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Abstract. A high end visual display for High Energy Nuclear Physics (HENP) detectors is necessary because of the sheer size and complexity of the detector. For BNL this display will be of special interest because of STAR and ATLAS. To load, rotate, query, and debug simulation code with a modern detector simply takes too long even on a powerful work station. To visualize the HENP detectors with maximal performance we have developed software with the following characteristics. We develop a visual display of HENP detectors on BNL multiprocessor visualization server at multiple level of detail. We work with general and generic detector framework consistent with ROOT, GAUDI etc, to avoid conflicting with the many graphic development groups associated with specific detectors like STAR and ATLAS. We develop advanced OpenGL features such as transparency and polarized stereoscopy. We enable collaborative viewing of detector and events by directly running the analysis in BNL stereoscopic theatre. We construct enhanced interactive control, including the ability to slice, search and mark areas of the detector. We incorporate the ability to make a high quality still image of a view of the detector and the ability to generate animations and a fly through of the detector and output these to MPEG or VRML models. We develop data compression hardware and software so that remote interactive visualization will be possible among dispersed collaborators. We obtain real time visual display for events accumulated during simulations.

Introduction

In this paper we discuss the construction of general high end visualization tools for HENP detectors and data.

The BNL visualization server is a multiprocessor SGI Onyx2 graphics supercomputer with the ability to smoothly visualize large data sets with optimized performance and advanced OpenGL features. Such systems are unusual in HENP and too expensive for small institutions but are beginning to appear in central locations such as CERN and Fermilab. It is important that the facility be in close proximity to the experimental data to avoid slow down from the transfer of large data sets. 

Modern detectors like STAR and ATLAS have several groups designing graphics software specifically for the detector. To achieve maximum value to these groups and to avoid porting many independent applications to the BNL visualization server we shall work in as general and generic framework of detector design as possible. The code should be able to read STAR and ATLAS or other experiment’s detectors in the same framework using a translation of descriptive GEANT geometry. 

Our focus will be on optimizing and enhancing the OpenGL performance for high end graphics on the BNL visualization server. In addition the ability of the BNL visualization server to drive a sophisticated stereoscopic visualization system is very helpful in understanding the depth information for the detector. This is not gratuitous use of stereo. With a flat display it can be difficult to judge spatial relationships between tracks and events, not to mention subtle but important effects such as resolution tails, tracks, etc. 

Visualization is extremely important for debugging detector simulation codes. The complexity of the modern detector is enormous. Simply viewing several levels of structure together with tracks through these levels will bring even powerful workstations to a standstill. Also interactive visualization is necessary to view the effects of changes in the code.

VisualizationS 

The visualizations are illustrated with the accompanying figures. In Figure 1 the stereoscopic visualization of the STAR detector at RHIC is depicted. In this case stereoscopy was achieved through two separate BARCO projectors, one for the left eye and one for the right. Polarized filters are placed over the projectors and the image is rear projected through a special screen that preserves polarization. The viewer wears inexpensive polarized glasses to observe the stereo effect. Theoretical simulations of the formation of the quark gluon plasma in gold on gold collisions can be observed in theatre as well [1].

In Figure 2 the visualization of the ATLAS detector for the LHC is shown. This detector is a thousand times as complex as STAR and will be used to explore physics beyond the Standard Model. The visualization represents an exploded view of the detector so that the internal structure becomes visible. It is also possible to merge the detector with event simulators as  we are working with a OpenGL viewer from the ROOT physics data analysis package [2].

In Figure 3 we show the visualization of actual gold on gold collisions at RHIC. The color indicates level of ionization with higher values toward red and lower values toward blue. Over a thousand tracks are represented here interpolating through sixty thoudand hits in the STAR detector.  The viewer is the examiner display from OpenInventor which has several nice features including stereo, transparency and clipping controls. OpenInventor is a visualization toolkit originally developed at SGI and has recently been made open source by them. Specialized classes for high energy physics have been developed from the HEPVIS project [3].

Conclusion 

In summary, we have developed a general high end visual display for detector and simulations on the multiprocessor visualization server at BNL. 

[image: image1.png]o oo





Figure 1. STAR detector interactive stereoscopic display.
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Figure 2. Atlas detector with 20 million distinct elements. Three levels of detail are shown.
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Figure 3. STAR event of RHIC collision. Display of event is through OpenInventor.
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