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ABSTRACT 

This report describes the philosophy and structure of MCLIB, a Fortran library of Monte Carlo 
subroutines which has been developed for design of neutron scattering instruments. A pair of 
programs (LQDCEOM and MCLRUN) which use the library are shown as an example. 

1. Introduction 

Monte Carlo is a method to integrate over a large number of variables. Random numbers are 
used to select a value for each variable, and the integrand is evaluated. The process is repeated 
a large number of times and the resulting values are averaged. For a neutron transport 
problem, we first select a neutron from the source distribution, and project it through the 
instrument using either deterministic or probabilistic algorithms to describe its interaction 
whenever it hits something, and then (ifit hits the detector) tally it in a histogram representing 
where and when it was detected. This is intended to simulate the process of running an actual 
experiment (but it is much slower). 

The present MCLIB library has been derived fiom codes written by Mike Johnson at the 
Rutherford Laboratory [l]. Significant additions and revisions were made by this author in 
1984 [2], and the entire code was rewritten in a structured form in 1994 [3]. Whenever the 
code has been applied to new problems, additions have been made. Thus si@cant 
contributions to the present library have been made by Richard Heenan (Rutherford-Appleton 
Laboratory), and by Glenn Olah, Bob VonDreele, Greg Smith, and Luke Daemen &os Alamos 
neutron Science Center, LANSCE). Mike Fitzsimmons and Joyce Goldstone have contributed 
greatly to the debugging process. Several applications of the code were presented at an 
instrument design workshop [4]. A new collaboration with Larry Passell and Uli Wildgruber 
(Brookhaven National Laboratory) is also producing improvements. 

The process is carried out in two stages. First a program must be generated to describe the 
geometry of the specific instrument being simulated; for example, the program LQDCEOM may 
be used to define a small-angle scattering instrument with pinhole collimation, up to three 
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choppers, and an on-axis 2-dimensional position sensitive detector. Essentially all of the user 
interaction occurs in this stage. The output is a geometry file containing the complete problem 
definition. That file is then passed to a second-stage program, for example MCRUN, which 
transports neutrons and tallies results in histograms. Principal outputs are a file with a 
statistical summary, and a data file with histograms of the spectrum and detector. A third 
stage, which is not part of the Monte Carlo process, is to perform whatever data reduction is 
appropriate to the experiment being simulated. Some measure of the information content (or a 
“figure of merit’’) is then used to evaluate the design of the instrument. 

Features of MCLIB which are different fkom other Monte Carlo libraries include 

m 

m 

m 

Simplified transmission through materials. Rather than compute microscopic 
interaction in a simple (amorphous unpolarized) region, attenuation of the transmitted 
neutron is calculated. 
Optics at surfaces. When a neutron reaches a surface, the (complex) index of refraction 
is computed to decide whether the neutron will reflect or refract. 
Time-dependent devices. There are element types to describe moving devices such as 
choppers or a gravity focuser. 
Acceleration of gravity is included in transport. 
Scattering hctions. Each kind of scattering sample is an element type. The scattering 
algorithm may be deterministic (reflectometry), probabilistic (hard-sphere scatterer), or 
a combination (Bragg reflection into a Debye-Scherrer cone). 

2. Geometry Description by Surfaces and Regions 

The geometry of a system is described by surfaces and regions. A surface is defined by a 
general 3-dimensional quadratic equation of the form 

(1) 
with 10 coefficients, plus a roughness parameter (BETA). The surface divides 3-dimensional 
space into two parts, which are called the + and - sides of the surface depending on whether 
the left-hand side of eq. (1) evaluates to a positive or a negative value. For example, a plane 
perpendicular to the z-axis at z = 1 can be expressed by the equation 

Ax2 + B x  + Cy2 + D y  + Ez2 + F z  + G + P x y  + Qyz + R z x  = 0 

z - 1 =  0 ,  

ie. ,  F =  1 and G = -1 (all other coefficients zero). Then all points with z < 1 are on the - side 
and all points with z > 1 are on the + side of the surface. The scaling of eq. (1) is arbitrary, but 
we tend to evaluate it as m2, so that coefficients A, C, E, P, (3, and R are dimensionless, 
coefficients B, D, and F are in m, and G is m2. The parameter BETA is the length of a 
randomly oriented 3-dimensional vector which is added to the unit vector normal to the 
mathematical surface to determine the surface orientation when a particle interacts. For a 
perfect smooth surface, BETA = 0; for 0 < BETA < 1, BETA is the sine of the maximum 
angular deviation of the surface normal from smooth. If BETA < 0 (or BETA >> I), the 
surface is completely random. 

Note that the coordinate system being used is left handed: the instrument axis is the positive z- 
direction, the x-axis is horizontal and positive to the right, and the y-axis is vertical with the 
onnn1nrot;nn n C n r o x & r  ;n +hn nnrro+;tin * r  rt;ran+;fi+. 



The geometric shape of each region is defined by its relationship to all of the defined surfaces. 
A positive or negative integer is placedh the region definition if every point in the region is on 
the + or - side of the corresponding surface, and surfaces which do not bound the region are 
set to zero. Special characteristics of the boundary are given by the value of the integer: f l  for 
an ordinary surface with roughness BETA and the possibility of refiaction or critical reflection; 
32 for total reflection; 33 for diffuse scattering (independent of BETA); k4 for total absorption; 
and +5 for cases requiring special action (such as a coordinate transformation) whenever a 
particle enters or leaves the region. Generally, no surface may be used as a boundary of a 
region if any part of that surface is inside the region, because then some points in the region 
would be on the + side and some on the - side of that surface. Concave (reentrant) shapes are 
allowed when using quadratic surfaces as in fig. la, but the shape in fig. lb  requires that two 
regions be defined. Another method to define a reentrant region is to exclude embedded 
regions, which is accomplished by adding 10 to the surface type number in the definition of the 
enclosing region (e.g., “4” becomes “14” or “-1” becomes “-11”). Such surfaces are not 
tested as part of the definition of being inside the region. When the trajectory of a particle 
inside the region intersects the surface, it will exit if a valid region exists on the other side, but 
will otherwise remain in the enclosing region. This method must be used with care, since 
particles within the embedded regions also pass the test for being within the enclosing region. 
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Figure 1. Concave regions. 
F,quations of the numbered surfaces are 

1: X = o  
2: X -4 = 0 
3: Y = o  
4: y - 3  = o  

6: X - 1.5 = 0 
7: y - 1  = o  

5: x2 -6x +y7 -6y + 14 = 0 or ( ~ - 3 ) ~  + 01-3)” = r2 = 4 

The shaded area in a) can be expressed unequivocally as a single region: 

To avoid ambiguity, the area in b) requires two regions, divided as shown by surface 7 (or alternatively 
by surface 6). 

The unshaded area in either case requires 5 regions for a complete unambiguous definition. (One 
choice of region boundaries is shown by the faint lines.) If the upper right comer 

is considered an embedded region, then the shaded area may also be defined as 

+1 -1 +1 -1 +1 0 0 

+1 -1 +1 0 0 0 -1 
+1 0 0 -1 0 -1 +1 

0 -1 0 -1 0 +1 +1 

+1 -1 +1 -1 0 - 1 1  -11  

3. Instrument Elements 

Each region is also an element of the instrument. Every element has a NAME and a pointer 
(INDEX), For a void drifi region, INDEX = 0, and for every element which is not a void 



INDEXpoints to a location in a REAL*4 parameter block which contains the element type 
number, possibly followed by additional parameters. Future development of the library should 
be accomplished by defining new element types and implementing the corresponding 
algorithms for how a neutron interacts in such regions. Presently defined types and their 
parameters are .listed below; file MC-ELMNT.INC (Appendix A) includes definitions of 
mnemonic symbols for all the parameters, with values equal to the address offset from the 
Ih.1IEXpointer. 

typeO= 
type 1 = 

type2= 
type3= 
type4= 

type5= 
type6= 

total absorber; no parameters 
amorphous unpolarized material; 4 parameters 
Real and Imaginary scattering-length density (1 010/cm2) 
macroscopic scattering cross section (l/m) 
velocity-dependent cross section, at 1 m/ps (Ups) 
aluminum., including Bragg edges; no parameters 
hydrogenous, including multiple scattering 
supermirror characterized by 2 scattering densities; 5 parameters 
Complex bulk material scattering-length density ( 1010/cm2) 
Complex effective supermirror density (1 010/cm2) 
Relative efficiency of supermirror regime 
beryllium at loOK, including Bragg edges; no parameters 
single-crystal filter, Freund formalism; 3 parameters 

C k  = limiting (short wavelength) flee-atom macroscopic cross section (l/cm) 

Cabs = sum of l/v macroscopic cross sections at IA (l/cm/A) 

C = &x( 1 - exp(+/h2)) + C&& 

C2 = -In{ 1 - ( ~ ( l A ) - ~ a ~ / ( ~ ~ - ~ a ~ ~ ) ~  (A'> 
type 10 = multi-aperture collimator 
type 11 = multi-slit collimator, vertical blades; 3 or 5 parameters 

Note: the type 11 region must be followed immediately by up to 5 additional regions 
defining the center passage and the bounding blades, and the entrance/exit 
surfaces must be Surface type 5. 

Spacing of slits, centerline-to-centerline (m) 
Rate of convergence (>O) or divergence (<O) of one slit 
2 at entrance of the region, where spacing is measured (m) 
For a curved system (bender), 

sine of halfthe angle of bend 
cosine of half the angle of bend 

type 12 = multi-slit collimator, horizontal blades; 3 or 5 parameters 

type 13 = crystal monochrometer; 10 parameters 
Same parameters as type 11 (see Note under type 11) 

Twice the crystal plane spacing (A) 
Nominal 2 position for rotation of instrument axis (m) 
Sine and cosine of take-off angle 
X-, Y-, and 2-components of mosaic spread, rms of sines of angles 
rms spread of plane spacing, od/d 
max number of loops (or microcrystal orientations) to try 
probability normalization factor per try, derived from reflection probability 

at peak wavelength: 1 - (1 - maxjrob)(l/Q's) 
types 20.n = chopper (disk or blade); 6 parameters -- - ^ ^  - ,. . .  .. . - -  - 



20.2 or 20.3 is counter-rotating (fully closed when edges at 0) 
Linear velocity of opening crossing beam centerline (m/ps) 
Time to cover or uncover halfthe width of the moderator (ps) 
Nominal time at which opening chopper edge crosses zero (ps) 
Nominal time at which closing chopper edge crosses zero (ps) 
Phase jitter of chopper, rms (~1s) 
Period of chopper (ps) 

type 21 = Fermi chopper (not implemented) 
type 22 = gravity focuser; 5 parameters 

Note: the type 22 region must be followed immediately by 2 additional regions 

acceleration (m/ps2), and nns phase jitter (ps) 
nominal times for start and top of upward stroke (ps) 
time between pulses (ps) 

type 23 = removable beamstop; no parameters 
type 30 = sample which scatters at constant Q; 2 parameters 

-In(transmission at I A) 
value of Q for scatter (UA) 

-In(transmission at 1 A) 
hard-sphere radius for scatter (A) 

-In(transmission at 1 A) 
inelastic energy change (0 if elastic) (mev) 

of S(a,p) file in MCNP Type I format 

defining the aperture, and the entrance/exh surfaces must be surface type 5. 

type 3 1 = scattering sample of hard spheres; 2 parameters 

type 32 = isotropic scatterer with fixed energy change; 2 parameters 

type 34 = inelastic scattering kernel; no parameters; NAME is '[path]filename' 

type 35 = scattering fiom layered reflectometry sample; 1 + 4 N parameters 
number of layers, including substrate 
parameters for each layer, starling with substrate: 

4n x Real and Imaginary scattering-length density ( 1/A2) 
Thickness of layer (zero for substrate) (A) 
Roughness, 2 o2 of outer surface of this layer (A2) 

type 36 = scattering from isotropic polycrystaline powder; 6 parameters + 2 x table length 
number of Bragg edges included 
limiting (short wavelength) macroscopic total xsection (l/cm) 
macroscopic incoherent scattering cross section (l/cm) 
macroscopic I/V scattering cross section at 1 A (l/cm/A) 
macroscopic l/v absorption cross section at 1 A (~/cm/A) 
table of d-spacings of Bragg edges (A), followed by explicit 0 and 

table of cummulative macroscopic cross sections at 1 A (l/cm/A2) 
type 40 = detector; 9 parameters 

surface number 
-In(l- efficiency at 1 A) 
time-of-flight clock parameters: 

minimum and maximum times (ps) 
number of time channels 
if logarithmic, dt/t (otherwise dtlt = 0) 
minimum clock tick in determining log scale (ps) 



electronic delay of detector events (ps) 
repeat period of data-acquisition electronics (ps) 

Note: if t-o-f is logarithmic, Tkt4.X is overridden 

surface number 
-In(l- efficiency at 1 A) 
time-of-flight parameters (7) 
locations of bottom and top of detector (m) 
number of detector elements 
sue of detector element (m) 
root-mean-square encoding error of detector (m) 

surface number 
-ln(l- efficiency at 1 A) 
time-of-flight parameters (7) 
locations of left and right ends of detector (m) 
number of detector elements 
size of detector element (m) 
root-mean-square encoding error of detector (m) 

type 43 = 2-D rectilinear detector; 18 parameters 
surface number 
-In(l- efficiency at 1 A) 
time-of-flight parameters (7) 
locations of left and right edges of detector (m) 
number of detector elements in the horizontal direction 
width of detector element (m) 
root-mean-square X encoding error of detector (m) 
locations of bottom and top edges of detector (m) 
number of detector elements in the vertical direction 
height of detector element (m) 
root-mean-square Y encoding error of detector (m) 

type 44 = longitudinal hear detector; 14 parameters 
d c e  number 
-In(l- efficiency at 1 A) 
time-of-flight parameters (7) 
locations of upstream and downstream ends of detector (m) 
number of detector elements 
size of detector element (m) 
root-mean-square encoding error of detector (m) 

type 50 = scattering chamber, void-filed. No parameters, but other regions may be embedded, 
indicated by surface types with 10s digit on. 

types 90.n = source size and phase space to be sampled; 14-18 parameters 

type 41 = vertical linear detector; 14 parameters 

type 42 = horizontal linear detector; 14 parameters 

edges of rectangular moderator face (m) 
location and radius (half-width) of apertures which define beam (m) 
additional vertical space to sample for gravity focus (m) 
min and max neutron energy to be sampled (ev) 
time between beam pulses and square pulse width (ps) 
offset to parameter block with spectrum and line shape parameters 



(optional) vertical offsets of apertures, type 90.4 (m) 
type 91 = source energy distribution table and line shape parameters; 12 parameters plus 

length of table 
number of entries in energy table (1 is special case) 
location in table of center of normal distribution (index units) 

or value of nominal neutron velocity (m/ps) (if number of entries = 1) 
standard deviation of normal distribution (table index units) 

or relative fwhm of velocity selector (if number of entries = 1) 
source brightness, summed over limits of E-TABLE (n/ster/m2/Mw/s) 
1 or 2 exponential time constants in thermal (low-energy) limit (ps) 
probability of 2nd exponential 
epithermal (high energy) time constant proportional to lambda @/A) 
Gaussian delay and width proportional to h (@A) 
switching fbnction l/e point (A) and power (slope) 
origin of table of cumulative energy distribution (weighted by I?) of source 

spectrum on equally spaced normal-curve values of log@ / 1 meV) 

1 

NSURF 

A,B.C,D.E.F.G,P.Q,R,beta NAME INDEX 
2,A,B,C.D.E,F,G,P,Q,R,beta 1 pointer 1 

2 void 
3 

A,B.C.D.E,F,G,P,Q,R,beta pointer 2 

PARTICLE 
X,Y,Z,VX,W,VZ,TOF, M, POL,WT 

Figure 2. Structures used in MCLIB. 

4. Program Structures 

PARAM 
TYPE 

TYPE 

TYPE 

TYPE 

TYPE 

The relationships of the structures are shown schematically in fig. 2. The library source code is 
available in Fortran 77 with VAX structure extensions (F77/VAX), and also in Fortran 90 
(F90). Unfortunately the F90 syntax did not adopt the relatively widespread F77NAX 
standard, most distressingly by using ' '?? instead of "." as the member pointer in a structure! 
In F77/VAX, each surface is a RECORD of type /SURFACE/, and elements are referenced as 



(e.g.) SURFACE. G. In F90, the surfaces are defined as derived TYPE (SURFACE), and element 
references are of the form SURFACE%. Similarly, a geometric region is a RECORD of type 
/REGION/ or a derived TYPE (REGION); the structure in either case is a vector IGEOM of 2- 
byte integers, of length equal to the maximum allowed number of surfaces. An additional 
structure, MCGEOM, contains the numbers of surfaces and regions in the problem, NSURF and 
NMG, and arrays of surface and region structures. Information about elements is contained in 
a structure called MCELEMENT which includes NAME and INDEX arrays, the parameter block 
P A W ,  and the pointer NExlJINDX to the next available location in PARAM. 

The final structure is PARTICLE, which includes the position, velocity, time of flight, mass (1 
for a neutron), polarization (not yet implemented in the code), and statistical weight of a 
particle. A purely "analog" Monte Carlo traces each individual neutron until it is either lost or 
detected. MCLIB uses "weighted" neutrons, and in many of the processes the statistical 
weight is multiplied by the probability of survival instead of using a random number to decide 
whether to terminate the history ("Russian Roulette"). This is especially beneficial when 
scattering probability is small, as in subcritical reflection. To track more long-wavelength 
neutrons (which in general have larger scattering probability), the source distribution used is h2 
I@) instead of I(h) and the initial weight is proportional to lA.2. The tallied results are then 
the sum of detected neutron weights. The relative error in each bin, however, depends on the 
number of histories recorded. 

The F77NAX and F90 structure definitions follow. As compiled, the dimensions of the arrays 
are MAXS = 150, MAXR = 100, and MAXP = 800. For use in coding, all structure definitions 
are included in file MCGEOM. INC (Appendix A). 

F77 I VAX 
STRUCTURE /SURFACE/ 

REAL"4 A,B,C,D,E,F,G,P,Q,R 
REAL"4 BETA 

END STRUCTURE 

STRUCTURE /REGION/ 

END STRUCTURE 

STRUCTURE /MC_ELEMENT/ 

INTEGER*Z IGEOM(MAXS) 

CHARACTER NAME (MAXR) *40 
INTEGER"4 NEXTINDX, INDEX(MAXR) 
REAL*4 PARAM (MAXP) 

END STRUCTURE 

STRUCTURE /MLGEOM/ 
INTECER"4 NSURF,NREC 
RECORD /SURFACE/ SURFACE(MAXS) 
RECORD /REGION/ REGION (MAXR) 

END STRUCTURE 

STRUCTURE /PARTICLE/ 
REAL*4 X, Y, Z, VX, W, VZ 
REAL*4 TOF, M, POL, WT 

END STRUCTURE 

F90 
TYPE SURFACE 

SEQUENCE 
REAL 4:: A,B,C,D,E,F,C,P,Q,R 
REAL 4:: BETA 

END TYPE SURFACE 

TYPE REGION 

END TYPE REGION 

TYPE MLELEMENT 
SEQUENCE 
CHARACTER NAME (MAXR) *40 
INTEGER 4: : NEXTINDX, INDEX(MAXR) 
REAL 4:: PARAM(MAXP) 

INTEGER 2 : : ICEOM(MAXS) 

END STRUCTURE 

TYPE MLGEOM 
SEQUENCE 
INTEGER 4:: NSURF,NREC 
TYPE (SURFACE) SURFACE(MAXS) 
TYPE (REGION) REGION (MAXR) 

END TYPE MLGEOM 

TYPE PARTICLE 
SEQUENCE 
REAL 4:: X, Y, Z, VX, W, VZ 
REAL 4:: TOF, M, POL, WT 

END TYPE PARTICLE 



5. Subroutine Library 

Complete descriptions, calling sequences, revision history, and externals of all of the library 
subroutines are given in Appendix B. The following listing divides the subroutines into 
(somewhat arbitrary) categories, and includes the latest modification date and an abbreviated 
description. Note that ifthe operating system does not include the fUnction RANCCSEED), then 
the hc t ion  must be provided as part of the library. 

