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CASIM on VAX
I. Introduction

This note describes some aspects of the Fortran Monte Carlo code
CASIM which is now available on the VAX network at BNL. CASIM! 2 is a
hadron CAscade STMulation program which can be used to study problems
(energy deposition, instantaneous dose, induced activity) associated
with beam loss in accelerators. This note makes no attempt to explain
the model and methodologies of CASIM, but is more in the line of a
"users' guide." The interested reader is referred to Refs. 1 and 2 for
more detail.

II. An Important Physics Restriction

At the current time, CASIM propagates only protons, neutrons, and
pilons through matter and stops propagation at a threshold momentum
which, although user specified, should be set at 0.3 GeV/c. CASIM con—
siders all particle, nucleus cross—sections to be constant, which is
drastically incorrect below this value for the threshold.

Although the threshold energy presents no problems as concerns
energy deposition, deducing quantities related to radiological hazards
requires some approximations and a certain degree of craftiness. The
user is referred to Section VI of Ref. 1 for more detail. Examples of
the use of CASIM in this context are given in two recent Booster
reports.

I1I. CASIM Input Data

In the simplest use of CASIM, the user interacts with CASIM through
input data and a subroutine named HITORM. Although many methods of
running the program are possible, this note describes a command file
submitted as a batch job. Figure 1 shows a sample command file.

The first line sets the default directory to whatever directory
the user desires. CASIM reads, in addition to the input parameters de-
scribed in this section, a file whose name is RLST.DAT, assumed to be
in the user's directory (see Section VI).
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CASIM reads (except for the RLST.DAT file) from unit 5 and writes
on unit 6. As shown, these are assigned to the system I/0 streams.

The example also shows a logical file name (SETUP) assigned to a
file name SETUP.DAT. This is explained below in connection with the
first input line.

The LINK operation shows, in addition to the object module HITORM,
an object module for something called CASIMMAIN. This is a dummy main
program (CALL CASIM,END) which the user must also supply.

The remainder of this section describes the input stream data il—
lustrated by an example shown in Fig. 1.

Line 1: ITM,IFORCE,ISTOP,IPRESET

ITM is a user supplied elapsed time limit in seconds. If ITM = O,
no time limit is enforced, and the program will (or should) end on a
specified number of incident particles (see line 3) or certain conditions
specified by values of ISTOP or IPRESET.

IFORCE is a parameter which, if equal to 1, will cause CASIM to
force the primary to interact at its starting point. This turns out to
be a convenient option at times.

ISTOP is a parameter which, if equal to 1, causes CASIM to stop
after drawing a printer representation of the geometry. The drawing is
discussed below in connection with the last lines of the input. This
option is useful to check that the subroutine HITORM, described in the
next section, is properly coded.

IPRESET is a parameter controlling CASIM initialization, which can
often be a lengthy procedure, consuming a substantial fraction of a CASIM
run. If IPRESET = 0, CASIM executes the initialization, which is a func—
tion of the incident and threshold momenta and the materials present, and
proceeds to the Monte Carlo. If IPRESET = 1, CASIM executes the initial-
ization procedure, writes the file 'SETUP' (assigned in our example to
have the file name SETUP.DAT) and stops. If IPRESET = 2, CASIM skips the
initialization, reading the initialization results from the previously
prepared file. In the example shown, IPRESET is 2, implying that [MYDIR]
SETUP.DAT already exists—-having been created in a previous run where
IPRESET was 1.

Line 2: IBMCODE,XSZ,YSZ,XOF,YOF,XDV,YDV

The beam is nominally incident along the +Z direction in CASIM.
IBMCODE determines the transverse beam shape. If IBMCODE = 1, the initial
X and Y are sampled from Gaussian distributions with 1 0 values of XSZ
and YSZ. 1If IBMCODE = 2, the initial X and Y are sampled uniformly in a
rectangle with half-widths XSZ and YSZ. Any other value of IBMCODE
results in a uniform sampling in a circle with radius XSZ. XOF and YOF
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are offsets and XDV and YDV are initial values of dx/dz and dy/dz. Note
all length units are in cm.

Line 3: ITYPE,P,PTR,CLMU,NUMP

ITYPE is a code for incident particle type, 1 for proton, 2 for
neutron, 3 for pion. (Although, in principle, 3 is the code for 7 zpd
4 for mw, CASIM has, currently, a bug which causes T to be treated as
7). P is the incident momentum in GeV/c and PTR is the threshold momen-
tum. As indicated above, PTR should not be set lower tham 0.3 CLMU is
something called the collision length multiplier. Normally (as in the
example), the user should set CLMU = 1.0. For studies involving very
deep penetrations, CIMU can be set to larger values. See Ref. 2 for more
detail. NUMP is the number of incident particles desired.

