles (128Tb)
- 50 snapshots of halo catalogs (1Tb each)
- 50 snapshots of MergingTrees (1Tb each)
- 50 snapshots of semi-analytical models (1Tb each)
- Gravitational Lensing Maps and Catalogs (20Tb total)

Uchuu Products on the Cloud



#cococapitanwritting



�22www.cosmosim.org

Dissemination of the data to the public: Our operational developments

MultiDark Project 
&  

AIP-Potsdam 
(German VO)

SQL queries



�23www.skiesanduniverses.org

IAA-CSIC 
& NMSU

Files  
repository
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tao.asvo.org.au

Swinburne

Cloud  
oriented



�25http://www.illustris-project.org

A web-based interface (API) 

Other simulation public platforms
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CosmoHub: See following Talk!
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CosmoHub: See following Talk!

CosmoHub portal uses the Apache Hive infrastructure, which provides a very fast 
data query and is built on top of Hadoop
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Our vision for Uchuu in the Cloud @ EOSC  
(NEED YOUR FEEDBACK & HELP!)

- Previous examples (TAO, CosmoHub) provide a convenient 
interface for “SQL” queries and allow preview the catalogs you are 
building with online plot generator


- Do we want the users to be able to carry out a certain set of pre-
defined actions in the Cloud or do we want them to able to run 
arbitrary analysis snippets? 


• Uchuu @ EOSC requires the latter


• Technologies? Spark, Vaex …


• Cloud platform with necessary computing and storage 
resources (RAM is key 2TB, 128 cores, 500TB storage)


• Legacy: Long live preservation (critical)
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http://vaex.astro.rug.nl/

https://vaex.io

https://vaex.readthedocs.io/



• Uchuu is coming public on Spring 2020 
• Need desperately your HELP!

Remarks

Obrigado!
Grazas!
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