Vector analysis and transport 
ANGLI 03 Feb 94 
DIST 23 lvZar 95 
DTOEX 06 Mar 95 
ELSCAT 26 Aug 95 
LIGHTRFL 19 Mar 85 
LMONOCRM 08 Jun 95 
LREFLCT 07 Jan 85 
MOSAIC 27 Jan 95 
MOVEX 19 Apr 94 
NEXTRG 29 Jun 95 
NSOURCE 28 Mar 95 

OPERATE 26 Aug 95 

OmIG 03 Feb 94 
RFLN 03 Feb 94 
SNELL 03 Feb 94 

CETSPACE 

EXIT-REG 

TESTIN 29 Jun 95 
WHICHR 03 Feb 94 
WOBBLE 03 Feb 94 

angle of incidence 
distance to a surface 
distance to nearest boundary 
do elastic scattering 
light reflection probability 
reflection by crystal monochromator 
neutron reflection probability 
angle of incidence with mosaic spread 
move a particle 
find region across boundary 
get source neutron 
get phase space of source 
find what happens to particle within region 
find what happens to particle leaving region 
photon at region boundary 
do reflection 
apply Snell's law 
find ifwithin region 
find what region particle is in 
angle of incidence at wavy surface 

Material properties and scattering fbnctions 
ATTENA1 28 Jan 93 
ATTEN-Be 25 A an 95 
A T T E N 2  14 Aug 95 
KERNEL 03 Apr 95 

POWDER 14  Jul 95 
REFLAYER 07 Feb 95 

PLQSPHR 06 ~ a r  95 

Random distributions 
ORRAND 11 Mar 95 
PLCNVL 11 Mar 95 
PLEXP 16 Feb 95 
PLNORM 11 Mar 95 
PLNRMTBL 13 Feb 95 
PLPOISSN 18 Mar 95 
PLTIME 05 Sep 95 
PLTRNGL 04 Jan 85 
RAN various 
RAN0 86 
RNnrRrl 11 M a r  qE( 

attenuation of 
attenuation of Be 
attenuation of single-crystal filter 
inelastic scattering kernel 
probability fiom spherical scatterer 
scatter fiom polycrystalline powder 
reflection probability fiom multiple layers 

random unit vector 
probability fiom convolution of top-hats 
probability fiom exponential 
probability fiom n o d  
probability fiom table vs. normal distribution 
probability from Poisson 
probability from parametrized emission time 
probability fiom triangle 
random number; platfonn dependent 
desequentialized random number 
rnndnm nnint in iinit circle 



General utilities 
DIGITS 05 k c  87 
GAMMLN 92 
GET-BINS 26 J U ~  95 
GET-RHO 05 Jan 95 
GIN1 05 Feb 92 
HUNT 13 Apr 87 
INTERP 84 
NORM 78 
READ-1D 14 Aug 92 
READ-2D 06 Apr 95 
REALOUT 16 h g  95 

Time-dependent devices 
GRAV-FOC 07 %r 94 
XCHOPPER 15 Mar 93 

convert number to string 
WW) 
find detectorhime bins 
find scattering-length density 
standard deviation by Gini statistic 
find index in array 
interpolate in array 
normalize unit vector 
read 1-D block ASCII data file 
read 2-D block ASCII data file 
output array of REAL"4 numbers in block ASCII 

gravity focuser 
disk or blade chopper 

Subroutine OPERATE and its other entry point EXIT-REG play special roles in the transport 
process. As can be inferred from the abstract in Appendix B, if this subroutine is called when a 
neutron enters a new region, then the routine will determine what happens. Possible results on 
exit fkom OPERATE include detection or loss of the neutron, exiting the region with reduced 
statistical weight (partial absorption), splitting the neutron into a transmitted and a scattered 
particle with the sum of statistical weights equal to the original weight, or a transform of the 
coordinate system of the problem. Coordinate transforms are applied for element types made 
up of sub-regions (e.g., Soller slits and benders), elements which change the beam direction 
(benders and monochromaters), and time-dependent devices (gravity focuser). In order to 
assure that the coordinate system is properly restored when the neutron leaves the region, 
EXIT-REG must be called; this is flagged by using f5 as the integer defining all exit surfaces 
fiom such a region. 

6. Neutron Source Functions 

Subroutines NSOURCE and PLTIME are called to generate source neutrons, using table lookup to 
select the velocity and a parametrized model to select the emission time. (Ifthe length of the 
lookup table is 1, the velocity is a triangular or delta-fimction distribution; if the thermal decay 
constant is 5 0, emission time is 0.) The table and parameters are generally read fiom a file 
derived either from experimental measurements or from a detailed Monte Carlo simulation of a 
targetlmoderatorlreflector system. The example given below uses a coupled liquid Hz 
moderator with a 60-cm thick Be reflector on a spallation source, computed with MCNP [5], 
but the procedure would be the same for an experimental spectrum measurement. The energy 
spectrum from the MCNP output is shown in fig. 3. Program MKNRMTBL is provided to convert 
the spectrum. To improve sampling at long wavelengths, the data are multiplied by h2 before 
the cumulative sum is formed (the neutron is given an initial statistical weight proportional to 
l/h2 to account for this). A Gaussian (vs. log E )  is fitted to the weighted data, and the 
cumulative sum is compared to the integral of that Gaussian to form the table; that is, for equal 
steps in the argument of the Gaussian, its integral is evaluated and the cumulative sum is 
interpolated to find the corresponding neutron energy (tabulated as l og&?  / 1 meV). To 
sample the neutron energy, a random deviate is chosen from a Gaussian distribution and that 
value is used to interpolate in the table. 



n 
v)  

~ 1 0 0 0 0  
z 
8 gj 1000 

E 
\ 100 

\ 

\ 
(v 

0 

I= 

0 
03 

r 
10 

W 

G 

u I 1  

U - 
X 

The model for the time distribution is the sum of an epithermal and a thermal term convoluted 
with a Gaussian, added using a switch fbnction [6,7] of the form exp[-(&/h)pl. This 
parametrization was chosen because the convolution is easy in Monte Carlo. Adequate fits can 
be made to most source terms using two exponentials; the epithermal (and the two parameters 
of the Gaussian) are proportional to wavelength, and the thermal time constant is independent 
of wavelength. Including the switch function, the total number of parameters in the model is 
then six. For the hybrid BeRb reflector case shown here, however, the fit with just two 
exponentids is not adequate and the thermal term must be a (constant) linear combination of 
two exponentials, for a total of eight parameters. Neutrons escaping from the moderator 
surface in the MCNP run were tallied vs. time for 18 (logarithmic) wavelength bins fiom 0.09 
to 15 4 fig. 4 shows the data for one such bin, f?om 0.9 to 1.2 A. The exponential decay 
after 1000 ps being constant for all wavelengths, the data fiom 0.9 to 15 A were summed and a 
least-squares fit was made over the time range 1000- 7000ps, giving a time constant of 
6 15 ps. Since the early ( e p i t h d )  parameters are all proportional to h, the early-time data 
can be summed after binning vs. (tlh). (The variable tlh is equivalent to the reduced time vf 
used in ref [63.) A least-squares fit for tlh between 1 and 30 pdA gave the values epithermal 
exponential = 9.26 ps/h delay = 3.57 ps/A and width = 2.17 p&. Given these fits to the 
early and late times, the additional exponential term was found (z = 170 ps, ratio = 2/3). Then 
the ratios of thermal to epithermal terms were extracted, and the two parameters of the switch 
hnction determined (b = 1.05 .&, P = 2.345). The line in fig. 4 is an example of the resulting 
fit, evaluated at h = 1.0 A where all three components are significant. 
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7. Sample Program Output 

Sample program source codes LQKEOM. FOR and M L R U N .  FOR Will be distributed with all 
copies of the library, but because of their lengths are not included in this report. 
Communication between the two programs is through a geometry file, such as the following 
example, LPSS.CE0. The first part of the file is not used by the succeeding program, but 
contains text to identfi the Droblem and to give the parameters entered by the user. 
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Figure 4. Source time distribution at 1 .O A. 
Points are the MCNI? “data,” and the line is the model fit. At this wavelength, near the midpoint of 
the switch function, the early “epithermal” and the two late “thermal” exponential terms are all seen. 

Geometry code version: F90, June 30, 1995, P.A.Seeger 
LQD Geometry f i l e :  1pss.geo 
Proton pulse r a t e  = 60.0 Hz, width = 1000.0 us, m a x  wavelength 1 5 . 1  A 
Sample a t  7.00 m, Detector a t  13.00 m from moderator 
Sample diameter = 10.00 mm 
Spectrum and lineshape f i l e :  \mclib\h24Obepb\h240bepb.tbl 

TO Chop a t  2.60m, open 0.827ms, close 14.839ms, rms 40.0us, v 56.55m/s 
O’lap Chop a t  3.10m, open 7.257msY close 12.28lms, rms 20.0us, v 94.25m/s 
Frame Chop a t  6.00111, open l6.253ms, close 22.874ms, rms 20.0us, v 94.25m/s 
Coll imation: entrance aperture radius 7.53 mm a t  p o s i t i o n  2.500 m 

e x i t  4.44 mm 6.800 m 
Moderator ha l f -width and hal f -height = 0.050 m 

Time range 34370.0 - 49665.1 us 
Sample Transmission a t  Lmax ( 1 5 . 1 1 A )  i s  0.600 
Tota l  thickness o f  A1 = 12.0 mm 
Detector ha l f -width 0.320 m, p i x e l  5.00 mm, rms 3.40 mm 

Q-range: 0.00200 - 0.03134 /A 
Grav i ta t ional  droop 2 .21  - 4.62 mm 

spot radius 9.32 mm, penumbra radius 14.48 mm 

penumbra radius 21.70 mm, min angle 4.78 m r  

The next three lines give the numbers of Surfaces and regions and the length of the parameter 
block. They are required, and the remainder of the file must follow in order: 
SURFACES 25 
REGIONS 28 
nAn Aur-rrnc 9 0-  



Each surface definition is given on one line; zero entries may be left null: 
1 1  1 9 ,I/ 
1, ,I,, ,-*0036/ CZ (cylinder on z-axis), radius 60 mm 
, , , , , 1, -2 -498/ 
486749, ,486749, , -1,15.5, -60.062 5/ 
9 I ,  9 ,1,-2*5/ 
9 I ,  9 ,L-2*6/ 
1, ,1,0.6,, ,-.2025/ 
1 ,  9 9 J,-2.9/ 

PZ (plane perpendicular to z-axis) at z = 0 

PZ at z = 2.498 m 

PZ at z = 2.5 m 
PZ at z = 2.6 m 
Cylinder parallel to z-axis, offset y = -0.3 m, radius 0.335 m 
PZ at z = 2.9 m 

PZatz=3.1 m 
1, ,1,0.6,, ,-.2025/ Cylinder parallel to z-axis, offset y = -0.3 m, radius 0.335 m 
, , I , ,1,-3-102/ PZ at z = 3.102 m 
s 9 9 1  ,1,-6/ PZ at z = 6.0 m 
1, ,1,0.6,, ,-.2025/ Cylinder parallel to z-axis, offset y = -0.3 m, radius 0.335 m 
, , , , ,1,-6.002/ PZ at z = 6.002 m 

PZ at z = 6.8 m 
585518, ,585518, ,-1,6.8,-11.56/ Coneonz-axis 
, , , I ,1,-6.802/ PZ at z = 6.802 m 
, 9 I ,  1L-7/ PZ at z = 7.0 m 
, , I ,1,-7.001/ PZ at z = 7.001 m 

, , ,1,-7.013/ PZ at z = 7.013 m 
1, ,I, , I ,-0.25/ CZ, radius 0.5 m 
9 , 9 Y 9 1, -131 PZ at z = 13.0 m 
, , , , ,1,-12.95/ PZ at z = 12.95 m 
1,,1,,,,-5.6169-4/ CZ, radius 23.7 mm 

Each region is a line with an entry for each surface: 

Cone on z-axis 

CZ, radiu 60 mm 1, ,I , ,  9 ,-.0036/ 
9 Y 7 Y Y1,-3-1/ 

9 I 1  1 rL-6.W 

- 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
- 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1-4-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 4 - 4  0 0 0 0 0  0 0 0 0 0 0 0 0 0  0 0 0  0 0 0 0 0 
0 0 1-4-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 4 - 4  0 0 0 0 0  0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 
0 0 0 0 1 - 1 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 1-4-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 1 4 - 4  0 0 0  0 0 0 0 0 0  0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1-4-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 4 - 4  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 1-4-1 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 1 4 - 4  0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0-4 0 0 1-1 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0  0 0 0 0 4 0  0 1 - 4  0 0 0 0 0  0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 1-4-1 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 1 4 - 4  0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0-4 0 0 0 0 0 1-1 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 4 0 0 0 0 0 1 - 4 0  0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1-4-1 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 - 1 0  0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 - 1 0  0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 - 1 0  0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 - 1 0  0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1-4-1-lJ-14 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 - 4  0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1 1-4 



The NAME associated with each region; the first NAME is the problem title, and the second is 
the title of the source file: 

7m, 13m, 15A, 60Hz (lOOOus), Q=O.Ol/A 
H2 (50/50,64/16), Fluxtrap, 40-cm Be, Pb 
Shutter penetration 
B u l k  shield 
C i  rcular entrance aperture 
Collimator entrance 
Drif t  t o  TO chopper 
TO Chopper 
TO chopper shielding 
Col 1 i mator p i  pe 
Collimator shielding 
Frame-over1 ap chopper 
Overlap chopper shielding 
Col 1 i mator p i  pe 
Collimator s h i e l d i n g  
Frame-defini tion chopper 
Frame-definition chopper shield 
Col 1 i mator p i  pe 
Col1 imator s h i  el d i  ng 
Ci  rcul a r  ex i t  aperture 
Col 1 i mator exi t 
Drift t o  Sample 
Sample 
A1 umi num 
Secondary F1 i g h t  P a t h  
Secondary f l i g h t  Path shielding 
Detector 
Beamstop 

Next is the fist of INDExpointers into the parameter block: 
1 18 0 125 0 126 0 127 134 0 135 136 143 

145 152 o 153 o 154 o 155 158 159 160 161 181 
0 144 

Finally, the parameter block, including the source wavelength distribution: 
~ o , - o . o ~ , o . o ~ , - o . o ~ , o . o ~ , ~ . 5 , . o o ~ ~ ~ ~ , ~ . ~ , . o o ~ ~ ~ ~ ~ ~ , , ~ . ~ ~ ~ ~ ~ - ~ , . o ~ i ~ i ~ ~ , i ~ ~ ~ ~ . ~ ~ ,  

-1000,18,,, 
91,94,29.9,7.72,3.12312E16,615,170,.667,9.26,3.57,2.17,1.05,2.345, 
-1.69897, -1.697629. -1.695652, -1.692763, -1.688583, -1.682588.-1.674072. -1.662088, -1.645381, 
-1.622305,-1.592529,-1.559074,-1.514145,-1.464111,-1.402532,-1.338906,-1.26664,-1.18821, 
-i.io7399,-i.o26ii2,-.942809,-.85a~~~,-.~~~i~~,-.~~oi~~,-.~o~o~i,-.~~i~~a,-.~~~~~~. 
-.37943i,-.30623oi,-.23~iii5,-.i722237,-.io~aa~~,-.o~a~a~~,.oii~~a~,.o~s~~~~,.~ia~~~a, 
.1670108, .214867, .2574302, .3018804, .350978, .401237, .452207,. 501515, .5488, .595425, .641514, 
.686208,.730969..774255,.821073,.867633,.914168,.960341,1.006113,1.056816,1.101922, 
1.141672,l. 176525,1.221921,1.26082,1.293842,1.340518,1.384905,1.437163,1.491812,1.555346, 
1.629121,l. 711947,l. 80506,l. 906193,2.018471,2.13695,2.245232,2.359127,2.4737,2.578686, 
2.675687,2.751545,2.809126,2.868367,2.910098,2.939216~2.959276,2.973029,2.982355,2.988662, 
2.992821,2.995572,2.997316,2.998524,2.999262,2.999732?3,,, 

20,5.65487E-5,707.355,827.355,14839.31,40,16666.67,,, 
20,9.42478~-5,ii7.0279,7257.36,i2280.94,2o,i6666.67,,, 
20,9.42478E-5,82.747,16253.48,22874.19,20,16666.67,,,, 
30,.0337991,0.01,2,50,, 
43,23,1.89712,34370,49665.1,37,0.01,0.1,,16666.67,-0.32,0.32,128,0.005,.0034, 

-.323i944,.3i6ao~7,i2a,0.005,.0034,23/ 

The program M C R U N  asks the user for the geometry file name, the number of histories to be 
A p t p r t d  anA a c t a r t k o  x x a l i i n  fnr thn r a n A n r n ~ n ~ ~ r n h a r  r r n n a r m t n r  Tha * *car  e h n n c a c  q x r h a t h a r  tka 



recorded monitor spectrum is to represent a sample-in or a sample-out measurement. Options 
are also given to convert the final output histograms, which are sum of weights, to integers. 
There are two ways to do this. If one wishes the error bars on the output to be similar to a 
Poisson distriiution so they look like real data, and if the error from the number of histories is 
small, then the value for each bin can be replaced by a sample from a Poisson distribution with 
mean equal to the tally for that bin. If the error bars are already appropriate, then a simple 
Russian roulette procedure is to add a random number (on the range 0 - 1) and truncate the 
result to an integer. The following file is the output u s ig  the above geometry file. 

MONTE CARLO SIMULATION OF A NEUTRON SCATERING INSTRUMENT 
MCLRUN code version: PC, August 9, 1995, P.A.Seeger 

Successful ly read i n p u t  f i l e  w i t h  25 surfaces, 28 regions, 
(At this point the text from the front of the geometry file is reproduced) 

and 181 element parameters. 

