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ABSTRACT

A description of the Monte Carlo photon codes, MCG and MCP,
1s given. Since these codes contain many features in common
with the Monte Carlo neutron code MCN, which is described in
LA-4751, we concentrate on the details peculiar to processing
photons in each of these programs. This report leans heavily on

LA~4751 and is intended to be

dealing with a photon problem.

used In conjunction with it when
The parts of the photon codes

which are the same as in MCN are clearly indicated.

In Part I, an account is

given of MCG. This code is suit-

able for solving a wide variety of gamma transport problems.
The physical processes treated are pair production, Compton

scattering, and photoelectric
assumes photons with energies

absorption., The collision routine
between 1 keV and 100 MeV. The

possible sources, geometry, and output available to the user are
described, together with the Monte Carlo methods and cross section

data employed.

Part II describes MCP, which has a more sophisticated Monte
Carlo collision routine for photons of energy 1 keV to 15 MeV

colliding with atoms of Z = 1,

2, *++, 94 at rest. The routine

takes account of incoherent and coherent scattering factors, and

of the possibility of fluorescent emission following photo-electric
absorption, as well as absorption in pair production with local
emission of annihilation radiation,

In Part III, a sample problem is set up and run using both
MCG and MCP, with the complete computer listing displayed in

each case,

PART I

MCG: A MONTE CARLO GAMMA CODE FOR HIGH ENERGY PHOTON TRANSPORT

A. INTRODUCTION

The Monte Carlo gamma code MCG has many fea-
tures in common with the neutron code MCN, which is
described in LA—4751.1 In the interests of brevity,
we will not describe in detail the features which

are the same in the two codes but merely point out

that they are identical, and we refer the reader to
LA-4751 for the details.

Setting up a problem for MCG is quite similar
to setting up one for MCN, with only a few differ-

ences resulting from the altered collision routine



for photons as well as from the glight modifications
of the output tallies.

The units used in MCG are the same as those
uged in MCN and are as follows:
1. Lengths in centimeters.
2., Times in shakes (10“8 sec).
3. Energies in MeV.

4. Atomic densities in units of 10
=24

24 3

atoms/cm
5. Cross sections in barns (10 cmz).
B. GEOMETRY

The three-dimensional geometry package in MCG
is identical to that in MCN. The code will handle
spatial cells bounded by first- and second~degree
surfaces, as well as some fourth-degree surfaces
(elliptical tori). The reader is strongly urged to
read the description of the geometry in LA-4751,
since the most common errors made in setting up a

problem occur in specifying the geometry.

C. COLLISION ROUTINE

The physical processes treated are photoelec-
tric effect, pair production, and Compton scattering
on free electrons (alternatively, the code provides
for Thomson scattering in place of Compton scatter-
ing, at the option of the user). These are more
fully described in the following.

Since the code is intended primarily for higher
energy photons, the photoelectric effect is regarded
as an absorption (without fluorescence), scattering
(Compton) is on free electrons (without uge of form
factors), and the highly forward coherent scattering

Thus the total cross section ¢, is re-

i1s ignored. c

garded as the sum of three components.

(An alternative code, MCP, designed to incorporate
low energy effects, is another of our family of
Monte Carlo codes. This code deals with fluores-
cent re-emission, in addition to coherent and in-
coherent scattering as influenced by the appropriate
form factors cf. Part II.)

The Howerton Photon Inter-
UCRL~50400,
Vol. VI) was the source of cross gsections used in

The latter yields tables of values of

1. Cross Sectious.
action Library in ENDF/B format (Ref:

the code.

c;e(z), O;p(Z), c:(z), and O:(Z) for elements with
the atomic numbers Z = 1, 2, °-°*, 83, 86, 90, 92,
and 94 at a common sequence of 166 energies Ei’
i=1, 2, ***, 166.
photoelectric edges above 10 keV of all elements

These energies include the

provided for and were otherwise so chosen that lin-
ear interpolation yields good accuracy at inter-
mediate points. Always consecutive energy values
are spaced so that the change in energy is 10% or
less.

An initiation code prepares, for each material
region in the problem, a single list of macroscopic
total cross sections Zt and required probabilities.
This is a simplification allowed by the use of an
energy mesh common to all elements Z, and it allows
considerable saving in machine time for problems
involving highly composite media.

2. Photoelectric Effect. This is treated as

an absorption, with a corresponding reduction in
the photon weight W, and hence does not result in
the loss of a particle history. On every collisionm,
the weight W cpe/ot and energy EWUpe/ct are tallied
in the appropriate bins. The non-captured weight
w(l -

production or Compton scattering with the proper

opelct) is then forced to suffer either pair

dependent probabilities.

3. Pair Production. In a collision resulting

in pair production (probability opp/(ct - ope)), it
18 assumed that the kinetic energy W(E - 1.022) MeV
of the electron-positron pair produced is deposited
as thermal energy at the time and point, with iso-

tropic production of one gamma of energy 0.511 MeV,
and weight 2W, which is followed further.

4. Compton Scattering. The alternative to

pair production (when both are possible) is Compton
scattering on a free electron, with probability
os/(ct - cpe). In the event of such a collision,
the objective is to determine the energy E” of the
scattered photon, and § = cos 8 for the angle 8 of
deflection from the line of flight. This ylelds
at once the energy W(E - E”) deposited at the point
of collision and the new direction of the scattered
photon.

The differential cross section for the procesas

is given by the Klein-Nighina formula

R@du = 12 @02 @ /e + afe” +1? - Daw



where ro is the classical electron radius, o and a”
are the incident and final photon energies in units
of 0.511 MeV (o = E/(mcz), where m is the mass of
the electron and c is the speed of light), and

-

o = a/[l +a(l - Wl .

Changing variables from | to x = 1/[1 + a(l-pu)]
on £ = (1 + 2a)~1 < x €1, one finds the probability
density function for x to be

p(x) = g(x)/G(&) s

1 2

where g(x) = x +x ~ +u° -1 »

p=1l+at- (ax)'l
1
and G(x) = f g(x)dx .
x

Thus, a random number r determines x by the implicit

relation

r = G(x)/G(&)

1

and consequently the required u = 1 + o = - ((!x)_1

and a” = ax, E” = 0.511 a”.

An accurate approximation2'3

for the inverse
x = H(y) of the function y = G(x) allows rapid de-
termination of x = H[rG(E)], and this is now used in
place of earlier methods.

5. Thomson Scattering.
choose Thomson scattering in place of the Klein-

One may optionally

Nishina scattering function. Here the photon scat-
ters with the probability demsity function in v

given by
2
pids = 2 @ +vdaw

with no loss in energy. 1If a table of values for

Uy is stored, where

1 2
J (L+u%)due , 1=0, 1, =, X ’

then by choosing the integer i randomly on its range
yields N equally likely discrete scattering cosines
Uy In the present code N = 128 (a power of two is
used because of the ease of selecting i on a binary
machine). One may, if more accuracy is desired,
linearly interpolate between these equally likely
values of My but the present code does not include

this feature.

D. ESTIMATION OF ERRORS

The error analysis in MCG is identical to that
in MCN, and we refer the reader to Sec. IV of LA-4751.
In brief, for the tallies printed out, the code gives
the relative error in the quantity scored, defined
as the ratio of one standard deviation to the sample

mean.

E. SAMPLING TECHNIQUES
The discussion in MCN carries over verbatim to
MCG, with the same options available in the latter
code.
Standard Tallies.

same definitions used for currents and fluxes as in

Same as in MCN, with the

the neutron code. (The reader accustomed to the use
of other terms such as flux and mean intensity for
what we call current and flux, respectively, should
take careful note of the fact that we are using ter-

minology commonly used in neutron transport theory.)

F. EXECUTION OF MONTE CARLO PROGRAMS

(In the following, much of the description for
MCG 1s the same as for MCN--simply substitute MCG
for MCN, and MCGI, the initiation code, for the cor-
responding neutron initiation code, MCNI.) We shall
1list below the photon programs corresponding to
those listed in LA-~4751. When they are identical,
except for the obvious changes mentioned above, we
shall simply indicate by the words "same as in MCN".

l. Initiation. Same as in MCN.

2. _Running. Same as in MCN, except that the
run card has a different format. Now the 2nd entry
on the run card is weight WR, and the 8th entry (the
run card in MCN has only 7 entries) is a weight
WC < WR. (Both WR and WC are set by the user, sub-
ject to the condition WR > WC). When the weight W
of a photon has W < [WC * I(source)]/I(n) -~ where
I(source) is the importance of the source region and

I(n) is the ilmportance of cell n where the photon



18 located -- then if a random number
r < W/[WR ¢ I(source)/I(n)], the weight of the pho-
ton is taken to be [WR ¢ I(source)]/I{n); otherwise
the photon history is terminated.

3. File Manipulation. Same as in MCN.

4. Card Format. Same as in MCN.

5. Problem ID Card. Same as in MCN.

6. Cell Cards. Same as in MCN.

7. Surface Cards. Same as in MCN.

8. Data Cards.

a. Cell Specification Cards. Cards IO and

Y6 apply to MCG in exactly the same manner as in
MCN. The thermal specification cards RO, Rl, °-°,
The Y7 card in MCG specifies the
energy cutoff for each cell, below which energy the

Rn do not apply.

photon is dropped and not followed further.
Same as in MCN.
c. L Card. Does not apply to MCG.

b. Source Cards.

d. Function Cards. The description in

LA-4751 of these cards carries over to MCG, with a
couple of exceptions.

(1) The first exception is for n = 5:
In addition to the F5, ES,
and T5 cards, an additional card, called the A card,
has been added.

Flux tally at points.

This card contains the list of

cells which contribute to the fluxes at the point
detectors; that is, colligions in these cells, and
only these cells, are allowed to contribute to the
If the A
card is missing, collisions in all cells contribute

flux at each of the designated points.

to the fluxes at the point detectors.
(2) The second exception occurs for n = 6:

Capture tally in cells., Here MCG departs from MCN.
MCG automatically (without any action on the part
of the user) gives for each cell in the problem the
number (i.e., the weight) and energy of photons
captured (from the photoelectric effect), the number
and energy of photons lost to energy cutoff, the
number of photons creating a pair and the energy
lost in the process, and the energy lost in Compton
scattering collisions.

e. DO Card.

A DO card in MCG means that Thomson scattering re-

This section does not apply.
places Compton scattering. The energy cutoff in
MCG 1is given per cell and, as described above,
appears on the Y7 card,

f. Material Cards. The section applies to

MCG if the nuclide cross section ID is replaced by

the Z (atomic number) of the element.

APPENDIX A
CONTROL CARD DECKS

Same as in MCN.

APPENDIX B
SOURCE SUBROUTINES

Same as in MCN, except for Sec. V - Random
Number Generators. The function FRNS (KRN) is re-
placed by 2%FRN(KRN) - 1.



PART II

MCP: A GENERAL MONTE CARLO PHOTON CODE

A. INTRODUCTION

The general photon code MCP has many features
in common with the gamma code MCG, namely, the vari-
ety of gources, the output, the variance reducing
techniques, and the general geometry routine. 1In
fact, the two codes are virtually identical to use.
However, the collision subroutine in MCG was intend-
ed only for photons of relatively high energy, with
fluorescence and coherent scattering ignored, and
incoherent scattering subject to the unmodified
Klein-Nishina cross section for free electrons.a

The code MCP, for photons of energies 1 keV to
15 MeV, contains a new collision routine, described
below, providing for fluorescent emission, and the
modification of Thomson and Klein-Nishina differen-
tial cross sections by appropriate form factors
which take binding effects into account.

A library tape (LT) has been prepared, incorpo-
rating all constants required by the collision code,
for elements Z = 1, **+, 94, in a form designed to

expedite computation.

B. FREE PATH

The LT contains, for each Z, a table of the
logarithms Li(Z) = n Ei(z) of suitable energies,
including the photoelectric edges, and a matrix
Li(z) = fn ci(z), listing for j = 1, 2, 3, 4,7the
logs of corresponding cross sections (when the lat-
ter are nonzerc) for incoherent scattering, coherent
scattering, photoelectric effect, and pair produc-
tion, respectively. The recent compilation of data
by Storm and Istael5 was used, for all listed ener-
gles Ei < 15 MeV. In the case of scattering
(3 =1, 2) the cited total cross sections were ob-
tained by numerical integration, based on the same
form factors used in the Monte Carlo treatment of
such collisions, and referred to below.

In the collision code, a photon of energy E,
starting from a point of a particular medium, has a

free path

A =1 zz N(Z) Zi cJ(Z)] ,

where Z runs over all elements present in the medium,
N(Z) 1is the corresponding numerical density, and
UJ(Z) is the cross section for process j, each log-
log interpolated to energy E. A random number r on
(0, 1) then determines the (infinite medium) distance
to collision, d = =\ 2&n r; and the eventuality of
escape from, or collision within, the current region,
follows from the geometry routine of MCP.

In the event of collision, two random numbers,
r, and r,, serve to designate the element Z hit, and

1 2

the process j responsible. The former results from
a comparison of rI/A with the partial Z-sums obtained
above, and present in the memory. The latter process

3 1s determined by a similar comparison of
4

z, 25 OJ(Z) with the partial sums involved, the in-
1

dividual oj(z) being also retained from the A compu-
tation.

Note on Interpolation. Log-log interpolation

for the partial cross sections cj, at an energy E

between tabulated energies Ei—l < Ei’ leads to the
result
a ., ,..b
e fl) @)
o) = (ol,) (o ’

where a = (&n Ei - fn E)/(%n Ei - n E
a+b=1, a,b > 0,

1-17°
It is expedient to regard as the

total cross section, and as the probability of pro-

cess j at energy E, the values of 0 and cj/o, where
4

0 is the sum jz OJ of the cj so found, and not the
1

log-log interpolated value 0~ of the total cross

section. For, the relation

o= 3= 3, b 6 < (3, o)

3

(3, ) -

is an obvious consequence of Holder's inequality,

Sy < (34 (547



strict unless yj/b = kxj/a.

Hence, in practice one has 0 < ¢”, and use of ¢° in
place of 0 may lead to absurdities; e.g., pair pro-
duction, determined above by default (after the
other three processes are tested), would occur at
all energies E # 1 keV,

This shows that adoption of log-log interpolat-
ed partial cross sections is inconsistent with a

log-log interpolated total cross section.

C. INCOHERENT SCATTERING

The objective, in the event of such a process
(3 = 1), is to determine the angle 8 of scattering
from the incident line of flight (and thus the new
direction via the general code), the new energy E”~
of the photon, and the local energy deposition E ~ E~
(the recoil k.e. of the electron).

Incoherent scattering 1s assumed to have the
differential cross section cl(Z,a,u) du = 1(Z,v)
x K(o,u) du, where I(Z,v) is an appropriate scatter-
ing factor, modifying the Klein-Nishina (K-N) cross

section

z_ 1} du .

i = w2 (£) [ 20
As is customary, o and o” denote the incident and
scattered photon energies, respectively, in units of
electron rest energy mcz. a” = a/[l +a(l-wi,
0 = 2.81776 x 10713 em, the
“classical electron radius."

Qualitatively, the effect of I(Z,v)/Z is to de-

crease the K-N cross section (per electron) more

M =cos 6, and r, = e2/mc

extremely in the forward direction, for low E and
for high Z independently. For any Z, I(Z,v) in-
creases from I(Z,0) = 0 to I(Z,») = Z,

meter v = v(o,4) is a given function of o and u

The para-

which, for a particular incident energy o, increases
from v(0,1) = 0 at 4 = 1 to a maximum value

v = v(a,~1) at 4 = -1, The essential features of
I(z,v) are indicated in Fig. 1.

The complete tabulations of Cromer and Mann6’7
(and of Brown8 for a few low Z) are used for all
2> 2, v< 8, and we set I(Z,v) = Z for v > 8.
These tables, for vy = 0, *+-, Vo1

without change on the LT, and those required form

= 8, are recorded

nz,v)/Z

1
(o] I 2 3 e 5 6 v 8

Fig. 1. Incoherent acattering factor.

part of problem storage. Linear interpolation is
used as necessary. The parameter v is here the
inverse length v = gin %-e/A(K) = KanfTTI,

K = 1078 me/(/Z h) = 29.1445 cnL, with maximal
value v = v/2 Ka for given a.

For Z = 1, we use the exact formu1a9 I(l,v) =

1 -1+ vz)-a, with the dimensionless parameter

v = amo/Z(1 - W/2h = KT =¥ , K* = he/vZ &2 =
96.9014, v = V2 K’a . Here a = h2/me? is the first
"Bohr radius".

The method of sampling for yu = cos 8, in both
coherent and incoherent scattering, is based on the
following:

Principle., Let P(y) = Co F(y) Q(y) on (a,b),
where P(y) and Q(y) are probability densities,
0<F(y) <1, and C0 > 1 is a constant.
ticle is tentatively assigned to (y,y + dy) with
probability Q(y)dy, but the assignment is ratified
only with probability F(y), the process being iter-

If a par-

b
ated with probability 1 - j F(y)Q(y)dy, then the
a
probability of the particle being definitely assigned

to (y,y + dy) is P(y)dy. (The value of Co is irrel-
b

evant for the process). FOI,J F(y)Q(y)dy = cal <1,
a

and the probability in question is seen to be

o k
D,  FONmey - ch - ¢y Foamay

k=

= P(y)dy .

To apply this to incoherent scattering, we
write Gt(z,a) and ot(a) for the total incoherent and



K-N cross sections, and express the probability

density for scattering into (u,u + du) in the form

I(Z,;)ot(a)

Ht

P(u) pl(u) = Cl(Z.a,u)/U]t'(Z,a) =

oi(z,u)

x —5—'—“(2,3) x —(—*ﬁlﬁt"(‘a) = Cy * F(u) x Q)

We therefore assign U tenatively with K-N probabil-
ity Q(u)dy, ratifying with probability F(u) =
1[zZ,v(e,W) )/ (Z,v) < 1.

The tentative choice of u is effected indirect-
ly as follows.
x=1/[1 + a(l ~ u)] on the interval £ = 1/(1 + 2a)
€ x € 1, and defining p(x)dx = Q(u)dy,
that p(x) = g(x)/G(E), where g(x) = x + x
HE1l+ a_l - (ax)_l, and in general,

Taking in place of u the variable

one finds

1+U2_10

1
G(x) = I g(x)dx .
x

Thus we may determine x by r = G(x)/G(£), where r
is random on (0,1), and so obtain y with the re-

quired density Q(u). A recently obtained approxima-
tion2’3 for the inverse x = H(y) of the function

y = G(x) allows rapid and accurate determination of

x = H[rG(8)].

Having obtained U, and o” = ax, the final ener-
gy of the photon is E” = mcza', and one deposits the
energy E-E” locally. If E” < 1 keV, E” is tallied
in a cut-off bin and one returns to the source sub-
routine of the general code. Otherwise the new
direction is found from i, and one returns to the
free path routine.

For the point detector routine of the general
code, one requires, for a given u (determined by
the detector pogition), the probability of (inco-
herent) scattering to the angular range (u,u + du),
pl(u)du - I(Z,v)K(a,u)du/Ut(Z,a). The values of
nrg and of o”/a = 1/[1 + a(l - u)] are needed in
K(a,u); I(Z,v) is obtained by linear interpolation
at the computed value of v = v(a,U); and ci(z,a) =
ol(z), at the incident energy E, is recoverable
from the free path routine.

Note on Momentum Transfer to the Electrons.

The parameter v above 1s, except for constants, the

momentum q = av2(1l - u) (units of mc).
seems to be used exclusively in theoretical computa-—
The following

comparison of q with the relativistic momentum trans-

The latter

tion of incoherent scattering factors.

fer q° to the electron in Compton (elastic) scatter-
ing of photons on free electrons at rest may there-
fore be of interest.

sors10

In this connection, see the
and Union Carbide11 reports.

Since a” = a/{1 + a(l - u)], we have k = o - o™
o a“(l - p) for the k.e. of the recoil electron, and
E =k + 1 for its energy (units of mcz). Thus
E2-1=k(k+2) = (@-a)?+200°Q - =

o + a” - 200"y, and the electron momentum is

1/2

q= (E2 - 1) = afl + (a'/a)z - 2(a’/a)u]1/2.

(units of mc)

as compared with q = av2(1l -~ ).

a” = o 18 not very revealing, since yu is a function

To say q~ = q for
of a” such that 4y + 1 as a” + a. Clearly, however,
q=0 =g exactly for u = 1,

Fixing o > 0, and setting x = 1 - u, 0 < x < 2,
one finds that F(x) = qz/q‘2 = (1 + ax)z/D,
D=1+ +20x >1. Thus F(0") = 1 and F(2) =

2
Q4+ 20)°/01 + a)2 > 1. Differentiation yields
2
-1 - .
al@ + ax) ’~o21-(x)-(1-%)+(g_‘—+a)x.

Case I. (o < 2). Since F'(x) > 0, q/q” in-
creases from 1 to (1 + 20)/(1 + @) > 1, and the
"relative error" t(x) = q/q” - 1 rises from 0 to its
maximum value a/(l + @) at u = -1. For o = 2, this
amounts to 67%, while even for a = 0.2 (E ~ 100 keV)
it 1s already 17Z.

Case II. (o > 2). Here, the maximum positive
error is €(2) = o/(1 + o) + 1 as ¢ + ®, Since

F7(xy) = 0 at x; = (@ - 2)/ (o + 20), and F (xy) =

8a/(a + 2)2, we conclude that the worst negative
error (at Uy = 1 - xo) is e(xo) = (2/20)/ (a + 2)
-1+ -1.

D. COHERENT SCATTERING

This process (j = 2) involves no energy loss,
only the scattering angle 9§ being required before
returning the photon to the free path routine with
its new direction, obtained from the general code.

The differential cross section is now
cz(z,a,u)du = cz(z,v)T(u)du, where C(Z,v) is a form
factor modifying the (energy independent!) Thomson



cross section T(u) = wrg(l + uz)du. (Superscripts
on 0's denote process number j, not an exponent).
The general effect of Cz(Z,v)/Z2 is to decrease
the Thomson cross section, more extremely for back-
ward scattering, high E, and low Z, being opposite
in these respects to the effect of I(Z,v)/Z on
K(a,u) in Section C above.
decreagses from C(Z,0) = Z to C(Z,*) = 0. The para-
meter is here the v = KaJTf:TI of that section,

For a given Z, C(Z,v)

with maximum v = V2 Ka for given a. The qualitative
features of C(Z,v) are shown in Fig. 2.

The required tables of C(Z,v), for Z 2 1, v € 6,
(12,13,14) with
Tty Vg ™ 6. (For de-
We define C(Z,v) = 0

were compiled from various sources,
values listed for vy = 0,
tails, see Storm and Israel”).
for v > 6.

To improve efficiency in applying the Principle
of Sec. C, we follow a device of the SORS repott,lo
and reverse the roles of the coherent cross section
components. Denoting by pz(u) = UZ(Z,a,u)/Oi(Z,a)
the probability density for p, we have

pevdyav? = pPa (Hfa?
dv

where | 18 replaced by the variable v2 = (Ka)z(l-u),
0< v2 < ;2. Since p = 1 - v2/(Ku)2, du/dv2 =
-1/(Ka)2, and we may write

2 2 21n:(2) 2% az,v5 1 +42 s 2
P(v )dv® = 55 . * Q(vT)dv
w2 o?z,a) 2

= COFCVZ) . Q(vz)dv2 R

where
Qw®) = c2zvHz e,

2
v

and A(Z,vz) = I CZ(Z,VZ) Z 2dv2 .
0

for arbitrary v2.

A random number r on (0,1) may therefore be
used to tentatively assign v2 with density Q(vz),
by the relation r = A(Z,vz)/A(Z,;z), v2 being

|.0 T 1 1 1
N
~
. 0.5+ -
I}
O
Z=80
Z=10
1 1 i ) t
°O l 2 3 4 5 6
v
Fig. 2. Coherent scattering factor.

ratified with probability F(vz) = %(1 + u2) <1,
where u is the above function of v2.

The required values of A(Z,;z) and of v2 are
obtained by linear interpolation, using tables of
A(Z,vi), vi =0, seo, v§5
integration of the data cited, and stored on the LT.

= 36, obtained by numerical

For the point detector program, one must eval-~
uate the density pz(u) = nrg(l + uz) Cz(z,v)/oi(z,a)
for given u. Although ci(z,a) - 02(2) is recoverable
from the A routine, the value of Cz(z,v) at
v = Ko/l - U must be interpolated in the original
CZ(Z,vi) tables, separately stored on the LT for
this purpose.

E. PHOTOELECTRIC EFFECT

A collision of this type (J = 3) involves the
disappearance of the incident photon of energy E,
the ejection from some (positively written) energy
level e € E of an orbital electron with k.e. E-e,
and the transition of a second electron from a level
e” < e to the e-level vacancy.
bilities.

