Mem. S.A.It. Vol. 80, 408 © SAIt 2009 Memorie della

ITVO and BaSTI: databases and services for cosmological and stellar models

P. Manzato^1, M. Molinaro^1, F. Gasparo^1, F. Pasian^1, A. Pietrinferni^2 , S. Cassisi^2,

C. Gheller^3, S. Ameglio^4, G. Murante^5, and S. Borgani^4

1 INAF-Information System Unit/Trieste Astronomical Observatory, v. Tiepolo 11, I-34143 Trieste, Italy, e-mail: manzato@oats.inaf.it 2 INAF-Collurania Astronomical Observatory, v. M. Maggini 64100 Teramo, Italy 3 CINECA - v. Magnanelli 6/3, I-40033 Casalecchio di Reno (BO), Italy 4 Dipartimento di Astronomia dell’Università, v. Tiepolo 11, I-34143 Trieste, Italy 5 INAF-Torino Astronomical Observatory, St. Osservatorio 20, I-10025 Pino Torinese, Italy

Abstract. We have created a database structure to store the metadata of different types of cosmological simulations (Gadget, Enzo, FLY) and the first relational database for stellar evolution models BaSTI, it includes tracks and isochrones computed with the FRANEC code. We are also studying the feasibility of including different sets of theory data and services in the Virtual Observatory (VObs). Some examples of services are: the calculation onthe-fly of the profiles of some quantities for the simulated galaxy clusters, the preview of the object image opened with a VObs tool and retrieve a VOTable standard format. Furthermore, the BaSTI database development is the use case for studying the feasibility of storing in it the output of new simulations performed using the Grid infrastructure as demonstrating in the VO-DCA WP5, EU funded project. All that could be matter of discussion between the tool developers and the users, the scientists.

Key words. Virtual Observatory: archives - Cosmology: simulation - Stars: evolution model - Stars: tracks - Stars: isochrones

1. Introduction

This work has been conduced within the Italian Theoretical Virtual Observatory (ITVO) project (Pasian et al. 2006), which aims to register these theoretical data under the Virtual Observatory standard^1 and provide a set of standard tools able to visualize and analyze observational and also theoretical data. So the

Send offprint requests to: P. Manzato 1 See Hanisch & Quinn 2003, http://www.

ivoa.net/pub/info/ idea of the Theoretical Virtual Observatory (TVO) was born to develop standards and tools for simulated data in common with the observational ones. The challenge is to develop and supply to the community a set of services for data handling by providing a user-friendly access to a huge amount of heterogeneous data and also an optimized way to process and analyze these data in a distributed environment.

The main purpose of the TVO is to create a distributed database of simulated data accessible from anywhere in an easy and transparent

Manzato et al.: ITVO and BaSTI: DBs and services for simulations 409

way, and to include some services to allow the user to visualize data, download them and extract information from them.

A simulation archive can include an extremely large amount of data; this implies strong difficulties in analyzing and moving these kind of data, especially cosmological simulation data. Therefore it is important to develop a system that analyses the data where they are stored. We have built a software layer that can easily allow us to handle data.

We have built a set of value-added services accessible online via Web portals. Providing these services makes our databases the first resource allowing direct comparison of simulated datasets with observations: we provide the creation on-the-fly of maps and graphics of various quantities, the maps are searchable via Aladin tools in common with observational data, for the stellar data we have a isochronetracks extractor; a luminosity function calculator; a synthetic color / magnitude diagram is a fundamental tool to interpret observations of resolved or unresolved stellar populations (stellar population synthesis program).

2. ITVO structure

The ITVO schema project structure contemplates a set of distributed archives and databases and also Web portals for the data access that can use many infrastructure and services.

In detail:

1. Archives contain the output files of the simulation;

2. Databases contain the metadata of the simulation that should include all the parameters to perform the run and not only the physical ones;

3. Data Access: it could be performed via Web portals or Web services or in future via Grid infrastructure, allowing to create on demand new simulated data.

Fig. 1. The ITVO Structure: archives, databases and Web portals

3. Cosmological simulations - ITVO database and Web portal

We built a cosmological relational database that has been designed to store all kinds of cosmological simulations. We used an Oracle 10g^2 relational DB, whose query engines allow the user to make complex queries in a standard language, Simple Query Language (SQL), which is also the standard query language used by many tools developed under the IVOA standards.

As a test-bed we started to deal with three different simulations. The first one is a large cosmological hydrodynamic simulation (Borgani et al. 2004), which used the massively parallel tree N-body/SPH code GADGET-2.0 (Springel et al. 2001) to simulate a concordance Lambda CDM cosmological model within a box of 192h^{−1}Mpc. The cosmological parameters assumed were Ω_m = 0.3, Ω_b = 0.04, H_0 = 70kms^{−1} Mpc^{−1} and σ_8 = 0.8. This simulation regarded star formation, radiative cooling, metal production and galactic wind. It produced 102 snapshots for a total amount of approximately 1.2 TB of raw data.

The second simulation is an AMR (Norman & Bryan 1999), grid-based hybrid code (N-Body + hydrodynamic), designed to simulate the cosmological structure for-

2 The Oracle Web site is found at http://www. oracle.com

410 Manzato et al.: ITVO and BaSTI: DBs and services for simulations