A test particle is sent along the instrument axis as a simple sanity check: 
Beam elements along the instrument axis:  
Surf 1, Z = .OOO m, enter reg 3, Shutter penetrat ion 
Sur f  3, Z = 2.498 m, enter reg 5, Circu la r  entrance aperture 
Surf  5, Z = 2.500 m, enter reg 7, D r i f t  t o  TO chopper 
Surf  6, Z = 2.600 m, enter reg 8, TO Chopper 
Surf  8, Z = 2.900 m, enter reg 10, Col l imator pipe 
Surf  10, Z = 3.100 m, enter reg 12, Frame-overlap chopper 
Surf 12, Z = 3.102 m, enter reg 14, Col l imator pipe 
Surf  13, Z = 6.000 m, enter reg 16, Frame-definit ion chopper 
Surf  1 5 ,  Z = 6.002 m, enter reg 18, Col l imator pipe 
Surf  16, Z = 6.800 m, enter reg 20, C i r cu la r  e x i t  aperture 
Surf  18, Z = 6.802 m, enter reg 22, D r i f t  t o  Sample 
Surf  19, Z = 7.000 m, enter reg 23, Sample 
Surf 20, Z = 7.001 m, enter reg 24, Aluminum 
Surf 21, Z = 7.013 m, enter reg 25, Secondary F l i g h t  Path 
Surf 24, Z = 12.950 m, enter reg 28, Beamstop 
Surf 23, Z = 13.000 m, enter reg 27, Detector 
** No e x i t  found from Detector 

Number o f  detector b ins  = 128 x 128 ( 90 radial) ,  and 
Output data forms: T RT 
I n i t i a l  random number = 075BCD15, 300000 neutrons t o  be detected 
Moderator phase space t o  be sampled = 

Source brightness = 3.123E+16 n/ster/m**Z/MW/s 

Having found the source, the sample, and the detector, it is safe to proceed: 
37 spectrum s l i c e s  

,00060 mm**2-~ter 
x 6.82 e- fo ld  o f  energy 

A tally is kept of how much neutron statistical weight was absorbed in each element: 
t 7m, 13m, 15A, 60Hz (1OOOus) , Q=O.Ol/A MC950908-104219 
Summary o f  neutron losses by region: 
11.59% l o s t  i n  region 3 ,  Shutter penetrat ion 

13.35% l o s t  i n  region 8, TO Chopper 
73.70% lost  i n  region 12, Frame-overlap chopper 

.02% l o s t  i n  region 6, Col l imator entrance 

.7 l% l o s t  i n  region 16, Frame-definit ion chopper 

.OO% l o s t  i n  region 20, C i r cu la r  e x i t  aperture 

.OO% l o s t  i n  region 23, Sample 

.07% l o s t  i n  region 24, Aluminum 

.OO% l o s t  i n  region 25, Secondary F l i g h t  Path 



.OO% l o s t  i n  region 27, Detector 

.OO% l o s t  i n  region 28, Beamstop 

Beam i s  centered a t  ( -.03, -3.07) mm, w i t h  rms ( 7.7, 7.7) mm 
Tota l  h i s t o r i e s  tracked: 4913818 (3.178E+08 neutrons) 
Detected i n  Transmission: 303746 (1.040E+06, .33%) 
Detected i n  Scatter Mode: 300000 (5.302E+05, .17%) 

Bad-Frame neutrons passed: 1.023E+00 
Bad-Frame neutrons detected: O.OOOE+OO 
Final  random number: 31BD8950 

Beam power on target :  17.0 Flw- S 

I I I 1 I I 1 I I 1 I I I I I 
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Figure 5. Time-of-flight spectnun of transmitted neutrons for LPSS test case. 
At 13 m flight path length, the corresponding wavelength range is 10.5-15.1 A The source is a 
1-MW spallation source with a coupled liquid H, moderator, pulsed at 60 Hz. 

The output data files include header information and blocks of ASCII data for bin boundaries, 
data, and standard deviations. The values in the blocks are "," separated and 'T' terminated as 
in the geometry file shown above. Data include the transmitted spectnun histogram (fig. 5 )  
and a 2-dimensional histogram of counts integrated in radial zones on the detector for each 
time slice (fig. 6). By converting the radial data to Q for each individual wavelength (time 
slice) before combining, the time-of-fight wavelength resolution is maintained. The final result 
for this test case is shown in fig. 7. 

8. Future Directions 

It is the intention of the author that MCLB remain in the public domain (see copyright notice 
in Appendix B). The most recent versions of the library and auxiliary codes as described above 
will continue to be available to any interested users fkom the author or from the Los Alamos 
Neutron Science Center (LANSCE) via Internet fle transfer. Input of ideas, algorithms, 
andlor(pub1ic) code modules to expand the library is requested and encouraged. Element types 
70 through 79 are reserved for individual non-standard use; please contact the author for 
assignment of permanent type numbers. 
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Figure 6. Relative count rate in detector vs. radial position and time of flight, for test case. 
Time of flight has been converted to wavelength and detector radial zone to scattering angle (28). 
Contour intends are logarithmic. 



A parallel (but separate) effort at LANSCE is developing a user interface (based on the 
Smalltalk language) which will greatly simplify design of new instrument configurations by 
facilitating creation of the geometry file [8]. The MCLIB library will be modified as necessary 
to support this project, and to include new features, such as polarization. 
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Appendix A 
Files K G E O M .  INC, K E L M N T .  I N C  and CONSTANT. I N C  

K 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

.GEOM . I N C  
08 Feb 1994: converted from COMMON to  STRUCTURES. Added WT, M y  and KILto 

17 Feb 1994: added BETA t o  surface record; type 5 boundary; made MAXP 

particle record. Require Y direction t o  be vertical (for 
gravity) . [PAS] 

a parameter [PAS] 
15 Feb 1995: i n c l u d e  structure /MC_ELEMENT/ formerly i n  MC_ELMNT.INC [PAS] 

To change dimensions of a l l  arrays, change maximum numbers of 
surfaces (MAXS), regions (MAXR), and/or element parameters (MAXP) i n  
following PARAMETER statement. 

INTEGER*4 MAXS, MAXR, MAXP 
PARAMETER (MAXS=150, MAXR=100, MAXP=800) 

Definitions of surface parameters and array of boundaries of surfaces: 
SURFACE i s  a record containing 10 coefficients of a general 

quadratic surface, of the form 
A*(X**2) + B*X + C*(Y**2) + D*Y + E*(Z**2) + F*Z + c + 
BETA = surface roughness parameter between 0 (smooth) and 1 (cosine); 

P*(X*Y) + Q""(Y*Z) + R*(Z*X) = 0 

negative or >1 is completely random 
STRUCTURE /SURFACE/ 

REAL*4 A, B y  C y  D, E, F, G ,  P, Q, R 
REAL*4 BETA 

END STRUCTURE 

REGION is record containing NSURF values o f  the 1*2 variable IGEOM, 
defining a region by i t s  bounding surfaces: 
+ if interior of region is on + side of surface 
- if interior of region is on - side of surface 
0 if  surface is not a boundary of the region 
1 for ordinary surface described by roughness BETA and possibility 

of refraction or cr i t ical  reflection 
2 for totally reflecting surface 
3 for diffuse scattering surface 
4 for  absorbing surface 
5 special action required i n  previous region before crossing surface 

STRUCTURE /REGION/ 

END STRUCTURE 
INTEGER*2 IGEOM(MAXS) 

NSURF = number of surfaces defined 
NREG = number of regions defined 

STRUCTURE /MLGEOM/ 
INTEGER*4 NSURF,NREC 
RECORD /SURFACE/ SURFACE(MAXS1 
RECORD /REGION/ REGION(MAXR) 

END STRUCTURE 

Definitions of position and velocity of particle: 
(X,Y,Z) = position of particle (m); note that +Y is  UP (for gravity) 
(VX,W,VZ) = velocity of particle (m/us) 
TOF = time of f l ight  of particle (us) 
M = atomic number of particle (e.g., 1 for neutron, 0 for photon) 
POL = oolarization of particle. i n  ranqe -1.0 t o  +1.0; 0 for unpolarized 



C 

C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

WT = s t a t i s t i c a l  weight o f  p a r t i c l e  
STRUCTURE /PARTICLE/ 

END STRUCTURE 
REAL*4 X, Y, Z, VX, W, VZ, TOF, M, POL, WT 

De f in i t i ons  o f  element-parameter block 
Each INDEX points  t o  the beginning o f  a s t ruc tu re  w i t h i n  the contiguous 

block PARAM. The f i r s t  en t r y  i n  PARAM f o r  each element i d e n t i f i e s  the 
type, fo l lowed by a varying number o f  parameters. 
NAME = 40-character descr ip t ive name o f  a region o r  element 
NEXTINDX = pointer  t o  next avai lab le l o c a t i o n  i n  PARAM 
INDEX = pointer  i n t o  parameter block; i f  0, region i s  not an "element" 
PARAM = block o f  element parameters 
STRUCTURE /MCELEMENT/ 

CHARACTER*40 NAME(MAXR) 
INTEGER*4 NEXTINDX , INDEX(MAXR) 
REAL*4 PARAM (MAXP) 

END STRUCTURE 

MC-ELMNT.INC 
C De f in i t i ons  o f  beam elements which may occur i n  regions, and their parameters 
C 
C P. A. Seeger, A p r i l  20, 1994 
C 04 Jan 1995: def ine o f f s e t s  o f  parameters w i t h i n  blocks, ra ther  than 
C s t ruc tu re  w i t h  UNIONS [PAS] 
C 
C and 1 i neshape descr ip t ion [PAS] 
C 0 1  Feb 1995: added types 5 (Be), 13 (crystal  monochromator), and 35 
C (ref lectometry) [PAS] 
C 1 5  Feb 1995: modif ied type 91; moved s t ruc tu re  de f i n i t i on  toMf_CEOM.INC 
C [PAS1 
C 04 Mar 1995: types 90.n f o r  rectangular and/or o f f s e t  phase space [PAS] 
C 09 Mar 1995: type 44 ( longi tud ina l  detector); a l l  detectors .need sut+ace 
C number [PAS] 
C 06 Jun 1995: 2 more parameters i n  monochromator type 13 [PAS] 
C 13 Jul  1995: type 36, general powder [PAS,Uli Wildgruber,Luke Daemon] 
C 04 Aug 1995: type 6, s ing le-crysta l  f i l t e r  [PAS] 
C 26 Aug 1995: type 32, i s o t r o p i c  scat terer  [PAS] 
C 05 Sep 1995: revised parameters f o r  pulse shape (type=91) [PAS] 
C 
C The f i r s t  en t r y  i n  PARAM f o r  each element i d e n t i f i e s  the 
C type, fo l lowed by a varying number o f  parameters. 
C 

10 Jan 1995: modified source type 90; added type 9 1  f o r  source spectrun 

INTEGER ELMNT-TYPE 
PARAMETER (ELMNT-TYPE=O) 

C type 0 = t o t a l  absorber; no addi t ional  parameters 
C type 1 = amorphous unpolarized mater ia l ;  4 parameters 
C Real and Imaginary scatter ing-1 ength dens i ty  (10**10/cm**2) 
C macroscopic scat ter ing cross sect ion (l /m> 
C ve loc i  ty-dependent cross section, a t  1 m/us (l/us) 

INTEGER REAL-RHO, IMAGRHO, NSICMAO, NSICMAV 
PARAMETER (REAL-RHO=1,IMACLRHO=2,NSIGMAO=3,NSIGMAV=4) 

C type 2 = aluminum, inc lud ing Bragg edges; no addi t ional  parameters 
C type 3 = hydrogenous, inc lud ing m u l t i p l e  scatter ing;  1 parameter 
C Relat ive hydrogen densi ty compared t o  water 

INTEGER H-DENSITY 
OADAMCTCD fu  ncricT-rv-i\ 



C type 4 = supermirror characterized by 2 scat ter ing densi t ies;  5 parameters 
C 
C 
C 

Complex bulk  materi a1 s c a t t e r i  ng-1 ength .density (10**1O/cm** 2) 
Complex e f f e c t i v e  supermirror densi ty (10**10/cm**2) 
Relat ive e f f i c i e n c y  o f  supermirror regime 
INTEGER REAL-BULK, IMAG-BULK, REAL-SUPER, IMAGSUPER, EFF-SUPER 
PARAMETER (REAL,BULK=l, IMALBULK=2,  REAL,SUPER=3, IMALSUPER=4, 

C type 5 = bery l l i um a t  100K, inc lud ing Bragg edges; no addi t ional  parameters 
C type 6 = s ing le-crysta l  f i l t e r ,  Freund formalism; 3 parameters 
C xsec = sigfree*(l-exp(-C2/lambda**2)) + sigabs*lambda 
C L im i t i ng  (short wavelength) f ree-atom macroscopic cross section (l/cm) 
C -1 n ( l  - (s i  g(lA)-si gabs)/(si g f  ree-sigabs)) (A'5*2) 
C sum o f  l / v  macroscopic cross sections a t  lA (l/cm/A) 

INTEGER XSIGFREE, L C 2 ,  XSIGABS 
PARAMETER (XSIGFREE=l,X-C2=2,XSIGABS=3) 

1 E FF-S U PER= 5) 

C 
C type 10 = mult i -aperture co l l ima to r  
C type 11 = m u l t i - s l i t  co l l imator ,  v e r t i c a l  blades; 3 o r  5 parameters 
C Spaci ng o f  s l i t s ,  center l  i ne-to-center1 i ne (m) 
C Rate o f  convergence (>O) o r  divergence (<O) o f  one s l i t  
C Z a t  entrance o f  the region, where spacing i s  measured (m) 

INTEGER LDELTA, LTAPER, CZENTER 
PARAMETER (CDELTA=l,C-TAPER=2,7ENTER=3) 
For a curved system (bender), C 

C 
C 

s ine o f  h a l f  the angle o f  bend 
cosine o f  h a l f  the angle o f  bend 

INTEGER B-SIN-PHI, B-COS-PHI 
PARAMETER (B-SIN-PHI=4,B,COS-PHI=5) 

C type 1 2  = m u l t i - s l i t  co l l imator ,  hor izonta l  blades; 5 parameters 
C Same parameters as type 11 
C type 13 = c r y s t a l  monochrometer; 10 parameters 
C Twice the c r y s t a l  plane spacing (A) 
C 
C 
C 
C rms spread o f  plane spacing, (de l ta  d)/d 
C max number o f  loops (or microcrystal  or ientat ions) t o  t r y  
C 
C 

Nominal Z pos i t i on  f o r  r o t a t i o n  o f  instrument ax i s  (m) 
Sine and cosine o f  take-of f  angle 
X-, Y-, and Z-components o f  mosaic spread, rms o f  sines o f  angles 

p r o b a b i l i t y  normalization f a c t o r  per t r y ,  derived from r e f l e c t i o n  

INTEGER L2D-SPACE , M20 , K S I K 2 T H  , LCOS-2TH , K R O T X ,  

PARAMETER (L2D,SPACE=l,M_ZO=2,LSIN-2TH=3,KCOS2TH=4, 

p r o b a b i l i t y  a t  peak wavelength: 1 - (l-ma>cprob)**(l/trys) 

1 M-ROTY, KROTZ, LD-SPREAD, LTRY, KPROB 

1 
2 LTRY=9,LPROB=10) 

KROTX=5 , KROTY=6, LROTZ=7 , LD_SPREAD=8 , 
C 
C types 20.n = chopper (disk o r  blade); 6 parameters 
C .O o r  .2 f o r  motion i n  x-d i rect ion,  .1 o r  . 3  f o r  v e r t i c a l  
C 
C 
C 
C 
C 
C Phase j i t t e r  o f  chopper, rms (us) 
C Period of chopper (us) 

.2 o r  . 3  i s  counter-rotat ing ( f u l l y  closed when edges a t  0) 
L i  near v e l o c i t y  o f  opening crossing beam center l  i ne (m/us) 
Time t o  cover o r  uncover h a l f  the width o f  the moderator (us) 
Nominal t ime a t  which opening chopper edge crosses zero (us) 
Nominal t i m e  a t  which c los ing chopper edge crosses zero (us) 

INTEGER CHP-VEL, CHP-HALF, CHP-OPEN, CHP-CLOSE, 

PARAMETER (CHP-VEL=l, CHP,HALF=2 , CHP,OPEN=3, CHP,CLOSE=4 , 
CHP-JITTER, CHP-PERIOD 

CHP-JITTER=5,CHP-PERIOD=6) 

1 

1 



C 
C 
C 

C 
C 

C 
C 

C 
C 

C 
C 
C 
C 

type 2 1  = Fermi chopper 
type 22 = g r a v i t y  focuser; 5 parameters 

accelerat ion (m/us**2), and rms phase j i t t e r  (us) 
nominal times f o r  s t a r t  and top o f  upward stroke (us) 
t ime between pulses (us) 
INTEGER GACCEL , Ll ITTER , GSTART, CLTOP, G P E R I O D  
PARAMETER (GJ\CCEL=1,LJITTER=2,G~START=3,~TOP=4,GPERIOD=5) 

type 23 = removable beamstop; no addi t ional  parameters 

f i r s t  parameter o f  most samples i s  - ln(transmission a t  1 A) 
INTEGER SIGMA-lA 
PARAMETER (S ICMAJA= l )  

type 30 = sample which scat ters  a t  constant Q; 1 addi t ional  parameter 
value o f  Q f o r  scat ter  (1/A) 
INTEGER LSCATTER 
PARAMETER (QSCATTER=2) 

type 3 1  = scat ter ing sample o f  hard spheres; 1 addi t ional  parameter 
hard-sphere radius f o r  scat ter  (A) 
INTEGER RSPHERE 
PARAMETER (RSPHERE=2) 

type 32 = isotropic scatterer w i t h  constant energy change; 1 additional 
i n e l a s t i c  energy change (0 i f  e las t i c )  (meV) 
INTEGER DELTA-E 
PARAMETER (DELTA-E=2) 

type 34 = i n e l a s t i c  scat ter ing using MCNP f i l e ;  no parameters, but  NAME 

type 35 = scat ter ing from layered ref lectometry sample; 1 + 4*N parameters 
must be '[pathlfilename' for the f i l e  

number o f  layers,  inc lud ing substrate 
parameters f o r  each layer ,  s t a r t i n g  w i t h  substrate: 

4pi  *Real and Imaginary s c a t t e r i  ng-1 ength densi ty (1/A**2) 
Thickness o f  l aye r  (zero f o r  substrate) (A) 
Roughness, 2*sigma**2 o f  outer surface o f  t h i s  l a y e r  (A**2) 

INTEGER NLAYERS, REAL4PINB, IMAG4PINB, THICLAYER, ROUGHNESS 
PARAMETER (NLAYERS=l, REAL4PINB=2, IMAG4PINB=3, 

1 THK_LAYER=4, ROUGHNESS=5) 
type 36 = sca t te r i ng  from i s o t r o p i c  p o l y c r y s t a l l i n e  p d e r ;  6+2*N parameters 

number o f  Bragg edges included 
1 i m i  ti ng (short wavelength) macroscopic t o t a l  xsection (l/cm) 
macroscopic incoherent sca t te r i ng  xsection (l/cm) 
macroscopic l / v  scat ter ing xsection a t  1 A (l/cm/A) 
macroscopic l / v  absorption xsection a t  1 A (l/cm/A) 
t a b l e  o f  d-spacings o f  Bragg edges (A), fo l lowed by e x p l i c i t  0 and 

INTEGER N-BRAGG , PSIGMAT, PSIGMAI , PSIGMAS , PSIGMAA, D-BRAGC 
table of cumulative macroscopic xsections a t  1 A (l/cm/Ak*2) 

PARAMETER (N_BRACG=1,PSIGMAT=2,PSIGMAI=3,PSIG~S=4,PSIG~=5, 
D_BRAGG=6) 1 

type 40 = detector; 9 addi t ional  parameters 
f i r s t  parameter o f  a l l  detectors i s  surface number 
second parameter o f  a l l  detectors i s  - l n ( l  - e f f i c i e n c y  a t  1 A) 
INTEGER DET-SURF, DALPHA-lA 
PARAMETER (DET-SURF=l,D-ALPHAJA=2) 
t ime-of -f l  i ght c lock parameters : 

minimum and maximum times (us) 
number o f  t ime channels 
i f  logar i thmic,  d t / t  (otherwise d t / t  = 0) 
minimum clock t i c k  i n  determining l o g  scale (us) - - . -  - .  - -  