(1) A (fluorescence) photon of energy E” = e~e”

There are two possi-

may be emitted. In such a case, the photon energy
difference E - E” = (E -~ e) + e” consists of the
k.e. of the first ejected electron, plus a residual
excitation energy e” which is ultimately dissipated
by further processes, with additional fluorescence
of still lower energy. This we ignore, depositing
all of E-E” locally, and returning to the A routine
with the (isotropically emitted) fluorescence photon

of energy E”, provided of course that E” > 1 keV.



Otherwise the event is '"terminal, by which is
meant that the incident photon's history terminates,
its energy E being locally deposited, and the code
returns to the source routine of MCP,

(2) The electron transition e” -+ e may not be
accompanied by E” = e - e” fluorescence, but by the
ejection of an "Auger electron", resulting from
"internal conversion". In this event, the entire
incident energy E is tallied as energy deposition,
and the collision is terminal.

The energy levels e are called "edge energies"
because, regarded as a function of increasing E,
the photoelectric cross section O(E), elsewhere de-
creasing continuously, shows a sharp discontinuity
(edge) at each E = e, jumping from its lower, limit-
ing value c(e-) to its value o(e) > g(e ) as the
photon energy E becomes sufficient to activate the
e-level.

A photoelectric event is regarded as terminal
for elements Z < 12, the possible fluorescence
energy being below 1 keV,

For elements Z # 12, fluorescent emission
above 1 keV is possible and allowed for to the ex-
tent indicated below, using basic data from a Union
1 which provides, for each Z, a
table of the form

Carbide report

(ve) e, o Y, F,
v
v
€1 %1 Ye1 Feo1
1" - =
ef cf Yf 0 Ff 0

where the energies are in decreasing order. These
tables have been prepared in a rather involved way,
referred to in a later note. For our immediate ob-
jective, which is simply the determinaéion of the
energy of the fluorescence photons emitted, 1f any,
the following remarks suffice.

above the num-

Define in terms of the e Ui

bers

If E < ec 1> the event is terminal, Otherwise, de-

fine £ as the least index {1 € £ - 1 for which
e, S E. Then the ratio Yidsi/(d)f + ce0 + 0
1=f-1,

2

***, 2 represents the probability of the

event resulting in a fluorescence photon of energy

Fi.
The data in this form is very inconvenient for

our purposes, and the LT contains instead the tables

ary 1§ Dy Ny Ey
1oe, o Y6, = F, =0
2 oepy bt Oy e F Ve g%y Fey

1 gty Ypogteedhye,  F

Accordingly, our method in the event j = 3, Z » 12,
E> E, begins with determination of the greatest
index k for which E < E, and formation of the prod-
uct er, where r is a random number on (0,1). 1If
er > Nk’ the event 1s terminal. Otherwise, the
greatest index 1 ( # 2) for which er > Ni-l deter-
mines the energy E; of the fluorescent photon
emitted.

Note on the Tables. For simplicity, we describe

first a table of the form (UC) above, of the follow-
ing nature: (1) e is the energy level of the K-
shell and any further ey 1 <€ -1, are average
energies for the composite shells L, M, N, +«++ in
that order, ey = e being that of the outermost
shell allowed for; (2) ol = c(el) is the peak K-edge

o(E) and for further 1 € £ - 1, g, is an average of

i
the peak o(E) values for the shell in question, the
final cf being the lower limit of ¢(E) for shell
f-1; (3) Yi is the probability of emission of a

fluorescent photon if the i-ghell is activated;



4) Fi is an average value for the fluorescent ener-
gles resulting from transitions to the i-shell
vacancy from outer shells.

The basic assumption is made that G(E) is of
the form o /E on the intervals of continuity
E < e, = ef-l’ e, < E < e 1 i=f-1, ***, 2; and
ey < E. If these continuous functions are extrapo-
lated to an energy E for which ey is the greatest
/E & ese &
,¢f, as defined

1isted ez < E, their values are o
2/E , and the differences ¢£.
above, times 1/E , are regarded as the ''contribu-
tions" of shells £,+-*,f ~ 1, and of all outer
shells, to the total cross section oge llE at energy
E. Under this second assumption, the chance of i-
shell activation is ¢i/¢f + see + ¢R' 1=f~1,:--,

2, and the product of this ratio with Y, may be re-

garded as the probability of emission oé a fluores-
cence photon of energy Fi'

It was indeed in this form that the original
(UC) tables appeared.

sion11 attempts to replace the average Fl for the

For Z » 20, the updated ver-

K-shell (only!) by the individual fluorescent ener-
gles. In order to preserve the original format of
the tables and the computational method, the old
tables were modified in the following way.

The first row is replaced by a number of rows
i=1, 2, «++, k, one for each K-shell fluorescence
considered, the renumbered remaining rows k + 1, +-*
following without change. The new rows i < k all
1list for ey and Yi
yield Y1 for the K-shell, and for Fi

energy referred to. Also, o is the original o(el),

the original energy e; and (total)

the fluorescent

for the K-peak.
Since, for an energy E > e the total proba-
bility of K-shell fluorescence is
P = Y (o,e o 3 )/o &3
1Y9°%1 7 TG’ 1%
in terms of the new numbering, it is required to in-

vent fictitious numbers 02,-°-,ck in such a way that

1)/(o

3 3.
(9485 = 934114 = Op41%+1) = Py 0

i=1,2, >, k-1
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where Py i8 the dependent probability of K-fluores-
cence of energy F The Py being known in the form

it is

e
of relative intensities of the "lines" Fi’
easy to compute the desired 02, ey ck from these
equations.

The probability of Fi emission is then

3
Yl(cie

1~ %41 1+1)/°1 » =, k

P Py

for E » e = wee T ey, and the method is unchanged
if one computes the ¢i as before, for all {1 < f ~ 1,
f being the total number of rows in the new table,
For details of the fine structure considered, one

11
should consult the U.C. report,

F. PATR PRODUCTION

We consider this process (j = 4) only in the
Although the threshold is tech-
nically 2mc2[1 + (m/M)] = 1.022 MeV, M being the
nuclear mass, 04(2) becomes positive only for
E » 1.5 MeV in the tables used

In the event of such a collision, the incident

field of a nucleus.

photon, of energy E, vanishes; the k.e. of the
created positron-electron pair, assumed to be

E - 2mc2, is deposited locally; the positron is con~-
sidered to be annihilated with an electron at the
point of collision; and a single photon of weight
twice that of the incoming photon and energy mc2 is
given an isotropically distributed new direction

and is transported further.

G. ENERGY RANGE

If all other effects (bremstrahlung, etc.) are
ignored, nothing prevents extension of the code to
the 1limit (100 MeV) of the Storm-Israel tables,5
the approximation for the inverse to the Klein-
Nishina scattering distribution3 remaining good to
that energy.

H. MECHANICS OF THE CODE MCP

Apart from the collision routine which has been
described in some detail above, the codes MCP and
MCG have few differences. As mentioned in the in-
troduction to Part II, they are virtually identical
(Both of

these codes are quite similar in problem set up and

to use and have almost identical outputs.

output to the Monte Carlo neutron code MCN.l) To



avoid duplication, let us refer the reader to Sec-

tions D, E, F, Apendix A and Appendix B of Part I,

and below we list the exceptions to this discussion
which apply to the use of MCP.

Exceptions.
card for MCP is the energy cut-off ECF (not weight
cut-off WC) and this is the same for all cells.
There are no weight cut-offs WC and WR used in MCP

(1) The second item on the run

since capture is not treated by weights (i.e., esti-
mating the capture per collision by reducing the

particle weight). Thus the run card will have only

7 entries with entry 2 modified as above.
(2) The Y7 card is not used in MCP since we

do not have energy cut-offs as a function of cell.
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PART 11X

SAMPLE PROBLEM

In order to illustrate the steps in setting up
a typical problem for the codes MCG and MCP, as well
as to portray the output features of these codes,
we shall set up and run the same problem with these
codes. We will use the geometry shown in Figs. C-1
and C-2 in Appendix C of LA-4751 with the exception
that Surface 18, the left bounding plane, is not
taken to be a reflecting plane. (The reflecting
plane upsets the estimation of the flux at the point
detector in the present codes, including MCN.)

While the geometry is quite similar to that in
LA-4751, the source is different. Also the tally
bins are specified anew, to a large extent a reflec-
tion of the differences between processing neutrons
and photons. In the following we shall specify
completely the input to the problem, with the excep-
tion of the geometry, independently of the sample
problem for MCN given in LA-4751.

A. Source. The source is assumed to be uni-
formly distributed in volume throughout Cell 1 and
isotropic In direction. Because we are tallying
mainly along the positive y direction, we biaged the
directional distribution, sending three-fourths of
the particles isotropically with positive v (v is
the y-direction cosine) and one-fourth of the par-
ticles isotropically with negative v, correcting
the weights of the source particles so that one-half
of the expected weight has positive v and one-half
has negative v.

In addition, the energy distribution of the
source has been biased in order to emphasize the
source particles of higher energies. The information
ig displayed in Table I, with the source energy bins
(WO card), the actual fractions of the particles in
each gsource group (VO card), and the fictitious
(biaged) fractions in each source group (U0 card).
The procedure follows exactly the description of the
Source Cards on pp. 10-11 of LA-4751.

If the problem has a time cut-off of 100 shakes
(essentially infinite time cut-off for this problem),

we ask for the following information.

12

TABLE I
SOURCE
Energy Fractions Track Fractions
Group in MeV (W0) in Group (VO) in Group (UO)
1 0.001 0.0 0.0
2 0.01 0.1 0.02
3 0.1 0.2 0.08
4 0.5 0.3 0.2
5 1.0 0.3 0.3
6 5.0 0.05 0.2
7 10.0 0.03 0.15
8 14.0 0.02 0.05

B. Currents. Tally currents across surfaces 1,

10, 11, and 14 for

energies: 0-0.005, 0.005-0.01, 0.01-1.0,
1.0-5.0, 5.0-14.0 (MeV)

times: 0-100 (shakes)

angles: 1,0-0.8, 0.8-0.6, 0.6-0.4,

0.4~0.2, 0.2-0 (values are for the
cosine of the angle with the nor-

mal to the surface).

C. Flux Across Surfaces. Tally the flux inte-

grated over surface 17 for

energies: 0-0.005, 0.005~0.01, 0.01-1.0,
1.0-5.0, 5.0-14.0 (MeV)
times: 0-0.01, 0.01-0.1, 0.1-1.0,

1.0~10.0 (shakes)

D. Flux in a Cell. Tally the average flux in

Cell 3 for
energies: (0-0.1, 0.1-0.5, 0.5-1.0, 1.0-5.0,
5.0-14.0 (MeV)
times: 0-0.01, 0.01-0.1, 0.1-1.0,

1.0~10.0 (shakes)

cell volumes: 245.52 (cm)



E. Flux at a Point.

point (0, 10, 25) for
energies: 0-0.005, 0.005-0.01, 0.01-1.0,
1.0-5.0, 5.0-14.0 (MeV)

Cell

W 0 NN DWW

w N NRNN NN NN B R e e b e e
S EEEBRRNRRORJRNES ol sbdibrl o

Tally the flux at the

times: 0-0,01, 0.01-0.1, 0.1-1.0,
1.0-10.0 (shakes)

cells contributing to point detector: all

cells

TABLE II
CELL QUANTITIES
Importance
1.0
1.0
2.0
2.0
1.0
4.0
4,0
8.0
8.0
16.0
8.0
32.0
16.0
32.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
4.0
4,0
8.0
8.0
1.0
1.0
2.0
2.0
4.0
1.0
0.0

Energy Cut—off
0.001 (MeV)

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

TABLE III

MATERTAL DENSITIES

Atomic Density

time cut-off = 100 shakes
We = 1073
W = 1074

Material [(gtoms/cm3 x 10’241
Al 0.0603
Normal Li 0.0463
Be 0.123
CH 0.00926
CH2 0.1173
Fe 0.0847

13
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TABLE IV
SAMPLE RUN - MCG

SUBROUTINE SOURCE
COMMON MXAHKJoMXE o MXMe MRL s NKE s MXF o MXF M MXLC 1L, CIoMRER9MAAT sNSRINSC
0313911200230 002¢X110K1262F2eLLI o L10EKL0 2103220 2094220120001
01A20J01,J82,114,151¢1529U51,J524I15,NOETXLCD(LCP,SRC(8) ¢SOB(24)
oSWM(24) +SEDL24) ¢ 10Y (51 4 10¢8) «NIF (TI oLOF (6 1RO (1200 o VOL ({1200 oNAT
(1203 oNCL 12200 ¢F 101203 ¢ECF (1209 oLCA(L21) 0 .CS(120) oL JALSBO" 1L CAYL
480) 1LAJ(960) oXST (1200 ¢LSC(1211 ¢ SCF (3603 +LCB (9601 sLFO(6) yLPR(6) o1
JPEB0) 2 IFPL6Q) ePL10QY «COETRI2543) sRO(2%) +FRO(25) 1ECSI168) 151120
50) eNDCoJDC{120) 9QA (2201 ¢ SBL(TI sGBL (10) +GF INywTMINHTHAX JNPARINF Y
NoREJF] «NSTe10Re 1064 NPSNy KRN NRN s TWS s TESoNPS NTRINCTo TMOGE™ 416 oN
TML6) oW TM{6) oF (150081
CONMON/GL/s STGVOLSoPL oQPL ¢PMF (DEG4CSJALCSAS TAP (NE
NCPoKDBoXgYo2aUs VoW ERGeW T, THEY
VLIDEL e 1A s JAeNP s USQVSA(WSQe TAF s 1LF 4 12F y1SF 4 16F
COMMON/DXCOM/NIR LOETXeCSOK (CS¢OUETX o DXFACIAMFP o ANFP2,PBLSAV (1)
1 LV2eLY30LVasLVE4LV6LYT4PSCHONUDA LAY UOLOSVOLD WOLD
@ KNUsDow 1o AK9DCAP ¢ VCAP WV ¢ CTH(STHACERVSEP
COMKON/GR/JQ(2) 9CSN(130) 9 TP (25) 9 JSF (120) 561 11201+502(120%
C RNK(224100)
UNTFORMLY DISTRIBUTED IN VOLUME TN SPECIFIED SPHERICAL CELLa
STARTING DIRECTION ISOTROPICs RUT BIASED IN POSITIVE VeDIRECTIONS
ENERGY DISTRIHUTION,
ST CARD REQUIREQ IN PROBLEM DECK.
SRC{11WCELL NUMRER.
SRC({21#RADIUS OF CELL IN CM,
SRC(I1*FRACTION OF NEUTRONS WMOSE STARTING DIRECTION MAS
POSITIVE V,

O M ISMMOOSE»

OISTANCE FROM ORIGIN SAMPLED FROM THE INTERVAL (QeSRC(2Y)
DISTRIBUTED ACCORDING YO THE DISTANCE CURED.
R=SAC (2) ® (FAN{KAN) ) 99,333333333)
SAMPLE UNIFORHLY FROM POINTS INSIDE TME UNIT CIRCLE.
10 TPt w2, eruNIKAN) =),
TPL2) w2, SFANIKAN) =1,
TP(I1=TR L1082 TP (2) 002
IFITP{3)46Y.14) GO TO 10
TP13) DISTRIBUTED UNIFORMLY ON THE INTERVAL (Qs1)s TPta) IS
THE COSINE OF THE POLAR ANGLE OF THE STARTING POINT.
TPIA)N2,8TP (I} =},
TPI51aROSQRT (1. TP (4) @025 /TP ()
LILDA (7Y
YEIP (1) 8TP (S}
f-rp 2107p (5}
FIFRN{XRN) +GT¢SRC(331 GO TO 30
4 SET v POSITIVE SRC(3) OF THE TINE.
VaARS (V)
Y20 5/SRC(3)
15 IA=SACiy)
Jasy
TMEwQ
DEL=0
ReFRN (KRN)
00 20 1=2.8
1€ (R AT, SPAL1YY GO TO 2%
20 CONTINUE
25 ERGuSEQ(f=11¢ (SEG(T1wSEG([=1110(RaSP8LTIaL)I/
1 (SPB(I1=SPB(l=11)

~D WTawTOSWM(D}

acgunn

[ SET V NEGATIVE {=SRC(3) OF THE TIME,
30 Ve=4a8{V)

WY30,5/(1,*SRC(3)

GO 10 1%

END

O 0N NO0ONONNON

o0
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STATEMENT ASSIGNMENTS

STMT NO» LOCATION STMT NO# LOCATION STMY NO» {OCATION STMT NO» LOCATION
10 . 1" 15 » [1] 23 ». T2 30 . 106
BLOCK NAMES AND LENGTNS
» 100131 (1} » 42 DXCOM ». 8¢ (1] . 5238

VARIARLE ASSIGNMENTS
NAME  » LOCATION NAME » LOCATION NAME » LOCATION NAME #» LOCATION
BNX »R 1005C04 COETX R 1{326C01 CRS »R 1177VCO1 CSN R 2C06
OEL R 2602 €cF sR  1356c01 Ecs »R  11523c01 ERG R 22¢02
ET™ oR  42657C01 L4 R 427¢1C01 Flo sR  1164C01 FRo R 11472C01
GBL #R  42623C0) 1 ol 142 1 ol 271002 10 el {77001
10y ol 172C01 17p »1  11066C03 1Jp sl 10772CO01 JA » 3pco2
J0¢ ol  42234C0) Ja »l 0Coe JSF »l 239C0¢ KRN 1  42647C01
KST ol 5725C01 LAY »l 4025C0) LCA »l 1544C01 LCAS »l 3965C01
Lca sl  7056C01 Les »l  1735C0) LoF »l 216¢01 LFO »] 10756C01
LJda ol 2125C01 LPR sl 19764Co1 LSc »1  611¢cC01 MAT »l 604C01

L ol 774C01 NIF ol 207C01 NTM »]  42665C01 [ #R 11162C01
PBLSAY #R 10C03 oA #R $2424C0) R oR 143 : RMO R 224C0)
] sR 11441C01 saL #R  42616C01 SCF PR 6306501 SEG R 142¢01
s9y #R 425C04 £G2 #R 615C04 sbB R 62C01 SRC R s2C0}
SWM oR 112C01 TME R 24C02 1w R 204508 v R 20002
VoL, R 414C01 wT oR 23c02 30 PR 42673¢01 X #R 16co2
v R 15€02 2 R 16¢02
EXTERNAL ASSIGNMENTS
FRN RBAREX SQRY
STARY OF - CONSTANTS TEMPORARTES INDIRECTS - UNUSED COMPILER SPACE

113 1? 141 77000

CORE MAP ®000000ssiniisé gnrt- 121:3/056006 nnz-a 1786,06000000000000 NORMAL LOAD
L

Fu LNK COM LENGTM
caegeen Ssoerey *eseSne TOPeeRe
CopE 000100 1471585 os7028 190101

LOADER 143602 180071
TABLES 143601 161726

NAMED LeM

FILE PROGRAM ADORESS COMMON ADDRESS sLocK ADDRESS
cesemen eewmnaw wvucens eenrscass
¢OoETP
1IMCGPRS 032607 a1 000100
sYst.i8
ACGOER 037625
BUFFEO 037637
ENDFIL 037721
INPUTB 03773%
INPUTC 040112
INPUTS 040266
10CHEK 040354
LOCF 040400
oUTPTC 060412
ouTPrS 040550
REWINM 040661
SYSTEM 0405674
IBATEX 061732
854020 041763
Ce020 0425623
GEYRA 042637
toutIL 042673
KODER 044164
KRAKER 045481
MEMORY 046522
SK1PR 046702
801 046754
PSCALE 047920
UNSATISFlED REFERENCED AY
EXTERNALS [ ) LOCATION




% 48 ¢00926 ‘;02
43 0603 1,1 «294,3¢3
3 44 0123 242 =406 =346
& 46 21173 242 443 15,5 390
$ 46 el173 292 *18544 *3,1%
[ 41 *0443 30403 =87 =748
T 43 e0603 548 15516 -t.zz 78
8 4] <0463 5,9 7,6 ;
s 81:0883 su’rit.endi’n
10 a1 <0483 -5.11 0,8 -9.12
11 43 »0603 5410 849 '6'2‘ 'OvIJ
12 44 4123 =%,13 9410 =100}
13 43 ,060 $,12,14 9,11 6, zs 11,32
id 43 10603 =5,13 10,12 o11432
1S 45 600926 3,5 16417 =%,)6
16 43 +0603 5,15 16118 =642) =15.7
T 45 000926  “5,18 17419 ~16,15
8 A3 «0603 517919 18432 «6420 *16+16
19 43 40603 5,18 18,32 «17:17
20 46 L1173 6418 1832 «12426 «16421
21 46 1173 6416 16020 =12427 =15s22
22 46 o1173 647 15421 12,28 ~1.23
23 46 +1173 6,9 7,22 =12,29 ~8
26 46 1173 6,11 B,23 =12,30 25
25 46 o1173 6713 9,26 =12,30 11432
26 42 L0847 12420 18432 =13431 =16427
27 42 <0847 12,21 16426 «13,3] «15.28
28 42 +0BAT 12,22 15,27 =)3,3) *7,29
29 A2 J084T 12,23 7,28 «13,31 =8,30
30 42 0847  12,24,25 8,29 «13,3) «11,32
K}y [] 13,26,27,28429930 18432 w1432 =114932
2 0 14431 «18,194168420026431 11014913,2%530031
1 S0 3.0
2 50 5.0
3 s0 1040
4 gy 0 ,3333333333
5 ¢y 10,
6 cvy il
7 py 15,
8 pY 20,
9 PY 25
10 pY 30,
11 ey 31, -
12 (44 i;c
13 Y .
s & et
13 py 0
16 pY =12,
17 pY =l¢,
1a Y =lg,
10 o 3o 20 240 30 40 4, 6. 8, 16, 8, 32, 160 320 10 6R &, 4, 08, &,
1o 12,2, 4,1, 0
st 1 :.o o738
Fi 10 11 3¢
[ 4% 0005 01l 1o Se 14,
[2) 110,
13 8.6 4,20
F2 ir
€2 D05 apl 3s Se 4s
T2 o0 o1 1s 10e
Fé 2
€4 o1 o5 10 3.0 1400
T4 L01 41 1. 10,
PA 24552
FS 0 10¢ 2% 0
ES 00 01 1, S, 14,
s 00 Jd 1, 10
U0 Os 02 ,08 o3 o3 o2 .15 ,08
VO 0. o1 42 o3 o3 ,08 ,03 ,02
w0 001 ,01 ,1 8 1, S, 10s 14,
vy L0001 3ie
nél 3 1,
MA2 26 %,
w3 13 1,
No4 6]
s 1 8 ¢ s
M6 L 2, 6 1,
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N0, CELLS® 32

ceuLs
PROGRAM NaWE PROGLEM NAME TaLLyY FORMULA PROSAAN NANE
; ' ‘
2 2
3 3 [} 3
I 'S .
L] 9 S
) [ s
? 7 T
| ) ] [y
] 9 9
10 0 10
11 11 11
12 12 12
13 13 13
18 18 1
15 1S 1%
s ¢ i
17 1
18 18 1;
19 19
20 20
23 21
22 22
2) 23
26 26
25 25
(1] 26
21 21
28 28
29 29
30 30
n 3
32 3R
cELh anB. SuRfe MATERTAL NSTTY
1 ) 9.2&00!-03
% 43 s.g:ooz-oz
34 1,300E~01
. 13 1,1730€°01
S ot \.\1302-05
[} [3Y & 6300E=0
17 43 §,0300€=02
8 4l o, 63008~02
9 3 6,0300E202
10 al 4.6300E°02
11 ) 6,0300€E02
12 as 3,2300E~0}
13 [} 6.0300€=02
\e 'S ] 6,0300E-02
1% ] 9,2600£=03
16 A3 6,0300€=02
7 43 9,2600£"03
38 43 6,0300:-02
19 a3 6,0300E~02
20 ab 1.1730€~01
21 46 1.1730€~01
22 at 1:1730E-01
23 ab 1,1730€-01
24 A6 1,1730€-01
25 6 1,1730E~0!
26 2 8.,6700€-02
27 .2 8,0700E-02
28 .2 8.51005.02
29 42 8.51005-02
10 2 8.,6700€02
kY 0 0.
32 ) 0.
FORNULA 1 =7 PHOTONS CROASING SuRFact
SUnFact [ U Y. 16
ENERGY $,00006°03 1.0000€=02 140000€400 9,0000E*00 1.8000€01
YIME !.ooooc~02
cOSINE 8,0000E=01 6.,0000E=03 200000E~01 2.0000€=01 [
PORMULS 2 =% FLUR INTEORATED OVER SUWFACE
sunfact 1?
eNERGY 5,0000€-03 1.0000E°02 140000E 00 540000€209 1.8000E0}
T1mME 1,0000€-0% 1, 0000£=0} 1,0000€¢90 1,9000Es0}
FORMULA & =7 pPATH L!NGTNIVOLUNE
cELL
ENEROY }-noootvoi ?-00005'0{ l-ooooE'Oo 5-ooooE~o¥ \‘5000500\
TIME .0000€=0 +0000E=0 .0000E+00 1,0000E¢0
VOLUME 2.4552€402
FORMULA 3 =2 FLuk AT DETECTOR
PETECTIOR Y 14 uzlonuonuooo
\ [ 1,0000g0} 2,5000€001 0,
cELL ALL
ENEROY §.0000E-03 1.0000E-02 10000E00 5,0000E400 3.86000€03
TINE 1.0000E#02 1,0000€=01 1.0000E000 1,0000E401

NO. SURFACES® AL

SURFACES
PROQLE® NaME

7aLLY FORNULA

1 1}
2
3
.
5
6
1
8
9
10 1
1 1
12
13
14 1
15
16
1T 2
18
¥?
1.uooo£~oo l0°°°°!'03
%.'oooﬁooo <0000E=03
.00005'00 1.00005-03
247 000€E00 1400 €203
1.,0000E+00 1.0000:-03
A, 000E+00 . €203
~,0000E40Q 1-00005-03
8, 200E°00 1+0000E=03
B,0000€E*00 1,0000€=03
105000E%01 1+0000€=03
B,c000E*00 )-oooot-oa
3,2000£°0} 1,0000E=0
1.6 300E01 1,0000E=03
3,2000E401 \.oooui-os
1. 000ESO00 \.ooooz-os
1.0000€¢00 1.0000E03
1.u000£°00 1.0000€203
1,0900E200 £e03
1ev000E*00 1+0000E03
140900E200 1.0000E°0
3 000nE*00 \.00002-03
4,7 700E400 1.0000E=03
»,0000€400 1,0000E~0
8., 900E¢00 \.oooot-oz
!oOOOOEOOO 1.00006-03
14L000E00 \.ooaoi-os
L.oaoozooo 1.0000E=03
+0000E* 00 1. 00€~-03
2.C100€00 \.ooooE»o!
4,0000£400 140000E=03
1€ Y00E00 1,0000E=0
Qe 1 otwod

17




BNdO NS W N

MATe NOo
(39

NATs NOo

a2

MATe NOo

43

MAT. NO,

(1)

MATe NOo
45

MaTe NO,
a6

18

SOURCEs 7

SRG (1)
160000E400

ENERGY
1,0000¢03
1,0000£=02
140000E-01
540000E=03
1.0000€400
%.0000€+00
140000€01
1,4000E+01

MATERIAL DATA

ELEM, NO,
3
ELEN. NO.
26
ELEM, NO,
13
ELEM, NO,
4

ELEN{ NO.
[}

ELE"; NO.
¢

INITIATION COMPLETED

SRC(2)
300000E¢00

8U“o PROB.

