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MONTE CARLO PHOTON CODES: MCG ABC MCP

by

E. D. Cashwell
J. R. Neergaard
C. J. Everett
R. G. Schrandt
H. M. Taylor
G. 0. Turner

ABSTRACT

A description of the Honte Carlo photon codes, MCG and MCP,
is given. Since these codes contain cany features in common
with the Monte Carlo neutron code HCN, 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 used In conjunction with it when
dealing with a photon problem. The parts of the photon codes
which are the same as in KCN are clearly indicated.

In Part I, an account Is given of HCG. This code is suit-
able for solving s wide variety of gaooa transport problems.
The physical processes treated are pair production, Conpton
scattering, and photoelectric absorption. The collision routine
assumes photons with energies between 1 keV and 100 MeV. The
possible sources, geometry, and output available to the user are
described, together with the Honte Carlo oethods and cross section
data eaployed.

Part II describes MCP, which has a more sophisticated Honte
Carlo collision routine for photons of energy 1 keV to 15 KeV
colliding with atoms of Z • 1, 2, •••, 94 at rest. The routine
tak«s 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 vith local
emission of annihilation radiation.

In Part III, a sample problem Is set up and run using both
HCG and HCP, with the complete computer listing displayed in
each case.

PART I

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

A. INTRODUCTION

The Monte Carlo gamma sode MCG has oany fea- that they are identical, and we refer the reader to

tures in common with the neutron code KCN, which Is LA-4751 for the details.

described in LA-4751. In the Interests of brevity. Setting up a problem for HCG Is quite similar

we will not describe in detail the featurcn which to setting up one for HCN, with only a few differ-

sre the sane in the two codes but merely point out ences resulting firon the altered collision routine
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for photons as well as from the slight modifications

of the output tallies.

The units used in MCG are the same as those

used in MCN and are as follows:

1. Lengths in centimeters.

2. Times in shakes (10~8 sec).

3. Energies in MeV.

4.

5.

24
Atomic densities in units of 10 atoias/cm'

Cross sections in barns (10 cm ).

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 is 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 Conpton 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 use of form

factors), and the highly forward coherent scattering

is ignored. Thus the total cross section o is re-

garded as the sum of three components.

t pe pp s

(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. Fart II.)

1. Cross Sections. The Howerton Photon Inter-

action Library in ENDF/B format (Ref: UCRL-50400,

Vol. VI) was the source of cross sections used in

the code. The latter yields tables of values of

ap"e(Z), °pP
(z)» ae(z)« a n d °t ( z ) f o r eleffients

the atomic numbers Z - 1, 2, ••-, 83, 86, 90, 92,

and 94 at a common sequence of 166 energies E^,

i - 1, 2, •", 166. These energies include the

photoelectric edges above 10 keV of all elements

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 Z and required probabilities.

This is a simplification allowed by the use of an

-jsrgy 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 collision,

the weight H a /a and energy EWo /r are tallied

In the appropriate bins. The non-captured weight

W(l - c la ) is then forced to suffer either pair

production or Corapton scattering with the proper

dep'Jndent probabilities.

3. Pair Production. In a collision resulting

in pair production (probability o /(a - 0 )), it

is 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 ganna of energy 0.511 MsVs

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

a /(a - a e ) . In the event of such a collision,

the objective is to determine the energy E* of the

scattered photon, and V = cos 8 for the angle 0 of

deflection from the line of flight. This yields

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 process

Is given by the Kleln-Nishina formula

K(a,u)dji (o'/a)2 (a'/a + a/a' + u2 - l)du



where rg is the classical electron radius, a and a'

are the incident and final photon energies in units

of 0.511 MeV (a - E/(mc2), where m is the mass of

the electron and c is the speed of light), and

a' - a/[l + a(l - y)]

Changing variables from \i to x « 1/[1 + a(l-u)]

on 5 5 (1 + 2a)"1 < x «£ 1, one finds the probability

density function for x to be

where g(x) - x + x + y - 1 ,

U - 1 + of1 - (cot)"1

then by choosing the integer i randomly on its range

yields N equally likely discrete scattering cosines

u,. In ths 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 u. but the present code does not include

this feature.

D. ESTIMATION OF ERRORS

The error analysis in MCG is identical to that

in KCN, and we refer the reader to Sec. IV of 1A-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

isean.

fl
and G(x) « g(x)dx

'x

Thus, a random number r determines x by the implicit

relation

and consequently the required u • 1 + o - (Ox) "

and o' » ax, E' « 0.511 a'.

An accurate approximation ' for the inverse

x « H(y) of the function y - G(x) allows rapid de-

termination of x - H[rG(C)]i and this is now used In

place of earlier methods.