C 
C 

C 

C 

repeat per iod o f  data-acquisi t i o n  e lect ron ics (us) 
Note: i f  t-o-f i s  logar i thmic,  TMAX i s  overridden 
INTEGER D-TMIN, D-TMAX, D-TCHANS, D-DTiOVEkT, D-TICK, D-DELAY, 

1 D-T-PERIOD 

1 D-TICK=7,D-DELAY=8,D-T-PERIOD=9) 
PARAMETER (D-TMIN=3,D-TMAX=4,D-TCHANS=5,D-DT-OVEFLT=6, 

C 
C 
C number o f  detector elements 
C s i ze  o f  detector element (m) 
C 

type 4 1  = v e r t i c a l  l i n e a r  detector; 14 addi t ional  parameters 
l oca t i ons  o f  bottom and top o f  detector (m) 

root-mean-square encoding e r r o r  o f  detector (m) 
INTEGER DET-YMIN, DET-YMAX, DET-NY, DET-DELY, DET-RMSY 
PARAMETER (DET-YMIN=1O,DET~YMAX=ll,DETNY=12,DET-DELY=l3, 

1 DET_RMSY=14) 
C 
C 
C number o f  detector elements 
C s i ze  o f  detector element (m) 
C 

type 42 = hor izonta l  l i n e a r  detector; 14 addi t ional  parameters 
locat ions o f  l e f t  and r i g h t  ends o f  detector (m) 

root-mean-square encoding e r r o r  o f  detector (m) 
INTEGER DETJMIN , DETJMAX, DET-NX, DET-DELX, DET-RMSX 
PARAMETER (DET_XMIN=lO,DET_XMAX=ll,DET-NX=12,DET-DELX=13, 

1 DET_RMSX=14) 
C type 4 3  = 2-D r e c t i l i n e a r  detector; 18 addi t ional  parameters 
C 
C number o f  detector elements i n  the hor izonta l  d i  rec t i on  
C width o f  detector element (m) 
C 
C 
C number o f  detector elements i n  the v e r t i c a l  d i r e c t i o n  
C 
C 

locat ions o f  l e f t  and r i g h t  edges o f  detector (m) 

root-mean-square X encoding e r r o r  o f  detector (m) 
l oca t i ons  o f  bottom and top edges o f  detector (m) 

height o f  detector element (m) 
root-mean-square Y encoding e r r o r  o f  detector (m) 
INTEGER DETZ-XMIN, DETZSMAX, DET2-NX, DET2-DELX, DET2-RMSX 
INTEGER DET2-WIN, DET2-YMAX, DET2-NY, DET2-DELY, DET2-RMSY 
PARAMETER (DETZ_XMIN=lO,DET2-XMAX=11,DET2-NX=12, 

1 DET2-DELX=13,DET2_RMSX=14,DET2-YMIN=15, 
2 DET2-YMAX=lG,DET2-NY=17,DET2-DELY=18, 
3 DET2_RMSY=19) 

C 
C 
C number o f  detector elements 
C s i ze  o f  detector element (m) 
C 

type 44 = long i tud ina l  l i n e a r  detector; 14 addi t ional  parameters 
l oca t i ons  o f  upstream and downstream ends o f  detector (m) 

root-mean-square encoding e r r o r  o f  detector (m) 
INTEGER DETJMIN j DETJMAX j DEI-NZ j DET-DELZ j DET-RMSZ 
PARAMETER (DETJMIN=lO DET_ZMAX=I1, DET_NZ=12 DET_DELZ=13 j 

1 DET_RMSZ=14) 
C 
C 
C 
C 
C 
C 

type 50 = scat ter ing chamber, v o i d - f i l l e d .  No parameters, but other regions 
may be embedded, ind icated by surface types w i th  10s d i g i t  on. 

types 90.n = source s i ze  and phase space t o  be sampled; 14-18 parameters 
edges o f  rectangular moderator face (m) 
INTEGER MODSMIN, MODJMAX, MOD-WIN, MOD-WAX 
PARAMETER (MODJMIN=l, MODJMAX=2, MOD-YMIN=3, MOD_YMAX=4) 
l o c a t i o n  and radius (half-width) of apertures which def ine beam (m) 
INTEGER APTRLZ,  APTRLR, APTR23 ,  APTR2-R 
PARAMETER (APTRLZ=5, APTRLR=6, APTRZ-Z=7, APTR2-R=8) 
addi t ional  v e r t i c a l  space t o  sample f o r  g r a v i t y  focus (m) 
INTEGER L D E L Y 2  



PARAMETER (GDELY2=9) 
C min and max neutron energy t o  be sampled (eV) 
C t ime between beam pulses and square pulse width (us) 

INTEGER S-EMIN, S-EMAX, S-PERIOD, S-WIDTH 
PARAMETER (S~EMIN=1O,S~EMAX=11,S~PERIOD=12,S~WIDTH=l3) 
o f f s e t  t o  parameter block w i t h  spectrum and lineshape parameters 
INTEGER E-OFFSET 
PARAMETER (E_OFFSET=14) 

INTEGER APTRLY, APTR2-Y 
PARAMETER (APTRLY=15 , AmR2,Y=16) 

C 

C (optional) hal f -heights o f  apertures, type 90.1 o r  90.2 (m) 

C (optional) v e r t i c a l  o f f s e t s  o f  apertures, type 90.4 (m) 
INTEGER APTRLYOFFSET , APTR2-Y-OFFSET 
PARAMETER (Af'TRLY-OFFSET=17,AFTRZ-Y-OFFSET=18) 

C 
C parameters plus length o f  t a b l e  
C 
C l o c a t i o n  i n  t a b l e  o f  center of normal d i s t r i b u t i o n  (index uni ts)  
C o r  value o f  nominal neutron v e l o c i t y  (m/us) (if # en t r i es  = 11 
C standard devi a t i o n  of normal d i s t r i b u t i o n  (tab1 e index uni ts)  
C o r  r e l a t i v e  fwhm o f  v e l o c i t y  se lector  (if # en t r i es  = 1) 

INTEGER N-E-TABLE, CENT-TABLE, SICKTABLE 
PARAMETER (N,E-TABLE=lyCENT,TABLE=2,S1GMLTABLE=3) 

INTEGER S-BRIGHT 
PARAMETER (S,BRICHT=4) 

type 9 1  = source energy d i s t r i b u t i o n  t a b l e  and lineshape parameters; 12 

number o f  en t r i es  i n  energy t a b l e  (1 i s  special case) 

C source brightness, summed over l i m i t s  o f  LTABLE (n/ster/m**Z/MW/s) 

C 1 o r  2 exponential t i m e  constants i n  thermal (low-energy) l i m i t  (us) 
C probabi 1 i t y  of 2nd exponenti a1 

INTEGER TAU-TH1, TAU-TH2, TAU2-RATIO 
PARAMETER (TAU-TH1=5,TAU-TH2=6,TAU2-RATIO=7) 

C epithermal (high energy) t ime constant proport ional  t o  lambda (us/A) 
C Gaussian delay and width proport ional  t o  lambda (us/A) 

C 

INTEGER TAU-EPI, T-DELAY, T-WIDTH 
PARAMETER (TALEPI4  , T,DELAY=9, T,WIDTH=10) 
switching func t i on  l / e  p o i n t  (A) and power (slope) 
INTEGER SWITCH-LAMBDA, SWITCH-POWER 
PARAMETER (SWITCH-LAM B DA=11, SWITCH-POW E R= 12) 

C o r i g i n  o f  t a b l e  o f  cumulative energy d i s t r i b u t i o n  (weighted by 
C lambda**2) o f  source spectrum on equal ly spaced normal-curve values 
C o f  1 og (energy/lmeV) 

INTEGER FTABLE 
PARAMETER (E,TABLE=13) 

CONSTAJW.INC 
C Various physical  constants 
C 
C COVER2 = h a l f  the accelerat ion o f  g r a v i t y  (m/us**2) 
C HOVERM = Plank's constant/neutron mass (m-A/us) 
C HSQOV2M = Plank's constant squared over 2 Mneutron (eV-A**2) 
C ROOTM-2 = square r o o t  o f  h a l f  the neutron mass (eV**0.5-us/m) 
C TWOPI = 2*pi 

REAL*4 GOVER2, HOVERM, HSQOVZM, ROOTM-2, TWOPI 
PARAMETER (COVER2 = 4.858E-12, 

1 HOVERM = 0.0039560339, 
2 HSQOV2M = 0.0818145347, 
3 ROOTM-2 = 72.298, 
4 TWOPI = 6.283185307) 



Appendix B 
Subroutine Abstracts 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

Copyright, 1995, The Regents o f  the Univers i ty  o f  Ca l i f o rn ia .  
This software was produced under a U.S. Government contract  (W-7405- 
ENG-36) by the Los Alamos National Laboratory, which i s  operated 
by the Univers i ty  o f  C a l i f o r n i a  f o r  the U. S. Department of Energy. 
The U. S. Government i s  l icensed t o  use, reproduce, and d i s t r i b u t e  
t h i s  software. t o  the pub l i c  t o  copy and use 

statement of authorship are reproduced on a l l  copies. Neither the 
Government nor the Univers i ty  makes any warranty, express o r  implied, 
o r  assumes any l i a b i l i t y  o r  r e s p o n s i b i l i t y  f o r  the use o f  t h i s  s o f t -  
ware. 

Permission i s  granted 
t h i s  software without charge, provided t h a t  t h i s  not ice and any 

C++ 

C 

C 
C Compute the cosine of the angle of incidence o f  the p a r t i c l e  PART 
C w i t h  respect t o  surface SURF. The cosine i s  returned i n  COSTH, 
C and the  d i r e c t i o n  cosines o f  the normal t o  the surface as AP,BP,CP. 
C No t e s t  i s  made t o  assure t h a t  p a r t i c l e  i s  a c t u a l l y  on the  surface. 
C 
C From subroutine WOBBLE, M. W. Johnson, Rutherford and Appleton Laboratories 
C repor t  RL-80-065; P. A. Seeger, 1984. 
C 03 Feb 1994: converted from COMMON t o  STRUCTURES; changed c a l l i n g  
C sequence [PAS] 
C 
C Def i n i  ti ons o f  STRUCTURES : 

C 9 9 * ~ ~ 0 0 ~ 0 0  A N C; L 1 hO-WcQQ**3r* 

SUBROUTINE ANCLI(PART, SURF, COSTH, AP, BP, CP) 

IMPLICIT NONE 
INCLUDE 'mc-geom. i n c '  

C 
C Variables i n  c a l l i n g  sequence: 
C PART = record contai n i  ng p a r t i c l e  coordinates (input) 
C 
C 
C AP,BP,CP = d i r e c t i o n  cosines of surface normal (output) 

SURF = record containing d e f i n i t i o n  o f  surface (input) 
COSTH = cosine o f  angle between /MC_PART/ and surface normal (output) 

RECORD /PARTICLE/ PART 
RECORD /SURFACE/ SURF 
REAL*4 COSTH, AP, BP, CP 

C 
C No externals 
C- - 
C++ 

C 

C 
C 
C 

c%-*9*9ak**-kO A T T E N ,A L -3r3rst.st-3r-k-Zrakak* 

REAL*4 FUNCTION AlTENAL (LAMBDA) 

Neutron at tenuat ion length (mm) of p o l y c r y s t a l l i n e  aluminum a t  300K, 
as a funct ion o f  neutron wavelength LAMBDA i n  Angstroms. 

C 



C From 3 .  M. Carpenter e t  a l . ,  SICAL, January 16, 1986 (IPNS Note 32) 
C 28 Jan 1993: adapted, restructured, modif ied numeric values [PAS] 
C 
C Variables i n  c a l l i n g  sequence: 
C LAMBDA = neutron wavelength (A) (input) 

IMPLICIT NONE 
REAL*4 LAMBDA 

C 
C No externals 
C-- 

C++ 

C 

C 
C Neutron at tenuat ion length (mm) o f  p o l y c r y s t a l l i n e  be ry l l i um a t  100K, 
C 
C 
C From 3. M. Carpenter e t  al., SICAL, January 16, 1986 (IPNS Note 32) 
C 25 Jan 1995: converted from A1 t o  Be [PAS & Bob VonDreele] 
C 
C Variables i n  c a l l i n g  sequence: 
C LAMBDA = neutron wavelength (A) (input) 

C*QQQO**Q** A T T E N - B E *Q*Q****** 

REAL*4 FUNCTION ATTEN-BE (LAMBDA) 

as a func t i on  o f  neutron wavelength LAMBDA i n  Angstroms. 

IMPLICIT NONE 
REAL*4 LAMBDA 

C 
C No externals 
C- - 

C++ 

C 

C 
C Neutron at tenuat ion length (mm) o f  a s ing le-crysta l  f i l t e r ,  using the 
C 
C 
C 
C From A. K. Freund, Nucl. I n s t .  Methods 213 (1983) 495-501, eq. 12. 
C P. A. Seeger, August 4, 1995. 
C 14 Aug 1995: was return ing rec iprocal  [PAS,CXu] 
C 
C Variables i n  c a l l i n g  sequence: 
C PARAMS = array w i t h  cross sect ion parameters (input) 
C LAMBDA = neutron wavelength (A) (input) 

C***Q1*Qfc*Q A T T E N - X -A.O9rSr-lrQO9QSr 

REAL*4 FUNCTION AlTEN-X(PARAMS, LAMBDA) 

formalism of Freund, as a func t i on  o f  neutron wavelength LAMBDA: 
sigma = sigfree*[l-exp(-CZ/lambda**2)1 + sigabs*lambda 

IMPLICIT NONE 
INCLUDE 'mc-e1mnt.inc' 
REAL*4 PARAMS(*), LAMBDA 

C 
C No externals 
C- - 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C- 

Format a f loat ing-point  number i n t o  10 o r  fewer A S C I I  characters. 
This  subroutine encodes a f l oa t i ng -po in t  number Q i n t o  a character s t r ing 
no longer than STRING (maximum lo ) ,  wi th  no embedded blanks or  t r a i l i n g  
i n s i g n i f i c a n t  zeros. The actual  length i s  returned as N. Underflows are 
returned as '.OOOO' and overflows as I*****' . Zero Q becomes '0'. 

P. A. Seeger, Los Alamos National Laboratory, May 24, 1986 
05 Dec 1987: improved e l im ina t i on  o f  t r a i l i n g  i n s i g n i f i c a n t  d ig i t s  [PAS] 

No Externals - 
C++ 

C 

C 
C 
C p a r t i c l e s  w i t h  mass, g r a v i t y  i s  included i n  determining intersection, but 
C the distance returned assumes constant ve loc i t y .  I f  l o g i c a l  ONSURF i s  
C .TRUE., p a r t i c l e  i s  assumed t o  be on the surface already, but  t e s t  i s  
C made fo r  second in te rsec t i on  w i t h  quadratic surface. I f  t ra jec to ry  does 
C not i n t e r s e c t  the surface, DIST w i l l  be -10**38 on return. No parameters 
C o f  the p a r t i c l e  are changed. 
C 
C M.W. Johnson and C. Stephanou, Rutherford Laboratory repor t  RL-78-090. 
C Modif ied by P.A. Seeger (1980) t o  include t e s t  f o r  being on surface ISURF. 

c%4&4fr40999 D 1 s T z k ~ $ c ~ ~ ~ ? c $ r % +  

REAL*4 FUNCTION DIST(PART, SURF, ON-SURF) 

Find distance along t r a j e c t o r y  o f  p a r t i c l e  PART t o  surface SURF. For 

C Restructured 
C 08 Feb 1994: 
C 
C 11 Apr 1994: 
C 06 Mar 1995: 
C 23 Mar 1995: 
C 
C De f in i t i ons  o f  

by P.A. Seeger, 1984. 
converted from COMMON t o  STRUCTURES; changed c a l l i n g  
sequence; added g r a v i t y  [PAS] 
changed t e s t  o f  AA << BB t o  avoid underflow 
solve i n  double prec is ion [PAS] 
expand square roo t  i f  BB**2 >> CC/AA [MFitz,PASI 

[PAS] 

STRUCTURES: 
IMPLICIT NONE 
INCLUDE 'mc-geom.inc' 
INCLUDE 'constant. inc' 

C 
C 
C- - 

Vari ab1 es i n c a l l  i ng sequence 
PART = record w i t h  p a r t i c l e  coordinates (input) 
SURF = record w i t h  surface d e f i n i t i o n  (input) 
I = surface t o  which distance i s  being found (input) 
ON-SURF = f l a g  t h a t  p a r t i c l e  i s  on the surface i n  question (input) 

RECORD /PARTICLE/ PART 
RECORD /SURFACE/ SURF 
LOGICAL ON-SURF 

No externals. 

C++ 

C 
C4449040400 D T 0 E X $&****4*40 

SUBROUTINE DTOEX(PART, GEOM, IREC, ISURF, ISURF, EXDIST) 
C 
C 
C 

Compute distance EXDIST t o  nearest boundary o f  region IREG from 
pos i t i on  and v e l o c i t y  given i n  PART, using surface and region 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

C- 

d e f i n i t i o n s  i n  GEOM. 
surface i n  forward d i rec t i on .  
i s  assumed t o  be on t h a t  surface already, but  may i n t e r s e c t  i t  again 
i f  the surface i s  quadratic. On return,  JSURF i s  the e x i t  surface 
and EXDIST i s  the distance t o  it; the p a r t i c l e  has not been moved. 
I f  no e x i t  i s  found, JSURF w i l l  be 0 and EXDIST w i l l  be negative. 

M.W. Johnson and C. Stephanou, Rutherford Laboratory repor t  RL-78-090. 

I f  IREC = 0, f i n d s  distance t o  nearest 
I f  ISURF i s  not 0, the p a r t i c l e  

Modif ied by P.A. Seeger (1980) f o r  case of p a r t i c l e  on surface ISURF. 
02 Jan 1985: Included JSURF as separate en t r y  i n  c a l l i n g  sequence [PAS] 
03 Feb 1994: converted from COMMON t o  STRUCTURES; added PART and CEOM 

t o  c a l l i n g  sequence [PAS] 
06 Mar 1995: a l low zero as a r e s u l t  [PAS] 

Def  i n i  ti ons o f  STRUCTURES : 
IMPLICIT NONE 
INCLUDE 'mc-geom.inc' 

Var i  ab1 es i n c a l l  i ng sequence: 
PART = record w i t h  p a r t i c l e  coordinates (input) 
GEOM = s t ruc tu re  w i t h  d e f i n i t i o n s  o f  al l  surfaces and regions (input) 
IREC = region p a r t i c l e  is i n  (input) 
ISURF = surface which t h e  p a r t i c l e  PART i s  on (input) 
JSURF = surface the d i r e c t i o n  i n  PART i s  pointed toward (output) 
EXDIST = distance t o  surface JSURF (output) 

RECORD /PARTICLE/ PART 
RECORD /MLGEOM/ CEOM 
INTECER*4 IREC, I S U R F ,  JSURF 
REAL*4 EXDIST 

External s : 
DIST 
REAL"4 DIST 

.- 

C++ 

C 

C 
C E l a s t i c  sca t te r i ng  from o r i g i n a l  v e l o c i t y  (VX,VY,VZ) a t  random 
C azimuthal angle about the v e l o c i t y  vector, a t  a scat ter ing angle 
C given by STH = 2 sin(theta/2). I f  the v e l o c i t y  i s  0 o r  i f  the 
C 
C 
C P. A. Seeger, 1984. 
C 28 Mar 1994: t e s t  VX**2 vs. V**2 instead o f  VX vs. V [PAS] 
C 26 Aug 1995: protect  against negative square r o o t  [PAS] 
C 
C Variables i n  c a l l i n g  sequence: 
C VX, W, VZ = vector v e l o c i t y  (input/output) 
C 
C ISEED = random-number generator seed (input/output) 

C<--*<-<-**<-**8 E L S C A T SisiSrSr9rO**** 

SUBROUTINE ELSCATW, VY, VZ, STH, ISEED) 

absolute value o f  STH i s  greater than 2 ,  no scat ter ing occurs. 

