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Development of technique for 3D visualizations of global MHD simulation

# Fusako Isoda[1]; Ken T. Murata[2]; Keiichiro Fukazawa[3]; Yasubumi Kubota[4]; Kazunori Yamamoto[2]; Yusuke
Ebihara[5]; Satoko Saita[6]; Hidenobu Watanabe[4]; Kentaro Ukawa[7]; Kazuya Muranaga[7]; Yutaka Suzuki[8]; Osamu
Tatebe[9]; Masahiro Tanaka[10]; Eizen Kimura[11]
[1] ScienceService; [2] NICT; [3] RIIT, Kyushu Univ.; [4] NICT; [5] RISH, Kyoto Univ.; [6] ROIS; [7] SEC Co.,LTD; [8] SEC;
[9] Computer Science, University of Tsukuba; [10] CCS, Univ. of Tsukuba; [11] Medinfo, Ehime Univ.

The Virtual Aurora Tool, an application for three dimensional visualizations of MHD simulations, is developed based on the
AVS. The Virtual Aurora Tool is designed on interactive operation basis on the GUI mode. The command line mode is also
available to survey these data files. Users obtain a sequence of object files. By combining them a 3D profile of simulation resul
in 3D movie (GFA format) is made.

A Starting point must be identified at first by user in the simulation space to draw a magnetic field line. We can draw many lines
(-1000 lines) in the 3D movie. The 3D movie of the magnetic field lines, which should correspond to convection of magnetic
field lines, are created with combining each flame along with the time series. To create this 3D movie for convection, we trace
the movement of a point which is identified first by user. It is possible to assume the point as a fluid element.

The tracing technique to calculate the position of the identified fluid element in the next time step is as follows: we interpolate
to get a velocity vector at the point of the fluid element, then push the element with this vector value.

The authors examined several well-known phenomena concerned with the simple Earth magnetosphere dynamics in the Virtu
Aurora Tool to find that most of the phenomena consistent with typical physics of the magnetosphere: response of the magne
tosphere to the change of the Interplanetary Magnetic Field (IMF), reconnections of the Earth’s magnetic field lines and IMF,
magnetic flux lopes in a phase of a magnetospheric substorm and KH instabilities generated near sub-solar points.

To create such magnetic field convection 3D with high time resolution, it is needed to process a large amount of data set. Fc
speed-up of the visualization process, parallel processing with a distributed computer cluster is adapted on the NICT Scienc
Cloud. It enables the Virtual Aurora Tool to generate object files to compose 3D movies in extremely high speed. Due to the big
data processing technique of parallel processing with a distributed computer servers and storages attached with each server us
Pwrake with Gfarm file system, our processing time get shorter.

The Virtual Aurora Tool used to have limited functions in parallel and distributed processing. For example, the tool is unable
to generate object files to draw spheres which represent the movements of the fluid elements and to draw magnetic field line
with a color scale by user-selected parameter. Another serious problem was a limitation of magnetic field line tracing function:
a magnetic field line moving out of the simulation area cannot be correctly traced.

We recently have fixed the problems discussed above. A long-time and big data processing by using parallel and distribute
system to express tracing of the magnetic field lines and fluid elements are available. The total file size for 1 hour event reache
15TB (7200files2.3GB, 7200 steps or files, corresponding to the 1 hour event in the MHD simulation). The processing of such
big data takes in a day after our development. This development is crucial for our researches since we can carry out try-and-err
studies.

As a result of present development, behaviors of plasma particles coming from the solar wind or the inner magnetosphere al
able to be estimated visually on the assumption that the fluid elements represent plasma particles. Also, colorings to magnet
field lines or fluid elements with user-selected physical parameters, such as temperature or velocity, help us to understand phy:
cal processes or mechanism in the Earth’'s magnetosphere.

We should be careful in treatment of the magnetic field lines and fluid elements. It is because the frozen-in of plasma in &
magnetic field line is occasionally broken in some regions (diffusion region).

In our presentation, developed functions will be presented with examples of an event called Galaxy 15, which occurred on 5tt
April, 2010.
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