L]
2,0000E=02
140000£+01
3¢0000E=0
6,0000E=0
840000E=01
9,5000€=01
1,0000E¢00

PRACTION
{,00000

FRACTION
1,00000

FRACTION
1400000

FRACTION
1.,00000

FRACTION
FRACTION

«66667
«33303

SRe(3)
T+5000E"0)

NT, MULT,
0

L]
5.0000E000
2.5000E400
l.sooozooo

«0000E+00
2.3000E%01
240000E=01
440000€»0}



CooE 000100 130373
LOADER 143602 150071
TABLES 143601 140067
FlLe PROGRAM  ADDRESS
RUNTP
SOURCE 005453
MCGPRS 005622
0BPNT 016164
FRN 016%3)3
IRN 016561
svsSL1B
ACGOER 016607
BACKSP 016621
BUFFEY 016450
BUFFED 016771
CLOCKF 017053
DupXX 017156
ENDF 1L olrr20
INPUTC 01773
10CHEK 020110
LENGTH 020134
LocF 020154
OUTPTC 020166
PACKAGE 020324
SETQ 020411
SSWTCH 020632
SYSTEM 020720
L3454 921756
ALNLOG 02207%
Exp 022164
IBAIEX 022237
RBATIEX 022270
RBARE x 02232}
SORT 022400
ABORT 022456
854020 022%27
Ce020 023307
ENTR 023403
GE TRA 023437
touTtL 023473
KONER 0247048
KRAKER 026261
LABRY 027322
MEMORY 027430
ouTeTS 027610
REMARK 027701
RETN 027734
SKIPR 027764
SHIFY 030036
801 030053
PSCALE 030117
N203SR 030124
UNSATISFIED
EXTERNALS
SRCO%

17.856,10000000000000 NORMAL LOAD @

BLNK COM LENGTM

030243

NANED
COMMON

REFERENCED
By

100131

AOORESS

000100
000142
ooo216
000100
005617
000142
000216
000100
005617
000142
000216
000100
005617
000142
000216
000100
005617
0g00la2
000216

000624

c*
8LOCK ADORESS

weegene tnescve

N
LOCATION

19



soungt No,

r4
]

OO NS RSP W~

X
148634E¢gp
749061E~01

.).B;T:anp
=1+5899€e00
%.8692:.81
1.0094E¢00
1,5817€¢00
8,7892€=¢)
«4,8754E«02
10 «},6290Ee00
11 =1,816Af+00
102789E4¢0p
13 «1,9050E+00
14 «5,6906E=01
5 4359E
ls  hiatzectl
17 1,3187€40¢
«1.789%5E+qp
19 9,3369¢a01
at,4311E=01
21 $,6261E=01
14b055E49p
1.,392%€+00
A,3328E-01
=] .8B62E=0)
wl,5025€=01
27 4.oztatooo
«4240€-01
«8,3918E.01
@} 7052E00
31 =1,50%2€400
$.3233E=0)
1.0904E2qq
9.6449¢u0]
«3,7365€=01
6 641254E=0]
7 -2,0957E.00
«1.8794E4gp
l.9lﬂstooo
2,4012e 400
7.3899E~01
3,8772€0}
e1,5251€400
1,6763F-¢)
1.2854E4pp
7,2839€-0)
2,5047€+00
1.3668Fegp
wl JY92E000
1410%6Ee00

TIME CUTOFF
1,0000%002

Y
«],1784E000
«2,8099E¢00

1.5986E 400
340205E=01
6,5240€=0)
w6,8089E=01
1,5320€400
=8,8799€-01
=1,4527E¢q0
6,8720Ea0]
=8,T101E=01
«5,9198€9}
3,5257E=91
~1.8986E4¢00
Z.SISLE'OO
«1.8000E400
2.5053E400
140723E¢q0
5,8614g-0]
6,5555€=01
“?,7617TE=0}
145924E 0gg
«9,4947E=01
4,3827E =01
149109E00
5,6974€.01]
«2,5649F 99
3,0756E-02
7.7705E=01
“8,3155€=91
2,0610€400
=1,57¢5E€+00
=6,2248€9]
«1,9494¢01
143200E¢00
«5,3557€=02
1.3958€-01
9.2101F=0}
=9,0274€=02
1,0240E 00
2.0218E%00
1,9195Ee00
$,2233g-q1
1,2843Fe0)
“4,0399F =0}
6,6969EF o]
=1,2634E=01
«b,3716E=g]
-k ,2251E=01
«8,0903E<01

NUMRER OF

PHOTONS

STARTED
15232

T0TaL

TRaCKS

STaRTED
95303

WEIGHT
STARTED

PER  PHOTON
140007€00

ENERGY
STARTED

PER  PHOTON
9+4927€«01

20

T0TaL
NUMGER OF
COLLISIONS
270746

LOSS TO

ENERGY

CUTOFF
0

LOSS Y0
ENEROY
CUTOFF
0.

LoSS to
ENERGY

CUTOFF

O

WY, CUTOFF 1
1.0000E=03

4

«1.9418E¢0¢
6¢3319E=01
745875E%0)
$.9180E=91
2,8618€+00
1,2487E«00
1.0454E+00
*],9466E400
=1.8107€E¢00
2.,2839E 490
142774E200
1+6113E400
1,2982€4+00
1:6113E00
-1.30265‘00
1.4004E200
=9 ,4498E0])
J.2450€-01
8,6889E =01
2,0903E+00
=2,0080E+00
6,2942E=01
=1,9876E400
1.0312E+00
®1+2670E400
6,5121E=-01
2.9579E=01
2,335RE400
«9,1927€=01
ABATAE~Q]L
3,45409E=0)
3.5310E=01
2.5924E¢00
2.7427€00
«1,9928E+00
2.7926E+09
1.0718E+00
~9.5096E=-01
'*-0936€~03
+8979E«p
=1+S797E€%00
=1.5532E400
S.1126E-01
1,36%3Ee00
2.0153E°00
2,1071E+00
143705€400
1.64p5E+00
1,9093€%00
-],9184E000

Mco

RANOOM

NUMBERS

GENERATED
185195¢

LOSS Yo

TIME

CUTOFF
[]

LOSS TO
TIME
CUTOFF
0o

LOSS To
TINE
CUTOFF
[ 2]

MCa TEST PROBLEM

RUN TIME 0,P, CYCLE DUMP CYCLE DUMP NO, CUTOFF cYclLe
4,9000€400 2%000 25000 0 0
A JA y v N THE )
$ 1 7.6852E=01 600253E=01 1.2328E%01 0+ 61666 7€E=0]
1 1 2,9424E-01 8,9063E«02 «9,53137E«0) 0. $00667€01
1 ) 7,4973E=01 S5,6121E«0) «3:,5060E«01 0o 6¢6667E=0]
1 1 9.0218E=01 J.8224E=0]l 1,9993E«01 0. 206667E=0
1 1 3,0T60E=0t 6,8151E=01 6,6403€«01 0. 1¢6667E=0
1 | #3,4625Eu0] 5,4972E201 7,6021Ee01 0. 6,6667E-0)
1 1 S.8842E<01 1,7994£-01 7,8828E<01 0. 1¢3333Ee0l
1 1 Se8019E=01 =5,3230E=0] 641647E€01 0o 240000E000
1 1 *4,6880E=0]1 3,2436E~01 =8,2273F«0) 0. 1:666TE«01
1 1 =4,25237.02 4,0882E~01 «9,1162E«0] O, 1¢0000E 00
1 1 =2¢1312E=01 =7,7967€=01 *5,8881E=01 0o $40000E~01
1 1 2.5608E=01 9,3071Ee0l 246116E=01 Qo 6.6667E-0)
1 1 «8,5814€=01 4,7129€e0]1 2,0369€<0) 0, 1,0000€000
3 1 4,0615E«p) B8,6279E=01} -3,glogg.°} ' :.:3235-3}
5 &€ w269 € «8245€«0 . «00 -
b1 a:38geecol cEansdecel FaaE o 400000€E=01
1 1 =8,0674E«0] 4,4572fwp) 3.,8795£.0) 0. 1¢3333E-0)
1 1 »1.7847E=01 3,4T90F=01 9.2039E=01 0. 6,666TE~01
1 1 «7,0619E=01 =6,0076Ew0] =3.7467E=01 0. 5,0000E-01
1 1 5,6642Ew0] 3,2999E~0] T.5517E~01 0. 1,3333E=01
1 1 T.1946E-01 6,8706E=01 1,0161€~01 0, 6,666TE«0]
1 1 261473l =4,A9538=01 B.,4513E~0! 0o 3e0000E00
1 1 *4,6512601 6,6503E=0]1 *5,8429€~01 O¢ 646667€=01
) 1 2,6656E-0) 9,1716E«0] «=2,9626E401 0, 1.66675-03
1 1 =B,BITIE=0] =4,430TE=01 141004E~01 0. 240000E0
1 1 6,9655E-01 6,8506E-01 =2,1203€«01 0. 6,666TE=01
1 1 =746189€°01 6.,4350€=g] =7.3714E«02 0o 10666TE«00
A 1 «7,2178£-01 «6,A659E-01 =3,6734€~01 0. 240000€+00
1 1 J.32R2E-02 4,3031E-Ql =7.7563E.01 0. 6,6667E=01
1 1 9474B6E=0] 1,7086E~0) =16¢4299E<01 0« 1¢0000E¢00
1 1 5,5236E-01 <5,8183E-01 5,9736E.01 O, 2,0000E400
1 1 ©5.0635E+02 =9,5%67€«02 «9,9413E+01 0o 240000E*00
1 1 =4,8943E=0] 7.5555E=91 S43€~01 0. 1¢0000E¢00
1 1 1,78T4g-01 8,8773E<01 «4,2591€+01 0. 146667€=01
1 1 6,7543E-01 2,6395€-01 6,:85;!-01 0. ;.gz:g:-gg
«9,6888E« 350560l *T7.7609E~02 Qe . -
Vo a:fo1e§.g§ 3:19335.8§ s,o:g~g.ol 0, e.eeezs.o:
9.1006E=01 1.61806-01 3.8160€+01 0o 106667E=0
{ % 1.%33;:.81 l.nlevs-ox 9.6486E~01 0. 5,565;5-01
1 1 5,3823f.q) «7522€ 401 7.965:5.01 ‘N :.66:05::;
*7.5351E~01 9¢687SE=02 »645029E~01 0o 000
} { -l.5~935081 1:5683E02 ©9.8780E~01 0o 0,8667E-01
1 1 =»8,47126001 9,4135F202 7,5655g.01 ¢, 1,6667E-0)
1 1 T7.8093E<01 «4,9750Ee0] =3,7768Fe0* 0O J+0000E00
1 1 B T73T1keg) =4.63B0E=0} »1.4669E«0] 0 240000E¢00
1 1 =4,3991Ee0l «8,76376-01 1,9009€«01 0. Z.ooogﬁ-oo
1 1 =6,82P1E~0) B,6087E«02 =~7,6117F~01 0o 1.666TE400
1 1| 6.,8631E-0] =5,3T75E=0] =4,8970F«01 0. S-ooogE-ol
1 } «7,7616E001 4,7190E=01 4.1818£«01 0. 6,6667€-01
1 1 8,2028E«01 2.6719€-01 =5,0572£-01 0. 1.3333E-01
TEST PROBLEM
TIMEs 4,671 MINUTES
ToTaL 10TaL OLLISION®  TRecKs PHOTONS
;g:g:; s:sngv Ben PMOTGN  PER PHOTON PROCESSED
1] STARTED STARTED STARTED PER MINUTE
1052026008 1.4459E408  1.7775Ee01  6.2568E000  3.2609Ee03
LoSS o LOSS LOSS T07TAL
WEJGHT 10 10 TRACKS
CUTOFF ESCAPE SPLITTING LosT
14816 21670 588)7 95303
LOSS LOSS WEIGHT
10 To Los?
ESCaPE CaPTURE PER  PMOTON
3.2892E.01  6,8201E-0, 140109€¢00
5355 #gss LOSS LoSS
10 pAlR Yo
ESCAPE CAPTURE PRODUCTION  COMPTON
4.5810E=03 4,6079€=0> Te5579E~02 3.69T76E=01

WY, CUTOFF 2

1,9000E=06

DEL ERS
[ T.5687E=01
[0 9,9706E=01
Oe 6,13702=0}
Qe 14300401
Qe 4,52162000
Qe Se7641E001
[ 54322700
[0 5,8851£-01
Oe 4.6061E900
O 3,6253£=01
[ 2495722400
O 9.4169€-01
Oe 3,3627g~01
0o Te19T1€200
'S 5,4753F200
O B,6618¢000
0e 7.6259€+00
'Y 74ASIAE=0]
O 2,8264£400
Oe 6,4317€ 00
Qe Te0504E-01
[» 242128€=0¢
[0 941464E=01
0o 2,1491E0Q0
.1 S¢11968E=01
0, 5,5296E=01
Oe 6,4%86TE=02
0s Te0249€<01
' 6,5480E-01
0. 100625€-01)
0, 9,4355€-01
Oe S.5122€-01
[0 3.4182€~01
Qe 142509€¢00
0 341353e=01
Qe 8,9763£=0]
0 $5,3418¢-01
[ 100363€°00
Qe 946230E-01
0, 8,4391€-01
0o 3.9029€~01
Oe 644600E=01)
0. 109578g 00
0 1.,4861E=01
Oe 8,6627E=01
' 5,9788E=01
[N 1.9952E=02
[0 3.9963€900
Oe 9,6833E=01
0. 5,7237€+00

PAlIR

PROOUCTION

PER  PHOTON

1,0015E.02

ENERQY

LOST
PER  PHOTON
9,6952E=0])



oo-aocaoulu—:

o
L

CELL
1

~O DB ~NO M W N

o

NOe OF
PHOTONS
CAPTURED
801522€402
2.2121Ea0t
310329€«04
3,8187€-03
441135€003
1:0464E=04
4,6541802
3.7840€05
6.6745E=p)
2.7522€-0%
4+5063E-03
2¢8438Eap4
2,9468E~03
169177€=03
1¢3922€=04
3.9648Ee02
7.86776.05
6,9669E+0)
9,65683E-03
2.0554E-06
1,487TELQ)
1¢5082€E=03
2.0537E~04
1.3118€E.06
9:5131E=05
2.0029€-02
9.0121E=02
1.1179€-01
1.4275E-02
1439606€-02
-2}

0

ENERQY
LOST
T0 CAPTURE
403680€=-04
1,0598E=02
1.,6858Ea05
2+0721E=a
2,2909€a04
5.1039€.06
2:¢793%€E=03
1,7223E-08
349568E=04
101959E«06
2,6364E-04
1+1560€405
+6884Ewgs
o obhAE.oA
8,3743Ew06
24%9p5t =03
4,6010€406
4,%008E-04
606260E-04
1,2555€-05
745404E-05
9.2902E=05
1.2047E405
8,0902€-06
S.769)F-06
2.2981E.03
9,9832E.03
1¢1812E=02
1,5087€.93
1+4310€«03
0e
0,

RELATIVE
ERROR
07518
+02873
1191}
00409
«08293
006649
002896

107363
0414
«08382
«0756%
«08870
«07540
003379
002291
+04R6S
003959
0400000
0400000

RELATIVE
ERROR
v07863
«02509
+08762
204578
206508
04896
102532
«06305
04202
005949
«04532
«05026
08678
o434}
22727
0 0A643
18346
«10718
«08573
14099
0624
«03269
06389
206193
v07468
+ 07496
+03363
«02172
.06781
+038%9
0.00000
0,00000

PHOTONS
LOST 10
€e Co

ENERAY { OST

TO ENERGY
CUTOFF

RELATIVE

ERROR
0400000
000000
000000
0000000
0400000
0400000
0000000

0.00000
0400000
000000
0400000
0400000
0000000
0.00000
0,00000
0000000
0000000
0.00000
0,00000
0000000
0.00000
0.00000
0400000
0.00000
9.00000
0400000
0400000
000000
0000000
000000

RELATIVE

ERRQR
0400000
0400000
0400000
0400000
0000000
0400000
0000000
0.00000
0+00000
0000000
0400000
000000
000000
0.00000
0400000
0«00000
0+00000
000000
000000
0400000
0e00000
000000
0.00000
0+00000
0400000
0,00000
0400000
0+00000
000000
0400000
0400000
0,00000

TQTAL CELL OEROSITION DATA

PMOTONS
CREATING

A PaIR
3.2826€-08
3,0001€x03
6.6745E-05
4,0923Ea0é
243853E=04
8,1427€=0%
4,4203E-04
9,5741€.06
4.9783E~05
1.1762E-0%
4,403% <08
243935E408
2,66T0€-09
1.5933E-05

0e
6,89308-04

Qe

7.,8779€<0S
141160E~04
8,2521E-05
1,5756E.04
1.6741E=04
1.,5319€058
9,8477EL06
1.5592E=05
2.8209E-04
1,6403E-0)
1.TAT9t w03
3,0622E-04
2.7832E-04
0.

0s

;NENOV LOST
0 PAIR

PRONUCT1ON
8,2325€0%
2,2190€02
3,9596€404
342145€-03
1,2986E.03
4,26423E.04
3.3870E«03
5,0400E-05
3.2247E=00
9,9118€+08
3,3530€-00
1,8296€04
2.2017€-04
1,1713g-0¢

0.
8,1666E-03

[

8,0499E04
0.12825-06
3,1355¢6.04
1.4675E<03
163969€2q3
S, 4TTBE0S
8,5077E=0S
1,2375E-04
1,8213E-03
1.29585.02
1.3738E«02
2,M42%¢ 03
2,2340E-03
Oe

o.

RELATIVE
ERROR
099997
«09011

000000

RELATIVE
ERROR
+99997
110598

ENERGY
LoST

Y0 COMPTON
4,3963€-03
1,0578E-01
8,784)E~03
3.4960E~02
4,1312£.02
T,9584E-03
1.7818€=02
1.9998£~03
1+8%10E£~03
142319E-03
1,2255€-03
2,%122E-03
8.2779E-04
S ,0268E=04
9.12046E~00
1.56026~02
9,1033€-04
3,1199€-03
4,3922E~03
3,4141g.03
1.3137E~02
1.7095E-02
2,2271€-03
1.2756E=03
1.1780E-03
6,6010€~03
2,9907€-02
2.,98R6E~02
4,3753 .03
4,5582E-03
[

o,

RELATIVE
EAROR
«15966
«02738
«05674

0400000
0,00000

TOTAL
ENERQY
oePoS1Tep
4,9155E«03
1,3857€-0)
9,1949E403
3,8382802
4,2440€a02
8,3879€.03
2,3999E€<92
2,0519€-03
2+5691E«q3
143322Evq)
1,8245€-93
2,7067€03
1.2248E203
7.2420Ea00
9,2041Ea04
2.3259€=02
9,2293€.04
4,3649€w03
5,0069E203
3,7402Ea93
1,4680E.02
1,8985€-02
2,2945E0]
143688E.03
1.3079E-03
1,0720€-02
5,2840E.02
5,536E«02
8,3665E0)
8,2233E-03
[0

ol
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NUMBER OF PHOTONS CROSSING SURFACE

TINE Os 120000E402
COSINE 1,0000E400 8+0000E=01
SURFACE
ENERGY = 70 ¢« RELe ERROR
$.0000E~03 6,59248E-04 299582
1,0000E-02 9.00676E=03 220338
1.0000€E°00 4416958E~01 +01662
$,0000E400 2,55887E=02 +02838
1.4000E¢01 2,46586E=02 203076
SURFACE *
ENgRAY ® 70 ¢ RELe ERROR
8,0000E~03 0. 0,00000
1,0000E~02 0, 0400000
1.0000E400 1118778E=02 «04299
6,0000E°00 2,33315E=03 «06362
148000E°0) 2,27043€=03 07842
COSINE 8,0000E~01 640000E=01
SURFACE
ENERGY e 70 ¢ RELe ERROR
5,0000€£-03 4,37712€04 70700
1:0000E~02 6470838€=03 028497
«0000€°00 2.370%2€= 67
RT3 20 I et 4344303 B TH4
1,4000E¢0) 1,54062€-02 «04015
SURFACE
ENERQY - T0 » RELes ERROR
5,0000€-03 [ 0400000
1¢0000E=02 0, 0400000
1.0000€ 00 438217603 «07030
§,0000€¢00 4,57348E«04 .1380%
1.4000E*01 2.99808E=04 020662
COSINE 640000E~01 4,0000E-01
SURFACE
ENERGY -« T0 o RELe ERROR
5,0000E=03 2,18838E=04 «99997
1.0000E=02 6,42234E«9) 26165
1.0000E+00 1,36099€=01 «03693
540000E°00 7.82801£-03 105226
1,4000€°01 T.57178€-03 205554
SURFACE
ENEROY = 10 s REL. ERROR
S40000E-03 0 0,00000
1.0000E+02 0, 0400000
1.0000E°00 1468032E~03 «08302
5,0000E¢00 5,15016¢05 +3907¢
1,4000E°01 0 0000000
COSINE 4,0000€~01 2,0000€~01
SURFACE
ENERGY = 70 ¢ RELe ERROR
5,0000£~03 0 0,00000
}.ooooe-oz 2.87586E=03 «38043
«0000E 00 5.91457€=02 + 04659
5,0000€200 2,56000E=03 «09209
1.4000€°0] 2,70483E~03 «09723
SURFACE
ENERGY e 10 ¢ REL, EAROR
5.0000€~03 0o 0400000
1,0000€-02 0, 0,00000
1.0000E400 9.231)17€=04 .13678
3.0000E°00 0. 0.00000
1.4000E+0) 0 0.00000
COSINE 2,0000€«01 0.
SURFACE
ENERGY @ T0 ¢  RELe ERROR
5.0000E-03 0o 0400000
1,0000E=02 8,76629€=04 78938
1,0000E400 1.18269E-02 «10369
5,0000E*00 4433298E%04 «21197
1,4000E202 3,93908£=04 ,2443)
SURFACE
ENERGY « 10 o RELe ERROR
3,0000€-03 0. 0,00000
1,0000E-02 0 0,00000
1¢0000E*00 2.62914E=04 24313
5,0000E+00 0, 0,00000
1,4000E¢0] [ 0,00000