STH = twice the s ine o f  h a l f  the scat ter ing angle (input) 

IMPLICIT NONE 
INTEGER"4 ISEED 
REAL*4 VX,VY,VZ,STH 

C 
~~ - 



C RNDCRCL 
C- - 
C++ 

C 

C 
C Returns natura l  l o g  o f  gamma(XX), f o r  XX > 0. 
C 
C Press e t  a1 . , "Numerical Recipes" (2nd ed., Cambridge, 1992) p. 207 
C 
C Variables i n  c a l l i n g  sequence: 
C XX = argument (input) 

IMPLICIT NONE 
REAL"4 XX 

C*fc****-k**%- C A M M L N hk**-Sra?-lrOSr3r 

REAL*4 FUNCTION CAMMLN (XX) 

C 
C No externals 
C- - 
C++ 

C 
C****ak***** G E T - B 1 N S O-LrQ+****** 

SUBROUTINE GET,BINS(PARAMS, IXMAX, IYMAX, ITMAX, 
1 DELX, DELY, T-BINS, XMIN, YMIN) 

C 
C 
C PARAMS, and re tu rn  dimensions, p i x e l  sizes, the t ime-s l ice boundaries 
C 
C minimum hor izonta l  and v e r t i c a l  detector edges. 
C 
C P. A. Seeger, A p r i l  10, 1994 
C 04 I a n  1995: MCELMNT.INC now has parameter o f f se ts ,  not  UNIONS [PAS] 
C 
C de fau l t  DELX and DELY = 0 (was 1 m) [PAS] 
C 
C 26 l u l  1995: l i n e a r  scale always s ta r ted  a t  zero [PAS] 
C 
C De f in i t i ons  o f  STRUCTURES: 

Look up the binning parameters f o r  the detector given i n  s t ruc tu re  

(note t h a t  number of boundaries i s  1 more than number o f  bins), and 

28 Mar 1995: new c a l l i n g  sequence t o  re tu rn  XMIN and WIN; added type 44; 

12  Apr 1995: a l low l i n e a r  t bins; t e s t  f o r  t v a l i d  scale; o f f se t  t [PAS] 

IMPLICIT NONE 
INCLUDE 'mc,geom.inc' 
INCLUDE 'mc,elmnt.inc' 

C 
C Variables i n  c a l l i n g  sequence: 
C 
C IXMAX = number o f  hor izonta l  detector elements (output) 
C 
C 
C DELX,DELY = s i ze  o f  detector elements (m) (output) 
C T-BINS = array of ITMAX+l t i m e  b i n  boundaries (us) (output) 
C XMIN ,WIN = detector boundaries , hor izonta l  and v e r t i  ca l  (m) (output) 

PARAMS = array w i t h  descr ip t ion o f  a detector (input) 

IYMAX = number of v e r t i c a l  detector elements (output) 
ITMAX = number of t i m e  bins (output) 

INTEGER IXMAX, IYMAX, ITMAX 
REAL*$ PARAMS(*), DELX, DELY, T-BINS(*), XMIN, YMIN 

C 
C No Externals 
C- - 
c++ 



ISEED) 

density f o r  a region w i t h  C Look up the complex scatter ing- length 
C 
C 
C P. A. Seeger, March 28, 1988 
C 
C 05 Jan 1995: MCELMNT.INC now has parameter o f f se ts ,  not  UNIONS [PAS] 
C 

type and parameters given i n  s t ruc tu re  PARAMS. 
- 

17 Apr 1994: include supermirror type (4); ISEED i n  ca l l ing sequence [PAS] 

IMPLICIT NONE 
INCLUDE 'mc-geom.inc' 
INCLUDE 'mc-elmnt.inc' 
REAL*4 PARAMS (*) 
INTEGER*4 ISEED 

C 
C Externals: 
C RAN 

C- - 
REAL"4 RAN 

C 
G I N 1  

LOGICAL FUNCTION CINI(X,Y,YVAR,NCHANS,INTENS,SICINT,CENTER, 
1 SICCEN,SIGMA) 

C 
C This rou t i ne  sums data and computes the centro id  and estimates the 
C standard dev iat ion o f  the d i s t r i b u t i o n  using C i n i ' s  mean-difference 
C s t a t i s t i c  (C. W. Aker lof ,  Nucl. I n s t .  Methods 211  (1983) 439-445). 
C The value .TRUE. i s  returned if successful, .FALSE. i f  too many 
C 
C 
C P. A. Seeger, Los Alamos National Laboratory, Feb. 5, 1992 
C 
C Variables i n  c a l l i n g  sequence 
C X R(*) I npu t  Array o f  b i n  boundaries (NCHANS + 1) 
C Y R(*) I n p u t  Array o f  counts-per-bin 
C WAR R(*) I n p u t  Array o f  variances o f  Y; i f  Y i s  Poisson, 
C 
C NCHANS I I npu t  Length o f  arrays; number o f  b ins t o  sum 
C INTENS R Output In tegrated i n t e n s i t y  (sum o f  counts) 
C SIGINT R Output Standard dev iat ion o f  INTENS 
C CENTER R Output Centroid o f  d i s t r i b u t i o n  
C SICCEN R Output Standard dev iat ion o f  CENTER 
C SIGMA R Output C i n i  ' s  mean-difference estimator o f  std. dev. 
C- - 

negative data i n  the array. 

t h i s  may be the same array as Y 

C++ 

C 
C$cO**ak**0*4 c R A V - F 0 C **-ir-k3r***ak* 

REAL*4 FUNCTION CRAV-FOC(T, ACCEL, JITTER, START 
1 ISEED) 

C 
C Determine v e r t i c a l  pos i t i on  o f  g r a v i t y  focusing dev 
C 

TOP, PERIOD, 

ce . 



C 
C Variables i n  c a l l i n g  sequence: 
C T = t ime (measured from proton pulse) a t  which t o  determine position (us) 
C ACCEL = accelerat ion o f  g r a v i t y  focuser (m/us/us) 
C JITTER = rms phase uncertainty o f  g r a v i t y  focuser (us) 
C START = e a r l i e s t  t i m e  t h a t  g r a v i t y  focuser must accept (us) 
C TOP = l a t e s t  time, top o f  t r a j e c t o r y  (us) 
C PERIOD = t i m e  between successive pulses o f  the g r a v i t y  focuser (us) 
C ISEED = random number generator seed 

REAL"4 T, ACCEL, JITTER, START, TOP, PERIOD 
INTEGER ISEED 

C 
C Externals: 
C PLNORM 

C- - 
REAL*4 PLNORM 

C++ 

C 

C 
C Find index JLO i n  array XX o f  length N, such t h a t  X i s  between XX(JL0) 
C and XX(JLO+l). I f  JLO = 0 a t  entry,  use f u l l  b isect ion;  otherwise 
C begin search a t  i n i t i a l  value o f  JLO. 
C 
C Press e t  a1 . , "Numerical Recipes" (Cambridge, 1986) p. 91; 
C adapted by P. A. Seeger, A p r i l  13, 1987. 
C 
C No externals 
C 
C Variables i n  c a l l i n g  sequence: 
C xx R(*) I npu t  Monotoni c array 
C N I Inpu t  Length o f  array XX 
C X R I n p u t  Value o f  which t o  f i n d  l o c a t i o n  i n  XX 
C 1 LO I In/Out Index i n  XX such t h a t  XX(JL0) and XX(JLO+l) 
C bracket X 
C-- 

C""$c"$c***%h'c H U N T O?c*3r.k.k**** 

SUBROUTINE HUM(XX,N,X,JLO) 

C++ 

C 

C 
C 
C 
C 
C 
C 1 o r  NX and R w i l l  be negative o r  greater than one, i n d i c a t i n g  
C ex t  rapol a t i  on. 
C 
C P. A. Seeger, 1984 
C 
C Variables i n  c a l l i n g  sequence: 
C XX = value t o  be found i n  t a b l e  
C 
C 
C I = index of t a b l e  value next lower (or =) XX 

C*ahhWr?c**** 1 N T E R p $c*cQ"O*?c+Sr?c 

SUBROUTINE INTERP(XX, X, NX, I, R) 

Subroutine t o  i n t e r p o l a t e  a value XX i n  a t a b l e  X of length NX. Result 
i s  index number I o f  the c e l l  containing XX, and the r a t i o  R o f  XX 
i n t o  the  c e l l .  
repeated values. 

I npu t  array X must be monotonic increasing, w i t h  no 
If XX i s  outside the range of the tab le,  I w i l l  be 

X = array i n  which t o  i n t e r p o l a t e  
NX = length o f  array X 



C R = r a t i o  o f  l o c a t i o n  o f  XX t o  X(I+1) - X(1) 
IMPLICIT NONE 
INTEGER"4 NX, I 
REAL"4 XX, X(NX), R 

C 
C No externals 
C- - 

C 

C 
C 
C 

C 
C 
C 
C 
C 

C 

C 
C 
C 

C 

C 
C 

C 

C 

C 
C 
C 

C- - 

SUBROUTINE KERNEL(LAW, E, EPRIME, MU, ATTEN, ISEED) 

Subroutine t o  scat ter  neutrons according t o  the scat ter ing law 
contained i n  the f i l e  named LAW, which has the format o f  a Type 1 
thermal data t a b l e  (NTY=4) from the MCNP l i b r a r y .  

L.L. Daemen, P.A. Seeger - A p r i l  1, 1995 
03 Apr 1995: e l iminate l o c a l  arrays, use XSS d i r e c t l y  [PAS,LLD] 

Note: l o c a l  array XSS must be sized adequately t o  hold l a r g e s t  LAW f i l e  
IMPLICIT NONE 
INTEGER NMAX 
PARAMETER (NMAX=18432) 
REAL"4 XSS (NMAX) 

Variables i n  c a l l i n g  sequence: 
L A W  = complete path t o  the f i l e  containing the scatter ing law (input) 
E = energy o f  the i nc iden t  neutron i n  eV (input) 
EPRIME = energy o f  the scattered neutron i n  eV (output) 
MU = cosine o f  the scat ter ing angle, 2*theta (output) 
AlTEN = scat ter ing mean f r e e  path i n  mm (output) 
ISEED = seed f o r  the random number generator (input/output) 
CHARACTER LAW"40 
REAL E, EPRIME, MU, A X E N  
INTEGER"4 ISEED 

External s : 
INTERP RAN 
REAL*4 RAN 

LOGICAL FUNCTION LMONOCRM(PART, PARAMS, SURF, 
1 COS-TH, AP, BP, CP, ISEED) 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

Determine p r o b a b i l i t y  o f  r e f l e c t i o n  o f  the neutron described i n  PART from 
a monochromator c rys ta l  described by mosaic spread and i d e a l  r e f l e c t i o n  
p r o b a b i l i t i e s  given i n  PARAMS, and whose f r o n t  surface i s  defined i n  SURF. 
The func t i on  w i l l  be t r u e  i f  r e f l e c t i o n  occurs, i n  which case the 
e f f e c t i v e  angle o f  incidence and surface normal are a lso returned. 

P.A. Seeger and Mike Fitzsimmons, lune 8, 1995. 

D e f i n i t i o n s  o f  STRUCTURES and physical constants: -..-. -^-- 



INCLUDE 'mc-geom. i nc' 
INCLUDE 'mc-elmnt. i nc' 
INCLUDE 'constant.inc' 

C 
C 
C 

Vari ab1 es i n call i ng sequence : 
PART = record contai n i  ng parti cl e coordinates ( i n p u t )  
PARAMS = array w i t h  parameters describing mosaic crystal ( i n p u t )  
SURF = record containing definition of surface ( i n p u t )  
COSTH = cosine o f  angle between PART and ef fect ive surface normal (output) 
AP,BP,CP = d i r e c t i o n  cosines o f  the e f f e c t i v e  surface normal (output) 
I S E E D  = random-number generator seed (input/output) 

RECORD /PARTICLE/ PART 
RECORD /SURFACE/ SURF 
REAL"4 PARAMS(*), COS-TH, AP, BP, CP 
INTEGER*4 ISEED 

External s : 
ANCLI NORM 

REAL*4 PLNORM, RAN 
PLNORM RAN 

c- - 
C++ 

C 

C 
C 
C media w i t h  different indices of refraction. Arguments are 
C COSINC = the cosine of the angle of incidence, and REFINDX = (index 
C of refraction of new region)/(index of refraction of old region). 
C The two polar izat ions are averaged, and no estimate o f  t he  po la r i za t i on  
C a f t e r  r e f l e c t i o n  i s  made. The func t i on  i s  set  t o  .TRUE. i f  r e f l e c t i o n  

CU*40*0*9Od L 1 C; H T R F L ***ic*-2**3c-2 

LOGICAL FUNCTION LICHTRFL(COSINC, REFINDX, PROB, ISEED) 

Determine probability of reflection o f  l i g h t  a t  a boundary between 

C w i l l  occur (based o n  a random number), and .FALSE. i f  not. The computed 
C reflection probability PROB i s  also returned. 
C 
C P. A. Seeger, 19 Mar. 1985. Modified from LREFLCT. 
C 
C Variables i n  calling sequence: 
C COSINC = cosine of angle of incidence ( i n p u t )  
C 
C 
C 

REFINDX = relative index of refraction of next region ( i n p u t )  
PROB = reflection probability (ou tpu t )  
ISEED = random-number generator seed 

I M P L I C I T  NONE 
INTECER*4 ISEED 
REAL"4 COSINC, REFINDX, PROB 

C 
C External: 
C RAN 

C- - 
REAL*4 RAN 

C++ 

C 

C 
C 
C media w i t h  different coherent scattering lengths. Arguments are 

CO*'k4*9r9404 L R E F L C T 

LOGICAL FUNCTION LREFLCT(SINPH1, CXRATIO, PROB, ISEED) 

Determine probability of reflection of a neutron a t  a boundary between 



C SINPHI = the sine of the angle from the surface (glancing angle), 
C and CXRATIO = Lambda**2/(2*Pi) times the coherent sca t te r i ng  length 
C r a t i o  (i.e., coherent scat ter ing length per u n i t  volume on the f a r  s ide 
C 
C 
C w i l l  occur (based on a random number), and .FALSE. i f  not. The computed 
C 
C 
C P. A. Seeger, 1984. 
C 07 I a n  1985:  Test f o r  v a l i d  SINPHI  [PAS] 
C 
C Variables i n  c a l l i n g  sequence: 
C 
C CXRATIO = 1 - r e l a t i v e  index o f  r e f r a c t i o n  o f  next region (input) 
C PROB = r e f l e c t i o n  p r o b a b i l i t y  (output) 
C ISEED = random-number generator seed (input/output) 

o f  the surface div ided by the near side), which i s  a complex quant i ty  
t o  account f o r  absorption. The func t i on  i s  se t  t o  .TRUE. i f  r e f l e c t i o n  

r e f l e c t i o n  p r o b a b i l i t y  PROB i s  a l so  returned. 

SINPHI = s ine o f  glancing angle (cosine o f  angle o f  incidence) (input) 

I M P L I C I T  NONE 
INTECER*4 ISEED 
REAL*4 SINPHI, PROB 
COMPLEX CXRATIO 

C 
C External: 
C RAN 

C-- 
REAL*4 RAN 

C++ 

C 
C********** M 0 S A 1 C 3r*3rQ**+*ik* 

SUBROUTINE MOSAIC(PART, SURF, ROTX, ROTY, ROD,  
1 AP, BP, CP, COSTH, ISEED) 

C 
C Compute the cosine of the angle o f  incidence of t h e  p a r t i c l e  PART w i t h  
C The surface normal vector i s  rotated about each 
C ax is  by amounts selected from normal d i s t r i b u t i o n s  o f  widths ROTX, ROTY, 
C and ROTZ; the angles are assumed small enough t h a t  the s ine i s  equal t o  
C The r e s u l t i n g  (renormalized) ef fect ive 
C surface vector i s  returned as (AP, BP, CP>. The cosine i s  returned i n  
C 
C 
C P. A. Seeger, 27 January, 1995.  

respect t o  surface SURF. 

the angle and the cosine i s  one. 

COSTH. No t e s t  i s  made t o  assure t h a t  pa r t i c l e  i s  actual ly on the surface. 

P 
L 
C De f in i t i ons  o f  STRUCTURES: 

I M P L I C I T  NONE 
INCLUDE 'mc-geom.inc' 

Var i  ab1 es i n c a l l  i ng sequence : 
PART = record w i t h  p a r t i c l e  coordinates (input) 
SURF = record w i t h  surface d e f i n i t i o n  parameters (input) 
ROTX,ROTY,ROTZ = rms o f  sines o f  mosaic spread angles (input) 
AP,BP,CP = d i r e c t i o n  cosines o f  e f f e c t i v e  surface normal (output) 
COSTH = cosine o f  angle between p a r t i c l e  and surface normal (output) 
ISEED = random-number generator seed (input/output) 

RECORD /PARTICLE/ PART 
RECORD /SURFACE/ SURF 
REAL*4 ROTX, ROTY, ROTZ, AP, BP, CP, COSTH 
INTEGER*4 ISEED 



C Externals 
C ANGLI NORM 

REAL*4 PLNORM 
C-- 

PLNORM 

C++ 

C 

C 
C Advance the position of particle PART by a distance EXDIST, including 
C 
C 
C 
C 
C P. A. Seeger, 1980. 
C Modified for time dependence, 1984. 
C 08 Feb 1994: converted from COMMON t o  STRUCTURES; added PART to  calling 
C sequence; include gravitational droop [PAS] 
C [PAS] 
C 
C Def i n i  ti ons of STRUCTURES : 

c?r$c*Q*QQ3~0* M 0 v E X .*OQOOQQO-SrQ 

SUBROUTINE MOVEX(PART, EXDIST) 

g rav i ta t iona l  droop. I f  the distance i s  i n s i g n i f i c a n t l y  small, a very 
small s t e p  i s  made i n  the coordinate w i t h  the largest velocity. 
pos i t ion  and time of PART are updated, and  EXDIST i s  set t o  0 on return. 

