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ABSTRACT

MASTER
The simulation community has for many years discussed the possibility of

direct conversion of geometrical detector models from computer-aided design and
engineering systems (CAD systems) to the simulation packages (which we shall
assume means GEANT). This would allow fast and simultaneous optimization of the
physics performance and structural integrity of detector designs. The benefit that this
would offer is the avoidance of such problems as the late discovery of the rather thick
cryostats in the D-Zero detector. Recent progress in the absorption of CAD
geometries into GEANT models is reviewed. Including descriptions of the additions to
the I-DEAS solid modeller package developed for the EMPACT SSC proposal, the
COGENT CAD-to-GEANT interpreter developed by Quantum Research Services, and
Ihe OCTAGON package tor representing arbitrary shapes in GEANT. Likely future
directions of development are described.

1. MOTIVATION

The large, elaborate detectors to be constructed for experiments at future hadron colliders will
need careful modelling and simulation of many important features of the design. In the past decade,
the design of large detectors systems has usually proceeded something like the schematic shown in
Figure 1.

Firstly engineers have designed the structural elements of the system, following general
guidelines from physicists. The goal is to have a system which will support itself, satisfy the laboratory
salely committee, and be able !o be assembled without collapsing. The guiding information from the
physicists would usually include such admonitions as "don't put too much material in front of the
calorimeter", or "make this part as thin as possible", but detailed analysis of the engineering design has
had to wait until blueprints were produced by the engineers. At this point, the physicists would make
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back-oMhe-envelope calculations, and if things looked reasonably satislactory, would proceed to
model the preferred detector design using a simulation program — nowadays almost always GEANT.
The geometrical details would have to ue entered again by hand, olten by taking a ruler and scaling
from the engineering blueprints, then typing these numbers into a computer. Particles would then be
run through the GEANT model ol the detector, and its potential physics capability assessed, with the
possibility ol design changes being required if the capability is less than expected.

The disadvantages with this approach stem from its slowness. It can take months or even years
from the appearance of a realistic engineering design to the point where it has been explored by
physicists. This makes it impractical lor the tight schedules required of SSC and LHC detectors, it is
prone to leave experiments locked into a non-optimal geometry, simply because it was discovered too
late. An example of the latter effect is the region between the central and endcap calorimeter cryostats
in the D-Zero detector at the Fermilab Tevatron collider. There is a great deal of uninstrumented
material in the form of cryostat walls and supports between pseudorapidities of 0.8 and 1.4 This h*s
the effect that the average energy recovered in "live" calorimetry tor jets which point into this region is
only about half what is recovered for jets pointing toward clean regions of the detector. To avoid
ruining the missing py sensitivity of the detector, extra instrumentation has had to be added in the form
of massless gaps and scintillators. The detector now performs satisfactorily, but the need to add the
extra elements should have been avoided through better design.

In the 1990's we can transform the process of design, by taking advantage of the (act that
cheap'and readily available computer aided modelling systems are becoming commonplace. These
systems help in the des;gn ot detectors and much use is already being made of them. We therefore
suggest that one shou'J attempt to integrate the computer-aided modelling and the physics simulation
models of the detector. Such a "CAD-to-GEANT" interlace would enable the design to be optimized
for physics at the same time as it is optimized structurally, thus eliminating the design bottleneck. The
sophisticated graphical interlaces of many CAD systems also hold out the promise o( a very user-
friendly way of creating a GEANT detector model.

As was noted by Larry Price in his introductory talk at this Workshop, the high energy physics
community has realized the desirability of this interface at least since the Argonne workshop in 1987. It
is my pleasure to be able to report now on some concrete results in this direction.

2. COMPUTER AIDED MODELLING

Firstly is is useful to appreciate the starting point of the translation: the "CAD", or more properly
computer aided modelling, system. Computer aided design and modelling tools come in many
varieties from a large number of vendors. Unfortunately most are mutually incompatible. One may
divide them broadly into two classes: solid modellers and CAD systems.