22

1
¢ 10 e RELy ZRAOR
0, S.onooo
3,40383€=06 + 59887
2.83%1E°02 006075
Qe 0,00000
l.0. 0.00000
¢ T0 « RELe ERROR
Os 0,00000
[0 0,00000
[ D) 0.00000
[ 0400000
[N 0,00000
¢ T0 = RELe ERROR
0. 0400000
3,2421%8%06 6213
2,82112€=92 +06533
Oe 0.00000
0. 0,00000
1
¢ 10 = RELs ERROR
[0 0,00000
0. 0000000
[ 0,00000
04 0,00000
0. 0400000
1
¢ T0 RELs ERROR
1,47249€=08 «99997
2,94011€=06 «50438
1,8781088e52 07436
Qe 0400000
0. 0,00000
11
¢« 70 - REL. ERROR
0, 0.00000
Qe 0.00000
Oe 0400000
0. 0,00000
Oe 0.00000
1
¢ 70 « RELe ERROR
0, 0,00000
3.113%0€"07 «99997
1,28729¢2-02 209584
0. 0400000
Oe 0+00000
13
e T0 REL. ERROR
O 0.00000
0, 0.00000
0. 0,00000
0. 0400000
0. 0400000
e To = PRELe ERROR
Be 0,00000
1,27838€=0¢ 59212
4,28770€=03 +15300
0o 0400000
0, 0,00000
1 81
e T0 » REL. ERROR
0, 0.,00000
[N 0,00000
0o 0.00000
0, 0,00000
[ ) 0,00000

SURFACE
« 10 ¢ RELs ERROR
0, 0480000
0, 0400090
7.30967%9) +03923
7,12283¢04 «08840
6,2669¢Ea04 +11990
SURFACE
e 70 ¢ RELe ERROR
0, 0,00000
0 0400000
1.83452201 «0250%
1,89052£~02 203610
1,0684( £u02 204058
SURFACE
« 10 ¢ RELs ERROR
0, 0.00000
0.3 . s 000000
1 Tw 004133
g:sas{sg.gs 92880
0, 0,00000
SURFACE
« 10 ¢+  RELe ERROR
0, 0,00000
0. 0,00000
2,31899€w02 105276
2,4762+E0) 208110
2,0395°E=03 209913
SURFACE
= TO ¢ RELe ERROR
0, 0,00000
0, 0400000
1,2662%E+03 204832
1.98310E06 037922
0. 0,00000
SURFACE
e 10 o RELe ERHOR
[ 0400000
O 00000
4,30755€+03 213695
1,202%9E w04 L1433
0. 0000000
SURFACE
- TC o REL« ERROR
% 0400000
(B 0400000
8 ,83930E~00 .06723
0, 0.00000
' 0400000
SURFACE
« 10 « RELe ERROR
0. 0400000
[ 0400000
2.448682+04 163292
0. 0400000
0 0.,00000
SURFACE
= TO & RELe EAROR
O 0400000
[N 0400000
1,83¢ 2€.04 +10023
O 0400000
0, 0,00000
SURFACE
13 ¢ PRELs ERROR
0 0,00000
O 0,00000
0. 0400000
0 0,00000
[ B 0.00000

10
o T0 = REL. ERROR
0 0.00000
O, 0,00000
3,3623=06 +07181
0. 0400000
. Os 0400000
14
o 70 » REL. ERROR
'K 0,00000
' 000000
0. 0,00000
0. 0.00000
[ 1Y 0.00000
10
¢ 70 » RELe ERROR
[ 0,00000
0o 0000000
3,42202E04 $07177
0, 0,00000
0. 0,00000
14
e 7D = RELs ERROR
0 0,0000
0. 0400000
N 0,00000
0, 0.00000
0, 0400000
10 .
s 10 = RELe ERROR
0o 0,00000
0, 0.,00000
2,75049E=04 107556
8 0400000
0, 0,00000
16
¢ T0 = RELe ERROR
0. 0,00000
[ 0400000
O 0400000
[ 0400000
0 0400000
10
¢ 70 « RELe ERROR
0, 0,00000
g. 0400000
«33523E-04 +08484
0. 0.00000
0. 0400000
14
¢ 70 « REL, ERROR
0 0.00000
o, 0,00000
0 0400000
O 0.00000
' 000000
io
e Tg = REL. ERROR
0o 0.30000
N 0,00000
1,07103E=0¢ «12071
O 0400000
0 6,00000
14
¢ To = RELe. ERROR
0, 0,00000
0, 0,00000
0. 0400000
0s 0,00000
0. 0,00000



NUMBER FLUX INTEGRATED OVER SURFACE

PATN LENGTN/YOLUNE

14CT4 0, 000E~02 Tine o +0000€=02
suarace’ ***RECATive CELL RELATIVE
EZNERGY 17 ERROR [Nsaav 3 RROR
s oooog-o; . 0,00000 1,0000€=01 6.54472€207 162693
1,0000g02 0, 0.00000 $.0000g=01  1,94206£-06 24094
100000400 o 0,00000 l J0000E+00  2,30389E-06 420131
S.0000E400 ' 0.00000 .0000!000 3,67115Ee0? 2663)
1040008401 oo 0400000 1.4000E401  6.84187€-07  .19826
TIME 140000E=02 1,0000E-0 TINE 1,0000E02  1,0000E=01
SURFACE RELATIVE CELL RELATIVE
NERQY 17 ERROR ENgROY 3 ERROR
s, oooog-oa 0, 0,00000 1,0000€=01 3.69732E-04 106933
i ,0000g.02 o, 000000 5 +0000F<01 T.61841g204 03800
120000600 1-}:623!-0! * 068a 1,0000g000  2,75035g.04 ,05033
5.00006¢00  3,16l08F«q3 1143 S.0000Ee00  5.95909E=0S .05718
1,4000E01 2.75183€=03 +11993 l.‘OOOEOOI $,85952E=0% 206339
TIME 1.0000€=01 140000E+00 Ting 140000E~01 140000E+00
‘ SURFACE © RELATIVE CELL RELATIVE
ENERGY 17 ERROR ENERGY 3 ERROR
%,0000-03 'R 0.00000 1,00002=01 1,62643E-04 «08364
1,0000£-02 0. 0200000 5.0000£-01 2,94410g05 16224
1,0000E00 3,53516g=02 113097 1 00005000 3,61612€07 ,63191
S.0000g¢00 0, 0.00000 5. 0000€ 00 0. 0,00000
144000E¢01 0, 0.00000 1,4000E+01 0 0.00000
TINE 1,0000E¢00 140000E01 TINE 1,0000E00 1.0000€+01
SURFACE  RELATIVE CcELL RELATIVE
ENERQY 17 ERROR cusuov 3 ERRNA
$.0000E=0) 0e 0.00000 1,0000g-01 [ € 00000
1.0000€<02 0 0.00000 S oooog-OI o, RERRINY
1,0000E00 0. 0400000 1,0000g+00 o, 00
5.0000E¢00 0. 0,00000 $.0000E°00 0. 6.00000
1,4000E401 0. 0400000 1,4000€01 0. 0400000
NUMBER FLUX AT DETECTOR
TIME % 1.0000£-02
DETECTOR  RELATIVE
ENERGY 1 ERROR
5,0000E%03 0, 0400000
1,0000¢+02 . 0,00000
1,0000£+00 9, 0,00000
820000+ 00 0 0400000
1,4000€¢01 [ 0400000
TINE 1,0000E=02 1.0000€~01
DETECTOR  RELATIVE
ENERGY ERROR
$,0000E-03 0, 0.00000
1,0000+02 0, 0,00000
1,0000€400 1,64650£208 .03184
5,0000£¢00 3,37327€-06 203660
1,4000€°01 3.07799€=06 103312
Time 1,0000€+01 140000€+00
OETECTOR  RELATIVE
ENERGY 1 ERROR
$,0000g-03 0, 0,00000
1.0000¢-02 0. 6,00000
100000E+00 1,41465g408 .03793
' «0000E*00 1,63145¢a9? 21329
l.oooo:om Q. 0.00000
TIME 1.0000€¢00 140000£401
OETECTOR RELATIVE
ENERGY ERROR
$,0000E93 0 0,00000
1,0000g=02 0, 0,00000
1,0000g+00 0. 0,00000
$,0000£00 0 0.00000
1,8000E001 0. 0,00000
TAPE DUMP NOs 2 NPS® 18232
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1086037
EH B
1239019

1.2%.20
i e29:20

l;ol,oZO

1729420
1162 220
12:2902¢
11e2902¢
11629:2¢
1302029
17-2 020

1.2%.2,

12,66, 33
17.50,

17.,86,0
l?.ié.ﬂ
11,96,03
l'aii.ﬂ!
17,856,094
11.560,04
‘7,5‘:06
17456408
17.86,04
‘1.50.06

11:22:85

17,86,08
17,60,08
17,86,08
17,56,08
17.50,08
12,56,08
17.56,08
17,56,08
17,56,08
19,56,08
17,56,08
12,56,08
17,806,008
17,560,086
17.56,09
17,5¢,09
12,66,09
14.,47,38
10,27,38
18,27,30
19.27,38
1b.27,38
19,227,329
10.11.29

19.37,39

18,230,557
10.11 11
18,31,18

SONTR

HT Y
L CL

SUMTR
SUNTR
®er

SUMTR
SUMTR
occp
oCCp
ofCp
ocCp
SUMTR
aLCp
SUMTR
SLMTR
SUMTR
*L0S ob
SUMTR
SUNTR
oCCP
*cCP
L1944
SUNTR

N~

»

oCCPr 12
cp
olcPr 33

SYNTR

®
n

oCcP 34
*CCP 15
aCCP 16
HCGPRS
SUNTR
SUNTR

*LCP 17
accP
CCP 18
SUNMTR

scer
SUMTR

SUNTR

SUNTR

SURTR ¢

SOUTPUY
*L0S 0e
OUTPLT

§ILE COMPLETE

24

JOB CARD READ MITH AO ERRORS

1 RERBS  son eeB9°38%Be scHeouLED.
0 CROS 1,82 72412/06 PDACH, 10 TAPE

sUSER MONITOR. OF 11/02/72 INITIALLZEO
«J0B NAKESSCHPANDIDASDATE = 156550
0 SJon1NAnc-SCMSANDToCAX-aS-ctlu-AClVobou‘UOOoOCo°0'

GOrPNe1goPLEYg s TLASK)

oFILB SEY CCD°  OPEBEDJBUFFER LENGTH w00001160,y
SFILE SET INP QPENEDJBUPFER LENGTE 8000301009
S, INITIATE ABD RUN,

SLABEL ISTAGE)
scnznr:ars-coucvo.ctnu.pncurcxxoolg‘o;

SOPENIF SYDUNHY ¢SCTs,

TPILE SET bumky - TobBREd,eurreR LENOTH 000321000
SCOMY {1wCOUE TR 4 0sDUMNY |

oPILE LT LOUMTF  OFENEDJHUPFER LENOTH og003R100+

ROLLOUT STARTAD

ROLLOUT DONE

XXqg8216 1S O UNIT 2 FILE COOETP 80 6N
ROLLIN STARTED

ROLLIN QONE

$IF (FALSEXREAQY)

SLABEL (READY)

SAFSREL (F S=OURNY}

oFILE SET DUMMY ~ CLOSEDJBUFFER LENGTM w000321004
oFICE SET STATISTICS -

o READS wAI1TES POSITIONS OISK ADS DISK WAS
000000000 990000161 900000000 000000000 oouuoooxx

L¥AZ0008151306 1 DEVICE=03

$REWINO (COVET

SRUN (CaSXyHaRUNTR)

oFILR SEY RynTP OPEMED ¢BUFFER LENGTH 800032100«
«FILE SET OUY OBEMED BUFFER LENGTH #gg032100¢
oF1IELD LENGTH IS = 93476

sRUNoLCHE9 81 ME g0ge239 SEC.
SCOPYF(I-COOEIP.O-RbNYP)

SSETQ{KEYSRKTE)

$SETQ.

$LOGO (1=sCOLETM)

«END

oFILE SET IMAQE  OPEMEDBUFFER LENGTM 5000841004
.r LE SET jMAQE  CLOSED,BUFFER {ENGTM 800064100,
FlLg SEY grt!xsr!C:
o READS wRITES POSITIONS OISK ROS OISK WRS
000800000 000060003 900000001 000000000 0000QUOQ%
LinAs000014751540EVICERQ]
$1F (FALSESRUN}
SLABEL (RyNI
SAFSREL (FS=CODETP)
«FILE SET LQUETP cLosto.aurrtu LENGTN 000321004
oFILE SEY STATISTIC
o REAUS wRITES Posxrlous O1SK RDS DISK WRS
000000335 000000000 000000061 000000014 0Qu00004e
LWA20000151306+0EVICE=OL
$SETQ(REYSRKTE)
$s€To
SLDGO(I-RUNYP!

«END
oFILE SET IMAGE  OPEBEDBUFFER LENGTM «000664300;
oFILE SET IMAGE  CLOBED,BUFFER LENGTN 3000643004
oFILE SET STAtIsTICS
» READS wRITES POSITIONS DISK ROS DI1SKX WRS
000000000 000000003 000000001 000200001 000000094
LwAS0000147518,0EvICERDS
$1F (FALSE, TAPK)
SLABEL { TAPE)
SAFSREL (FSXRUNTP ¢ADISPRTAPE)
oFILE SET KUNTP  CLOSEDBUFFER LENOTH =gqq3210Q¢
oFILE SET STATISTICS
o READS WRITES POSITIONS DISK RDS DISk WRS
000000025 000000026 §00000003 000000008 Q0VOOLOR
o LeAs0000152555+0EVICERQD
+EOF OR E0I ON CC FILE, FSETeCCO
«FILE SET CCD CLOSED(BUFFER LENGTH €00001100s
«FILE SET STATISTICS
o READS WRITES POSITIONS OISK ROS OISK WR§
000000071 00000037 000000034 000000000 0000000V0
Lun.oooOoocooo.ocvxcc
.FIL[ SET InP cLoY ED.BUFF:R LENGTH 800010100,
FILE SET STATISTICS
M HATH ®PITES POSITIONS OISK RDS O0ISK WRS
oooaoozz; 006000223 cooeoooox 000000000 00v0OVOVE
LnAv0000000000+0EVICEQ

.flLE SET OuTt CL05E0|BUFF!R LENGTH =00032100,
oFILE SET STATISTICS
o READS WRITES POSITIONS DISX RDS DISK WRS

000000000 000001456 000000000 000000000 000000002
LwAs0000021664DEVICERnQ]

) ] .408 TERNINATION,
+ELAPSED Cp FINE » 288,257a7 .
+ESTIMATED JO8 COSY 88035.03
FSwouv DSR=spPRT 9141 WORDS 13 PAGES
XX003024 IS OM UNIY 3 FILE RUNTP 800 BIN
FSaRUNTP 0S8sTAPE 54638 WORDS

SCHRANDIODA 3



CORE MAP ®ocsdssevsesce DATEw 7{/;2,950.0. 1ln£-. 20.26,3100000000000¢ NDRNAL LOAD
FuA wA

LNK COM LENGTH

CODE 000100 130373 030263 10013}
LOADER 143602  1SET1
TABLES 143601 140067
NAMED LeM
FILE PROGRAM  ADDRESS COMMON  ADCRESS BLOCK  ADDRESS
Sesaaaw cooonew SPeeRe® acoeRes
RUNTP
SOURCE 005453 01 000100
0XCOM 000162
62 000216
NCGPRS 005622 61 000100
63 005617
DXCOM 000142
2 080218
08PNT 016164 61 000100
63 005617
0xcoM 000142
62 000216
FRN 016533 61 000100
3] 005617
DXCOM 000162
62 000216
RN olessl o1 00100
03 005617
oxcomn 000142
82 000216
sYsL18
ACGOER 016607 RBAREX 022321
BACKSP 016621 SoRt 022400
BUFFEL 016650 ABORT 022456
BUFFED 016771 854020 022527
CLOCKF 017053 €4020 023307
OMPXX 017156 ENTR 023403
ENOFIL 017720 gevaa 023437
INPUTC 017736 TOUTIL 023473
10CHEK  g20110 KOOER 024764
LENGTH 020134 KRAKER 026281
LOCF 020184 LABRT 027322
OUTPTC 020166 MEMORY 027430
PACKAGE 020324 OUTPTS 027810
SETG 020811 REMARK 027701
SSWTCH 020632 RETN 027734
SYSTENM 020720 SKIPR 027764
311 021756 ::}" 030036
ALNLOG 030053
Lt M3 PSCALE 030117
TAATEX 022237 N20asR 030124
RRATEX 022270
UNSATISFIED REFERENCED ar
ERTERALS e
SRCOX HCOPRS
MCO TESYT PROBLEW
SOURCE NOo TIME CUTOFF  WT. CUTOFF 1} RUN TIME  D.P, CYCLE  DUMP CYCLE OUMP NO.  CUTOFF CYCLE  NT, CUTOFF 2
7 140800€402 1.0000€~03 4¢9000E+00 %0000 50000 -9 «0 100000E~04
TIMES 9,378 MINUTES
NUMBER OF TOTAL RANOOM TOTAL T0tAL COLLISIONS YRACKRS PHUOTONS
PHOTONS NUMBER OF NUMRERS MEIGHT ENERGY PER PHOTON  PER PHOTON  PROCESSED
STARTED COLLISIONS  GENERATED STARTED STARTED STARTED STARTED PER MINUTE
30100 543978 3710803 3.01682e06  2.8060E000 1.8072E81 6.3290E+00 3.2097€+03
ToTAL L0SS 10 L0SS 10 LOSS 10 LoSS LoSS TOTAL
TRACKS ENERGY TIME WEIONT 10 To TRACKS
STARTED CUTOFF CutoFF CUTOFF ESCAPE SPLITTING LOSY
190506 ° . 20762 42723 118019 190506
SEIGHT LOSS T0 LoSS T0 LoSS Loss WEIGHT PAIR
STARTED ENEROY TIME 10 To 1087 PRODUCTION
PER PHOTON  CUTOFF CUTOFF ESCAPE CAPTURE PER PMOTON PER PHOTON
140022€400 O« 0 3.2723E°9) 8.8512E-01 1:0124E%00 9.3670E-03
ENERGY LoSS TO0 L0SS 10 LOSS Loss LoSS L0SS ENERGY
STARTED ENERGY TINE 10 0 10 PatR 10 LosST
PER PHOTON  CUTOFF cuTorFe ESCAPE CcAPTURE PRODUCTION COMPTON PER  PHOTON
9.3187€-01 0 0 44810801 4.0080E=02  $.9%)9E=02  3.6607E-0) 9.2718€-01
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CELL

OBD~NPURES W~

CELL

COBNPRS WN -

-~

11

26

NOo OF
PHOTONS
CAPTURED
T«8183E-02
2.2189E-01
2,8466E~-04
3.8581£-03
3.9917€-03
1,0429E-04
4,6101£-02
3,8055€=-05
6.7975€-03
2.8444E=05
4.5461€-03
2,9120€~04
3,0126E-03
2.0223E-03
106314E=04
3,6722€-02
$44943E=-0%
6.7529£-03
1.,1120€-02
2.2071E=-04
1,1916£E=03
145921€=03
2.1881E-04
1,4552E-04
9.0885E-05
2,0615E-02
9.1620€-02

. 141305E=01
145487€-02
1.0045€-02
Oe

ENERGY
LOST

T0 CAPTURE
4.2208E=Q4
140616E-02
144331E-05
2.1204E-04
2.2464E-04
$.,1738E-06
2.8905€-03
1.7740£-06
4,0479E-04
1.2618E~06
2.6T78E-04
1,1949E-05
1.7283E-04
1,0958E=-04
9.,8412E-06
2,3636E-0)
3.963BE=-06
4,3623E-04
To4526E-04
1+4195E=-09%
T+5153E=-05
9.7362E-05
143461£-0%
8.7663E-06
5.5294E=06
2,2970E-0)
9.9816£-03
1.1920€-02
1,6104£-03
143502E-03
0,

0.

RELATIVE
ERROR
205366
+02055
«07844
«04000
«05428
04376
«02003
«05156
«03187
«05220
«03527
«04158
«03606
«032231
*15233
«03548
«15092
*08250
06267
o11240
«07268
«0312%
«05449
«05306
¢ 06064
«05354
«02417
«01628
«03408
202819
0,00000
0,00000

RELATIVE
ERROR
05686
01771
+05880
«02987
04305
203260
«01769
+0403¢
«02B69
03929
»03192
«03379
03293
« 12991
12054
«03215
«13077
« 07267
205793
005103
«05320
«02365
04315
04289
+04984
05281
002419
+01559
03312
*02755
0,00000
0.00000

PHOTONS
LoST 10
E, Co

ENERGY LOST
To _ENERGY
CUTOFF

0e

TOTAL CELL DEPOSITION DATA

RELATIVE

ERROR
0+00000
0.00000
0.,00000
0.00000
0400000
000000
0400000
0.00000
0400000
0.00000
0.00000
0.00000
0400000
0+00000
0.00000
0400000
0.00000
0.00000
0.00000
0.00000
0.00000
000000
0.00000
0.00000
0.00000
0400000
0.00000
0.00000
0.00000
0000000
0.00000
0400000

RELATIVE
ERROR
0400000
a.00000
0.00000
0.00000
0.00000
0400000
0.00000
0.00000
0.00000
0.00000
0,00000
0.00000
0.00000
0.,00000
6,00000
0.00000
000000
0.00000
0.00000
0.00000
000000
0+00000
0.00000
0000000
000000
0400000
0.00000
0.00000
000000
0.00000
0.00000
0.00000

PHOTONS
CREATING

A PAIR
201041E=0%
245757€-03
T+6412€-0%
4,0919E-04
3.9646E-04
4,8173E-0%
5,0330E-04
1.1351E-0%
5.8829E-0%
1,0244E=08
4,0834E-05
245055€-05
2.8786£-0%
1:5641£-08

O
5.2378£-04
0

.
7.9731E-08
141295€-04
2,6578€-0%5
1.7276E=04
240ST0E-04
1.7719£-08
1.4258€=0%
1.5781€-0%
3,0538E-04
1.3680E-03
1e7426£<03
2.4793€-04
Je1489€=04
o.

ENERGY LOST
10 PAIR
PRODUCTION
6.5809E05
1.8657E=02
5.8060E-04
341944£-0]
2.7433E-03
3,7013€-04
3.9728E-03
646015605
4.2738E-04
8.3043E-05
3.1820E-06
1.8774E=~06
2.1832E-04
1,1002E-04

[
3.8886E-03

O

8.2566E-04
T.3522E=04
1.5A67€£-04
1.4379E-03
1.6565E-03
9.8396E05
1.0464E=04
1.2901E-04
1,8435£-03
1.0163E-02
1e3004E<02
1,9485€-03
2.4796£-03
Oe

Oe

RELATIVE
ERROR
«81704
206948
«20564
« 09983
«21014
»18000
«06406

«12919
009144
0,00000
0400000

RELATIVE
ERROR
+73169
+08208
026369
«11463
«25993
«20577
«07SRO
+33980
+16198
023643
418209
«13523
«17757
+18706

0,00000
+21063

0,00000
57931
« 46095
«70762
37905
10521
436408
.27328
.29927
+28797
13621
+05565
15517
+10956

0,00000

0,00000

ENERGY
LOST

TO COMPTON
4.7357€E~0)
1405h9E=01
9.0162E=03
3e4943E-02
3.9725€~02
8.1212E«03
147692E-02
2.0854E-03
240170E-023
1+2501E=03
1.2510€-03
2+5207E-03
B.7429E-04
S.061RE-04
1.5300E-03
1.5295E-02
Te3275E~04
247975€-03
4.8733E-03
3.2290E-03
1+3484E~-02
147187€~02
2.3105E=03
1+3509E-0)
1:2022E=03
6.7110£~03
206050£-02
340174E=02
4,4189E-03
4,2918E=03
0.