5. Thomson Scattering. One may optionally

choose Thomsoa scattering ii. place of the Klein-

Nishina scattering function. Here the photon scat-

ters with the probability density function in u

given by

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

U. is stored, where

+U*)dU , 1 - 0, 1, •••, N

E. SAMPLING TECHKIQUES

The discussion in MCN carries over verbatim to

MCG, with the same options available in the lattc

code.

Standard Tallies. Same as in MCN, with the

same definitions used for currents and fluxes as in

the neutron code. (The reader accustomed to the use

of other terns such as flux and mean intensir for

what we call current and flux, respectively, should

take careful note of the fact that we are using ter-

minology ccnmonly used in neutron transport theory.)

F. EXECUTION OF MONTE CARLO PROGRAMS

(In the following, much of the description for

MCG is 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

list below the photon programs corresponding to

those listed in LA-4751. When they ars identical;

except for the obvious changes mentioned above, we

shall simply indicate by the words "same as In MCN".

1. Initiation. Same as in MCN.

2. Running. Same as in MCN, except that the

run card has a different format. New the 2nd entry

on the run card is weight MR, 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 > fc'C). When the weight W

of a photon has W < [WC • I(source))'1(n) — where

I(source) is the importance of the source region and

I(n) is the isportanee oi cell n where the photon



Is located — then if a random number

r < W/[HR • I(source)/I(n}], the weight of the pho-

ton is taken to be [HR * I(source))/I(n); otherwise

the photon history is terminated.

3. File Manipulation. Same as in MCH.

4. Card Format. Same as in MCN.

5. Problem ID Card. Same as ia MCN.

6. Cell Cards. Same as in MCN.

7. Surface Cards. Same as in MCN.

8. Data Cards.

a. Cell Specification Cards. Cards 10 and

Y6 apply to HCG in exactly the same manner as in

MCN. The thermal specification cards RO, Rl, •••,

Rn do not apply. The Y7 card in MCG specifies the

energy cutoff for each cell, below which energy the

photon is dropped and not followed further.

b. Source Cards. Same as in MCN.

c. L Card. Does not apply to MCG.

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:

Flux tally at points. In addition to the F5, E5,

and T5 cards8 an additional card, called the A card,

has been added. This card contains the list of

cells which contribute to the fluxes at the point

detectors; that is, collisions in these cells, and

only these cells, are allowed to contribute to the

fiux at each of the designated points. If the A

card is missing, collisions in all cells contribute

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 phocons 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. This section does not apply.

A DO card in MCG means that Thomson scattering re-

places Coopton scattering. The energy cutoff in

MCG is given per cell and, as described above,

appears en the Y7 card.

'f• Material Cards. The section applies to

MCG if the nuclide cross section ID is replaced by

the Z (atomic nuaber) of the element.

APPENDIX A

CONTROL CARS DECKS

Sane as In MCN.

APPENDIX B

SOURCE SUBROUTINES

Sas>e as in MCN, except for Sec. V - Random

Number Generators. The function 3SHS (KRN) is re-

placed by 2*FRN(KRN) - 1.



PART II

MCP: A GEIJERAL MONTE CARLO PHOTON CODE

A. INTRODUCTION

The general photon code MCP has many features

in common with the gamma code MCC, namely, the vari-

ety of sources, the output, the variance reducing

techniques, and the general geometry routine. In

fact, tha 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
4

Klein-Nishina cross section for free electrons.

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 KJeln-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 L±(Z) - Hn E^Z) of suitable energies,

including the photoelectric edges, and a matrix

L^(Z) - Zn oJ(Z), listing for j « 1, 2, 3, 4, the

logs of corresponding cross sections (when the lat-

ter are nonzero) for incoherent scattering, coherent

scattering, photoelectric effect, and pair produc-

tion, respectively. The recent compilation of data

by Storm and Israel was used, for all listed ener-

gies E. < 15 MeV. In the case of scattering

(j = 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 tc below.

In the collision code, a photon of energy E,

starting from a point of a particular medium, has a

free path

where Z runs over all elements present in the medium,

N(Z) is the corresponding numerical density, and

o (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 = -A in 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

the process j responsible. The former results from

a comparison of r^/A with the partial Z-sums obtained

above, and present in the memory. The latter process

j is determined by a similar comparison of
^4

r, N cr(Z) with tho partial sums involved, the in-

dividual 0 (Z) being also retained from the X compu-

tation.