Solid modellers tend to be engineering-oriented systems. They build structures out of pieces
of solid material with real physical properties (elastic modulus, thermal conductivity), and usually offer
interlaces to a variety of other programs of engineering interest such as stress calculations, thermal and
fluid flow, magnetic field analysis, etc. They are often relatively expensive and require sophisticated
hardware (such as color Tektronix terminals or graphics workstations). An example of such a package is
I-DEAS irom Structural Dynamics Research Corporation. Figure 2 shows the sort of detailed detector
model that can be constructed with this software: this is a view of a design study of a hermetic liquid
argon calorimeter undertaken by Martin Marietta.

By contrast, CAD systems are more draftsman-oriented. They build structures out of lines and
arcs, with the primary aim of making working drawings or blueprints. They seldom deal in solid materials
with properties, so a cube, for example, may be defined only by its 12 edges. They are however
relatively cheap and usually run on simple hardware such as IBM-PC (or clone) or Macintosh machines.
Examples are AutoCAD and Versacad. Figure 3 shows a screen from a Macintosh running Versacad
indicating how the objects are built up from lines, controlled by the mouse.

There are a number of interchange formats defined to enable different applications to share
information. An example is DXF, an ASCII file format. These are supported by many systems but tend



to be a "lowest common denominator" — the solid modeller information on materials, for example, gets
tost upon conversion to DXF format.

3. CAD-TO-GEANT INTERFACE SOFTWARE

A number of initiatives aimed at providing CAD-to-GEANT interfaces will be reviewed below.

EM PACT Ray Tracing Tool

This software tool aims at incorporating some features of physics simulation within an
engineering design system, rather than at being a real interface to GEANT. It was developed as part of
the calorimeter design work at Martin-Marietta undertaken as for the Generic SSC R&D program, and
subsequently for the EMPACT proposal. A particle tracking tool was added to the I-DEAS solid
modeller package. The tool also incorporates an algorithm for estimating the effect of uninstrumented
material and leakage on calorimeter resolution. This algorithm has been described elsewhere [1] and
seems to be reasonably accurate for our purposes. The program runs on VAX or silicon graphics
workstations. Licenses for the use of I-DEAS for research purposes at universities ere currently
avialble for under $10,000 per year. I-DEAS is also the Fermilab standard CAD system.

An example of the uselulness ol this approach is in the comparison of dildferent possible
endcap cryostat head wall contigurations lor the liquid argon calorimeter in the generic R&D study.
Possible endcap configurations included flat walls, ellipsoidal walls, spherical shells, stayed shells etc.
By tracing rays through the 3D model of the detector and estimating the elfect of the dead material on
energy resolution, the physics potential ol each design was estimated concurrently with the
engineering stress analysis that was also required. This is shown schematically in Figure 4.

COGENT

COGENT is a CAD-to-GEANT interface program developed by Quantum Research Services
under the US Department of Energy's Small Business Innovative Research program. It takes as input a
DXF exchange format tile (generated for example by AutoCAD running on a 386 PC clone). It performs
pattern recognition on the lines in the file and constructs the following GEANT shapes if they are
present:

• rectangular parallelepiped (BOX)
• parallelepiped (PARA)
• solid rod or hollow cylinder (TUBE)
• truncated solid rod or hollow cylinder (TUBS)
• right trapeziodal prism (TRD1)
• sphere (SPHE).

These shapes are recognized either in a 3 dimensional representation (using extrusions in the
z direction) or from multiple projections (a 2 dimensional representation). The GEANT shape
parameters are extracted by COGENT alter it has recognized the shapes and are used to create
GEANT subroutine calls which are output. Translations and rotations are determined from the center of
a global mother volume which contains all the shapes. Figure 5 shows a schematic of the COGENT
shape interpreter process, and figure 6 and example of a simple geometrical model which can be
decoded and translated into GEANT.

COGENT runs on a PC clone under a graphical user interface which makes it very user-
friendly. It is written in C and is machine independent except for some error handling, so should be
easy to port if required.