[ 1}

RELATIVE
ERAOR
«10552
on1938
«03930
201984
03676
002757
«019%8
+0JA6)
8527
«04109
«05536
+03206
05768
«04989
«2%5256
*n5922
43925
«12303
*11358
+13988
«0b490
«n2026
«0549¢
05052
«06820
+09631
206896
002334
08153
004468
0.00000
0400000

TOTAL
ENERGY
OEPOSITED
5.2236E~01
1¢3497€E-01
9.6112€-03
3.8349E-02
4.2693E~02
8.4965€-0)
2.4555E-02
2.1541€~-03
2.0512E~03
143344E-03
1,8370E-03
2.7204E-03
1.2654E-03
Te2578E-04
145399E~03
2.1547€-02
T.3671E-04
4,0594E-0]
6.353R8E=-0]
3.4018E-03
1.5047E=02
1.094JE=02
2,4223E-0)
1.4663E=-03
1433568E=01
1.,0852€-02
4,6195E=02
$.5098E-02
T«9777E-03
8.3214€-0)
0.

o.



NUMBER OF PHOTONS CROSSING SURFACE

TIME Oe 1.0000E02
COSINE 1+0800€+00 8+0000E-01
SURFACE
ENERGY e 10 ¢ RELe ERROR
5,0000€-03 4,443566-0¢ 78808
1,0000€-02 1,01770E~02 16102
1.0000E+00 4,13039g-01 «01178
$,0000E¢00 2,52348¢~02 02031
1.,4000€+01 2,39380€~02 202192
SURFACE
ENERGY e 10 ¢ RELe ERROR
5,0000F+03 0. 0.00000
1,0000£-02 [ 1Y 0.00000
1,0000E+00 1.21601E~02 «03073
5.,0000E000 2.313458-03 04527
1.4000E+01 2.10381€-03 »05529
COSINE 8.0000€-01 6+0000€=01
SURFACE
ENERGY = 70 ¢ REL. ERROR
$,0000€=-02 3,32498E-04 57685
1.0000E=-02 T+34345E403 «18029
1.0000E400 2459763E=01 «01549
5.0000E+00 1.42669€-02 202740
1,4000E+01 1,46489€-02 +02852
SURFACE
ENERGY = T0 ¢ RELs ERROR
$,0000E-03 0. 0.00000
1,0000€=-02 0. 0.00000
1.0000€¢00 4,80514€-01 «05014
5.0000€400 $.35661E-04 «10091
1,4000E008 3,33328€~0¢ +13738
COSINE 640000€-01 4.0000€-01
SURFACE
ENERGY - 70 o REL. ERROR
S.0000E-03 5.53710€-0¢ «66330
1.0000€=-02 4,93303¢~02 +20075
1,0000€00 1,80744E-01 «021T4
5.0000E+00 Te31360£-0) «03798
1e4000E*01 7.67663E-03 «03918
SURFACE
ENERGY = T0 ¢ REL. ERROR
$,0000£-03 [ 0.00000
1,0000E-02 [0 0.00000
1.0000E¢00 1.,80318€-0), «05927
$,0000E400 T.21865E+0S «2676)
1,4000£401 0. 0.00000
COSINE 4,0000E-01 240000E-01
SURFACE
ENERGY 70 ¢ REL+ ERROR
$.0000£-03 0, 0.00000
1,0000£-02 2,23921¢-03 32818
1,0000E+00 6,07369E-02 «03338
5.0000E400 2.74640€-03 «062386
1.4000E+01 2.55592€-03 «06827
SURFACE
ENERGY = 10 ¢ REL. ERROR
$.0000E-03 0, 0.00000
1.0000E-02 D 0.00000
1,0000E+00 8,50837E-04 «09367
S.0000£400 $,51576£-06 +99998
1.4000£401 o 0.00000
COSINE 2,0000E-01 [N
SURFACE
ENERGY = 70 ¢ REL. ERROR
5,0000E=03 1,10742E-04 +99998
1.0000E=02 $,45192E-04 +7B68)
1,0000E00 1,16033€-02 07299
5,0000E¢00 4,35216£-04 «15019
1.,4000E¢01 3,853826-04 «17155
SURFACE
ENERGY = 70 « RELe ERROR
$,0000€-03 0, 0,00000
1,0000£-02 0, +00000
1,0000£400 2,18363¢-04 «16192
5,0000€400 0, 0.00000
1,4000g01 0, 0,00000

¢ T0 = REL., ERROR

[ 0.00000
3,96398E~06 1860402
2,64865¢=02 004491
0, 0.00000
o, 0,00000
n
e T0 = REL, ERROR
0, 000000
0, 0.00000
[ 0.00000
0. 0,00000
0. 0.00000
¢ T0 = REL. ERROR
0, 0,00000
3,23957E=06 +36957
2.50493E=02 «08770
0, 0+00000
0. 0400000
11
¢ 70 = REL. ERROR
0. 0. 00000
0. 000000
0. 0.00000
0, 0.00000
0, 0.00000
¢ 10 = REL, ERROR
7.,48146E=09 299998
1,49250E=06 «50285
1,77135€=-02 .05290
0, 0000000
0. 0400000
11
¢ 10 = REL, ERROR
0. 0.,00000
0, 0.00000
0. 0.00000
[N 0.00000
0, 0.00000
1
¢ To = REL. ERROR
[ 0,00000
1.70251E=07 92897
1.29940£-02 206746
3,65032E=05 » 75269
0. 0.00000
1l
¢ 10 « REL, ERROR
0. 0400000
8. 0400000
0, 0000000
[ B 0.00000
0, 0,00000
¢ 10 = REL. ERROR
[ 9 0.00000
6,47021E~07 +59275
4,78145€=03 10057
0, 0.00000
0, 0400000
11
e 70 « REL, ERROR
0. 0,00000
0, 0400000
0. 0.00000
0, 0,00009
0, 0,00000

SURFACE
* T0 ¢ REL. ERROR
0o 0,00000
0. 0400000
Te2T095E~03 02762
7¢59681E«06 +06270
6,01329¢~04 « 08670
SURFACE
= 70 ¢ REL, ERROR
0. 0,00000
O . 0.00000
1461524E-01 01771
1.05479€-02 «02594
1.63763¢-02 «02891
SURFACE
= 70 ¢ REL, ERROR
0o 0.00000
(8 000000
2437388¢-03 002916
3,12497¢-08 009637
0o 0400000
SURFACE
= 70 « RELe ERROR
[ 0,00000
0o 0.00000
2.47377E-02 + 03742
203886903 « 05806
1.90032£~03 +06855
SURFACE
70 ¢ REL. ERROR
0o 0.00000
0. 0.00000
1.30903€-03 203398
2466471E-06 *25670
Oe 000000
SURFACE
= 70 ¢ PREL, ERROR
[ 9] 0400000
Oe 0.00000
4,32093¢-03 »08878
1.02905E=-04 024634
0. 0.,00000
SURFACE
« 10 ¢« PREL, ERROR
0, 0,00000
[ 19 98,00000
6,16135€-04 «04398
1038427€-07 99998
O 0400000
SURFACE
“ 10 o REL, ERROR
0. 0.00000
Ge 0400000
3.04798€~06 42215
0o 0.00000
0o 0.00000
SURFACE
- 10 ¢ REL. ERROR
0. @+00000
O 0.00000
1,90695E=04 «07209
0. 0,00000
Oe 9.00000
SURFACE
= T0 ¢ PREL. ERROR
0. 0,00000
[ B 0.,00000
[ 0400000
[ 0.,00000
0. 8,00000

10
¢ 10 = REL. ERROR
0, 0,00000
0, 0,00000
3,04481E~00 « 04985
0, 0,00000
0, ¢,00000
14
¢ Y0 = REL. ERROR
o, 0,00000
[ 0,00000
0, 0,00000
o, 0400000
0, 0.00000
10
¢ 70 = REL. ERROR
0, 0400000
0, 0,00000
3,38284E-04 «05092
0. 0400000
0, 0,00000
16
¢ 10 = REL. ERROR
0, 0,00000
[ 0,00000
0, 0.00000
0, 0,00000
0, 0,00000
10
¢ T0 = REL. ERROR
0. 0.00000
0. 0,00000
2,84206E-04 +05422
0 0400000
'Y 0400000
14
¢ 10 = RELs ERAROR
0, 0,00000
0. 0400000
[ 0400000
[N 0,00000
0, 0,00000
10
¢ 70 = REL. ERROR
[ B 0,00000
o, 0,00000
2,39786E=04 +05900
[N 0400000
[N 0.00000
18
¢ T0 « REL, ERAROR
0, 0400000
[ 0,00000
0, 0,00000
0, 0,00000
o0, 0,00000
10
¢ 70 « REL. ERAROR
[ B 0.00000
o, 0.00000
1,08521E=04 «09210
0, 0,00000
L1 0,00000
1e
¢ 70 = REL. ERROR
0, 0,00000
e, 0.00000
[N 0,00000
0, 0,00000
0, 0,00000
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NUMBER FLUX INTEGRATED OVER SURFACE

TIME [ 1.0000E-02
SURFACE RELATIVE
ENERGY 17 ERROR
5,0000E03 0, 0,00000
1.0000g-02 0, 0,00000
1,0000E¢00 0, 0,00000
8,0000£+00 0, 0,00000
1,4000F01 s, 0,00000
TIME 140000£=02 1¢0000E=01
SURFACE RELATIVE
ENERGY 17 ERROR
5,0000€-03 0, 0.00000
1,0000£-02 0, 0,00000
1.0000E+00 T.15477€-02 «04836
5,0000E400 3,346A8£-03 07444
1.4000E001 2,79994£-03 «08408
TIKE 1.0000E~01 1¢0000E+00
SURFACE RELATIVE
ENERGY 17 ERROR
5.,0000£=03 [ 0,00000
1.0000£-02 0. 0,00000
1.0000E400 3,79357E=02 +08376
$.0000E+00 0. 0,00000
1.4000F¢01 o, 0,00000
TIME 1.0000£400 1.0000E¢01
SURFACE RELATIVE
ENERGY 17 ERROR
5.0000£~03 [ 0400000
1.0000E=02 0, 000000
1.0000E+00 [ 0400000
$,0000E+00 [N 0,00000
1.4000€+01 [ 0400000

NUMBER FLUX AT UETECYOR

PATH LENGTH/VOLUME

TIHE s 140000802
CELL RELATIVE
ENERGY 3 ERROR
1,0000E-01  6,27306E-07  ,47126
S.00006=01  2,45558E-06  ,16268
1,0000£400  2,935196-06  ,12495
S,0000E000  ¢,74Bl0E-07  ,15388
1,4000E401  4,06218E-07 14618
TINE 140000E02  1,0000E-01
CELL RELATIVE
ENERGY 3 ERROR
1.0000E-01  1,91645E-04 04758
S.0000E=01  7,55686E=06 02704
1.0000E400  2,73593£-04 03600
5,0000£400  5,93950£-05 04068
1.4000E+01  5,78128E-08  ,04498
TIME 1¢0000E<01  1,0000£¢00
CELL RELATIVE
ENERQY 3 ERROR
1.0000E-01  1.5B796E=04  ,06097
S.0000E«01  3,00687€-05  ,10717
1.0000E¢00  9,54413E=07 51550
5,0000E000 €, 0.00000
1.4000E¢01 4, 0.00000
TINE 1.0008E¢00  1.0000E401
CELL RELATIVE
ENERGY 3 ERROR
1.0000E=01 Q. 0400000
S,0000E-01 W 0.00000
1,0000E¢00 - Qo 0.08000
$,00006¢00 Q. #,00000
1.40008000 W, $.00000

TIME 0o 1+0000E-02
DETECTOR RELATIVE
ENERGBY 1 ERROR
$,0000£-03 Yo 0,00000
1,0000€-02 0, 0.00000
1,0000£+00 [ 6,00000
5,0000£+00 0. 0,00000
1,4000E+01 a, 0,00000
TIME 1.0000£-02 1.0000€~01
DETECTOR RELATIVE
ENERGY 1 E£RRNR
5.,0000E-03 0. 0.00000
1,0000€=02 [ 0.00000
1.0000E+00 1,69688£-08 202373
S,0000£¢00 3.27108£-06 «02565
1.4000£¢01 3,03619€-06 «02687
TINE 1,0000E~0) 140000E¢00
DETECTOR RELATIVE
ENERGY 1 ERROR
%,0000£-0) 0. 0.00000
1,0000£-02 0. 0,00000
1,0000€400 1.38177€-08 02606
5,0000E+00 1,37698E-07 16637
1,4000E¢01 (18 0,00000
TINE 1.0008E+00 1,0000E01
DETECTOR RELATIVE
ENEROY 1 ERROR
5,0000E-03 0. 0,00000
1,0000£-02 (.8 0,00000
1,0000€¢00 [ 6,00000
$,0000F+00 [ 0,00000
1,4000£+01 [ B 0,00000
TAPE DUMP NOe 3 NPSe 30100
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20+2%.5)
20425.51
20.25.53
20425,55

20.25.56
20425056
20,25,%6

20+25.56
20425456
20.2%5.56
20425456
20425456
20,25,57
20.25.57
20425.%87

20425457
20,25,57
20425458
20.26,07
20426426
20.26,27
20.26.28
20426428
20,26,28
20,2628
20.26,28
20426428
20426.28
20426428
20426429
20,26,29
20626429
20426429
20426431

20.26,234
20.26.35
20427418
20.27.19
20.28.10

20.28411

20429421

20429422
20.31.07
20.31.08
20431443

2043146
20432442

20432443

20432.47

20432.48

20433.53
2043353
20,33,53

20,33,5)
20.33,.53

20433.53

20,33,53
20,33,5¢

20,433,564
20,33.54
20433454
20433,54
20433.54
20,33,54
20,33,.56
20.33,.54
20,33.5¢
20433.5¢
20433454
20,33.56
20.33.54
20.33,54
20,33,54
20433.5¢
20,33,5¢
20433.5¢
20,33,54
20.33,54
2043154
20,33,5¢
20.33,56
20.33,5¢

20434,.2¢
20034,28
20634034
20634,37

FILE COMPLETE

SBHTR
*0S 0}
SBMTR
$8MTR 00
SY760073
SUMTR
SUMTR
eCCcP (14

SUMTR
SUMTR
ecce
oCCP
ecce
*ccP
SUNTR
ecch )

SUMTR

$SBMTR

SAMTR

*L0S 08
SAMTR
SBMTR
oCcecP
ecce
eccP
SUMTR

[

wm

ecee
oCCP
eCccP
eccP
SUMTR
SBMTR
SAMIR
SBMTR
SBMIR
$SBMTR
SAMTR
SBMTR
$BMIR
SBMTR
SAMTR
SAMTR
SBMTR
SAMTR
SBMTR
$BMIR
SAMTR
MCGPRS
SUMTR
SUMTR

BN

ecce 40
occp
acce 11
SUMTR

$cCP
SUMTR

SUMTR

SUMTR

SUMTR 99

°®Los 06
oLOS 03
SouTPuT
SOUTPUT

JOB CARD READ WITH NO ERRORS
CARDS 0000308
READe JOB READY 7O BE SCHEOULED.

CROS 1,82 72712706 MACH, 1¢ TAPE

«USER MONITOR OF  11/02/72 INITIALIZED.

«JOB NAMERSCHRAND]IVIeDATE = 72712708

$JOB (NAMESSCHRANOT 9 CAT=05¢CLEUIACEVE6,UAR9406CA50M
CG1PRR10,PLE40 TLaSM)

«FILE SET CCO OPENEDIBUFFER LENGTM =00001100¢
oFILE SET INP OPENED'BUFFER LENGTN ¢00010100.
$. CONVINUE RUN=-MCG TEST PROBLENM,

SLAREL (STAGE)

SCREATE (FSSRUNTPCLRU,SCT#20009PREMTEXX003024)
SOPEN LF SsDUMMY ¢ SCT82000)

oFILE SEY OUMMY  OPENEDBUFFER LENGTM #00032100.
SCOPY (I sRUNTP, OaDUMMY} 10 VERIFY POINTER wORD
s

oFILE SET RUNTP  OPENED*BUFFER LENGTH #00032100.
ROLLOUY STARTED

ROLLOUT DONE

XX003024 IS ON UNIT 0 FILE RUNTP 800 BIN
ROLLIN STARTED

ROLLIN DONE

SIF (FALSE=READY)

$LABEL (READY) SUCCESSFUL STAGING

SAF SREL (FS8DUMMY)

oFILE SET ODUMMY  CLOSED+BUFFER LENGTH #00032100.
«FILE SET STATISTICS

* READS wRITES POSITIONS DISK RDS OISK WRS
000000000 000000161 000000000 00000000C 900009011
o LwA=0000152711+0EVICE=0)

SREWIND (RUNTP)

$SETQ(KEVAKKTPY

$SETQ,

$LDGO L 18RUNTP) .

oFILE SET OUT OPENED+BUFFER LENGTH #00032100.

ROLLOUT STARTED

AOLLOUT DONE

ROLLIN STARTED

ROLLIN ODONE
ROLLOUT STARTED

ROLLOUT OONE

ROLLIN STARTED

ROLL IN DONE
ROLLOUT STARTEOD
ROLLOUT OONE

ROLLIN STARTED

ROLLIN DONE
ROLLOUT STARTED
ROLLOUT DONE

ROLLIN STARYED

ROLLIN OONE

«END

oF ILE SET IMAGE OPENEO'BUFFER LENGTH #00064100.
oFILE SET IMAGE CLOSED+BUFFER LENGTH 200064100,
-7!LE SEY STATISTICS

« REA WRITES POSITIONS OISK RDS DISK wRS
ooooooooo 000000003 00000000]1 000000000 000000004

LWAR0000130676+0EVICERO]

s:r(rALsE-fADE)

SLABEL (TAPE)

SAFSREL (FSSRUNTP,ADTSP=STAPEPOSNTEXX(Q30241
oFILE SET RUNTP  CLOSEDsBUFFER LENGTH %00032100.
oFILE SET STATISTICS

o READS WRITES POSITIONS ODISK RDS DISK wAaS
0000600210 000000002 000000003 000000020 000000003

. LwAS0000210)31sNEVICESD]

+EOF OR EO] ON CC FILE. FSETSCCO

+FJLE SET CCO CLOSED+BUFFER LENGTH #00001100,

oFILE SEY STATISTICS

+ READS WRITES POSITIONS OISK RDS 0ISK WRS
000000046 000000025 000000023 000000000 000000000

. LwA=00000G0000+0EVICE=QQ

oFILE SET INP CLOSED+BUFFER LENGTH =00010100.

oFILE SET STATISTICS

+ READS WRITES POSITIONS DISK RDS OISK waS
000000001 000000001 000000001 000000000 000000000

. LwA=0000000000+NEVICERDD

oFILE SET OUT CLOSED+BUFFER LENGTH =00032100.

oFILE SET STATISTICS

« READS WRITES POSITIONS OISK ROS DISK wRS
000000000 000000554 000000000 000000000 0006000001

. LwA®=0000010463+DEVICEnD]

«JOB TERMINATION,

+«ELAPSED CP TIME = 00288,44490 .

<ESTIMATED JOB COST $0036.05

XX003024 IS ON UNIT 0 FILE RUNTP 800 BIN
RCOVERED WPE UNIT 0 FILE RUNTP

FSwQUT DSPsPRT 4406 YORDS 6 PAQGES

FSSRUNTP  DSPsTAPE 69722 WORDS

SCHRANDIVE 2
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TABLE V
SAMPLE RUN - MCP

SUBRQUYINE SQURCE

COMMON MXAsMXJoMXSsMXF oM XFMoMRLCILCIo IFOIMAAT ¢ IL 1 oNSReI1108120J1100
J129K119K124 111 0Ll o IKL19121012240210J220112914102620151415204519
JS29 115 oNDETXsLCOILCPsJ039Ja291149SRCIB) oSPB(24) 9SWMI24)9SEG(24) s
10Y(5) 0 30(8) oNIFL7)oLDF (63 oNCL (1203 oF10(120) 4ML1(120) 9ML2(12019LC
A121) 0L JAC4B0) ¢LCAJ(480) sLAJ(960) eKST(120) +1.SC(121) ¢SCF(J60)+LCB
1960) sLFD(6) +LPR(6) ¢+ IUP (601 9QAL120) » IFP (601 4P (200) 1CUETX (25037 9RO
(251 9FRO(25) yVOL (120) +LME {800) +FRC(800) +NOC
NSToKRNGNRN, THS
TESINPSONTRINCT 9 THOGETN (6) «NTH(6) sMTM{6) sECR(16000)
OMMON/GL/STG,ULSsPLyOPL s PHF 4DEG +CSA9 JAPyNE¢NCP1KDB s

i AR M e T R P PR S

B IlFsI2F¢15F,10F

COMMON/GE/J0(2) ¢« TP(25) s JSF (120)95618120)¢8G2(120)4TCRI1D)

A PCR{52) +BNK (224100}

COMMON/G2/15194F2414F248
COMMON/GA/VIC(21) +¥CO(55) 9 VCO(55)
COMMON/DXCOM/IDETRsCSOXsDOETXsDXFACIARFPPBLSAY (13) sLV24LVD

A LV4PSCHUOLDsVOLD e wOLD

UNIFORMLY DISTRIBUTED IN VOLUME IN SPECIFIED SPHMERICAL CELL,
STARTING DIRECTION ISOTROPICe BUT BIASED IN POSITIVE VeDIRECTION,
ENEHGY OISTRIBUTION

.