The 

19 Apr 1994: make sure particle has actually moved 

I M P L I C I T  NONE 
INCLUDE 'mc-geom.inc' 
INCLUDE 'constant.inc' 

C 
C Variables i n  calling sequence: 
C 
C 

PART = record contai n i  ng particle coordinates (i nput/output) 
EXDIST = distance to  move particle (input/output) 

RECORD /PARTICLE/ PART 
REAL*4 EXDIST 

C 
C No externals 
C- - 

ctt 
CQ*9c9cQ9c"*9cQ N E X T R C; ***Qak***Q9c 

C 

C 
C Find  what region the particle defined i n  PART, presently on surface 
C 
C 
C 
C parameters are changed. 
C 
C P. A. Seeger, 1980. 
C Restructured by P. A. Seeger, 1984. 
C 03 Feb 1994: converted from COMMON to  STRUCTURES; added PART and GEOM 
C t o  calling sequence [PAS] 
C 2 9  J u n  1995:  i f  ISTYPE>10, stay i n  same region instead of being lost [PAS] 
C 
C Definitions of STRUCTURES: 

INTEGER"4 FUNCTION NEXTRG(PART, GEOM, IREG, ISURF) 

ISURF exiting region IREC, w i l l  enter on the other side of the surface. 
Returns current region number (IREG) if not on a surface, and returns 0 
i f  no valid region i s  f o u n d  from the definitions i n  GEOM. No 

I M P L I C I T  NONE 
INCLUDE 'mc-geom.inc' 

C 
C Variables i n  c a l l i n g  sequence: 
r P A R T  = rornrrl w i t h  n n p t i r l p  rnnrdinates (innut) 



C CEOM = s t ruc tu re  w i t h  a l l  surface and region d e f i n i t i o n s  (input) 
C 
C 

IREC = region p a r t i c l e  was i n  before s t r i k i n g  surface (input) 
ISURF = surface upon which p a r t i c l e  i n  /MLPART/ i s  located (input) 

RECORD /PARTICLE/ PART 
RECORD /MCGEOM/ GEOM 
INTECER*4 IREG, ISURF 

C 
C Externals: 
C TESTIN 

C- - 
LOGICAL TESTIN 

C++ 

C 

C 
C Normalize three elements (XlYX2,X3) t o  u n i t  vector magnitude (if not 0). 
C 
C M.W. Johnson and C. Stephanou, Rutherford Laboratory repor t  RL-78-090. 
C 
C Variables i n  c a l l i n g  sequence: 
C 

C2**4Q*%?*-2Z N 0 R M -k.*%-.ir**.St3c.Sr.Zr 

SUBROUTINE NORM(X1, X2, X3) 

XlYX2,X3 = three components o f  vector t o  be normalized (input/output) 
IMPLICIT NONE 
REAL*4 X1, X2, X3 

C 
C No externals 
C- - 

L 
LOGICAL FUNCTION N-SOURCE(NEUTRON, PARAMS, SURF, CFACCEL-2, NCHOP, 
1 BADFRAME , ISEED) 

C 
C GET-SPACE(PARAMS, PHASPACE, LETHARGY) 
C 
C 
C defined i n  PARAMS, on the specif ied surface, w i t h  velocity i n  the posit ive 
C Z-direct ion.  (If the surface i n  the f i r s t  c a l l  i s  a plane perpendicular 
C t o  the Z-axis, i s  i s  NOT checked on subsequent cal ls.)  Function i s  .TRUE. 
C i f  neutron source po in t  i s  w i t h i n  l i m i t s  of moderator surface and energy, 
C . FALSE. otherwise. Account f o r  possible gravi ty- focus device and/or 
C chopper frequency l ess  than beam r e p e t i t i o n  rate.  A separate ent ry  
C (GET-SPACE) i s  provided t o  re tu rn  the phase space volume f o r  normalization. 
C 
C P. A. Seeger, May 24, 1994 
C 02 Jul  1994: re tu rn  neutron weight, even i f  func t i on  i s  . fa lse.  [PAS] 
C 05 Jan 1995: MCELMNT.INC now has parameter o f f se ts ,  not  UNIONS [PAS] 
C 10 Jan 1995: use PLNRMTBL f o r  log(EN/lmeV) instead o f  PLENEFF; pass 
C parameters t o  revised PLTIME; convolute pulse width [PAS] 
C 16 Feb 1995: new c a l l i n g  sequence f o r  PLNRMTBL [PAS] 
C 07 Mar 1995: al low rectangular and of f -center  phase space apertures [PAS] 
C 22 Mar 1995: omit TOF i f  parameter negative; omit table lookup i f  length 1 
C o r  less;  a l low t r i a n g u l a r  (velocity selector) wavelength [PAS] 
C 28 Mar 1995: source surface i n  c a l l i n g  sequence, Z not necessarily 0 [PAS] 

Find source NEUTRON f o r  Monte Carlo, randomly selected i n  phase space 

- 



C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

Def in i t i ons  o f  STRUCTURES: 
IMPLICIT NONE 
INCLUDE 'mc-geom.inc' 
INCLUDE 'mc-elmnt. i nc' 
INCLUDE 'constant.inc' 

PHASPACE = 
LETHARGY = 

RECORD 
RECORD 
REAL*4 
INTEGER"4 
LOGICAL 

Variables i n  calling sequence: 
NEUTRON = record w i t h  coordinates of neutron (output)  
PARAMS = array w i t h  source parameters ( i n p u t )  
SURF = record w i t h  surface definition ( i n p u t )  
CFACCEL-2 = half the acceleration o f  2nd aperture (m/us /us ,  i n p u t )  
NCHOP = chopping ratio, period of chopper / period of beam ( i n p u t )  
BADFRAME = flag that neutron belongs to  a different proton pulse (output) 
ISEED = random-number generator seed ( inpu t /ou tpu t )  

vol ume of phase space sampled (m**2-ster) 

Externals: 
DIST 

number of lethargy u n i t s  of energy space sampled 
/PARTICLE/ NEUTRON 
/SURFACE/ SURF 
PARAMS(*), CFACCEL-2, PHASPACE, LETHARGY 
NCHOP, ISEED 
BADFRAME, GET-SPACE 

MOVEX PLNRMTBL PLTIME RAN RNDCRCL 
REAL*4 DIST, PLNRMTBL, PLTIME, RAN 

C- - 

C++ 
C**O**O*OO-Zr 0 p E R A T E .ir?20000*3r3r31 

c4QO*O*O**O E X 1 T - R E G Sr*.Jt0-3r.kO*tk* 

C 
SUBROUTINE OPERATE(PART, EXDIST, PARAMS, GEOM, IREG, JSURF, 
1 NAME, FLAG, PART-2, DEI-W, I X ,  I Y ,  ISEED) 

C 
C EXIT,REG(PART, CEOM, IREG, JSURF) 
C 
C 
C containing material, collimation elements, time-dependent devices, 
C samples,  or detectors. Included region types/actions are 
C 1 amorphous unpolarized material: move to  exit  w/reduced weight 
C 2 aluminum: move to  exit  w/reduced weight 
C 5 beryllium: move t o  exit  w/reduced weight 
C 6 single-crystal f i l t e r :  move t o  exit  w/reduced weight 
C 11 mu1 t i  -sl i t coll imator , verti cal : selects subregion w/o movi ng 
C 1 2  mu1 t i  -sl i t  coll imator , horizontal : selects subregion w/o moving 
C 13 crystal monochromator: reflect from surface or move to exit, and 
C rotate coordinates 
C 
C 22 g r a v i t y  focuser: selects subregion without moving 
C 23 removable beamstop: se t  weight=O, secondary moves t o  e x i t  
C 30 fixed-Q scatterer: transmitted or scattered particle moves t o  
C exit  w i t h  modified weight 
C 3 1  hard-sphere scatterer: transmitted or scattered particle moves 
C to  exit  w i t h  modified weight 
C 32 isotropic scatterer w i t h  constant energy change: transmitted or 
C scattered particle i s  moved to  exit  w i t h  modified weight 
C i ne1 asti  c scatter u s i n g  S(a1 pha, beta) from MCNP: transmitted or 
C scattered particle is  moved t o  exit  w i t h  modified weight 

Routines to  operate on a particle w i t h i n  (or exiting from) a region 

2 0  blade or d i s k  chopper: move t o  exit  OR set  weight=O 

34 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

35 

36 

40 
4 1  
42 
43 
44 
90 

ref lectometry, mu l t i l aye r :  r e f l e c t  from surface w/o moving, 
same weight i f  transmit ted o r  reduced weight i f  scattered 
general powder scatterer:  transmitted or scattered part icle moves 
t o  e x i t  w i t h  modif ied weight 
s ing le detector: determi ne detect ion p r o b a b i l i t y  
1 i near detector, v e r t i c a l  : determi ne y-bi  n and p r o b a b i l i t y  
l i n e a r  detector, transverse: determine x-bin and p r o b a b i l i t y  
2-dimensional detector: determine x- and y-bins and probabil i ty 
1 i near detector, l ong i tud ina l  : determi ne x-bi  n and probabi l i ty  
source s i ze  and phase space: weight=O i f  outside surface 

P. A. Seeger, A p r i l  20, 1994. 
17 May 1994: corrected detector encoding f o r  less-than-minimum [PAS] 
24 May 1994: added FIAG t o  c a l l i n g  sequence [PAS] 
05 I a n  1995: MCELMNT.INC now has parameter o f f se ts ,  not  UNIONS [PAS] 
0 1  Feb 1995: added types 5 (Be), 13 (crysta l  monochromator), and 35 

( re f  1 ectomet ry) [PAS] 
17 Feb 1995: added type 3 1  (hard spheres); more SAVEd var iables [PAS] 
02 Mar 1995: use negative JSURF as f l a g  f o r  r e f l e c t i o n  [PAS] 
06 Mar 1995: type 31: compute abs(KZ), re tu rn  t rans & reR neutrons [PAS] 
09 Mar 1995: types 33 (Ni powder), 44 ( longi tud ina l  detector) [PAS] 
17 Mar 1995: change POWDER t o  Ni-POWDR; change argument o f  PLEXP i n  

est imat ing mu1 ti p l e  scat ter ing [PAS] 
0 1  Apr 1995: added NAME t o  c a l l i n g  sequence, type 34 ( i ne las t i c )  [PAS] 
13 Apr 1995: no t ime binning, e l iminate I T  from c a l l i n g  sequence; f i x  

f ac to rs  of 2 i n  c a l l s  t o  ELSCAT f o r  types 33, 34 [PAS] 
08 May 1995: correct  e r ro rs  i n  m u l t i p l e  scat ter ing [JAG,PAS] 
25 May 1995: s t i l l  was e r r o r  i n  i n e l a s t i c  m u l t i p l e  scat ter ing [PAS] 
07 Jun 1995: revised handling o f  monochromator type 13 [MFitz,PAS] 
20 Jun 1995: added subtypes 2O.n, d i s k  chopper moving v e r t i c a l l y  and/or 

counter- ro tat i  ng [PAS] 
14 Jul  1995: add type 36, powder scat terer  [PAS,LLD,UCW] 
04 Aug 1995: add type 6, s ing le-crysta l  f i l t e r  [PAS] 
26 Aug 1995: add type 32, i s o t r o p i c  scatterer;  omit type 33 [PAS] 

D e f i n i t i o n s  o f  STRUCTURES: 
IMPLICIT NONE 
INCLUDE ' mc-gem. i nc ' 
INCLUDE 'mc-elmnt. i n c '  
INCLUDE 'constant.inc' 

Variables i n  c a l l i n g  sequence: 
PART = record contai n i  ng descr ip t ion o f  p a r t i  c l  e (i nput/output) 
EXDIST = distance t o  e x i t  surface p a r t i c l e  i s  aimed a t  (m) (input/output) 
PARAMS = array w i t h  descr ip t ion of what's i n  the region (input) 
GEOM = s t ruc tu re  w i t h  a l l  surface and region d e f i n i t i o n s  (input) 
IREC = region number o f  device, o r  subregion w i t h i n  device (input/output) 
ISURF = surface number, i f  p a r t i c l e  i s  on surface (input/output) 
NAME = name o f  region, used as f i l e  name f o r  type 34 (input) 
FLAG = f l a g  set  t o  .FALSE. i f  (e.g.) chopper i n  wrong frame (output) 
PART-2 = descr ip t ion o f  p a r t i c l e  created by operation (output) 
DET-WT = s t a t i s t i c a l  weight o f  detected p a r t i c l e  (output) 
I X ,  I Y  = pos i t i on  b i n  numbers of detected p a r t i c l e  (output) 
ISEED = random-number generator seed (input/output) 

RECORD /PARTICLE/ PART, PART-2 
RECORD /MLGEOM/ GEOM 
REAL*4 PARAMS (*) , EXDIST, DET-WT 
~ _ ~ _ ~ ~  _ ~ ~ _  ~- - _  _ _ _ _ _ _ _  



CHARACTER NAME"40 
LOGICAL FLAG 

C 
C Externals: 
C ANGLI ATTEN-Al ATTEN-Be A T T E N 2  DTOEX ELSCAT GRAV-FOC 
C KERNEL LMONOCRM MOVEX NEXTRC ORRAND PLEXP PLNORM 
C PLQSPHR POWDER RAN REFLAYER RFLN TESTIN XCHOPPER 

REAL"4 AlTENJl, ATTEN-Be, A l T E N J ,  CRAV-FOC, PLEXP, PLNORM, 

INTEGER NEXTRC 
LOGICAL LMONOCRM, TESTIN 

1 PLQSPHR, RAN, REFLAYER, XCHOPPER 

C- - 
C++ 

C 
C""""dA-k-k""" 0 p T 1 C S -Zr$cSrC-Sr"9ctrJrtt+ 

SUBROUTINE OPTICSCPART, CEOM, IREC, ISURF, JREC, 
1 RATIO, BETA, ISEED) 

C 
C Solve for probability o f  reflection, refraction, or diffuse reflection 
C 
C 
C The ratio of new index of refraction 
C 
C 
C absorbed. 
C 
C P. A. Seeger, 13 Mar. 1985. 
C 

for photon PART passing from region IREC across surface ISURF to  region 
JREC. Surface parameters are found i n  CEOM, and the position and 
direction i n  PART are updated. 
to  old i s  RATIO. 
particle: IREC if reflected, JREC i f  transmitted, and 0 if l o s t  or 

A t  exit ,  JREC w i l l  be the new region number for the 

02 A p r  1985:  Changed d i f f u s e  reflection t o  cosine l a w  by c a l l i n g  WOBBLE 
C [PAS1 
C 05 Apr 1985: Changed diffuse surfaces t o  include transmission as well as 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

ref1 ecti on [PAS] 
11 l u n  1987: Added BETA to  c a l l i n g  sequence (was always 0.9) [PAS] 
03 Feb 1994: converted from COMMON to  STRUCTURES; added PART a n d  GEOM 

to  calling sequence [PAS] 

Def i n i  ti ons of STRUCTURES : 
I M P L I C I T  NONE 
INCLUDE 'mc-geom.inc' 

Variables i n  calling sequence: 
PART = record w i t h  particle coordinates (input/output) 
CEOM = structure w i t h  a l l  surface and region definitions ( i n p u t )  
IREC = current region ( i n p u t )  
ISURF = surface particle is on ( i n p u t )  
JREC = region across ISURF a t  the particle location; region particle 

RATIO = (new index of refraction)/(old index of refraction) ( i n p u t )  
BETA = surface roughness parameter for use i n  call to  WOBBLE ( i n p u t )  
ISEED = random-number generator seed (i npu t /ou tpu t )  

w i l l  be i n  after interacting a t  surface (input/output) 

RECORD /PARTICLE/ PART 
RECORD /MC-CEOM/ CEOM 
REAL"4 RATIO, BETA 
INTECER"4 IREC, ISURF, IREC, ISEED 

Externals: 
ANGLI, LIGHTRFL, RFLN, SNELL, WOBBLE 

LOGICAL LICHTRFL 



C- - 
C++ 

C 

C 
C Generate random o r i e n t a t i o n  u n i t  vector (VX,VY,VZ), i n  4 p i  
C 
C M.W. Johnson and C. Stephanou, Rutherford Laboratory repor t  RL-78-090; 
C new algori thm, P.A. Seeger, 1980. 
C 11 Mar 1995: use RANO t o  desequentialize random numbers [PAS] 
C 
C Variables i n  c a l l i n g  sequence: 
C VX, VY, VZ = d i r e c t i o n  cosines (output) 
C ISEED = random-number generator seed (input/output) 

C"**"-k**"** 0 R R A N D ***-&**9c"$~-k 

SUBROUTINE ORRAND(VX, VY, VZ, ISEED) 

IMPLICIT NONE 
INTEGER*4 ISEED 
REAL*4 VX,VY,VZ 

C 
C Externals 
C RANO 

C- - 
REAL*4 RANO 

C++ 

C 

C 
C Sample a d i s t r i b u t i o n  generated by a convolut ion of N square 
C d i s t r i b u t i o n s  w i t h  i nd i v idua l  f u l l  widths given i n  the array 
C WIDTHS. E.g., i f  N = 2 the d i s t r i b u t i o n  i s  trapezoidal, 
C becoming t r i a n g u l a r  i f  WIDTHS(1) = WIDTHS(2). 
C 
C P. A. Seeger, 3 Jan. 1985. 
C 11 Mar 1995: use RANO t o  desequential ize random numbers [PAS] 
C 
C Variables i n  c a l l i n g  sequence: 
C 
C 
C ISEED = random-number generator seed (i nput/output) 

C"****"Q-k*-k p L C N V L ********** 

REAL*4 FUNCTION PLCNVL(N, WIDTHS, ISEED) 

N = number o f  square d i s t r i b u t i o n s  t o  be convoluted (input) 
WIDTHS(N) = array o f  f u l l  widths o f  square d i s t r i b u t i o n s  (input) 

IMPLICIT NONE 
INTEGER"4 N, ISEED 
REAL"4 WIDTHS(N) 

C 
C Externals: 
C RANO 

C- - 
REAL"4 RANO 

C++ c -.-_ ......-..x..-**** .--. -.- . -. p L E X p **.*.******* 
C 

C 
C 

REALQ4 FUNCTION PLEXP(ALPHA, 

Sample a random d i s t r i b u t i o n  o f  

PLMAX, ISEED) 

the form exp(-ALPHAkX), on the range 



C 
C M.W. Johnson and C. Stephanou, Rutherford Laboratory repor t  RL-78-090. 
C Restructured by P.A. Seeger, 1984. 
C 23 Jul  1994: restructured t o  avoid ALOC(0); t e s t  f o r  ALOC(0); 
C i n f i n i t e  range i f  PLMAX i s  zero [PAS] 
C 
C protect  against ALPHA=O [PAS] 
C 
C Variables i n  c a l l i n g  sequence: 
C ALPHA = l / e  f a c t o r  o f  exponential d i s t r i b u t i o n  (input) 
C PLMAX = upper l i m i t  on d i s t r i b u t i o n  (input) 
C ISEED = random-number generator seed (input/output) 

16 Feb 1995: rev ise l i m i t s  f o r  using EXP t o  range 0.0002 - 17; 

IMPLICIT NONE 
INTEGER24 ISEED 
REAL"4 ALPHA, PLMAX 

C 
C Externals: 
C RAN 

C- - 
REAL*4 RAN 

C++ 

C 

C 
C 
C 
C M.W. Johnson and C. Stephanou, Rutherford Laboratory repor t  RL-78-090. 
C Restructured by P.A. Seeger, 1984. 
C 11 Mar 1995: use RAN0 t o  desequential ize random numbers [PAS] 
C 
C Variables i n  c a l l i n g  sequence: 
C XBAR = mean of normal d i s t r i b u t i o n  (input) 
C S I C  = standard dev iat ion of normal d i s t r i b u t i o n  (input) 
C ISEED = random-number generator seed (input/output) 

C~C"~~WC*"""~C p L N 0 R M O?d&449rSrQQ 

REAL"4 FUNCTION PtNORM(XBAR, S IC ,  ISEED) 

Sample a normal d i s t r i b u t i o n  o f  mean XBAR and standard dev iat ion S I C  

IMPLICIT NONE 
INTECER"4 ISEED 
REAL"4 XBAR, 

C 
C Externals: 
C RANO 

C-- 
REAL*'$ RANO 

S I C  

T B L $&ddc~OO9c+k3r 

PLNRMTBL(TABLE, NDATA, CENTER, SIGMA, ISEED) 

C Select a random value from a TABLE o f  length NDATA, whose en t r y  points are 
C equal ly spaced cumulative normal-curve values centered a t  CENTER i n  the 
C t a b l e  w i t h  standard dev iat ion SIGMA. 
C 
C P. A. Seeger, Jan. 10, 1995. Copied from PLENEFF w i t h  t a b l e  i n  c a l l i n g  
C 
C 1 3  Feb 1995: CENTER and SIGMA i n  c a l l i n g  sequence; l i m i t s  on I R  [PAS] 
C 

sequence instead o f  b u i l t  i n .  



