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Abstract :  

Using the SDvision 3D visualization software developed 

within the framework of IDL Object Graphics at CEA/IRFU, we 

have visualized the travel of charged particles in the IFMIF-

EVEDA accelerator.  

Simulations visualized here were made for a beam composed 

of 1 million macroparticles. To ensure that beam losses do not 

exceed 1W/m in the high energy part, simulations with 

4,000,000,000 particles were performed, which lasted several 

weeks using fifty processors in parallel. 

Stereoscopic video sequences in 3D were achieved at IRFU 

and a 15-minute movie has been realized for outreach purposes. 
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I.  INTRODUCTION  

 

The EVEDA (Engineering Validation and Engineering 

Design Activity) linear accelerator [1] is being studied and 

constructed in Europe, to be installed in Japan. It accelerates 

Deuteron particles to the energy of 9 MeV. It is the full scale 

prototype of the first phase of the IFMIF (International Fusion 

Materials Irradiation Facility) project. IFMIF is a Europe-

Japan joint project aiming at constructing an accelerator-based 

neutron source, the world's most intense one, dedicated to 

study materials that must withstand the intense neutron flux 

coming from the fusion plasma of future tokamaks. Tokamaks 

are the nuclear fusion reactors capable of producing energy in 

a similar way as in the Sun's core. 

Beam transport codes are used to perform simulations of 

the particle beam behavior within the accelerator. Usually, 1 

million macroparticles are simulated. To ensure that beam 

losses do not exceed 1W/m in the high energy part as required, 

simulations with 4,000,000,000 macroparticles were also 

performed, lasting several weeks when using fifty processors 

in parallel. That produces a huge amount of data to be 

analyzed. Visualization tools are used for validation, analysis 

and interpretation of the results.  

Using the SDvision 3D visualization software developed at 

IRFU, we have visualized the travel of particles within the 

IFMIF-EVEDA accelerator.  

Stereoscopic video sequences in 3D were achieved and a 

15-minute movie has been realized for outreach purposes. 

 

 

Fig. 1 Three dimensional view of the IFMIF accelerator 

II. THE SDVISION VISUALIZATION INTERFACE 

 

The complete graphical interface named SDvision has been 

developed at CEA/IRFU in order to analyze the large 

astrophysical simulation datasets produced in the context of 

the COAST (Computational Astrophysics) [2,6] project; this 

tool has been adapted for the IFMIF-EVEDA simulations 

issues, and the purpose of this paper is to show how the 

SDvision code was able to process the data to get accurate 

visualization results. 

  The SDvision [3,4] software consists in 90,000 lines of 

code deployed in the IDL Object Graphics framework [5]. 

 It can be used to visualize scalar fields in a number of 

ways: isosurfaces reconstruction, volume rendering by ray-

casting, slicing, and also vectorial fields or in this case 

scatterplots..    

 Its primary objective is to provide means to interactively 

visualize the three dimensional numerical simulations 

produced as part of the COAST project. The code relies on the 



use of IDL Object Graphics, a collection of pre-defined object 

classes, each of which is designed to encapsulate a particular 

visual representation and supports OpenGL-based hardware 

accelerated graphics, as well as pure software rendering 

SDvision can be used to produce high-resolution snapshot 

images up to 8192x8192 pixels and videos, including 

stereoscopic movies for standard dual display system or auto-

stereoscopic screens relying on eight parallel points of view. 

 

 

Fig. 2  What would look like the particle beam inside the accelerator if we 
took a picture of the whole. The colors show the particle energy growing from 
100 keV, black, up to 9 Mev, red. 

III. PARTICLE BEAM VISUALIZATION 

A. Views of the beam inside the accelerator 

 

 

 

 

Fig. 3 Two views of the beam. Top: in progress within the accelerator tube, 
Bottom: at the accelerator end. 

Simulations were made with a million particles, which need 
some tens of hours computing, using TraceWin, an IRFU beam 
transport code [7]. The visualization itself takes some hours 
computing with the SDvision code. Visualization is needed to 
analyze in details the results in each part of the accelerator. The 
resulting video was shown at IFMIF international workshops. 

It is also a good support for outreach and is permanently shown 
on a 3D TV in a special showroom of our institute [8]. 

 

B. 3D histograms 

 

 

 

Fig. 4   3D histograms of angles planes 

 

3D images allowed to visualize the beam in the real 3-
dimensional space, x, y, z: horizontal, vertical and longitudinal.  

 But the accelerator beam is moving in the six-dimensional 
space, comprising the positions and angles x, x', y, y' and z, z' 
for each particle.  We must look more closely at these exotic 
planes as shown in the "hats" in Fig. 4 which can reveal 
resonances of 3rd, 4th or 5th order between the different 
planes. 

We can completely understand the behavior of the beam 
only by looking at this 6-dimensional space. 
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