ST CARD REQUIRED IN PROBLEM DECK,

SRC{1)#CELL NUMBER,

SRC(2) wRADIUS OF CELL IN CM,

SRC(3)sFRACTION OF NEUTRONS WHOSE STARTING DIRECTION MAS
POSITIVE Ve

DISTANCE FROM ORIGIN SAMPLED FROKM THE INTERVAL .0+SRC(2))
DISTRIVUTED ACCORDING TO THE DISTANCE CUBED,
Re=SRC(2) ® (FRN(KRN) ) ©9,333333333)
SAMPLE UNIFORMLY FROM POINTS INSIDE THE UNIT CIPCLE.
TP (1) =2 oFRN(KRN) =],
TP(2)m2,oFRN(KAN} =1,
TP =TR (1) 0e2eTP(2) 002
1F(TP(3),0Te1,) 00 TO 15
YP(3) DISTRIBUTED UNIFORMLY ON THE INTERVAL (gel)e TP(4} IS
THE COSINE OF THE POLAR ANGLE OF TME STARTING POINT,
TPI8)m2.8TP(I) =],
TP{5)«RaSORT( (1,=TP(4)002)/TP{]))
XeRSTP (4)
Y=TP(110TP(S)
Z8TP(2)STP(S)
1F (FRNIXRN) +GT4SRC(3)) Q0 _T0 30
SET Vv POSITIVE SAC(3) OF THE TIME,
VeABS (V)
WTeQ.5/SRC(I)
IA=SRC(1)
JAml
THEwQ
LELeO
REFAN (KAN)
00 20 1e2.8
(R oLTe SPB(I)) GO TO 25

IF
20 CONTINUE
2% EHGRSEG(I=1) o (SEG(1)=SEG{In]) )0 tRaSPBII=1))}y

3o

1

(SPB(1)=SPB{]=1))
wTsNTOSNM(])

HETURN

SET V NEGATIVE 1=SRC(3) OF TNE TIME,
Va=ABS V)

WTe0,5/(d,=SRCLI)}

60 70 1%

END



SUB::gORAM LENGTH « SOURCE

STATEMENT ASSIONMENTS

STMT NOa LOCATION SYNT NOm LOCATION SINT NO® LOCATION STMT NOs LOCATION
10 » N ¥ is » 58 25 . 12 30 . 104
BLOCK NAMES AND LENGTHS
o 57747 61 . .2 02 . 513¢ 03 . 3
ae . 203 DXCOM # at
VARIABLE ASSIGNMENTS
NAME o LOCATION NAME  » LOCATION NAPE  # LOCATION MAME  » LOCATION
BNK #R 704C03 COETX &R 11106C01 DEL R 26c02 €CR AR 34627CO1
§:o ,: u 22c02 ETM ,7 1teggCox ;:o ok ‘;gggé :g? ;? lJ}gggg}
xoe :x feigg{ grv :1 loéoZCOI 1JP »1 102l6C01 JA el Joco2
Je ol 0co3 Jsf ol 33C03 KR, o1 14575C0) KST o1 5151C01
LAJ 1 3251C0) LCA AL 1160C01 LCAJ 1 2311C0) Lc8 o1 8302C01
LDF ol 212¢01 LFD »1 10202C01 LJa »1  1351C01 LME n: ll;;3€°{
LPR 1 10210C01 LS¢ o1  S341C01 ML el 600COL P2 R 1087660
NCL ol 220C01 NIF ] 203C01 NTH sl 14613C0) 4 »! lol‘J 0l
PELSAY oR 5C06 PCR R 620C03 QA »R 10312C0l go P: 13303
RO »R  11221C01 SCF eR  5532C0) Ste  eR  l3ecol N R oecol
S62  eR  a13C03 SP8  wR 56C01 SRC R sscel e eedd
TCR »R 603C03 ™E R 24C02 ™ #R 2Co
veo »R 114C05% vit #R 0C0S voL #R  11303C01 wco #R 2:205
v R 23c02 WTH R 14621C01 x R 1402 Y R [ETH
2 #R 16C02
EXTERNAL ASSIGNMENTS
FRN RBAREX $097
STARY oF - CONSTANTS TEMPORARIES INDIRECTS - UNUSED COMPILER SPACE
113 17 181 77100
CORE MAP ®ev0seosesecse DATE~ 72/12/070¢0e TIME 18.25,42¢00000000000 NORNAL LOAD PP case .
S BLNK COM  LENITH °
CogE 000100 076068 016120 07701
LOADER 143602 150071 ) 317
TABLES 143601 14178)
FILE // PROGRAM DU NAMED LeM
ADURESS COMMON ADDRESS 8LoCK ADORESS
con:" essasboe oeoegwwn LL L L LT XY
IMCPPRS 002154
sys.is €1 000100

ACGOER 006734
BUFFE] 006746
bUFFEO 007067
ENDF 1L 007151
INPUTC 007165
INPUTS 007341
:gCgEK 007427

NOTH 7453
LOCF 837433

QuUTPIC 7

oufpts - 887883
REWINN 007734
SYSTEM 007767

iBalex 011025
854020 011056

Ca020 011636
GETHA 011732
touttL 011766
KODER 013257

KRAKER 014554
MEMORY 015615

SKEPR 015775

801 016067

PSCALE 016113

UNSATISFIED REFERENCED AT
EXTERNALS ay LOCATION

31



1 45 «00926 wle2
2 43 0603 101 =2144503
3 44 G323 202 #8494 =346
4 46 1173 2,2 403 15,5 =346
] 46 1173 202 =15,4 =315
1) 41 0463 39493 =247 =748
T 43 L0603 546 15416 =622 =749
8 41 (0863 «549 Te6 =8410
L ] 43 00603 Ss8 Te? =6423 =8y11
10 41 0663 «5y11 AeB =9,12
11 43 L0603 5010 849 =624 =913
12 44 L123 «5913 9410 «10s14
13 43 0603 5412414 9411 =6425 «11432
14 43 L0003 «%413 10012 »11432
15 45 ,00926 305 16917 =5916
ls 43 ,0603 5415 16418 <6421 ©1547
17 45 ,00926 25418 17519 =16:15
18 43 ,0603 5017419 18932 =620 =16416
19 43 40603 «5¢18 18632 «17417
20 46 41173 6018 18,32 12420 «16421
21 46 +3173 0916 16,20 12427 =1%5422
22 46 1173 897 1541 «12428 =7,23
23 46 L1173 669 Te22 =12+29 =824
26 46 41173 6,1} 8,23 =1243¢g =925
25 46 01173 6913 9424 212139 =11+32
26 42 L0847 12420 18,432 -13.31 16,27
27 42 (OUAT 12421 16426 =13,31 =15,28
28 42 J0uAT 12,22 15,27 «1343) 7429
29 42 (0847 12,23 748 «13+931 «8,30
30 02 (OBAT7 12424925 9,29 =13431 11,32
3 (] 13026927¢28129030 18932 =14932 =11,32
32 0 14:3] ©18519918+20026431 11914913425930,31
1 50 340
H S0 5.0
3 50 1040
4 KY 0 +333333333)
3 Cy 10,
L) Ccy 11,
7 PY 154
-] Py 20,
° PY 25,
10 Py 30,
1 PY 31,
12 Cy l1s,
13 cy 15,
14 Cy 26,
18 PY O
1¢ PY =12,
17 PY =16,
18 pY els,
10 1., 3e 2. 2,
le 1o 24 24 44 10 0O
£ 14 1 3.0 W78
Fl 1 10 11 1l
€l 005 ,01 1. S, 14,
El 380-0 o4 20
F2 17
€2 ,005 .01 1, S5, 14,
Y2_ ,01 . .
Fo B 1 1, 10
Es o) 5 140 5.0 1400
T4 .01 41 1, 1o,
P4 245,52
fs 10 25, 0
ES ,005 ,01 1, S, le,
s L,01 .1 1, 10,
US 0s 02 408 o2 o3 o2 413 409
VO 0¢ ol 42 o3 43 05 403 .02
w0 ,001 L0101 <1 o> 1, 5S¢ 10. 19,
M4l 3 1.
Mé2 26 1.
M43 13 1,
LTS
M4 5 6
“‘: l éo [ l?

32

1o 40 44 8, B, 16, 8, 32, 16, 32. 10 OR 4, 4, 8, 8,

MCP TEST PROBLEM



NOo CELLS® 32

CELLS
PROGRAM NAME PROBLEM NAME TALLY FORMULA
1 1
2 2
3 3 Y
. .
5 5
6 6
7 7
8 ]
9 9
1o 10
11 11
12 12
13 13
1s 14
15 15
16 16
17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
2% 25
26 26
27 27
28 28
29 29
0 30
31 R 1)
32 32
1
CELL AMB. SURF, HATERIAL
b} 45
2 43
3 "
.
: &8
® 41
14 43
[} [}
9 43
10 41
11 43
12 LY}
13 43
14 43
15 45
16 43
17 45
18 43
19 43
20 46
21 6
22 Y
23 (1}
24 6
2% 46
26 02
21 2
28 2
29 2
30 a2
3l Q
kT3 L]
FORMULA | == NEUTRONS CROSSING SURFACE
SURFACE 1 10 11 14
ENERGY 5.0000E~03 1,0000E-02 1,0000£000 5,0000E000
TIME 1+0000£¢02
COSINE 8.0000E=01 ©,0000E-01 ¢,0000E~01 2,0000E=01
FORMULA 2 == FLUX INTEORATED OVER SURFACE
SURFACE 17
ENEROy 5,0000E«03 1,0000E-02 1,0000E¢00 3,0000E400
TIME 1400006=02 1+0000E=01 1.0000E+00 1,0000E+01
FORMULA & == PATH LENOTN/VOLUME
CELL 3
ENERGY 1¢0000E«01 5.0000E=01 1,0000E+00 3,0000E+00
TIME 140000€-02 140000E=01 1.0000E+08 1.0000E401
VOLUME 204552E402
FORMULA % == FLUX AY DETECTOR
VETECTOR
al Y o o.x l.;OOOEOOI 2.5000
CELL ALL
ENERQY $,0000E=03 1,0000E-02 1,0000E400 5,0000E00
TINE - 140000E~02 J1+0000E=01 1,0000E+08 1,0000E+0)

PROGRAM NANE

GBNOBE W~

DENSITY
942 30E=03
6,0300E-02
1.230E=01
}:1130E-8

siTUE=0
4.8300€~02
6.0300E=02
4.6290E~0¢
640300E-02
4062 J0E=02
6+0390€~02
1.2200E~01
6,0300E-02
6.0.00E=-02
9.26¢0E=0)
640,00E=02
9.2600E=03
©,0:300E-02
6,0200€<02
1.1730E~01
141730E~01
1.1730E=01

1413 30E=01
101730E=01
141330E=01
8,4700E-02
8.4700E=02
8.4700E=02
8,4700€-02
8,4770E=02
0.

0.

1,4000€+01
0.

1,4000E01

1,4000E001

NE ]GHBORMOOD
Ee0) Qe

1,4000€+01

NO. SURFACESe 10

SURFACES
PROBLEM NAME

1

2

3

.

3

6

7

8

9

1o

11

12

13

14

15

16

17

18

1o

1,0000€00
1.,0000£400
2.0000E¢00
?.oooot~oo
+000QE«00
4,0000€¢00
4,0000E00
#,0000E¢00

8,0000E00
146000E°01
Be0000E 00
3.2000t°01
1,6000€¢01
3,2000E001
1,0000E°00
1,0000E00
1,0000E00
1,0060€*00
1,0000€00
140000E°00
140000€200
4,0000E¢00
4,0000E°00
8.0000E°00
8,0000E+00
1,0000E¢00
1.0000E200
200000E400
2.0000E°00
4,0000E¢00
140000E400
.\

TALLY FORMULA

33



8 N 0P WN-T

MAT.
L3}

HAT,
a2

MAT.
43

HMAT,
4

MAT.
43

MAT.
(1]

SRC(1}
1,0000E¢00

ENERGY
1,0000E-03
1,0000E=02
1,0000E-01

§:8338E:8¢
3:88888238

1,4000E+01

SOURCEs 7

SRC(2)
3.0000E400
CuM, PROB,

L]
240000E=02
1.0000E<01

3:83888=81
$:05888:81

140000E¢00

MATERIAL DATA

NO,

NO,

NO,

NO,

NO,

ELEN,
3

ELEN,
26

ELEM,
13

ELEM,
4

ELEM.
1
[

ELEN,

INITIATION COMPLETED

34

NOo

NOo

NOe

NOo

NOs

FRACTION
1.00000

FRACTION
1.00000

FRACTION
1.00000

FRACTION
1.,00000

FRACTION
«50000
«50000

FRACTION
208667
33333

SRC(I)
7.5000E~01
T, MULT,

Qe
$40000E¢CO
205000€£400

1:3888E288
T R

440000E=01



CORE MAP ®000000raseets DATEw 72/12/070%00 TIME= 18,25.46%« N L LOAD

FUA_ LuA BLNK_COM LENGTH
c
e R85 NN wion esmie?
TABLES 143601 160017
NAMED LeM
FILE PROGRAM  ADDRESS COMMON ANDRESS 8LOCK ADDRESS
aswesen cesescw [Romtuut A
RUNTP
SOURCE 005535 o1 000100
62 000142
63 005276
aé €05301
OXCOM 005504
MCPPRS 005701 61 €00100
62 000142
(3] 35276
64 005301
. DXCOM C05504
VBPNT 016730 [ 000100
02 000142
63 005276
Ge 005301
DXCOM 005506
FRN 017301 61 000100
62 000142
63 005276
Ge £5301
OXCOM 005504
IRN 017327 81 £00100
02 009162
63 005276
as 005301
DXCOM 005506
sysLle
ACGOER 017355
BACKSP 017367
BUFFEL 017416
BUFFEQ 017537
CLOCKF 017621
DMPXX 017724
ENDF IL, 020466
INPUTC 020502
10CHEK 020656
LENGTH 020702
LOCF 020722
oUTPTC 020736
PACKAGE 021072
SETQ 021157
SSWTCH 021400
SYSTEM 021466
E 354 022524
ALNLOG 022643
EXP 022732
IBAIEX 023905
RBAIEX 023036
RBARE X 023067
SURT 023146
ABORT 023224
454020 023275
Ca020 024055
ENTR L 024151
GETBA 024205
10UTIL 024241
KODER 025532
KRAKER 027027
LAHRT 030070
MEMORY 030176
oUTPTS 030356
REMARK 030447
HETN 030502
SK1PR 030532
SHIFY 030604
801 030621
PSCALE 030665
N203SR 030672
UNSATISFIED REFERENCED L34
EXTERNALS 8Y LacATIoN

SRCOX MCPPRS (411344



z
-l
)

0o ot gt e g
Ve WO 08~NCRIWN~

-
-3

17

3OUR§E NO,

X

1.8634€400
«7,6927€-01
«2,4464E400
«7,5052E-01
1,5598E400
8,H854E01
2.5917€+00
«8,7200E-01
©2,0645E400
1,0085E400
«l,9293E.02
«9,6391€=01
b,6898€01
-2,3188€+00
1,3T75E 04
1,3U87E201
1.,9894E+00
5,7099E=~01
=1,5302E¢00
1.7716€E400
®1.0808E400
ke
6 -0l
4.5570E001
4,4906E.01
2.8902E400
*5,6748€.0])
2.0345E400
1,6317E400
1,3357E+00
8,9330E-01
=1.1103Ee¢00
2.5938E400
243214E-02
6,5634E401
8,1224E-01
«8,4098E.01
3,5764E-01
1,6519E400
*2,3624E40¢
«9,9362E-02
1,3828E+00
«2,3392€-01
=2.4562E400q
=4,5430E0)
«4,40302.01
8,5038E.0)
©6,2690E001
«7,8057€=01
»2,0422E000

NUMHBER OF
PHOTONS
STARTED

l1641s

TOTAL
TRACKS
STARTED

91410

WELIOMT
STARTED
PER PMOTQN
1,0054E000

ENERGY
STARTED

PER PHOTON
9.4041E-01

36

MCP TEST PROBLEM

TIME CUTOFF ENERGY CUTOFF  RUN TINE O.p, CYCLE DUMP CYCLE
140000E+02 1.0000E~03 4¢9000E+00 25000 25000
Y 4 1A JA u v L] TME
=1,1784E400 =1,9418E400 1 1 Te8852E~01 600¢53E=01 1.2328E=01 O
9.4340E=01 =1,0674E00 1 1 8,5543F=01 *3,2219E=01 ~4,0551€=-01 O,
“4,0441E=0) ~4,9125E=01 1 1 T7575€0) 2:9254€=0]1 =5.5913E~01 O,
2,6368E400 +9899€-01 1 1 =9.8079E=D) ~2,6476E=02 1,9324E-01 O,
9.0693E=01 =4,7437E-01 1 1 7.32B1E-D1 4,7166E=0) 4.90%4£=01 0,
141039E=01 «1,8744E00 1 1 «0,0854E=01 3,3734€=01 7.2162e-01 O,
«5,4249E=01 4,3255€=01 1 1 =2.9061E=0)1 4.6562£~01 =8.3591E=01 0,
6,2016E-01 2,1681E+00 1 1 =2,2042E~01 =5,4173€=02 9,7390E-01 O,
1.3224E000 =5,6974E=01 1 1 6¢5875€E=01 6,0167E=01 345%812E=01 O,
1.3225E000 4.1324E=01 1 1 =83340€-01 3.6956E-02 5.5144E=01 O,
J,6146E«0]1 2,5623E400 1 1 =1.5551E=gl =2,4660E-02 9.8742E=01 O,
=6,9394E£-01 2,2224€-01 1 1 7e7150€+01 6,33856~01 5.49426~02 O,
2,9487E~03 =7,1511€=-01 1 1 «5.7973e~0} ~1,3928E~01 8,0282E~01 O,
=4,5438E-01 =1,5132E+00 1 1 =5,1893E-01 =7,8544F=01 -3,2886E-03 O,
2,3000E400 =2,4732E-01 1 1 =2.6R839€-01 245913E~01 9.2780E-01 O,
243J30E400 =3.8756E=01 1 1 =2e5318E=01 B861735E=02 =9.6396E=01 0.
=2,05R9E¢00 =8,8648E=01 1 1 2¢0860E~J] =T,3541E~0) =6.4472€=01 0,
=5,9941E=01 =7,1424€=p1 1 1 643296E=01 4¢0073E~0) =6+6240E«01 O,
=2.2200E¢00 4.5534E~01 ) 1 94457260 0] 342309€E«01 2.6606E-02 0,
®1.5236E400 143688E400 1 1 =5¢9958€-01 =6.3481E=01 4.8736E~01 0O,
«741116E=01 =1.1190E-01 1 1 B8499758+01 JI¢5960Ew0]l 2.64728E-01 0o
4.9091E=01 «7,9707E=01 1 1 «949231FE«01 1,1765€=01 3.8517€=02 O,
8,5280E=01 ~1.8268E-01 1 1 =7.6712E~01 2,2883E=01 =5,9930E-01 O,
1.4091E400 =5,9566E~01 1 1 =3.9194E-01 1,€904E=01 9,1090E=-01 O,
1,3921E400 1,1531E400 1 1 1,2820£-0) «B,6567E~01 =4.8496E~01 O,
6,2510E=01 4,6220E=-01 1 1 041288E=0) T 9018E=0)l «3,8154E=03 O,
6,6624E-02 ~2,3618E400 1 1 «2,8620E=01 =8,8806E-01 JI,597vE-01 O,
«8,0078E=01 =1,1377E+00 1 1 =1,9296E~01 4,1077E-02 «9,8035€=01 0,
=4,8622E-01 2,0900E+00 1 1 2,6737E-01 9,6248E~01 4,6260E=02 O,
203638E-01 =1,9277E-01 1 1 1e7439€ 02 1.3122E~02 9.9976£=01 O,
«B,7418E-01 5.8956E-91 1 1 =364255E=41 ©6.4344E=0l 6,8458E=01 O,
203696E400 7.7764E=01 1 1 *112829E=01 7T+6T86E=01 6¢2764E=01 G+
=8,6808E=01 =1.,4908E-02 1 1 1e7059E« )] =2,8908BE«0] 9,4025E=~01 O,
«2,2209€E-01 3,5839E=01 1 1 4.6249F=01 4,6780E~0l «7.5317€=01 O,
1,9474£400 =1,7164E¢00 1 1 161932€- 51 =7,54093F«0] =6,4486F~01 O,
2.,6601E+00 8,8752E-01 1 1 =08,8208£-01 2,0539E-01 4,2397e=-01 O,
1,7157E=01 =2,3035E400 1 1 «9.3820E¢ )1 9.2612E~02 =3.3348E~01 O,
5.1013E-01 1,3592E400 1 1 *4,1469E=01 B.1499E=01 =4,0474E201 O,
2.1254E000 3,4949Ew=01 1 1 «7¢5653E: 01 2,6252€=01 =5.9895e~-01 O,
©1,5042E«01 9,4255E=¢1 1 1 *0,9701€=92 9,2774E=0] «3,6664E«0] 0.
5.,5475E=01 =2,6669E400 1 1 «8,75580E~01 4,8268E=p)l 1.4833E~03 0,
1.1500E¢00 2,2912E+00 1 1 =6,6437E-0]1 =6,2985E=01 4,0237E=01 O,
=2,2430F=0) =5,5501€=-01 1 1 =3,2351E=91 2,0279E=01 9.2428£=-01 O,
1.0749E600 =34179)E~01 1 1 S5¢6814E:9] 1:6978E«0] =8.0523£=0] 0o
=9,8526E~02 =5,9728E=02 1 ] «3,0586E=01 9,1088E~0]1 2.2514E«01 0.
«149660E~01 5,2124E~01 1 1 1e6513€°01 «1.2814E=0l =~9,7791€<01 O,
2.3612€400 1,3213Ee00 1 1 =102435E=01 0,0094E=01 «7.8956€-01 O
2,2637E400 6,2585E=01 1 1 =8,0021E+01 2,0343E~01 4,3663E-01 0,
@2,5449E400 =5,0268E=01} 1 1 =1,4857€=01 4,5401En0) «8,7806E-01 O,
1.4796E000 5,9978E-01 1 1 5e2081E=01 3J¢7201E=02 =8.5040E~01 0.
TEST PROBLEM
TIMEs 4,00% MINUTES
TOTAL RANDOM TOTAL TOTAL COLLISIONS TRACKS
NUMHER OF NUMBERS WEIGHT ENERGY PER PHOTON PER PHOTON
COLLISIONS GENERATED STARTED STARTED STARTEY STARTED
1/6A4p 1837675 1.6503E¢04 1,5567E+04 1,0896E0901 5¢5690E+00
LOSS To LOSS TO L0SS LOSS LOSS ToTAL
ENERGY TIME 10 10 10 TRACKS
CUTOFF CUTQFF ESCAPE CAPTURE SPLITTING LOST
0 [ 22450 16752 52194 91410
LOSS TO L0Ss 10 LOSS LOSS WEIGHT
ENEROY TIME To To LoST
CUYOFF CUTQFF ESCAPE CAPTURE PER PMOTON
[ Oe 3.39806E-01 6.83V8E=01 140229E+00
LOSS T0 .0SS To LOSS LOSS LOSS LOSS
ENERGY TIME 0 10 Y0 PAIR 10
CUTOFF CUTOFF ESCAPE CAPTURE PRODUCTION COMPTON
Qe O 4,49006E-0] 4,6119E=-02 T41904E°02 3e7334£<01

DUMP NO»
-0
[ 23
6,6667E=01
3,0000E400
1,666 7E~01
8,0000E=-01
6,6667E=01
1,0000E+00
1,6867E01
4,0000E=01
1,6667E<01
1,3333E-01
5,0000E400
1,0000£400
3,0000E400
$,0000E-01
1,6667E00
6.6667E<0Q)
3,0000£400
6,666TE~01
6,6667E=01
3.,0000E+00
0,6667€-01
1,3333E=01
6,6667€=01
1,0000€¢00
5,0000E000
6,666 7E=01
4,0000E=01
1,6667E200
1,6667E=01
1,0000£400
140000€400
1.6667E~01
2,0000€400
1,6667E400
4,0000€-01
1,6667€-01
1,6667€=01
1.6667E=01
1.6667E=01
1.0000E400
6,6667€-01
$,0000E=01
1,3333€-01
6,6667E-01
6,6667E«01
2,0000E¢00
2,6667E-01
1,0000E400
6,6067€=01
6,0667€-01

PHOTONS

PROCESSED
PER MINUTE
3,56402E40)

PAIR

PROOUCTION
PER PHOTON
9,0479E=0)

ENERGY

post
ER PMOTON
$.4101€201

CUTOPF CYCLE
-0

OEL

ERQ
Te5687E=0
3,8554E-0
245128E00
140061E¢0
940888E<0
4,6181E~01
441620E200
5,1946£000
2468 0E000
Te2481€¢0
341 242E-0:
2,8091E%0
1.82126-0
244521E000
3,0586E~02
641986E-01
1.9222€=01
746630€-01
840117E-01
1:9734E=01
642104E=01
5,8952€+00
5,4739E=0
3,3358E%0
1,2080E=02
7088086E=01
8,4639E400
7,6937€-02
2,2300E000
145420E=01
3.9580E-01
1¢354JE400
545342601
©49213E-02
748823E000
2,5452E400
4,2433E400
4,5873E409
240123000
442103€=0
T:0687E=0
443982€400
6,9181E000
S.1488E-01
7,4685E-01
Te1822E01
1el066E00L
1.5056!-0;

$00623E=0
Te0003C=8



CELL

NO, OF

PHOTONS
CAPTURED
840013€=02
202259E=01
208031E-0
4.4799E~0)
447155E=0)
8.8847E=p5
43994E=(?
3.3000E=08
6+9026€=03
345539€=08
400403E=03
340233€-04
248366E-03
1e9202E-03

0o

J43068Fe02
1.0154€=04
8.1577€=03
1e1777€=02
2,4770E204
1.1799€-0)
1:0262€=03
1,3200E~0¢
1e4038E=Qd
443156E=05
1.9660E=02

1.4803E«02
1+5262€=02
O

ENERGY
LOSY
TO CAPTURZ
3.8119€-04
1.0817€=02
1e1826E03
2.2843E=0
207657€=04
3e1791E=09
2.7148€=0)
1940423E=0)
44160204
145718€=09
2,0094E404
1¢3002€-0%
1.6138E=0s
1:0544F=04
.
2¢1096E=0)
8,9928E-05
Sel7T6E=04
7+9832E-04
1¢2175€=05
6,3893E-0%
9,6192€-0%
641711E=-08
9,2218E-0b
202160E=0¢
241383E=0)
1.0015£002
1:1169€-02
1¢5938€=09
1.58402€<09
O
Qo

RELATIVE
ERROR

0000000

RELATIVE
ERROR
07971
03111

«09011
«04026
«02501
005302
«04420
0:00000
0+00000

PMOTONS

LOSY 10
Ee Co

ENERGY LOST
T0 ENERGY
cutorf

O

TOTAL CELL OEPOSITION DATA

RELATIVE

ERROR

0400000
0.00000
0400000
0400000
0,00000
0400000
000000
0.00000
0.00000
000000
0400000
0400000
000000
0,00000
0.00000
0,00000
0.00000
0000000
0400000
0,00000
0.,00000
0, 00000
0.,00000
0000000
0.00000
0.00000

0,00000
0000000
000000
0400000

RELAYIVE

ERROR
000000
0.00000
0,00000
0000000
0400000
0400000
0,00000
0400000
000000
0400000
0,00000
0.00000
0400000
0.00000
0400000
0400000
0,00000
0.00000
0.00000
0.00000
0400000
0400000
0400000
0400000
0.00000
0.00000
0.00000
0400000
0.00000
0,00000
0000000
0000000

PHOTONS
CREATING

A PAIR
2+0308E«05
J3,0259€-03
7.6155€=05
3.1883E=04
5.3013E=04
3,1985E=05
4,1580E-0¢
1 ¢0408E=0S
5.,0262E=05
1.1169€=05
3,5205¢£-05
2.4087€=05
3.7950E-05
1,9546E<05
244369E=08
4,6302E=00

0o

244309E=0S
1,0357€=-04
1,2794E<04
142997€E=04
1,9099€=04
1.6246E-05
1,7262E=-05
1,5992E=05
3,5945E=04
1.1941E-03
1,5688E-03
203862E-04
3,5289€~04
[ B

ENEHGY LOST
T0 PAlp
PROUUCTION
4,83¢1F =05
2,3462E=02
6,1208E=04
2,58J0F=03
3,9758€£-03
243263E=04
3,1793€-03
8,4134€05
3,3654E-04
8,5161E=05
2,9552€E«00
1,9404E=04
3,2590F=04
145272€«04
1.9294E=04
3,4418E-03
(-1
1e0750E=06
5,5681E=04
8.,2338E-06
1,1715€-03
1,4221E=03
1,6592€=06
1,0726E=04
1.2885E04
200786E4p3
9,8624E-02
141921€<02
1:6043€-0)
2.3681€-03
O

0.