Line 4: IEDEP,ISB,ISEED,WECO,CSTEP,RSTEP

IEDEP is an important control parameter. If IEDEP = 0, CASIM calcu-
lates star densities only; if IEDEP = 1, CASIM calculates star densities
and energy densities; if IEDEP = 2, CASIM calculates energy densities
only. Before defining ISB, some explanation of CASTM standard output is
required. CASIM obtains energy and/or star densities in a cylinder of
dimensions specified by the user (line 7 below). The cylinder is divided
into 50 bins in both Z and R. If ISB =1, CASIM further divides the first
radial bin into 10 finer regions; this feature is sometimes useful for
observing details smaller than the transverse beam size in the same cal-
culation that relatively large values of the transverse distance (R) are
also considered. ISEED is the starting value for the random number gen-—
erator. WECO is the weight cut—off as discussed in Ref. 2; values of
10~6 or so are small enough for energies likely to be encountered at BNL.
CSTEP and RSTEP are step sizes for cascade and recording particles, ex-
plained in Ref. 2. The "proper choice" of these step sizes is a rather
subtle problem depending on the characteristics of the specific problem
being considered. In the example shown, the cascade step size is compa-
rable to the Z bin size (see below). In general, the recording particle
step size can be larger than the cascade step size.

Line 5: INUM

INUM is the number of materials in the problem, which cannot exceed
5. The following INUM lines of input describe each material. Each ma-—
terial is assigned a number in order of occurrence.

Line 6: 2,A,RHO,VIP,RALG,RFM,SIGL

Each material is described by the following properties: atomic num-
ber and weight, density in g/cc, ionization potential (VIP) in ev, radi-
ation length (RALG) in cm., nuclear radius (RFM) in Fermis, and nuclear
elastic scattering cross section (SIGL) in barns.
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Line 7 (example): ZLIM, RLIM, ZSTART

ZLIM and RLIM are the dimensions of the cylinder mentioned above,
ZSTART 1s the initial Z value of the incident particle.

Line 8 (example): INUMZ, INUMY

As mentioned above, one of the first outputs of CASIM is a printer
plot of the geometry. INUMZ and INUMY are the number of plots at con-
stant Z (X,Y projections) and the number of plots at constant Y (X,Z
projections) desired. Up to 10 of each are allowed.

Line 9 (example): XMIN,XMAX,YMIN,YMAX,ZMIN,ZMAX

This line is the "frame" used for the printer plots. For example,
the constant Z plots appear on a printer page scaled such that a page
of output spans the region between XMIN and XMAX (vertically) and YMIN
and YMAX (horizontally). The fact that the same frame is used in all
plots is a shortcoming of the current version.

Line 10 (example): ZSL

The next INUMZ lines contain the constant Z values at which X,Y
projections are produced. The plots themselves consist only of the ma-
terial number--0 is vacuum and an asterisk is "out—of-bounds."

Line 11 (example): YSL

The next INUMY lines contain the constant Y values at which X,Z
printer plots are produced.

IV. Subroutine HITORM

A sample HITORM is shown in Fig. 2. As shown, it has 9 arguments
and the common block /GEOMETRY/. The meaning of ZLIM and RLIM have
already been explained. RLIS is simply the square of RLIM,

It is basically the function of HITROM to return the material index
number (N) given the input coordinates X.Y,Z. However, complications
arise. The integer M is a flag to the calling routines that indicates
the presence (or absence if M = 0) of a magnetic field. The "output"
coordinates of HITORM must be set; although the input coordinates to
HITORM are always specified in a fixed rectangular reference frame, ma-
terial is specified in a frame chosen by the user. This feature is use-
ful in calculations involving magnetic fields; a further explanation is
given in Section VI below.

The sample HITORM is a simple one--a solid cylindrical block. Note
that material index 99 corresponds to "out-of-bounds."



V. CASIM Output

CASIM standard output is reasonably self-explanatory. The user
will first see the input parameters echoed with explanatory remarks.
1f printer plots of the geometry were requested, these appear next with
"out—-of-bounds: regions marked with an asterisk. Next appears calcula-
ted parameters related to the materials. The final output before the
Monte Carlo begins is information related to the "SETUP" file in case
IPRESET is not O.

A series of de-bugging lines appears during the Monte Carlo execu-
tion. Each of these lines begins with "C" or "R" and is intended for

"experts'" only.

The first line of output after the Monte Carlo is over is mislead-
ingly entitled "Number of Interacting Particles." 1In fact it is the
number of incident particles. The next output is a table giving the
fractional energy balance. This is important; if energy is not balanced
to within 5 or 6% given several hundred incident particles, it is likely
that CASIM has encountered difficulties. The next output gives summary
information related to the Cascade and Recording stars and the total
energy deposited. (The total energy deposited is NOT simply related to
the energy balance categories.)

The next outputs are the star and/or energy density tables—-as a
function of R and Z. 1In some cases (depending on the IEDEP selection),
tables of "Relative Error" will appear. These are estimates of the 1-0
error of a bin's contents divided by the bin value. It is believable
for relative errors of less than ~ 0.3, but highly dubious if greater
than ~ 0.7.°

The final output consists of tables of radially and longitudinally
integrated star and/or energy densities and logarithmic plots which are

self-explanatory.
VI. Additional Requirements/Options/Advice

As mentioned above, CASIM reads a file called RLST.DAT. This file
should be copied into the user's directory; it is available from
BNLCL1::$2%DUAL4: [STEVENS.CASIM].

If transport through the magnetic field is desired, the user must
supply SUBROUTINE FIELD (XM,YM,ZM,M,BX,BY,BZ). Calls to this sub-
routine are made immediately following the call to HITORM when M (see
HITORM discussion) is not zero. This routine must return the com-—
ponents of the magnetic field (BX,BY,BZ) in KG. in the original fixed
coordinate system. The idea here (apparently) is that HITORM uses M to
designate and distinguish between different regions of fields-dipole,
quad, etc.
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