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Abstract

Thie paper describes two GEANT geometry subroutines. One is a new geometry
definition coordinating subroutine for use in GEANT simulation. of the SOC,
modular in design, and allows linking time replacement of sublystem geometry
deflntion routines. The other is a scintillating fiber central tracking geometry
wi~h four superlayers, three disk end cape, defined fiber layers, and a simple
method for changing a vector position to layer number and fiber number.

Introduction

At 40 TeV center of masa energy, luminosity 1033 ,

and a bunch spacing of 16 nanoseconds, the sse pro
vides UI with a substantial challenge: to design a 411'
detector that will survive and produce accurate data,
but keep COlt. to a minimum. To design this detec
tor it is essential to use data from accurate simulation
programs. Almost every working group haa some sort
of simulation program for that group's section of the
propoeed detector. We can get substantial result. from
these limited simulations, but it is time to have avail
able more detailed detector simulations, in which a re
searcher studying muon detector response (for exam
ple) may take into account the eftect of each internal
structure on the muons, AI well aa coordinate the muon
chamber data with that from the central tracker. This
information is invaluable in creating detailed track fit·
ting programll, accurate ideas of background radiation,
etc.

Researchers at LBL and FNAL are working in con
junction with various working groups to bring together
existing geometry definition routines, translate them
into a format appropriate (or use in GEANT t and make
that packase available to researchers who want an ac
curate detector geometry. This means the creation of
a system of modular geometry subroutines, internal to
GEANT, and flexible enough to use existing code in
spite of its variou. different styles and sources. In par
ticular, thi. code should have the following character
istiel:

1. GEANT-b..ed.

·TN, work ,upponed in pan by the DOE CoNrad N\IDl.
ber D~AMOS-lISFOO10,Project Apeemeat Number DE-AT03
UER403S4. Thi.~ w.. conducted by the Fiber 1'ndUq
Group, • liat of .uthon Call be found in ~Simul.tjon Studi.. tor •
Sc:iIltillaUDcFib. TradIar" • Rarmond Lewi.l, th_ proe:eedinp.
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2. Optional fut geometry

3. Accurate and up to date precision geometry

4. Useful (or different approaches to the lame IU~

system (e.g., Itraw tubes versus scintillating fiber
central tracking)

•
5. Choice of subsystem version at linking time

6. Only slight changes required of existing GEANT
subeystem code for inclusion

7. Simplified GEANT volume number, material num
ber systems for easy reference and debugging

To meet these demands, we need one geometry co
ordinating subroutine which then calle lubsystem sub
routines to collect (in common blocks) the information
needed to define every volume. Thete lublystem IUb

routines can be exchanged easily, u long as the re
placement routine bu the same name. The internal
structure of these subroutina is irrelevant a.s long as
the common blocks are filled properly, which allow. ex
isting code to be adapted. easily to the modulu for
mat. Finally, the common bloclu may be useful later
in tracking or digitiJ:ations.

Propoled Modular Approach

In the code written at UCLA and submitted for ap
proval, this one geometry coordinating routine i. called
GEOMETRY. It is called. from UGINIT, and coordi
nata calls to all the modular .ubeystem subroutine•.
GEOMETRY performs the following six main talU:

initialisation of the common blocb, creation of a mate
dale table, filling the common blocks in the subsy.tem
routinel, definition and positioning of each volume, set
definitions, and then calle to GSORD and GGCLOS.



The creation of a materials table takes place in the
ubroutine MATERIALS, It starts with the GEANTs .

table created by a call to GMATE. Then It adds the
traW tube mixture, scintillating fiber material, and

S '1ther useful materials, This table can east y be ex-
~ended to include any other materials required by sub
System subroutines. There is some discussion over
~hether there should be a table set up such that each
material is listed only once or whether each volume
should have its own entry in that table. Right now
there is code to do either. Magnetic fields and track
ing parameters are also set (with GSTMED) at this
time, so there may be several definitions for the same
material, depending on the magnetic field.