RELATIVE
ERROK
«70706
«09037
029049
+ 14594
24194
030232
208924
37222
017331
+25398
«22952
«1445,
1997}
«16383
«99997
«28808
d.00000
99997
+50253
52375
+49994
«12655
<4329
«28957
«31537
«30072
«1766)
006460
01694$
«10369
0.00000
0400000

RELATIVE
ERROK
748013
«10816
+34638
«16619
28195
«37%02
«10606
e41207
20217
«J0012
«2605¢
016542
«23358
«18517
099997
036632
000000
+99997
«5124)
«62091
+58472
15624
47910
036028
«J78467
036484
«21517
«07502
22462
«12658
000000
0400000

ENERGY
LOs?

TO COMPTON
4.6247€~03
1.0715E=01
8,4404E-03
3.4432E=02
4,2644¢-02
940944E=03
1.7718€-02
241630E-02
242123E-0)
1,4157€=03
1¢3173E=03
3,0131€-03
94309304
6,7912€-04
1e1168£-03
1.6858E~02
348357E=04
246145E€-03
6.9717€=03
3,4269E03
1,3371E-02
1.6684E+02
2.4440€-03
145700E=0
1¢1970E=03
6,7942E=03
2,0302E=02
208480E=02
4,7693E-03
4,5188E-03
0e

0e

RELATIVE
ERROR
012217
02858

08629
037943
22730
013967
17297
207453
0 0248]
+068%9
007032
+10620
18707
071737
«02928
08217
+06043
000000
0,00000

TOTAL
ENERGY
DEPOSITED
5,0543Ee03
14108380}
9,0643E-0)
3,7204E-02
4,6097E=02
9.3302E-0)
2,3612E«02
2:2491E-03
2,9649E+03
1.5025€-0)
1.8777E«0)
3.2242E-03
1.4183€-0)
9.3728€404
13073603
242410E-02
3,0957E«04
3,2397€03
0,3268E-03
4,2024E=03
1,4606E-02
1.8202E+02
2,5967€=03
1,68718«0)
1.3281E=03
1¢1011E=02
4,6780E202
$,1571€=02
7.9674€203
$,4712€03
’c

Qe
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NUMBER OF PHOTONS CROSSING SURFACE

TIME [ 1.0000€002
COSINE 1.0000/1:¢00 8.0000€=01
SURFACE
ENEROY « 10 ¢ RELe ERROR
5,0000E-03 1.01539E-03 «66328
1,0000E~02 7,51391€-03 22109
100000E00 €,23776E=01 «01613
8,0000E+00 2,38922€-02 +026814
1,4000€403 2,43207€-02 « 0295,
SURFACE
ENERGY - T0 o RELe ERROR
%,0000£-03 0, 0,00000
1,0000E-02 0, 0,00000
1.0000E00 1428570E=02 204296
$,0000E+00 2,47159E<03 .06087
1,4000E¢01 2,56209E-03 «06364
COSINE 8.0000L-01 640000E=01
SURFACE
ENEROY - T0 o RELs ERROR
5,0000€~03 1,82771€=03 57730
1,0000E~02 6,09236E-03 26482
1.0000€00 2459362€=01 «02156
$,0000€+00 1449527€<02 203604
1.4000E+01 1,69620E.02 «03829
SURFACE
ENEROY - Y0 o RELs ERROR
$,0000E-03 Ou 0,00000
1,0000€E~02 [N 0,00000
1,0000E°00 5,11663E«03 .07338
5,0000E+00 0,10949€=04 12786
1,4000€01 4,31502E204 $20521
COSINE 6+0000L~01 4.0000E-01
SURFACE
ENERGY « 10 &  REL, ERROR
$,0000E=03 0. 0,00000
1.0000E=02 6.,09236E~03 024482
140000E400 1.40244E-01 «03015
$,0000E400 7.36566E=03 05167
1,4000E°01 7.76573€=03 «05368
SURFACE
ENERGY - Y0 ¢« RELs ERROR
5,0000E-03 0. 0.00000
1.0000E~02 0. 0.,00000
1,0000E+00 2,06233E-03 «08636
S,0000E+00 1.05030E=04 «30483
1.4000E0} oy 0.00000
COSINE 4,0000E-01 240000€=-01
SURFACE
ENERGY « Y0 » REL. ERROR
5,0000£-0) 2.03079E-04 »9999
1.0000E-02 2,64002E=03 42822
1,0000£¢00 6.,02697E-02 «04605
5,0000E¢00 2,38414E-02 09246
1,4000E01 2,45319€-03 09262
SURFACE
ENERGY « TO ¢« REL., ERROR
5,0000E-03 [N 0.00000
1.0000E=-02 Oe 0,00000
1,0000E+00 T401129€-04 «09516
5,0000E+00 1.24386€=08 « 73039
1,4000E+01 04 0,00000
COSINE 2,0000t =01 [
SURFACE
ENERGY « 70 ¢« RELs ERROR
5,0000E=-03 6,09236E-04 57730
1.,0000E~02 . 0.00000
1,0000E00 1¢20460E=02 10072
%,0000E+00 3.55380£=04 21932
1,4000€401 3.81788E=-04 «2280)
SURFACE
ENERGY e TO ¢ RELe ERROR
5,0000E-03 ['B . 0.00000
1,0000E=-02 04 0,00000
1,0000E400 34,63248E404 $ 27697
3,0000£+00 0, 0,00000
1,4000E°01 [ 0,00000

38

¢ T0O = REL. ERROR
[0 0,00000
0o 0 00000
2091380E=02 «07066
0. 0 00000
04 0,00000
11
¢ Y0 = REL. ERROR
0, 0.00000
0. 0,00000
Oe 0400000
0o 0.00000
0o 0400000
+ 70 = RELs ERROR
8,12315E=00 .79053
0. 0,00000
2.81000E~02 «06818
[0 0,00000
O 0,00000
11
e 70 = REL. ERROR
0, 0,00000
0o 0,00000
Oe 0.00000
[ 0-00000
0. 0,00000
¢ 10 = REL., ERROR
0. 0.00000
[ 0.00000
1.07746E«02 208237
0e 0.00000
0, 0,00000
11
¢ 70 = REL. ERROR
0o 0 90000
0. 0,00000
0. 0,00000
0o 0,00000
0e 0,00000
1
e Y0 = REL., ERROR
2403079E=00 39997
. 0.00000
1.30539€=02 09732
0o 0.00000
[ 0,00000
11
¢ 70 « REL. ERROR
0 0.90000
0. 0,00000
[ 0.00000
[0 6.00000
[ 0 00000
¢ 70 = RELs ERROR
[0 0 20000
[ 0,00000
4,97949E20) . 15212
Oe 0400000
[N 0 20000
11
¢ 70 = REL. iRROR
0 0,00000
0. 0,00000
[ 0.90000
0e 0,00000
[} 0 00000

SURFACE
- 70 o RELs ERROR
Oe 0400000
0. 0.00000
7,72638E-03 04014
8,17899E=04 *08387
9,02177E=08 «10530
SURFACE
« Y0 o REL. ERROR
[ 1 000000
0. 0.00000
1+63928£=01 02478
1.76821E-02 «03533
1.550802E=02 «04020
SURFACE
© T0 ¢ REL, ERROR
0o 0400000
0e 0400000
2.42098€-03 +04066
3,82001E=0% 13287
G 000000
SURFACE
« 70 o REL« ERROR
O 0000000
0. 0400000
2.T2796E=02 «05087
203333703 «08202
2.25823£~03 09024
SURFACE
= T0 ¢ REL, ERROR
Os 0.,00000
Oe 0400000
1.04173€=03 +05089
5,26735E~06 031844
0o 0400000
SURFACE
- 10 ¢ REL. EAROR
0e 0+00000
0. 0400000
4019764£=083 11768
1,27940E=04 29728
0s 0.00000
SURF ACE
« 10 ¢ REL. ERROR
0e 0400000
Oe 0400000
6:91356E~04 006432
0o 0400000
Oe 0.00000
SURFACE
« T0 o REL. ERROR
0o 0400000
[ 0400000
3,63511€=04 45382
[ 0400000
Oe 0400000
SURFACE
- 10 o RELe ERRQOR
0 0400000
[ O 0000000
1¢96098E=0¢ 010373
0o 0400000
[ 1 0,00000
SURFACE
- T0 ¢ REL. ERROR
O 0400000
0o 0400000
Qe 0.00000
Oe 0400000
Oe 0400000

10
¢ 10 = REL, ERROR
[0 0.00000
. 0400000
J,48397C=0¢ 07802
Qo 0.00000
0o 0400000
14
¢ 70O « REL. ERROR
[ ,00000
[ 0,00000
Qo 0.00000
O 0.00000
0o 0,00000
10
¢ Y0 « REL, ERROR
Ge T 0400000
0. 0400000
3,91307E~0¢ «008013
0, 0400000
[ 0 0,00000
14
¢ YO « REL, ERROR
[ T 0400000
[ 0400000
Qe 0000000
[ 0,00000
[ 0400000
10
e Yo = REL, ERROR
Oe 0400000
Oe 0400000
3,40030E=04 00005
.0 0400000
[ 0,00000
14
¢ 70~ REL. ERROR
[ T 0000000
[ 0,00000
[ B 000000
Oe 0,00000
06 0,00000

REL, EAROR
" 0400000
00000
«08720
+00000
0400000
e 70 = REL, ERROR
0. 0400000
Ce 0,00000
0, 0.00000
0. 0.00000
0. 0400000
10
¢ 10 = REL. ERROR
Oe 0.00000
[ B 0400000
1.43608E~04 12292
[0 9400000
[ 9,00000
1s
¢ 170 = REL, ERROR
0o 0400000
O 0,00008
[ 0.00000
[ 0,00000
[ N} 0,00000



NUMBER FLUX [NTEGRATED OVER SURFACE

PATH LENGTH/VOLUM:

TINE 0. 1.0000E-02 TINE 0. "°°°:E::§ ¢
SURFACE  RELATIVE ENEROY ceLL R Aok
ENEROY 17 ERROR oE-07 £hon
c000E03 o 050000 1.0000E=01 7. 30098E~0 5770
3. . - $,0000€=01  3,43105€-06  ,20956
1-0000es0 0. 900000 1,0000E400  2,)337BE-06 418010
5.0000E400 0. 0100000 5,0000£000  6,)8992E-07  ,17916
1.,4000E+01 Oe 0.,00000 1,4000E+0]) T 15237E=07 019121
TIME 1,0000E202  1.,0000E-01 ARL 140000E,02  140000E-01
CELL RELATIVE
FA ELATI
ENERGY su?7 ce R LERR;E ENERGY 39 . E:ggg
5,0000€=03 0. 0.00000 1.0000E-01 4,412023£-0 -0
1,00006-02 0, 0.00000 3,00006-01  7,]56136-0¢  ,03874
1.00006900  7,72276E-02 407031 11000000 oeg0aTaEc0s  Lasese
pigee IR
TIKE 1,0000E-01  1,0000€400 TINE 1.0000€-01  1:0000E400
SURFACE  RELATIVE CELL RELATIY
ENERGY 17 ERAOR ENERGY 3 Eguou
5,0000E=03 'R 0.,00000 1,0000E~01 1.92780E=04 009497
1,0000€=02 0, 0.00000 5,0000E~01 3.87072€-05 415782
1.0000E400  3.72053E=02  ,10142 1.0000E000  0.49703E-08 99997
5,0000E400 0, 0.00000 S.9000E000 0. S a0000
1.4000E601 0, 0.00000 1.4000 0. .
TIME 1.0000E000  1,0000€¢01 TIHE l-°°°°Evg: . lo°°°gE:$: €
L R v
URFACE  RELATIVE
ENERQY 't E£AROR ENERGY 3 0. co00n
$,00006=03 0. 0460000 1.0000E=01 0. «00
1.0000E-02 04 0200000 $,00006-01 0. 0.00000
1.0000E400  0s 0200000 100006400 0. 0.00000
$.0000E400 0, 0400000 3,0000E400 Q. 0.00000
1,4000€¢01 0 0.00000 1,4000E¢08 O, 0.00000
NUMBER FLUX AT VEECTOR
TIME 0. 1,0000E=-02
DITECTOR  RELATIVE
ENERQY 1 ERROR
5,00006-03 0. 0.00000
1.,0000E-02 0. 0,00000
1.0000E400 0. 0.00000
5.0000E+00 O, 0,00000
1.4000E¢01 o0, 0.00000
TIME 140000£02  1,0000£-01
OLLTECTOR RELAYIVE
ENERGY 1 ERROR
S.,0000£=-03 0, 0,00000
1.00006-02  1,46701E=29 99997
140000E°00  1.50796E-05  .03019
5,0000€+00 3.28125E=00 «03620
1,4000E401  3,12918E-06  .03027
TIME 1.0000£401  1,0000€+00
DLTECTOR  RELATIVE
ENERGY 1 ERROR
5,0000E-03 0. 0.00000
1,0000E=02 4 S4l€-10 «80352
1,0000E900  1,8952€=05  ,03838
$,00006¢00  1.445106-07  ,18699
1.4000E¢01 o, 0000000
TINE 1.0000E:00  1,0000E¢01
DLTECTOR  RELATIVE
ENERGY 1 ERROR
3,0000E-03 0. 0.00000
1.0000€-02 0. 0.00000
1.0000£600 0. 0,00000
$.0000£400 0. 0.00000
104000E+0) 0. 0.00000
TAPE DUMP NO. 2 NPS®  leale

39



17.56,41
17.58.48
17.56,49
17.56,30

17,56,.51
17.56.51
17,56,51

17.56,51
17,56,51
17,96,51
17.56,51
17,56,51
17,856,552
17.56,52

18,25,43
18.25.43
18,25,43

16,35,44
19,00,58
19,00.,58
19,00,.59

19,00.59
19,00,59

9 *Ccp

SBMTR
oL0S 01
SUMTR
SuMTR 00
SY760073
SUMTR
SUMTR
ecce 00

SUNTR
SUMTR
eCCP

°ccp

oCeP

oCcp

SUMTR
eccP

sUMTR
SUMTR
SBMTR
LOS 05
SUMTR
SBMTR
sceP

stcp

occP 8
SUMTR

w N

L 4

sccp

~e

SUMTR
SUMTR
SRUN
SRUN
oCcP 8
eccP 9
*CCP 10
eCcP 1)
1HCPPRS
SUMTR
SUMTR

°CCP 12
oCcP
ecCP 13
SUNTR

*CCP 14
stce 1%
oCCP 16
MCPPRS
SUMTR
SUNTR

*CCcP 17

19.8 «59 *CcP

19400459
19,01.00
19.01,00
19.01,00
19.01,00

19,01.00
19,01,00
19.01¢00
19«0l g0
19.01.00
19,0100
19,01,00

19.01400
19,01,00

19,01.00

19,02400
19402413
19.02,17

FILE COMPLETE

40

'CSP is
SUNTR

sCcP
SUMTR

SUMTR

SUMTR

SUMTR 99

*L0S 06
SOUTPUY
soUTPUT

JOB CARD READ WITH AD ERRORS
CARDS 0002639

REAQ, JOB READY TO BE SCHEDULED.

CROS 1482 72712706 PACH, 14 TAVE |
JUSER MONITOR OF 11/02/72 INITIALIZED,

«JOB NAMEsSCHRAND1BRDATE o 12/12/07

$JOB (NAHEuSCHRANDT 1 CAT=0S,CLuUsACEV06IUASI406COSON
CPePR=104PLu40 s TLOSH)

«FILE SET CCOD OPENEDBUFFER LENGTH 200001100,
+FILE SET INP OPENEDBUFFER LENGTM «00010100,
S INITIATE AND RUN MCP TEST PROBLEM,

SLABEL (STAGE)

SCREATE (FSwCODETPsCLaUIPRENTXX009301)

SOPEN (FS=DUMMY +SCT=2000)

«FILE SET DUMMY  OPENED.BUFFER LENGTH 00032100+
SCOPY{ I=COLETP ¢ QuDUNMY)

+FILE SET CODETP OPENEDJBUFFER LENGTH =00032100,
ROLLOUT STARTED

ROLLOUT DONE

XX009301 IS ON UNIT 2 FILE CODETYP 800 BIN
ROLLIN STARTEU

ROLLIN DONE

SIF IFALSE=READY)

SLABEL (READY)

SAF SREL (FSaDUMMY)

oFILE SET DUMMY  CLOSEDBUFFER LENGYH ®gg9X2100°
oFILE SET STATISTICS

« READS WRITES POSITIONS OISK ROS OISK WRS
000000000 000000320 000000000 000000000 00U000018
. LWA=0000256555 ¢DEVICE=Q?

SHEMIND {CODETP)

SRUN({CsSX¢BaRUNTP)

oFILE SET RUNTP  OPEMEDIBUFFER LENGYH #00032100.
«FILE SET OyT OPEMEDsBUFFER LENGTH 2000321004
oFIELD LENGTH IS = 050776

2RUN-LCM69 CTYIME 000,259 SEC.

SCOPYF [I2CODETP s OsRUNTP)

SSETQIKEY=KKTP)

$SETQ.

SLUGO(TmCOVETP)

<END

oFILE SET IMAGE  OQPEMEDIBUFFER LENGTH 2000641006
oFILE StT IMAGE  CLOSEDJHUFFER LENGTH =000¢4100+
+FILE SETY STATISTICS
» READS WRITES POSITIONS OISK ROS DOILX WRS
000000000 600000003 000000001 000000000 000000003
N LwA=000007634440EvICEmQ]
S{F {FA_SEaFUN)
SUABEL (RUN?
SAFSREL [F5=COVETP)
FILE SET COOETP CLOSED+BUFFER LENGTH 00032100
JFILE SET STaYISTICS
. READS wRITES POSITIONS OISK ROS DISX WRS
000000404 000000000 000000001 000000020 000000000
LiAR0000256555,0EVICE=D]
$SETQ(KEYEKKTP)
$SEYQ,
SLDGO { 1=RUNTP)
+END
JFILE SET IMAGE  OPEMEDJBUFFER LENGTH =000£4100¢
LFILE SET IMAGE  CLOSEDBUFFER LENGTH w00064100.
JFILE SET STATISTICS
» READS WRITES POSITIONS OISK RDS OIS MRS
000000000 000000003 000000001 000000001 000300093
LWA%0000111257,0EVICE=D)
$IF (FALSETAPE)
A
Ekf?gté(rs-$u~rv.noxsﬁ-rnﬁcl
LJFILE SET RUNTP  CLOSEDRUFFER LENGTH 200032100,
SFILE SET STATISTICS
» READS wR1TES POSITIONS DISK ROS DIS< WRS
000000025 000000027 000000003 000000004 000000011
LuA-00001~1032-0tvxcz-nl
JEOF OR EOI ON CC FILE, FSETa

»FILE SET CCO CLOSED-BU’FER LENGTN ®0000:100.
LFILE SET STATISTICS
» READS wRITES POSITIONS DISK RDS DISK WRS

000000071 000000037 000000034 000000000 000300000
LwA=0000000000+0EVICE=QQ

WFILE SET INP CLOSED+BUFFER LENGTH =0pgl10100s

WFILE SET STATISTICS

» READS wWRITES POSITIONS OISX ROS OIS< WRS

000000222 000000222 000000001 000000000 000500000
f LwA=0000000000,0EVICEnDD

JFILE SET OuT CLOSEDsBUFFER LENGTM 2000321004

FILE SET STATIS TiCs
Fakios RETES POSITIONS OISK ROS OISK WAS

000000000 00000!‘63 820000000 000000000 000000002

LWwA=0000021702,0EVICERD)
-JOB TERMINATION.
LJELAPSED CP TIME = 00288,19619 .
JESTIMATED JOB COST 30036402
£X008199 IS ON UNIT 1 FILE RUNTP 800 BIN
FSSRUNTP DSPsTAPE 4969 WOROS
FSsQUT DSPwPRT 9153 WOROS 13 PACES

SCYRANDIBR 1



CORE MAP ooncesssesssee DATE= T2/12/08%0e TIMEe
. FUA LWA

20020,15000n00000000 NORMAL LOAD
BLNK COM LE«GTH

Co0E 868100 1t0787 631011 057747
LOAOER 143602 150071
TABLES 143601 140017
NAMED Lem
FILE PROGRAM ADDRESS COMMON ADRESS BLOCK ADDRESS
ccncnes concane cosecns  cwecese
RUNTP
SOURCE 005538 61 [ 11811
G2 000142
63 poc2re
G4 005301
Dxcom 00" 504
MCPPRS 005701 ()] 000100
02 00v162
03 pos276
as 002301
DxCoM 00504
DAPNT 016730 61 000100
82 004162
63 005276
[T DOSI0L
OxCoM 005504
FAN 017302 (3% a0,100
62 000142
03 00,276
Ge 005301
oxcoM 00504
IAN o1v3avy [} 000100
62 000342
03 00T276
(L3 005301
DxcoM 00304
sYsLte
ACGOER 017355 RBAREX 023067
BACKSP 017367 SQRY 023146
BUFFET 017416 ABORT 023224
BUFFEQ Q17537 B8S4020 023275
CLOCKF 017621 Ce020 024055
OMPXX 017724 ENTR 024151
ENDFIL 020466 GETBA 024205
INPUTC 020502 10UTEL 024241
T0CHEK 020656 KODER 025532
LENGTH 0207102 KRAKER 027027
LOoCF 020722 LABRT 039070
OUTPTC 020736 MEMORY 030176
PACKAGE 021072 oUTPTS 030356
SeTO 021157 REMARK 030447
SSWTCH 021400 RETN 030502
SYSTEM 021466 SxiPR 930532
L3484 022524 SHIFT 030604
ALNLOG 022643 80! 030621
EXP 022132 PSCALE 030665
IMATEX 023005 N203SR 030672
RBAIEX 0230386
UNSATISFIED AEFEAENCED [}
EXTERNALS [ 14 LOCATION
P venasne e comnn
SRCOX MCPPRS 006577
MCP TEST PROBLEM
SOURCE NOo TIME CUTOFF ENERGY CUTOFF  AUN TINME D.P, CYCLE DUMP CYCLE DUMP NOo CuToFFf CYCLE
7 1+0000E+02 140000E=02 4.9000t 00 50000 %0000 -0 -0
TIMES 9,730 MINUTES
NUMRER OF TOTA| RANOOM TOTAL 107aL COLLISIONS TRACKS PHOTONS
Puorgnso Nunata (14 NUMBERS wE 1OHY ENERGY PER PHOTON PER PHOTON PROCESSED
STARTED COLLISIONS GENERATED STARTED STARTED STARTED STARTED PFR MINUTE
33217 365325 3740703 3.3618E+06 3.1808E406 1,0998E+01 S.5468£000 3,5526€03
ToTAL LOSS TO LOSS TO L0SS LOSS LOSS TOTAL
TRACKS ENERGY TIME 0 10 To TRACKS
STARTED CUYOFF cutorFs ESCAPE cAPTURE SPLITTING LOST
184248 ° [ 44548 Jad12 10539)1 184248
WETGHT LOSS YO LOSS 10 LOSS LOSS WETGHTY Palk
STARTED ENERGY TIME To 10 LOST PRODUCTION
PER PHOTON  CUTOFF CUTOFF ESCAPE CAPTURE PER _PHOTON PFR PHOTON
1.0061E400 0e 0, 3,3946E01 6.8302€-01 1.,0225€¢00 9.8508E-03
ENERGY LOSS YO LOSS 1O LOSS LOSS LOSS LOSS ENERGY
STARTED ENEROY TINE o 10 Y0 PASR 10 LosT
PER PROTON CUTOFF CcuToFF ESCAPE CAPTURE PRODUCTION COMPTON PER PHOTON
9.4885E~0) [0 [ 4.5885E=0} 4e60068=02 T.43%50E=02 3.6930€~0) 9.4551E-01
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CELL
1

OD~NPAIPWN

ELL

OBNP RS N

NO. OF
PHOTONS
CAPTURED
T.6768E=02
2,2495€-01
2.7596E-04
4,67086-03
5,1749E-0)
1,206TE~-04
4,389%E-02
S5.3060€-05
6,78R7E=-02
3,6879E-08
$.6451€-0)
3.5245€-04
2,9434E-0)
1.9798E-03
5.,0175€-05
3.6005€~02
T«0245E=05
7.8675E-03
141145E~-02
245489E-04
1.4149€«03
1.8326£-03
2.0898E-04
1.T6B8TE=04
8,6928E-0%
2,1357€-02
9.0627E-02
1.0535E~01
1,4988E-02
1.4986E-02
0o

0.