Note on Interpolation. Log-log interpolation

for the partial cross sections cr, at an energy E

between tabulated energies E < E,, leads to the

result

where a - (£n Z± - In E)/(£n E± - In E. . ) ,

a + b * 1, a,b > 0. It Is expedient to regard as the

total cross section, and as the probability of pro-

cess j at energy E, the values of a and cr/a, where

a is the sum ^ cr of the cr so found, and not the

log-log interpolated value a' of the total cross

section. For, the relation

'•If-1, ttJ ttf«g, 4,S

Is an obvious consequence of Holder's inequality.

f)'



strict unless y1/b = kx*/a.

Hence, in practice one has C < c', and use of a' in

place of a cay lead to absurdities; e.g., pair pro-

duction, determined above by default (after the

other three processes are tested), would occur at

ail 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

(j = 1), is to determine the angle 6 of scattering

from the incident line of flight (and thus the new

direction via the general code), the new energy E'

of ths photon, and the local energy deposition E - E'

(the recoil k.e. of the electron).

Incoherent scattering is assumed to have the

differential cross section cr^Z.a.u) du ' I(Z,v)

* K(a,u) dp, where I(Z,v) is an apprrpriate scatter-

ing factor, modifying the Klein-Hiahina (K-N) cross

section

As is customary, a and o' denote the incident and

scattered photon energies, respectively, in units of

electron rest energy me , a' - a/[l + a(l - v)lt
2 2

H » cos 8, and r0 - e /me » 2.81776
10~13 cm, the

"classical electron radius."

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

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

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. The para-

meter v » v(a,U) is a given function of a and ii

which, for a particular incident energy a, increases

from v(a,l) - 0 at y - 1 to a maximum value

v - v(a,-l) at u » -1. The essential features of

I(Z,v) are indicated in Fig. 1.

The complete tabulations of Cromer and Mann '

(and of Brown8 for a few low Z) are used for all

Z > 2, v < 8, and we set I(Z,v) S Z for v > 8.

These tables, for vx - 0, •••, v 2 1 - 8, are recorded

without change on the LT, and those required form

Fig. 1. Incoherent scattering factor.

part of problem storage. Linear interpolation is

used as necessary. The parameter v is here the

Inverse length v - sin j 8M(A) • Ka/1 - u ,

K - 10"8 acH.fi. h) - 29.1445 cm"1, with maximal

value v « J2 Ka for given a.
q

For Z « 1, we use the exact formula I(l,v) -

1 - (1 + v ) , with the dloensionless parameter

v - a mco/2(l - y)/2h - K'o/1 - p , K' - hc/i/2 e2 -

96.9014, v - Jl K'c . Here a - hZ/me2 is the first

"Bohr radius".

The cethod of sampling for u » cos 6, in both

coherent and incoherent scattering, is based on the

following:

Principle, let P(y) - C Q F(y) Q(y) on (a,b),

where P(y) and Q(y) are probability densities,

0 < F(y) < 1, and C_ > 1 is a constant. If a par-

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-
,b

»ted with probability 1 - F(y)Q(y)dy, then the-i:
probability of the particle being definitely assigned

to (y,y + dy) la P(y)dy. (The value of C^ is irrel-

evant for the process). For, I F(y)Q(y)dy « C~ < 1,

and ths probability in question is seen to be

A F(y)Q(y)dy (1 -

P(y)dy

C,, F(y)Q(y)dy

To apply this to Incoherent scattering, we

write cr(Z,a) and et(o) lor the total incoherent and



K-N cross sections, and express the probability

density for scattering Into (p.u + dp) in the form

, , , I(z,v)a (a)
P(p) = P (P) = a (z,a,p)/a (z,a) = 5 =

o^CZ.o)

We therefore assign p tenatively with K-N probabil-

ity Q(p)dp, ratifying with probability F(p) «

I[Z,v(a,p)J/(Z,v) < 1.

The tentative choice of p is effected indirect-

ly as follows. Taking in place of p the variable

x - 1/[1 + a(l - p)] on the Interval £ = 1/(1 + 2a)

< x * 1, and defining p(x)dx - Q(p)du, one finds

that p(x) - g(x)/G(£), where g(x) - x + x"1 + u2 - 1,

u = 1 + a" - (CK)~ , and in general,

G(x) H g(x)dx

Thus we may determine x by r - G(x)/G(£), where r

is random on (0,1), and so obtain p 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(C)].

Having obtained p, and a' » ax, the final ener-

gy of the photon is E' « me a'» 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 P, 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 position), the probability of (inco-

herent) scattering to the angular range (p,u + dp),

pX(p)dp - I(Z,v)K(a,p)dp/cr*(Z,a). The values of

it' and of a 7 a - 1/[1 + o(l - u)] are needed in

K(a,p); I(Z,v) is obtained by linear interpolation

at the computed value of v » v(o,p); and a (Z,a) -

O (Z), at the incident energy E, is recoverable

from the free path routine.

Note on Momentum Transfer to the Electrons.