COGENT as it now stands was planned as the first stage of a two-stage project leading
eventually to a much more general tool, able to recognize any valid GEANT shape. Unfortunately the
second phase has not so far been funded by DOE. If funds are forthcoming, the future development
of this program will involve support for all vaild GEANT shapes, the addition of a materials library, and



introduction ol geometrical verification (overlap checking) and a shape translation capability lor non-
GEANT shapes based on subdividing them.

OCTAGON

OCTAGON is a CAD-to-GEANT inlerface program developed at the Supercomputer
Computations Reseach Institute, Florida State University. It is not intended to solve the problem of
Iranslating entire detector geometries from CAD to GEANT but is intended to deal with small arbitrary
shaped components of the detector which are easy to create in the CAD system but hard to encode in
GEANT. An example is the "dogbone" shown in figure 7, which is used to join modules of the D-Zero
central EM calorimeter.

OCTAGON uses the "Octree" approach (a recursive eightfold division of space) to divide an
arbitrary volume into bricks, and constructs the GEANT model out ol these small bricks (each a GEANT
BOX) The conversion can be performed to whatever spatial precision is desired, though finer
precision requires more eventual BOXes. Its input is currently a DXF file which is 'scanned' to
determine the material inside each elementary volume (rather like a "pixel" in space). This scan is used
to build !he octree, the octree is then positioned inside a GEANT mother volume, and the necessary
GEANT subroutine calls are generated as output. This program is described in much more detail in
Peter Dragoviisch's talk in these proceedings [2],

An AutoCAD GEANT Shape Editor

Many CAD systems have now started to add solid modelling features. For example, AutoCAD,
the industry leader, has unveiled release 11 which includes its Advanced Modelling Extension — a
true solid modeller AutoCAD is available (or many platforms (386 and 486-based PC clones under
DOS, OS.2 and SCO Unix, Sun SparcStations, 386i and Sun3, DecStation 3100 and 5000 under
Ultrix, and Apollo workstations).

We are currently in the early stages of a project to customize AutoCAD as an interactive GEANT
shape editor It is possible tc add menus and link our own code with the program, using C and/or
AutoLISP. We will have point-and-click creation of GEANT shapes, with pull-down menus for
positioning shapes, changing material properties, rotation matrices etc. The program will output
GEANT subroutine calls. We will avoid many of the problems besetting full CAD-to-GEANT
convertibiiily because we will not permit the user to create shapes which will not translate easily (such
non-GEANT supported objects as extrusions along a curve).

4. CONCLUSIONS

It is gratilying to be able to review a number of initiatives linking computer aided design work
with physics simulation. None yet solves the general problem of converting an entire detector
geometry. However, they are real steps in that direction. The closer integration of engineering design
work with physics optimization must be the direction in which we move over the next decade, because
SSC and LHC detectors are simply too large and expensive for any less care to be taken with them.

This work has been supported in part by the US Department of Energy and by the Texas
National Research Laboratory Commission.
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FIGURE 1

Schematic illustration of the traditional process of detector design.
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FIGURE 2

Solid Model of the hermetic liquid argon calorimeter SSC R&D project, created using the
I-DEAS solid modeller program.
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FIGURE 3

Screen copy from a Mac II computer running VersaCAD, showing how the program creates
objects out ot lines and arcs, under the control of the mouse.
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FIGURE 4

Schematic view ot rays traced through a solid model ol a part of the EMPACT detector using
the ray tracing soltware. The resulting estimate of the calorimeter resolution as a function of
pseudorapidily is also shown.
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FIGURE 6

A simple geometerical model, seen in an AutoCAD wireframe representation, that can
be translated to GEANT using the COGENT program.



FIGURE 7

A D-Zero central EM calorimeter "dogbone": an example of a small, arbitarily-shaped detector
element which is suitable for translation to GEANT using the OCTAGON program. This view Is a wire-
frame representation created using VersaCAD. The actual piece measures approximately 20 cm x 8 cm
x 2 cm and is made of stainless steel.