ENEROY
LOST

10 CAPTURE
3.9056E=04
1.0844E-02
1.2038€E~0%
2.4910€-04
3.1337E~04
5.0749€~06
2.7072E-03
242045E-06
3.9928E-04
1,4509€~06
2.6343E-04
1,50476-0%
1,6726E04
1.08816-04
3,2n40E-06
2.,2427€-03
3,7538E~06
S.1866E-04
T.4789E-04
1.5865€-05
7.1014E~0S
1e1117E-04
9.4301E-06
1.0398£-05
4.6405E-06
2.3960E~0)
1.0026E-02
1,1199E~02
1,6n40€«03
1.3639E<03
Oe

0o

RELATIVE
ERROR
«08057
202053
«28191
+08040
+12949
+28184
«02496
029841
«03958
«23812
004496
07627
«04047
+03854
« 72109
04418
«58899
+096833
+08334
038142
«22039
«08026
21607
014956
«22858
+ 05463
«02573
01761
+03663
«02928
0400000
0.00000

RELATIVE
ERROR
205606
oN216R
«27761
<0047
«13989
o 28417
«0231n0
«30060
203781
024923
«04258
« 07617
03936
«03779
+B1392
008682
«67499
«10077
«08257
«44236
022462
«NR69Y
«211384
« 15556
02335)
006382
«02860
201765
03716
003037

000000

000000

PHOTONS
LoST to
Es Co

ENERGY LOST
To ENgROY
CUTOFF

[ 2

TOTAL CELL OEAPQSITINN DATA

RELATIVE

ERROR
0.00000
0400000
0.00000
0400000
0.00000
0,00000
0000000
0+00000
0.00000
0+00000
0400000
000000
0.00000
0+00000
000000
0400000
0400000
000000
0.00000
0400000
0.00000
0400000
0.00000
0.00000
0.00000
0.00000
0+00000
0.00000
0.00000
0000000
000000
0.00000

RELATIVE

ERRGR
0000000
0.00000
0.00000
0,00000
0,00000
0400000
0400000
0.00000
0.00000
0400000
0,00000
0.00000
000000
0.00000
0,00000
0.00000
0.00000
0.00000
0.00000
0400000
0.00000
000000
0.00000
0.00000
000000
0000000
0400000
0.00000
0400000
0400000
0400000
0.00000

PHOTONS
CREATING

A PaIR
3,1109€=0%
3,0296€-03
$,6231E-05
3,5725¢-04
4,.6462E=04
4,1645E-08
4,3703E-04
1.,0160E-0%
4.5659E-0%
B.7179E=08
3.3994£-05
2.4021E-05%
3.3241€-08
1.6244E=05
6,0210€=-05
4,1846E-064
1o 2042E-0%
4.8168E-08
1e1741E-04
842221508
1.2443E-04
149644E-068
2.5840E-05
15931E-0%
1, 7185608
4,5760E«04
1.4109E«03
1,6904E<03
2,7797E«04
3,2313€+04
0

0,

ENERGY LOST
10 palR
PROGUCTION
1e74}1E=04
2.3009€-02
4.5015€-04
247599€-03
3.4716E+03
3.0727€=04
3,3457€-0)
Be5105E-05%
JeORTAE=DS
6,0432€-0%
2.8527E~04
1e920RE=04
2+B26RE-D4
1.210RE-04
6,8/65E-04
delosBE-03
9.3217E-0%
2.9RT1E=04
6.3654E068
. 06B7E=04
1.0771E-0)
1.5407E-03
147092€-04
9.9358E-05
1:2531E-04
3.6959€-0)
1e01085¢E=02
1.3117€-02
1.9548E-03
243024E+03
[ 1)

RELATIVE
ERROR
42179
«06380
«20433
«09361
«18507
«18244
« 08098
«26386
«13797
020124

19904
11048
+ 04594
«11239
«07869
0400000
0.00000

RELATIVE
ENROR
53510
oNTHAY
«25187
210731
021542
«2187)
«07208
«2928)
+«16561
0280867
«20209
12333
« 16474
«13637
«62459
25654
«99998
51042
s 30047
«62093
«43560
10679
27034
«20476
°26697
223318
«13579
«05444
«16236
+09629
0.00000
0.00000

ENERGY
LOST

70 COMPTON
443Ah14F=03
1,0577€-n1
B.5A12E«0)
344S584E-02
4olhl0E~02
B8+5153E-03
1+ 79SAE=-02
2«0908E=0)
2.04684E~-03
13093603
1:2R14E-03
248934E~03
8.8050E-n4
6.11HE~04
1+0R57€-0)
1¢6113€=02
3.5758E=04
2.9645L-03
6e0218E-03
3.8755E«03
1¢5237E=02
147063E=02
2+3R84E-0]
1.8R07E=03
1¢2103E«03
648759E=03
204326E=02
240826€-02
4,55056€-03
4.4761E-03
Oe

Oe

RFLATIVE
EPROR
«afR718
on1963
«N3687
01889
“alals
Lr{1.13
NIATY
«NIAIT
004053
on3T58
005265
on3les
«n52380
oeN&RGI
12165
+05609
° 24928
014786
009764
12116
«n5787
01918
oné708
+N8300
006724
010169
«0%5130
002132
056312
004258
0400000
0,00000

TOTAL
ENERGY
DEPOSITFD
4.9263F-03
143962€-01
9.0234E-0)
3.T583E=02
$.5105€-02
ReB27AE-03
2.4009E =02
2.17A1F=03
2.8167€-03
143712E=03
148302€E-03
3.1010E-03
143303E-0)
8,4172E-04
1.77566-03
241461E~02
4.551HE-04
3.7819£~0)
Te00SAF=0)
4,2982€-03
1.6385€E~02
1.8715E-02
2.568RE=0)
1.5904E=03
1.3405€-0)
14296R8€E-02
$.0497€E-02
5.3142g-02
A.1004€=0)
8.3424£-0)
[ X

[ Y



NUMBER OF PHOTONS CROSSING SURFACE

TIME [0 1.0000€¢02
COSINE 1.0000E%00 840000E-01
SURFACE
ENERGY = T0 ¢ REL. ERROR
5,0000£=-03 1,40490£-03 44028
1.0000€-02 9,43292€-03 +14654
1.0000€400 4,23907€-01 «01136
5.0000E400 2,36114€-02 «01987
1.4000E+01 2,43329¢-02 «0208¢
SURFACE
ENERGY - T0 « REL« ERROR
$.,0000E-03 [ 0,00000
1.0000£-02 0. 0.0004Q0
1.0000E+00 1429006E~-02 «03034
$+0000E200 2.34054E-0) «04260
1.4000E+01 2.38834E-03 04789
COSINE 8,0000€E-01 6+0000€-01
SURFACE
ENERGY = 70 ¢ RELe ERROM
5.0000€-03 1.00350e=-03 »52912
1.0000E-02 6,22171E-03 « 16907
10000E+00 2.63121€-01 «01504
5.0000E%00 1.42778g-02 +02570
1.4000E¢01 1.48799€-02 «02703
SURFACE
ENERGY = T0 ¢ REL. ERROR
$40000E~03 0. 0.00000
1.0000E=-02 Oe 0.00000
140000E+00 5.09553g-03 «04839
5.0000£+00 5,60174g-04 209685
1.4000E001 4,09931E-04 «15349
COSINE 6.0000E=01 420000E-01
SURFACE
ENERGY = 70 ¢ REL. ERROR
$,0000E-03 4,01401E-04 « 79055
1.0000€=-02 4.61611£-03 «19678
1,0000£¢00 1,41483E-p1 02090
5.0000£+00 Te56R41E=03 «03615
144000E01 1.62260£-03 «03819
SURFACE
ENERGY = T0O ¢+ REL. ERROR
5.0000E-03 O 0.00000
1,0000E-02 0. 0.,00000
140000E¢00 201605TE=03 «06828
5,0000E+00 8.89040€-05 «21919
1,4000E401 0, . 0.00000
COSINE 4,0000€E-01 200000E~01
SURFACE
ENERGY « 70 o REL+ ERROR
5.,0000€-03 2,00700E-04 «70709
1,0000E-07 2,91016€-03 227795
1.0000€E°00 5,93782€-02 «03230
5,0000£+00 2,68638€-03 06305
1,4000E+0} 2,60509€-03 «06398
SURFACE
ENERGY = TO » REL. ERROR
5.0000E-03 0. 0000000
1.0000E-02 0. 0.00000
1.0000E¢00 8,92803€-04 012274
$.0000E+00 8.52977E-06 +955452
1.4000E401 0. 0.00000
COSINE 2,0000£-0) [N
SURFACE
ENERGY = 10 ¢ REL. ERROR
5,0000E=-03 3,010515=04 «ST732
1.0000E=-02 3,01051£-04 «99998
1.0000E+00 1.17912e~02 207249
5.0000£400 3,89359E=04 «15484
1,4000€+01 4,53583E~04 15445
SURFACE
ENERGY * 70 ¢ RELe ERROR
$,0000E-03 0, 0.00000
1,0000£=-02 0, 0.00000
1.0000E+00 3,09675e~04 »1083%3
5.0000E+00 0o 0,00000
1,4000£401 O 0,00000

¢ T0 = REL., ERROR
0, r.00000
0. 0,00000
3.02245€=-02 «04797
o, 0.,00000
0. 4000000
1
¢ 10 =« REL. ERROR
0, ~,00000
[ ¥+00000
0. Y. 00000
Oe 0.00000
0. /400000
1
e 10 e REL. ERROR
4.01401E~0¢ » 719055
0. 4400000
2.T9065E~02 04882
0. ve 00000
0, 200000
11
¢ To = REL. ERROR
0. 0,00000
0. ,+00000
0. 0400000
0, ++00000
0, A,00000
e T0 = REL ERROR
0. n,00000
Qe «00000
1.89200E=02 05727
D J+00000
0. n.00000
11
¢ T0 = REL. ERROR
0. 0.00000
0. 1.00000
[ 0.00000
0. .+00000
0, 0.00000
e TO = REL. ERAOR
1.003S0E=0¢ «99998
(18 ~+00000
1,28930E-02 06847
0. .+00000
0, 0,00000
11
e 710 « REL, ERROR
0. 1400000
0. 0400000
0. 1400000
0. 0.00000
0. 4000000
e 10 « REL, ERROR
0. ~+00000
0. 0.00000
5.0576%E=0) e10776
8,02802E~06 +99998
0, 1400000
11
¢ 70 » REL., ERROR
0. 1,00000
0, 0000000
0, 0,00000
0, 0.00000
0, Je00000

SURFACE
“« 10 o REL. ERROR
0. 0,00000
O 0400000
T+56402E~03 «02750
T.72822E=04 205956
8.11959¢-04 +07519
SURFACE
« 70 o REL. ERROP
Oe 0.00000
O 0.00000
1.45012E=-01 e0173¢
1.81233g~02 «02475
1652576202 «02772
SURFACE
e 10 REL. ERROR
.1 0.00000
O 0.00000
2462531E-0) «02812
2,99483€=05 09333
0. 0.,00000
SURFACE
- 10 ¢ REL. FRROR
0. 0,00000
O 0.00000
24563756=02 «03676
2.44453¢<0) «05600
24.13545€=-03 «06812
SURFACE
e 10 ¢ PRELs ERRNR
Oe 0.00000
0. 0.00000
1.40196£-0) +03428
640837IE=Q8 *19238
[ 0.00000
SURFACE
= Y0 ¢ PREL. ERROR
0. 0,00000
0. 0,00000
4,35319€=-03 +08296
1:12392E=04 «21916
8,02802E-06 «99998
SURFACE
70 ¢ RPEL. ERROR
[0 0.00000
0. 0,00000
6.37608E-0¢ 04310
Oe 0.,00000
O 0.00000
SURFACE
- 10 ¢« REL, ERROR
[ 0.00000
0 0.00000
3.59254€=0¢ «34026
[ B 0.00000
[N 0,00000
SURFACE
e 70 ¢ PREL, ERROR
0. ¢.00000
[ 0.,00000
1098557E=04 «07506
0. 0.00000
0. 0,00000
SuRFACE
- 70 o REL. ERROR
0. 0.00000
Qe 0.00000
[0 0.00000
0o 0.00000
O 0,00000

10
¢ 10 = REL. ERROR
0, 0,00000
0. 0.00000
3,50801E~04 205562
0, 0,00000
0. 0.00000
1e
e 70 = REL, ERROR
0, 0,00000
[ 000000
0. 0400000
[ 0.00000
0. 0400000
10
e TQ » AEL. ERAOR
0, 0.00000
0, 0400000
3,60916E=04 « 05361
0, 0.00000
0. 0400000
1
¢ T0 = REL. ERROR
0, 0,00000
0, 0400000
0, 0,00000
o, 0.00000
0. 0,00000
10
e 10 = REL. ERROR
.8 0400000
0, 0400000
3,33381E~06 +05B82%
[} 0.00000
[ 1 0400000
1
¢ 760 = REL., ERROR
0. 0.00000
0, 0,00000
a, 0400000
[ 0400000
0, 0,00000
10
¢ 70 = REL. ERROR
0. 0,00000
0. 0,00000
2.92600E=04 +06029
0. 0400000
0. 0,00000
1s
e 10 - REL. ERROR
[ 0400000
0. 000000
[ 0400000
0, 0,00000
o, 0.00000
10
¢ T0 » REL. ERROR
0, 0.00000
o, 0400000
1,92999E=0¢ 08846
0. 0400000
0. 0,00000
14
¢ 70 = REL. ERROR
0. 0.00000
o, 0400000
0, 0,00000
0, 0,00000
o, 0,00000
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NUMBER FLUX INTEGRATED OVER SURFACE

TIME O 1,0000€E=-02
SURFACE RELATIVE
ENERGY 17 ERROR
$.0000£+03 Oe 0,00000
1.0000E~02 0, 0,00000
1.0000£+00 0. 0,00000
$,0000E+00 0, 0,00000
1,4000€+01 0. 0,00000
TIME 1,0000E-02 1.0000E-01
SURFACE RELATIVE
ENERGY 17 ERROR
5.0000E~03 0o 0.00000
1.0000E~02 0. 0,00000
1.0000€400 8.00788E-02 « 054590
5.0000E+00 3.57769€-03 006721
1.,4000£401 279901€-03 08264
TIME 1.0000E-01 140000E+00
SURFACE RELATIVE
ENERGY 17 ERROR
S$.0000E-03 0. 0.00000
1.0000€=02 Oe 0,00000
1.0000E+00 3.41178E-02 «07053
S.0000E+00 . 0,00000
1.4000£401 0. 0.00000
TIME 1.0000E+00 10000E401
SURFACE RELATIVE
ENERGY 17 ERROR
5.0000E~03 [0 0,00000
1.0000£~02 0. 0.00000
1,0000E+00 Oe 0.00000
8.0000£+00 0. 0,00000
1.4000E+01 [ 0,00000

NUMBER FLUX AT DETECTOR

PATH LENGTH/VOLUME

TIME Oe 140000E~02
CELL RELATIVE
ENERGY 3 ERROR
1.0000E~01 4,17716£-07 «51739
5.0000£-01 3.12166E-06 «14615
1.,0000£+00 2.66085€-06 «12528
5.0000€+00 6,03493E-07 012646
1.4000£401 6.41106£-07 14639
TIME 1,0000E~-02 140000€-01
CELL RELATIVE
ENERGY 3 ERROR
1.0000€-01 4,08842E-04 «04696
5.0000E+01 To412T4E=08 « 02636
1.0000£+00 2,79005€-0¢ «03420
5,0000E+00 5.89645£-05 03888
1.4000E001 5,950 74g=-05 +04222
TIME 1,0000€~-01 10000E¢00
CELL RELATIVE
ENERGY 3 E£RROR
1.0000£~01 1,78923E~-04 «06573
$+0000£~01 3,86500E-05 10721
1.0000€00 1.89136E-07 «59416
5.0000£+00 8 0.00000
104000E+01 [} 0.00000
TINE 1,0000E+00 140000€¢01
CELL RELATIVE
ENERGY 3 ERROR
le0000E=01 [ B 0,00000
5.0000E=-01 0. 0.00000
1,0000E00 0, 0.00000
$.0000£400 [T 0,00000
144000E¢02 0o 0,00000

TIME Ge 1.0000€-02
DETECYOR RELATIVE
ENERGY 1 ERROR
5,0000£=03 Oe 0,00000
1.0000E~02 (B 0.00000
1,0000£4+00 [ 0,00000
5,0000E+00 0. 0,00000
1,4000E401 0. 0.00000
TIME 1.0000E-02 1.0000£-01
DETECTOR RELATIVE
ENERGY 1 ERRUR
%,0000E-03 0, 0,00000
1.0000E-02 9.71985€£-30 «99998
1.0000E+400 1,67103g-05 « 02255
%,0000E400 3.30998€-06 202554
1.4000E401 3.12255£-06 «0221%
TIME 1.0000E-01 1¢0000E400
DEYECTOR RELATIVE
ENERGY ! ERROR
5.0000€~03 [ 0,00000
1.0000E=02 2.14581€-10 278412
1,0000E400 1,35727€-05 «03892
5.,0000E400 1,69817€-07 37684
1.4000F+01 0, 0,00000
TINE 140000E+00 140000E+0}
OETECTOR RELATIVE
ENERGY 1 ERROR
5.0000E-03 0. 0.00000
1.0000€-02 0. 0,00000
1.0000£+00 0. 0,00000
5,0000£+00 0, 0.,00000
1.4000E001 [ ) 0,00000
TAPE DUMP NOo 3 NPS® 33217
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20,25.56
20,25,.59
20.26,01
20.26.02

20,268,023
20426.03
20,26.03

20426.03
20.26.03
20.26,03
20,26,03
20426,03
20.26,06

20.26,04
20.26,04
20.26.04

20.26.04
20626,04
20.26,05
20.26.13
20428411
20.28,12
20.28.13
20,28413
20,28,13
20.28.13
20.28,13
20428412
20.28,13
20.28.13
20.28.1)3
20428.13
20,28,13
20.,28.1)
20.28.15
20429.10
20,29,11
20.35,30
20435,31
20.39.2}
20039.21
20.39.21
20,39,21
20439421
20,39,2)
20439.21
20.39,21
20.39,21
20439.21
20439.21
20,39.21
20,39, 21
20,39,21
20.39,21
20.39.22
20.39,22
20039,22
20.39,.22
20.39.22
20.39.22
20,39,.22
20.39,22
20.39.22
20.39,22
20.39,22
20.39,22
20.39,22
20439.22
20,39,22
20.39,22
20039.22

20.39.30
20.39.40
20.40.00

FILE COMPLETE

SBMTR
*L0S o1
SAMTR
SAMTR 0O
SY760013
SUMTR
SUMTR
sccP ]

SUMTR
SUMTR
eccP
oCCP
eccp
SBMTR
SBMTR
$SBMTR
$S8MIR
eccP
SUNMTR
oCCP

“w mooaom
- s s oo

SUMTR
SBMTR
SBMTR
*L0S ¢S
SAMTR
SBMTR
oCCP 4
occe
eccp &
SUNTR

occP
eccp
ecee
eccP
SUMTR
$BMTR
SRMTR
SBMTR
SMTR
MCPPRS
SUMTR
SUMTR

oM

ecch It
oLCcP
*CcCP 1}
SUMTR

sccP
SUMTR

SUMTR

SUMTR

SUMTR 99

*L08 (6
SOUTPUT
SOUTPUY

JOB CARD READ WITHM NO ERRORS

CARQS 0000308

READ., ~JOB READY TO BE SCHEDULED.

CROS 1,82 T2/12/06 MACH, 1¢ (APE
+USER MONITOR OF 11702772 INITIALIZED,

«JO8 NAMESSCHRANDIVJUIDATE = 72712708

$J0H (NAMESSCHRANDT+CAT®0S ¢CL®UACEV06+UARSS06COSOM
CPyPR21 ) PLEADTLu5M)

«FILE SET CCD OPENEO«BUFFER LENGTH 200001100+
oFILE SET INP OPENEDYBUFFER LENGTM = 3010100.
$. CONTINUE RUN=«MCP TEST PROBLEM,

SLABEL (STAGE)

SCREATE (FSSRUNTP ¢ CLRU+SCT#2000+PREMTHXX008199)
DISK ERROR CHNw®243 DISKeaA FSuSYSLI8 REQSREAD
ERRN=(0002 TRKN#00NS SCTN®0004 MOGN=0000 NRA®000)
PPNO%0003 SHTR=0005 SHSE=(0006 SHNE=0000 SPARs0000
ST1R®=0502 SPARe0000 5T1P=0502 ST2P=2000 ! 2AR=0000
SOPEN{F SsDUMMY,,SCT=2000)

oFILE SET DuMMY OPENED+BUFFER LENGTH =(2032100.
SCOPY (JuRUNTP 4 0nDUMMY) TO VERIFY POINTER WORD
S

«FILE SET RUNTP OPENED+BUFFER LENGTH 200032190,
ROLLOUT STARTED

ROLLOUT DONE

XX008199 IS ON UNIT 1 FILE RUNTP 800 BIN
ROLLIN SYARTED

ROLLIN OONE

SIF (FALSEmREADY)

SLAREL (READY) SUCCESSFUL STAGING

SAFSREL (FSenUMMY)

+FILE SEY OumMy CLOSEDsBUFFER LENGTN 200032100,
«FILE SET STATISTICS

o READS WRITES POSITIONS DISK RDS 0ISK waS
000000000 000000150 000000000 C00000000 000000010
. LWA=00001411589DEVICEND)

SREWIND (RUNTP)

SSETQ{KEY=KKTP)

SSETO,

SLDGO{ I=RUNTP)

«FILE SET OUT OPENEDBUFFER LENGTM =£0032100.

ROLLOUT STARTED
ROLLOUY DONE

AOLLIN STARTED

ROLLIN DONE

+END

«FILE SET IMAGE  OPENENVBUFFER LENGTM =( 064100,
oFILE SET IMAGE  CLOSENBUFFER LENGTH ®00066100¢
oFILE SET STATISTICS

« READS WRITES POSITIONS DISK RDS 2JISK WRS
000000000 000000003 000000001 000000000 00000000
. LWwA=0000111257+DEVILES=O}

SIF(FALSE=TAPE}

SLAREL {TAPE)
SAFSREL (FSERUNTP,ADISP=STAPE ¢ POSHT=XX008199)

oF ILE SET RUNTP CLOSENSBUFFER LENGTM =t 0032100,
oFILE SET STATISTICS

o READS WRITES POSITIONS DISK RDS DISK wmS
000000177 000000002 000000003 000000016 00000000%
. LWAR00002042511DEVICE=O]
+LOF OR EOI ON CC FILE. FSFTmCCD

+FILE SET CCD CLOSED»BUFFER LENGTH = 0001100,
oFILE SET STATISTICS

e« READS WRITES POSITIONS DISK RPS UISK WRS
009000046 000000025 000000023 000000000 00000000
. LwA=0000000000+DEVICE=00

oFILE SET INP CLOSENsBUFFER LENGTH =7 010100,
oFILE SET STATISTICS

« READS wRITES POSITIONS DISK RDS DISK wRS
000000001 000000001 000000001 0000600000 0600000000
. LWA®0000000000+NEVICE=0D

«FILE SET OUT CLOSED'BUFFER LENGTM =n0032100.
oFILE SET STATISTICS

o READS WRITES POSITIONS DISK RDS 218K WRS
000000000 600000560 000000000 DODGOON00 000000001
. LwA®0000010600+DEVICE=0]

»JOB TERMINATION,

«ELAPSED CP TIME s 00288.27910 .
+ESTIMATED JOB COST $0036,03

XX008199 IS ON UNTT 1 FILE RUNTP 600 BIN

FSsRUNTP 0SPeTAPE 67754 wORDS

FSa0UT DSPsPRY 4481 WORDS 6 PAGES

SCHRANDLYY 2

ALT:533(260)
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