C Variables i n  c a l l i n g  sequence 
C TABLE = cumulative data po ints  (MUST be monotonic increasing) (input) 
C NDATA = number o f  en t r i es  i n  data t a b l e  (input) 
C CENTER = pos i t i on  i n  t a b l e  o f  center o f  normal curve (input) 
C SIGMA = standard dev iat ion o f  normal curve i n  t a b l e  index u n i t s  (input) 

- 
IMPLICIT NONE 
INTEGER NDATA 
REAL*4 CENTER, SIGMA, TABLE (*) 
INTECER*4 ISEED 

C 
C Externals 
C PLNORM 

C-- 
REAL"4 PLNORM 

C ISEED = random-number qenerator seed (input/output) 

t i s  a random deviate d 

C++ 

C 

C 
C 

CQOQOQQQQQO p L p 0 1 S S N $c***$c**QQQ 

REAL*4 FUNCTION PLPOISSN(XM, ISEED) 

Returns a f l oa t i ng -po in t  in teger  value t h  

Vari ab1 e i n c a l l  i ng sequence: 
XM = mean o f  Poisson d i s t r i b u t i o n  t o  be sampled (input) 
ISEED = random-number generator seed (input/output) 
IMPLICIT NONE 
REAL*4 XM 
INTECER"4 ISEED 

External s : 
CAMMLN RANO 

REAL*4 GAMMLN, RANO 
- 

awn f r  
C 
C number generator, RANO. 
C 
C Press e t  a1 . , "Numerical Recipes" (2nd ed., Cambridge, 1992) p. 283 
C 18 Mar 1995: adapted; p ro tec t  against negative or zero XM [PASeeger] 
C 
C 
C 
C 

a Poisson d i s t r i b u t i o n  o f  mean XM. Use the desequentialized random- 

C 
C 
C 

C- 

m 

C++ 

C 

C 
C 
C 
C the u n i t s  o f  RADIUS. P r o b a b i l i t i e s  are found from tab les o f  the 
C 
C 
C P. A. Seeger, 1984. 
C 3 1  May 1985: corrected d i s t r i b u t i o n  f o r  s o l i d  angle: cumulative distr ibut ion 
C i s  F = 1 - sin(X)*sin(X)/X**4 + 2*sin(X)*cos(X)/X**3 - 1/Xkk2 
C [A.T.Boothroyd, RAL] 
C 2 1  l u l  1985: Series expansion f o r  F < 0.05 [PAS] 
C 06 Mar 1995: even simpler expansion f o r  F < 1.e-5 [PAS] 
C 

C********** p L Q S p H R ****-k**COOJr 

REAL*4 FUNCTION PLQSPHR(RADIUS, ISEED) 

Select a random momentum transfer Q from the scat ter ing law f o r  a 
hard sphere o f  the speci f ied RADIUS. 

cumulative d i s t r i b u t i o n  o f  the Rayleigh scat ter ing law. 

Uni ts of Q are the inverse o f  

- 7 .  c .. . 1 7  



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 

C 
C 

Calculate the p r o b a b i l i t y  o f  r e f l e c t i o n  o f  a neutron from any number o f  
The wavevector component perpendicular layers on top o f  a substrate. 

t o  the surface i s  KZERO, and the layers are defined i n  PARAMS. I n  case 
o f  e r ro r ,  the p r o b a b i l i t y  i s  se t  t o  -1. I f  the external medium i s  not 
void, i t s  value o f  4pi*n*b should be subtracted from the value f o r  each 
1 ayer. 

Greg Smith 1/30/95 
07 Feb 1995: made a FUNCTION; put parameters i n  c a l l i n g  sequence [PAS] 

Inc lude f i l e  w i t h  parameter l i s t  d e f i n i t i o n s  
IMPLICIT NONE 
INCLUDE 'mc-elmnt. i nc' 

Vari ab1 es i n c a l l  i ng sequence: 
KZERO = perpendicular component of wavevector (1/A) 
PARAMS = vector contai n i  ng def i n i  ti ons o f  1 ayers 
REAL*4 KZERO, PARAMS (*) 

No externals 
c- - 
C++ 

C 

C 
C Perform r e f l e c t i o n  o f  p a r t i c l e  PART, w i t h  angle o f  r e f l e c t i o n  
C equal t o  angle o f  incidence (cosine o f  angle = COSTH, measured w i t h  
C 
C 
C 
C M. W. Johnson, Rutherford and Appleton Laboratories repor t  RL-80-065. 
C Modif ied c a l l i n g  sequence, P. A. Seeger, 1984. 
C 03 Feb 1994: converted from COMMON t o  STRUCTURES; add PART t o  c a l l i n g  
C sequence [PAS] 
C 

C***%49rakakat* R F L N ~c?c~c******* 

SUBROUTINE RFLN(PART, COSTH, AP, BP, CP) 

respect t o  surface normal AP,BP,CP). 
represent new d i r e c t i o n  o f  p a r t i c l e .  

Sign o f  COSTH i s  changed t o  

C D e f  i n i  ti ons o f  STRUCTURES : 
IMPLICIT NONE 
INCLUDE 'mc-geom.inc' 

C 
C Variables i n  c a l l i n g  sequence: 
C PART = record w i t h  p a r t i c l e  coordinates 
C COSTH = cosine o f  angle o f  incidence (input) 
C AP,BP,CP = u n i t  vector i n  d i r e c t i o n  o f  normal t o  surface (input) 

RECORD /PARTICLE/ PART 
REAL*4 COSTH, AP, BP, CP 

C 
C No externals 
C- - 

C++ 

C 

C 
C Generate random po in t  (X,Y) w i t h i n  a u n i t  c i r c l e  
C 

c%-94*4*0*4?c R N D C R C L 0*$~3rJXOSr**.3r 

SUBROUTINE RNDCRCL(X, Y, ISEED) 



C 
C 

RADIUS = radius of the hard sphere ( i n p u t )  
ISEED = random-number generator seed ( i n p u t / o u t p u t )  

I M P L I C I T  NONE 
INTECER"4 ISEED 
REAL*4 RADIUS 

C 
C Externals 
C R A N  

C-- 
REAL*4 RAN 

C++ 

C 

C 
C Select a random time of neutron emission, from a distribution appropriate 
C t o  energy E (eV), described by values i n  PARAMS. The distribution is  a 
C s u m  of an epithermal exponential and a thermal term (linear combination of 
C two exponential s) convol uted w i t h  a Caussi an. The epi thermal exponenti a1 
C and the Gaussian constants are proportional to  lambda. The switch 
C function between the epithermal and thermal terms i s  an exponential 
C of a power of a wavelength ratio. 
C 
C P. A. Seeger, 1984. 
C 10 Ian 1995: al l  parameters o f  the distribution provided externally; 

C 1 3  Feb 1995: no upper l i m i t  t o  exponential; revised PARAMS [PAS] 
C 27 Mar 1995: protect against m i s s i n g  arguments [PAS] 
C 0 5  Sep 1995:  third exponential term; revised PARAMS [PAS] 
C 
C Include f i l e s  w i t h  physical constants and parameter l i s t  definitions 

C ~ O 1 9 c ~ O ~ O i c O  p L T 1 M E ic*.*O.*at.**** 

REAL*4 FUNCTION PLTIME(E, PARAMS, ISEED) 

C new switch function [PAS] 

I M P L I C I T  NONE 
INCLUDE 'constant.inc' 
INCLUDE 'mc-elmnt. i nc' 

C 
C Variables i n  calling sequence 
C E = neutron energy (eV) ( i n p u t )  
C 
C ISEED = random-number generator seed 

PARAMS = block containing parameters defining the lineshape 

INTEGER*4 ISEED 
REAL*4 E, PARAMS(*) 

C 
C Externals 
C RAN, PLEXP, PLNORM 

C- - 
REAL*4 RAN, PLEXP, PLNORM 

C++ 

C 

C 
C 
C a t  half maximum of FWHM. 
C 
C P. A. Seeger, 1984. Revised 4 Ian. 1985.  

C********a'c* p L T R N C; L **313c*?&O** 

REAL*4 FUNCTION PLTRNCL(XBAR, FWHM, ISEED) 

Sample a triangular distribution of mean XBAR and ful l  w i d t h  



Vari  ab1 es i n c a l l  i ng sequence: 
XBAR = center o f  triangular distribution ( i n p u t )  
FWHM = fu l l  w i d t h  a t  half maximum ( i n p u t )  
ISEED = random-number generator seed (input/output) 
IMPLICIT NONE 
REAL*4 XBAR, FWHM 
INTECER*4 ISEED 

External s : 
RAN 
REAL*4 RAN 

C-- 

C++ 

C 

C 
C 
C 
C 
C 
C sections SICSCAT and SICABS. 
C 
C From U l i  Wildgruber and Larry  Passel l ,  14 July, 1995; PASeeger. 
C 
C Variables i n  calling sequence: 

C ~ C ? C * * * ~ ~ O * ~ O  p 0 W D E R -k040*03r*tJ-* 

SUBROUTINE POWDER (PARAMS, LAMBDA, SINTH, SICSCAT, SICABS, ISEED) 

Scatter ing kernel f o r  i s o t r o p i c  p o l y c r y s t a l l i n e  (powder) sample. 
Given a powder defined by parameters i n  PARAMS and the neutron wavelength 
LAMBDA, returns the s ine o f  the Bragg angle of the neutron f r u n  a randanly 
selected r e f 1  ect ion , and the macroscopic scat ter ing and absorption cross 

C PARAMS = 
C LAMBDA = 
C SINTH = 
C SICSCAT = 
c SICABS = 
C ISEED = 

IMPLICIT 
INCLUDE 
INCLUDE 
REAL*4 

array w i t h  scattering cross section parameters ( i n p u t )  
neutron wavelength (A) (input) 
sin(THETA) f o r  chosen r e f l e c t i o n  (output) 
macroscopic scat ter ing cross sect ion (/cm) (output) 
macroscopic absorption cross sect ion (/cm) (output) 
Random number seed (input/output) 

NONE 
' mc-el mn t . i nc ' 
'constant. inc' 
PARAMS(*), LAMBDA, SINTH, SICSCAT, SICABS 

INTECER*4 ISEED 
C 
C Externals: 
C HUNT RAN 

C- - 
REAL*4 RAN 

C++ 
C********** R A N  
C 

C 
C Random number generator, l i n e a r  congruential method 
C 
C Press e t  a1 . , "Numerical Recipes" (Cambridge, 1986) sect ion 7.1 
C 
C Variables i n  calling sequence: 
C ISEED = 32-b i t  in teger  seed value (input/output) 

********** 

REAL*4 FUNCTION RAN(1SEED) 

IMPLICIT  NONE 
INTEGER*4 ISEED 

C 



C No externals 
C- - 

C++ 

C 

C 
C Random number generator w i t h  s h u f f l e  t a b l e  t o  reduce sequential correlations 
C 
C Press e t  a1 . , "Numerical Recipes" (Cambridge, 1986) sect ion 7.1 
C 
C Variables i n  c a l l i n g  sequence: 
C ISEED = 32-b i t  in teger  seed value (input/output) 

COt*ak*Q***?c R A N 0 *****e**** 

REAL*4 FUNCTION RANO(1SEED) 

IMPLICIT NONE 
INTECER*4 ISEED 

C 
C External: 
C RAN 

C- - 
REAL*4 RAN 

C++ 
C*Gt0*0%*0* R E A D - 1 D 03103143rak3rJr.k 

C 
SUBROUTINE READ-1D(IUNIT,TYPE,TITLE,FILEID,PFLAG,PARAMS,NP, 

9 HEADER,NH,X,DX,Y,DY,IFLAG,IERROR) 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
r 

Search i n p u t  device IUNIT f o r  the next data f i l e  o f  type TYPE (or next 
f i l e  o f  any one-dimensional type i f  TYPE i s  blank when called). Return a l l  
header informat ion and data arrays X (which i s  points  i f  the input value o f  
PFLAG i s  'P' o r  'p', o r  b i n  boundaries otherwise), DX (which i s  either bin 
normalization i f  the output value o f  IFLAG i s  0, o r  the rms o f  the points  
i n  the b i n  i f  IFLAG = l), Y, and DY (standard deviat ion). IERROR will be 0 
i f  a su i tab le  data f i l e  was found and successful ly read, -1 i f  none found, 
and p o s i t i v e  i f  a read e r r o r  occurred. 

The s t ruc tu re  o f  a l - D  f i l e  i s :  
One formated record (A4,W,A40,WyA17) containing TYPE, TITLE, and FILEID. 
A block o f  fewer than 100 parameters, separated by blanks o r  commas, 

and terminated w i t h  a ' / I .  The f i r s t  parameter must be the number 
o f  channels NCHANS, and i f  TYPE = 'LOCT' the next f ou r  must be the 
parameters o f  the logar i thmic t i m e  scale. (Addit ional assignments 
of parameters beyond the f i f t h  are assumed by other programs.) The 
parameters are not  r e i n i t i a l i z e d ;  they de fau l t  t o  values a t  input .  

A s t r i n g  o f  up t o  720 characters i d e n t i f y i n g  a l l  raw data used and any 
operations performed. There are up t o  nine 80-character records. 
The f i r s t  blank character (a f te r  character 1) terminates the  s t r i ng .  

One o r  more "blocks", inc lud ing one "DATA" block: 
The f i r s t  record o f  a block i s  'POINTS', 'BINS',  'AREA', 'RMSBIN', 

Blocks contain NCHANS (or NCHANS+l f o r  a BINS block) numbers, 

I f  there i s  no POINTS o r  BINS block, the bins w i l l  de fau l t  t o  the 

'DATA', o r  'STDDEV'. 

separated by blanks o r  commas, terminated w i t h  a ' / I .  

l o g  t i m e  scale i f  TYPE = 'LOCT'; computed l i n e a r ,  logar i thmic,  o r  
l o g / l i n / l o g  if appropriate parameters e x i s t  i n  the parameter block; 
o r  i ntegers otherwise. 

TL- c-rnniz\i L~,,I, f 2 c  --.,\ ,,-+,.: -2 -.. +LA -+,+-: .-+2.-..1 .-+,..A,,A A...,43+4,.nc 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C- 

o f  the data must come a f t e r  the data block. I f  orm'tted, the defaults 
w i l l  be the square roots o f  the data. 

There may be e i t h e r  an 'AREA' b lock containing a normalizing funct ion 
t o  be d iv ided i n t o  the  data, or  an 'RMSBIN' block g i v i n g  the  rms 
o f  the X-values used t o  average w i t h i n  the bin.  

Structures other than 1 - D  f i l e s  (e.g., 2-D f i l e s )  may be interspersed 
w i t h  1-D f i l e s ,  bu t  must end w i t h  a blank record. 

P. A. Seeger, Los Alamos National Laboratory, Ian. 16, 1988. 
Dec. 8, 1988: changed name (was READlD); added DX and IFLAG t o  c a l l i n g  

sequence; read "AREA" o r  "RMSBIN" blocks. 
Aug. 9, 1989: replace UAHR i n  c a l l i n g  sequence w i t h  PFLAG t o  return points 

instead o f  bins; compute Q-bins from parameters. 
Oct. 3 ,  1989: de fau l t  deviat ions t o  0 i f  STDDEV block present. 
Jan. 16, 1990: change types 'LOCT' o r  '<T ' t o  't ' 
Oct. 18, 1990: reve r t  t o  'LOCT' i f  using parameters t o  compute b ins 
June 19, 1991: change PFLAG t o  in/out;  i f  blank a t  input, set t o  'P' or 'B' 

depending on what i s  read from f i l e  
Aug. 14, 1992: se t  PARAMS(18)=3 instead o f  TYPE='LOCT' f o r  conputed bins 

NP 
HEADER 

NH 
X 

DX 

Y 
DY 
I FLAG 

IERROR 

I I n p u t  
C(9)*80 Output 

output 
output 

output 

output 
output 
output 

I output 

Var i  ab1 e i n c a l l  i ng sequence : 
IUNIT I Inpu t  Fortran u n i t  number t o  be searched and read 
TYPE C*4 In/Out Type of data f i l e  t o  search f o r ,  or type found 
TITLE C*40 Output T i t l e  from f i r s t  record o f  f i l e  
FILEID P 1 7  Output Instrument-Date-Time i d e n t i f i e r  
PFLAG P1 In/Out Conversion flag: 'P' or ' p '  t o  re tu rn  X as 

points, o r  ' ' t o  re tu rn  whatever was recorded 
i n  f i l e  and then se t  t o  'B' o r  'P' 

PARAMS(1) = NCHANS = number o f  channels 
PARAMS(2. . 5 )  = l o g  t ime parameters 
PARAMS(18. .23) = Q-binning parameters 
Number o f  PARAMS t o  be returned t o  c a l l e r  
Character s t r i n g  describing operations 
previously performed on data 
Number of characters i n  HEADER 
B i  n boundaries (NCHANS+l numbers), o r  poi n ts  
(NCHANS numbers) i f  PFLAG i s  'P' o r  'p ' .  
Normalizing f a c t o r  (area) o f  each b in ,  o r  
rms o f  po ints  used i n  average (see IFLAG) 
Data values summed o r  averaged over b ins 
Standard deviat ions o f  Y 
0 i f  DX i s  normalizing fac to r ,  1 i f  rms, o r  
-1 i f  nei ther  was read from f i l e  
0 f o r  successful read, -1 f o r  end-of - f i le ,  
o r  system-dependent message number 

PARAMS R(*) Output Parameters saved w i t h  the data f i l e ;  

No Externals 

ctt 

C 
C*******~CWC R E A D - 2 D O*.k9c*3r***.k 

SUBROUTINE READ-ZD(IN, TYPE, TITLE, FILEID, PFLAG, PARAMS, NP, 
1 HEADER, NH, X, DX, Y, DY, NY, 

2 Z, DZ, NXZ, IFLAG, IERROR) 
C**MS Fortran requires [HUGE] a t t r i b u t e  on Z and DZ 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

Search i n p u t  device I N  for the next data f i l e  of t y p e  TYPE (or next  f i le  
of any two-dimensional type i f  TYPE is  blank when called). Return all header 
information, the one dimensional arrays X, DX, Y, and DY, and the 2D data 
arrays Z(X,Y) and DZ(X,Y), stored i n  arrays w i t h  f i r s t  dimension NXZ. The 
X and Y arrays are normally bin boundaries, bu t  may be returned as points by 
setting PFLAG; if "PX" then X w i l l  be poin ts ,  if "PY" t h e n  Y will be points, 
and i f  "P" both. The numbers of X and Y b ins  are always read from the header 
(1st and 2 4 t h  entries i n  PARAMS). The i n p u t  NY may be reduced to the value 
i n  the data f i l e .  DX and DY may be either normalizing functions (areas of 
bins)  or rms deviations of points included i n  bin averages (flagged by the 
value returned i n  IFLAG: 1 i f  DX is rms, 2 if DY i s  rms, 3 if both, -1 if 
no such blocks were read). DZ contains the standard deviations of Z, either 
as read from the i n p u t  f i l e  or assuming Poisson s ta t i s t ics .  
IERROR w i l l  be 0 i f  a suitable data f i l e  was found and successfully read, 
-1 i f  no f i l e  found, and positive if  a read error occurred. 