Every other task that GEOMETRY performs re
quires use of the common block CGEOM, This common
block holds all the defining information for each volume
in arrays. The arrays are set up so that for each value
of the pointer, I, the name of the volume is NAME(I),
the position of the volume is X(I), Y(I), Z(I), the num
ber of divisions on the volume is NDI\t~I), etc. Most
importantly, the assignment of the volumes is carefully
set up so that the internal number that GEANT uses
to identify the volume matches the pointer value, I, for
that volume; something that certainly doesn't happen
automatically,

These variables are initialized to default values in the
subroutine INITIALIZE. Most variables are just set to
sere, but not all. Two of the more interesting assign
ments are NMAT(I) = 16 and MOTHER(I) ='SDCV'.
NMAT is the material number from the table set up in
MATERIALS. It is set up so that if the user doesn't
specify otherwise, the material within a defined volume
is vacuum without a magnetic field. MOTHER(I) is the
volume in which volume I is to be positioned. This as
signment places it in the main, overall volume, SOCV,

The next step is to fill the common blocks by calling
various subsystem subroutines, The pointer, I, which
keeps track of the volume number in the arrays being
filled, is passed as a parameter. The first subroutine
to be called is GENERAL. This routine defines SOCV,
~he volume which houses all other volumes. It also de
fines "shadow" volumea, which outline places for each
lub8ystem. This may change, as it is difficult to recon
~cile such a rigid requirement-that the entire subsystem
fit inside some simple but artificialllhape-with the ne-
I 'keeelity of programming volumes of cables and the li e,
which snake between volumes and may cause problems
..,ith overlapping volumes in GEANT.

Then GEOMETRY calls a routine for each sub
)lYltem, which are at present MVTX, CENTRAL,
COIL, ENOPLUGCAL, BARRELCAL, FORWARD
CAL, and MUON (See Figure 1). The subsystems may
~hange .. people consider where the natural breaking
bointa are in the Itructure of the SOC detector. These
40utinea are the ones we hope to have at least two ver
fionl of, one rut but simple, and the other detailed if
~low, The fut version is a block of matter with density,
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Figure 1: Full SDC geometry including scintillating
fiber central tracking and muon chamber subsystems.
1: BEAM PIPE, 2: MVTX, 3: CENTRAL, 4: COIL, 5:
ENOPLUGCAL,6: BARRELCAL, 7: ABSORBER, 8:
FORWARDCAL, 9: MUON

radiation length, and ablorption length equal to the
over-all average value within that area of the SOC de
tector. That is, rather than programming each layer of
a calorimeter into the subroutine, the subroutine would
simply define a few, or even only one, volume shapes
containing a uniform material with properties an~ver

age of those of the constituent part•.
Detailed subroutines with the same names as the fast

ones can replace them at compilation time. These ver
sions don't take the shortcut. of the fut type, but de
fine individual elements of each subsystem, with partic
ulars such aI fiber layers, support structure., readout
cable bundles, etc. Rather than duplicate work that
other researchers have done in this area, it is preferred
to adapt existing work on these sublystem geometries
to this format. The modificationa required to exist
ing GEANT code are simple: add the pointer, I, and
replace the calla to GSVOLU, esc, with simple aIIign.
menb to the common block variables (leaving GEOM·
ETRY to handle all the calls to GSVOLU, etc, in a
coordinated way). For code other than GEANT code,
it may be euier to start from the beginning, using only
the same figures that. were UMd in the non-GEANT
code. If, however, the geometrical parameters are in a
CAD file, there may be more hope. Andrea Palounek
(LBL) is checking into the pOl.ibility of a tranllation
routine, capable of reading an output file from CAD
and putting the information into GEANT language.

After all the common block variablell are full, GE
OMETRY loops through the pointer I again, calling
the subroutines GSVOLU, GSPOS, and GSOVN. This
definel, pOIitiona, copie. and divide. each volume in
turn. Then GEOMETRY finished up with the requi
site calla to GSORD and GGCLOS.