A t  exit ,  

The structure of a 2 D  f i l e  is: 
One formated record (A4,lX,A40,WYA17) containing TYPE, TITLE, and FILEID 
A block o f  fewer than 100 parameters, separated by blanks or commas, 

and terminated w i t h  a I / ' .  The f i r s t  parameter must be the number 
of channels NX i n  the X direction. (Additional assignments of parameters 
are l is ted below.) The parameters are not reinitialized; they default 
t o  values a t  i n p u t .  

operations performed. There are up to  nine 80-character records. 
The f i r s t  blank character (after character 1) terminates the string. 

One or two optional blocks, either "POINTS" or "BINS", the f i r s t  defining 
the X-axis and the second (if any) defining the Y - a x i s .  If the blocks 
are not present, X (or Y) w i l l  default to  the log  t scale i f  the f i r s t  
(or any subsequent) le t te r  of TYPE is  IT' ,  or to  integer steps 
otherwise. 

factors (if the keyword is  "AREA'*) to  be divided into the raw histogram 
counts, or else the rms average ("RMSBINS") of the values of X or Y used 
i n  computing Z averages. 
second (if any) to  Y. By u s i n g  "AREA" blocks, Z may be stored i n  the 
unnormal ized form t o  preserve i ts  Poisson s ta t i s t ics .  These blocks are 
returned to  the caller as DX and DY, which w i l l  be se t  to  u n i t y  if the 
blocks are not present. 

The f i rs t  record of a row block has a '=I w i t h i n  the f i r s t  4 characters 
and a value of I Y  anywhere i n  the 15 characters following. The value 
o f  I Y  must be between 1 and NY, or w i t h i n  the time-slice limits given 
i n  the header i f  Y i s  time. 

A block of NX values, separated by blanks or commas, terminated 
w i t h  a ' / I .  

A string of up t o  720 characters identifying a l l  raw data used and any 

One or two optional "AREA" or "RMSBIN" blocks, containing normalization 

The f i r s t  such block refers t o  X, and the 

Any number (at least  one!) of rows of 2: 

Each row block may be immediately followed by a "STDDEV" block containing 
NX values of the standard deviation of Z fo r  that row; otherwise Z will 
be assumed Poisson and the standard deviation w i l l  be the square root. 

Structures other than 2 D  f i l e s  (e.g., 1 D  f i l es )  may be interspersed 
w i t h  2 D  f i l e s ,  b u t  m u s t  end w i t h  a blank record. 

Definintions o f  the parameter block are 
PARAM(1) = NX, number of points i n  a block, or b i n s  i n  X-direction 
PARAM(2) = DTOVERT, d t / t  - for log - tjme scale 

. ~ .  ~ . .  



C PARAM(4) = TSTART, beginning o f  f i r s t  t i m e  s l i c e  
C PARAM(5) = TZERO, t ime delay o f  detector 
C PARAM(6) = maximum t ime ,  l a s t  b i n  boundary 
C PARAM(7) = s i ze  o f  detector element i n  x-d i rect ion (mm) 
C PARAM(8) = s i ze  o f  detector element i n  y-d i rect ion (mm) 
C PARAM(9) = x o f  beam cen te r l i ne  (detector uni ts)  
C PARAM(10) = y o f  beam cen te r l i ne  (detector uni ts)  
C PARAM(11) = power o f  the u n i t s  o f  Z 
C PARAM(12) = source-to-sample distance (m) 
C PARAM(13) = sample-to-detector distance (m) 
C PARAM(14) = co l l ima t ion  type (1, 5, o r  7) 
C PARAM(15) = minimum detector radius included; x semiaxis i f  e l l i p t i ca l  
C PARAM(16) = IFIRST, f i r s t  t ime s l i c e  included 
C PARAM(17) = l a s t  t i m e  s l i c e  included 
C PARAM(18) = Q-bin type: 0 = l i n e a r ,  1 = logar i thmic,  2 = log/lin/log 
C PARAM(19) = switch po in t  from l o g  t o  l i n e a r  
C PARAM(20) = switch po in t  from l i n e a r  back t o  l o g  
C PARAM(21) = number o f  b ins between Q1 and Q2 
C PARAM(22) = minimum Q b i n  boundary 
C PARAM(23) = maximum Q b i n  boundary 
C PARAM(24) = NY, number o f  blocks o f  data, o r  b ins i n  Y-direct ion 
C PARAM(25) = in tegrated beam current i n  uA-hr 
C PARAM(26) = resolut ion w id th  fac to r ,  dR/R < ( t h i s  factor)*dQ/Q 
C PARAM(27) = detector e f f i c i e n c y  a t  1 A 
C PARAM(28) = scat ter ing angle t o  a f i x e d  detector (degrees) 
C PARAM(29) = inc iden t  energy, d i  rect-geometry i n e l a s t i c  (mev) 
C PARAM(30) = f i n a l  energy, inverted-geometry i n e l a s t i c  (mev) 
C PARAM(31) = y semiaxis o f  e l l i p t i c a l  mask (cf.  PARAM(15)) 
C 
C P. A. Seeger, Los Alamos National Laboratory, Jan. 17, 1988. 
C 02 Nov 1988: add DZ t o  c a l l i n g  sequence; read STDDEV blocks. 
C 08 Nov 1988: determine NY; se t  b ins t o  0 before reading. 
C 08 Dec 1988: renamed (was READZD); revised c a l l i n g  sequence!!! 
C a1 1 ows RMSBIN b l  ocks . 
C 2 1  Dec 1988: IFLAG=-l i f  no AREA o r  RMSBINS blocks 
C 12 Aug 1989: use new header index information; replace UAHR i n  c a l l i n g  
C 
C 25 Sep 1989: o f f s e t  I Y  i f  Y i s  t ime and IFIRST i s  given i n  header 
C 05 J u l  1992: a lso o f f s e t  I Y  i f  Y i s  wavelength 
C 24 Jun 1994: MS Fortran version recompiled w i t h  "HUGE" a t t r i b u t e s  
C 13 Mar 1995: in teger  BINS i f  inpu t  block was n u l l  [PAS] 
C 29 Mar 1995: rest ructure t o  speed up when dimensions large; requi re  
C PARAM(24); a l low 't' as we l l  as 'T' i n  TYPE [PAS] 
C 06 Apr 1995: e l iminate BACKSPACE when reading '=' blocks [JAG,PASI 
C 
C Var iable i n  c a l l i n g  sequence: 
C I N  I Inpu t  Fortran u n i t  number t o  be searched and read 
C TYPE C*4 In/Out Type o f  data f i l e  to search fo r ,  or  type found 
C TITLE C*40 Output T i t l e  from f i r s t  record o f  f i l e  
C FILEID C*17 Output Instrument-Date-Time i d e n t i f i e r  
C PFLAC C*2 I n p u t  Flag t o  re tu rn  points  instead o f  bins; 
C 'PX' f o r  X, 'PY' f o r  Y, o r  'P' f o r  both 
C PARAMS R(*) In/Out Parameters saved w i t h  the data f i l e ;  
C 
C PARAMS(2.. 5) = l o g  t i m e  parameters 
C NP I I npu t  Number o f  PARAMS t o  be returned t o  c a l l e r  
C HEADER C(9)*80 Output Character s t r i n g  describing operations 
C previously performed on data 

sequence w i t h  PFLAC f o r  po ints  instead o f  b ins  

PARAMS(1) = NX = number o f  channels 



N H  
X 
DX 

Y 
DY 

o u t p u t  
o u t p u t  
ou tpu t  
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C No Externals 
C- 

Number of characters i n  HEADER 
B i  n boundaries (NX+1 numbers) 
Normalization factor t o  be divided into Z 
as a function of i ts  f i r s t  index, OR rms of 
b in  (see IFLAC) 
B i n  boundaries for the second index of Z 
Normalization factor t o  be divided into Z 
as a function of i ts  second index, OR rms of 
b in  (see IFLAC) 

NY I I n / O u t  Maximum number of Y blocks allowed/returned 
Z R(NXZ, *) O u t p u t  2 D  data array 
DZ R(NXZ,*) O u t p u t  Standard deviations of Z 
NXZ I I n p u t  First dimension of Z and DZ i n  calling program 
IFLAG I O u t p u t  1 i f  DX is rms w i d t h s  of X-bins, 2 i f  DY is  

rms w i d t h  of Y-bins, 3 if both,  0 i f  neither; 
-1 if no blocks were read 
0 f o r  successful read, -1 f o r  end-of - f i le ,  
or system-dependent message number 

C++ 

C 

C 
C O u t p u t  an array of N real*4 numbers Q to  u n i t  IUNIT, as ASCII characters 
C i n  free format with between 5-1/2 and 7 significant d i g i t s ,  separated 
C by commas, w i t h  126 or fewer characters per record. Each u n i t  record 
C begins w i t h  a blank, and the entire array is  terminated w i t h  a ' / I .  

C 
C P. A. Seeger, Los Alamos National Laboratory, April 9, 1987. 

C********* R E A L 0 U T **-&9C9C***** 

SUBROUTINE REALOUT(Q,N,IUNIT) 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C- - 

30 Sep 1987: 
24 Nov 1987: 
05 Dec 1987: 
02 Dec 1988: 
23 Sep 1989: 
12 Feb 1991: 

30 Apr 1992: 
13 Mar 1995: 
16 Aug 1995: 

Externals : 
DIGITS 

Variables i n  

- .  . 
Use "," instead of "0," for zero. 
Changed lower limit for F format. 
Decreased d i g i t s  i n  F format by one. 
Eliminate trail ing ",,"; p u t  n u l l  after "/". 
omit final n u l l  i f  buffered l ine too long. 
omit "E" and lead "0" i n  exponent of E format; raise 
lower limit fo r  "F" format 
omit t ra i l ing Os i n  E format 
omit n u l l  after "/" [PAS] 
p u t  "E" back (so I D L  can read data) [PAS] 

call i ng sequence 
Q R (9 
N I 
IUNIT I 

I n p u t  
I n p u t  
I n p u t  

Array of real numbers to  be o u t p u t  
Number of numbers 
Logical u n i t  number for output 



C P. A. Seeger, 1984. 
C 11 Mar 1995: use RANO t o  desequential ize random numbers [PAS] 
C 
C Variables i n  c a l l i n g  sequence: 
C X, Y = random p o i n t  (output) 
C ISEED = random-number generator seed (input/output) 

IMPLICIT NONE 
REAL*4 X, Y 
INTEGER*4 ISEED 

C 
C Externals 
C RANO 

C- - 
REAL*4 RANO 

L 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

SUBROUTINE SNELL(PART, COSTH, AP, BP, CP, RATIO) 

Perform re f rac t ion  o f  p a r t i c l e  PART, w i th  sin(ang1e o f  re f ract ion)  = 
sin(ang1e o f  incidence)/RATIO. I f  RATIO < 1 and the angle exceeds 
the c r i t i c a l  angle, the p a r t i c l e  i s  re f lected.  The surface normal 
i s  (AP,BP,CP) and the cosine of the angle o f  incidence i s  COSTH; 
a t  e x i t ,  COSTH i s  changed t o  the new angle. 

P. A. Seeger, 13 March, 1985. 
03 Feb 1994: converted from COMMON t o  STRUCTURES; add PART t o  c a l l i n g  

sequence [PAS] 

D e f i n i t i o n s  o f  STRUCTURES: 
IMPLICIT NONE 
INCLUDE 'mc-geom.inc' 

Vari ab1 es i n c a l l  i ng sequence : 
PART = record w i t h  p a r t i c l e  coordi nates (i nput/output) 
COSTH = cosine o f  angle o f  incidence (input/output) 
AP,BP,CP = u n i t  vector i n  d i r e c t i o n  o f  normal t o  surface (input) 
RATIO = r a t i o  o f  ind ices o f  re f rac t i on ,  new/old (input) 

RECORD /PARTICLE/ PART 
REAL*4 COSTH, AP, BP, CP, RATIO 

C 
C External: 
C RFLN 
C- - 

LOGICAL FUNCTION TESTINCPART, CEOM, IREC, ISURF) 
C 
C Tests whether the p a r t i c l e  defined i n  PART i s  i ns ide  region IREC 
C as defined i n  CEOM. I f  ISURF i s  not 0, then t h a t  surface i s  not 
C 
C 
C i f  i n s i d e  region IREG, .FALSE. i f  not. No parameters are changed. 
C 
C M.W. Johnson and C. Stephanou, Rutherford Laboratory repor t  RL-78-090. 

included i n  test ing,  i n  order t o  avoid roundoff/ truncation errors  
when the p a r t i c l e  i s  known t o  be on the surface. Function i s  .TRUE. 



C 
C 

Modified by P.A. Seeger (1980) f o r  case o f  p a r t i c l e  on a bounding 
surface o f  the region. 

Restructured by P.A. Seeger, 1984. 
03 Feb 1994: converted from COMMON t o  STRUCTURES; added PART and CEOM 

t o  c a l l i n g  sequence [PAS] 
29 Jun 1995: don't t e s t  surface i f  STYPE >10 [PAS] 

Def i n i  ti ons o f  STRUCTURES : 
IMPLICIT NONE 
INCLUDE 'mc-geom.inc' 

Variables in calling sequence: 
PART = record w i t h  p a r t i c l e  coordinates (input) 
GEOM = s t ruc tu re  w i t h  a l l  surface and region d e f i n i t i o n s  (input) 
IREG = number o f  region being tested f o r  i n te r i o rness  (input) 
ISURF = number o f  surface t h a t  p a r t i c l e  PART i s  on (input) 

RECORD /PARTICLE/ PART 
RECORD /MCCEOM/ GEOM 
INTEGER"4 IREC, ISURF 

No externals 
C- - 

C++ 

C 

C 
C Finds which region the p a r t i c l e  PART i s  i n  (or i s  ent r ing) by t e s t i n  
C a l l  boundaries o f  a l l  regions defined i n  GEOM. On return,  IREG = region 
C number i f  successful , I R K  = 0 i f  not  i n  any defined region, and 
C 
C 
C M.W. Johnson and C. Stephanou, Rutherford Laboratory repor t  RL-78-090. 
C Restructured by P.A. Seeger, 1984. 
C 
C t o  calling sequence [PAS] 
C 
C Def i n i  t i o n s  o f  STRUCTURES : 

C**?c***%k-k** W H 1 C H R ***-kJr*Q3t*O 

SUBROUTINE WHICHRCPART, GEOM, IREG) 

IREG = -1 i f  i n  more than one region. 

03 Feb 1994: converted from COMMON t o  STRUCTURES; added PART and CEOM 

IMPLICIT NONE 
INCLUDE 'mc-geom. i nc' 

C 
C Variables i n  c a l l i n g  sequence: 
C PART = record w i t h  p a r t i c l e  coordinates (input) 
C 
C 

GEOM = s t ruc tu re  w i t h  d e f i n i t i o n s  o f  a l l  surfaces and regions (input) 
IREC = number o f  region t h a t  /MCPART/ i s  i n  (output) 

RECORD /PARTICLE/ PART 
RECORD /MCGEOM/ GEOM 
INTEGER*4 IREG 

C 
C Externals: 
C TESTIN 

C- - 
LOGICAL TESTIN 



SUBROUTINE WOBBLE(PART, SURF, BETA, AP, BP, CP, COSTH, ISEED) 
C 
C Compute the cosine o f  the angle o f  incidence o f  the p a r t i c l e  PART w i t h  
C 
C 
C e f f e c t i v e  surface vector i s  returned as (AP, BP, CP). The cosine i s  
C returned i n  COSTH. I f  BETA<O, a completely random surface i s  assumed, 
C 
C a c t u a l l y  on the surface. 
C 
C Based on M. W. Johnson, Rutherford and Appleton Laboratories repor t  
C RL-80-065. 
C 
C 03 Feb 1994: converted from COMMON t o  STRUCTURES; changed c a l l i n g  
C sequence [PAS] 
C 
C Def i n i  ti ons o f  STRUCTURES : 

respect t o  surface SURF. 
i s  added t o  the surface normal vector, and the r e s u l t i n g  (renormalized) 

A vector o f  length BETA w i t h  random orientation 

independent o f  ISURF. No t e s t  i s  made t o  assure t h a t  p a r t i c l e  i s  

P. A. Seeger, 2 Apr. 1985. 

IMPLICIT NONE 
INCLUDE 'mc-geom.inc' 

C 
C Variables i n  c a l l i n g  sequence: 
C PART = record w i t h  p a r t i c l e  coordinates (input) 
C SURF = record w i t h  surface d e f i n i t i o n  parameters (input) 
C BETA = surface roughness parameter: 
C 
C AP,BP,CP = d i r e c t i o n  cosines of e f f e c t i v e  surface normal (output) 
C COSTH = cosine o f  angle between p a r t i c l e  and surface normal (output) 
C ISEED = random-number generator seed (input/output) 

0 f o r  smooth, 1 f o r  cosine 
d i s t r i b u t i o n ,  < 0 o r  >> 1 f o r  complete randomness (input) 

RECORD /PARTICLE/ PART 
RECORD /SURFACE/ SURF 
REAL"4 BETA, AP, BP, CP, COSTH 
INTECER*4 ISEED 

C 
C Externals 
C ANGLI, NORM, ORRAND 
C- - 
C++ 

C 
C********** X C H 0 p p E R **?e**JrJr*** 

REAL"4 FUNCTION XCHOPPER(T, TOPEN, TCLOSE, SIGT, V, PERIOD, 
1 LOPENINC, ISEED) 

C 
C Compute the  l o c a t i o n  o f  the leading o r  t r a i l i n g  edge (whichever i s  closer) 
C o f  a mechanical chopper a t  t ime T, i f  the half-open/half closed times are 
C TOPEN and TCLOSE, the l i n e a r  v e l o c i t y  i s  V (pos i t ive i f  clockwise, 
C negative i f  counter-clockwise), and the random phase j i t t e r  i s  SICT. 
C I f  LOPENING i s  returned as .TRUE., the r e s u l t  i s  the l o c a t i o n  o f  the 
C opening edge o f  the chopper; i f  .FALSE., the c los ing edge. 
C 
C P. A. Seeger, March 15, 1993. 
C 
C Variables i n  c a l l i n g  sequence: 
C 
C 
C 
C 
C 

T = t i m e  t h a t  p a r t i c l e  reaches chopper (us) (input) 
TOPEN = nominal t i m e  t h a t  chopper i s  h a l f  open (us) (input) 
TCLOSE = nominal t i m e  t h a t  chopper i s  h a l f  closed (us) (input) 
SICT = standard dev iat ion of phase j i t t e r  of chopper (us) (input) 
V = l i nea r  v e l o c i t y  o f  chopper @/us) (input) 



C 
C 
C 
C 

PERIOD = t ime between chopper openings (us) (input) 
LOPENING = . t r u e .  if chopper i s  opening, . f a l s e .  i f  closing (output) 
ISEED = random number seed (input/output) 

IMPLICIT NONE 
REAL*4 T, TOPEN, TCLOSE, S ICT,  V,  PERIOD 
LOGICAL LOPENING 
INTECER"4 ISEED 

C 
C Externals: 
C PLNORM 

REAL"4 PLNORM 
C- - 