Scintillating Fiber Central Tracking Sub.ystem

The subsystem aubroutine CENTRAL uses scintillat
ing fiber technology in layer., stereo and axial, to create
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Figure 2: Central Tracker with superlayers and disk"

a.n effective tracking volume. The general construction
of the scintillating fiber central tracker is simple, owing
to the convenient properties of the fibers. The fibers
are laid in parallel layers with four [ayers all in the
same direction making a tier. These tiers fit together
with the help of a tubular support structure to make a
superlayer. Since fibers can be twisted and bent, they
may be placed in layers such that a fiber in the layer
describes a helical shepe on the surface of a tube. The
fibers in layen with fiber axis parallel to the beam pipe
are called Z flbers, and the fibers in layers with fiber
axis at a small angle to the Z axis are called stereo
fibers, axial fibers, or U and V fibers.

The central tracker described here has four tubular
superlayers and three disks of fibers on each end (See
Figure 2). The tubular layers are each divided at the
center of the tracker, and readout takes place at the
outer end•. The inner two superlayers are constructed
the same way. They each have a tier of four 0.5 mm
Z fiber layers on the inside, a 5 ern spacer, and then
another tier of Z fibers on the outside. The outer two
superlayers make use of tbe U and V layers possible
witb fibers. They each have a tier of four Z fiber lay
ers, then of U fibers, then a 5 ern spacer, V fibers, and
Z fibers. The end disks each have a unique geometry
that also utilizes the bending capabilities of the fibers.
These layers are stacked together with more spacer ma

teria! for support, and arranged as three disks on each
end of the detector.

In the GEANT user code, each tier of fibers (2 mm
thick) is a volume, and each single layer (0.5 mm) is a
division of that tier. It is tben straightforward to cal.
culate a layer number corresponding to a hit fiber. The
p.rogram simply counts through the active fiber layers,
r~ght and left, uling some counting convention, and as·
sIgna the layer number for that hit. It is slightly more
complicated to &8Iign a fiber number (within the layer)
to the hit. What the lubroutine does is to calculate
t~e phi angle of the bit, adjust it for the stereo angle
(m the case of U or V fibers), divide by the diame
ter of the fibers, and truncate that ansWer to the next
lowelt integer. Thia effectively numbers the fibers at
the Z = 0 end, starting at phi = 0 and going in the
+phi direction. The proce. can be reversed to obtain
an X, Y coordinate from a layer number fiber number
combination. '

Using thi. set-up, the next step is to run ISAJET
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events through the detector to estimate an expected
Occupancy. The plan is to approximate da.ta from a
typical Higgs event as consisting of 16 events, one Higgs
and 15 minimum bias. Then one may count the number
of fiber number pairs corresponding to hits of charged
particles, and calculate the occupancy. If one uses the
coordinating geometry routine to include at least the
solenoidal magnet and fast microvertex chamber, then
we can also take into consideration the extra particles
coming from decays and bounce-back.

Future Work

The most important logical step to take with the
geometry coordinating routine is to finalize the mod
ule spaces. In the code described here there are seven
spaces, MVTX, CENTRAL, COIL, ENOPLUGCAL
B~RRELCAL, FORWARDCAL, and MUON. Usin~
t hiS structure places rigid constraints on the modular
code: the modular geometries must fit in the space'
provided. On the other hand, the spaces are natural
ones, given the working groups that we have. A scheme
proposed by Dr. Kunori ofFNAL l has only three spaces
to fill (CENTRAL, CALOR, and MUON). It allows
more freedom within each module, but presents prob
lerns merging different working groups' code into each
module. Another option ia to do away with proscribed
spaces altogether. The modules could t~en be written
a.nd called in the most natural manner, according to
the code already written. There would alao be space to
include cables and support structure, a major difficulty
with the other two achemes. But then the burden would
fall to the user to ensure that nothing overlaps. Note:
errors arise in GEANT when volumes overlap. There is
a portion of code written in Florida by Dr. Saul Youssef
(SCRI) that checks for overlapping volumes. Perhaps
this could be used here.

Future work should &110 include finding a continu
ing person to be in charge of maintaining and updating
the coordinating geometry code, u well as creating and
maintaining a library of modules for use by researchers.
In addition, we need a naming scheme to avoid future
confusion. There are several in use. Also a CAD trans
lating subroutine is in the workl, u mentioned earlier.
Finally, this geometry structure needs to be incorpo
rated into the SHELL program being developed for the
SOC collaboration by Kunori et al.
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