The parameter v above is, except for constants, the

momentum q = a/2(l - u) (units of me). The latter

seems to be used exclusively in theoretical computa-

tion of incoherent scattering factors. The following

comparison of q with the relativistic momentum trans-

fer q' to the electron in Compton (elastic) scatter-

ing of photons on free electrons at rest may there-

fore be of interest. In this connection, see the

SORS10 and Union Carbide11 reports.

Since a' = a/[l + a(l - u)], we have k = a - a'=

a a'(l - p) for the k.e. of the recoil electron, and

E « k + 1 for its energy (units of me ). Thus

E 2 - 1 = k(k + 2) = (a - a') 2 + 2aa'(l - p) »
2 2

a + a" - 2aa"u, and the electron momentum is

a[l + (a7a)2 - 2(a7a)p]1/2,

(units of me)

as compared with q «= a/2(l - p). To say q' s q for

a' 2= a is not very revealing, since p is a function

of a' such that p • 1 as a' •• a. Clearly, however,

q « 0 « q' exactly for U - 1.

Fixing a > 0, and setting x - l - p , 0 < j c < 2 ,

one finds that F(x) = q2/q'2 » (1 + ax)2/D,

D - 1 + j(a2 + 2u)x > 1. Thus F(0+) - 1 and F(2) -

(1 + 2a)2/(l + c ) 2 > 1. Differentiation yields

^ )"1!)2 F'( | |ax) F'(x) (|-+ a)x.

Case I. (a < 2). Since F'(x) > 0, q/q' in-

creases from 1 to (1 + 2a)/(l + a) > 1, and the

"relative error" t(x) - q/q' - 1 rises from 0 to its

maximum value a/(l + a) at p - -1. For a • 2, this

amounts to 672, while even for a » 0.2 (E ~ 100 keV)

it is already 17Z.

Case II. (a > 2). Here, the maximum positive

error is e(2) • u/(l + o) + 1 « « + «. Since

F'(xQ) - 0 at xQ - (a - 2)/(a
2 + 2a), and F (xQ) -

8a/(a + 2) , we conclude that the worst negative

error (at pQ - 1 - xQ) is e(xQ) - (2^o)/(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 froc the general code.

The differential cross section is now
2 2

a (Z,a,p)dp - C (Z,v)T(p)dp, where C(Z,v) is a form

factor modifying the (energy independent!) Thomson



cross section T(y) - ^ ( 1 + y2)dy. (Superscripts

on o's denote process number j, not an exponent).

The general effect of C2(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,y) in Section C above. For a given Z, C(Z,v)

decreases from C(Z,O) - Z to C(Z,<=) - 0. The para-

meter is here the v - Ka/1 - y of that section,

with maximum v - ^ K a for given a. The qualitative

features of C(Z,v) are shown in Fig. 2.

The required tables of C(Z,v), for Z > 1, v < 6,

were compiled from various sources, •i3'1*' with

values listed for vx - 0, •••, v « - 6. (For de-

tails, see Storm and Israel5). He define C(Z,v) 5 0

for v > 6.

To improve efficiency in applying the Principle

of Sec. C, we follow a device of the SORS report,10

and reverse the roles of the coherent cross section
2,

components. Denoting by p (y)

the probability density for y, we have

? 1
v )dv

(J2(Z,a,y)/ff2(Z,a)

dv

where y is replaced by the variable v2 - (Ko)2(l-u),
2 2 1 - v2/(Ko)2, dy/dv2 «

y

0 < v 2 < v 2 Since u

-l/(Ka) , and we may write

2irr2 Z2 A(Z,v2)
2

02(Z,a)

Q(v2)dv2

Q(v2)dv2

where

Q(v2) - c2(z,v2;z"2M(z,v2)

and - I
Jo

z"2dv2

for arbitrary v .

A random number r on (0,1) may therefore be
2 2

used to tentatively assign v with density Q(v ),
by the relation r - A(Z,v2)/A(Z,v2), v 2 being

0 1 2 3 4
v

Fig. 2. Coherent scattering factor.

1,ratified with probability F(v ) - ̂ (1 + y

where y Is the above function of v^.

The required values of A(Z,v2) and of v2 are

obtained by linear interpolation, using tables of
2 2 2

A(Z,v1), vx • 0, - , v j s > 36, obtained by numerical

integration of the data cited, and stored on the IT.

For the point detector program, one must eval-

uate the density pZ(y) - TnrjjU + y2) C2(Z,v)/o2(Z,a)

for given y. Although 02(Z,a) - aZ(Z) is recoverable

from the A routine, the value of C (Z,v) at

- y oust be interpolated In the original

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. There are two possi-

bilities.

(1) A (fluorescence) photon of energy E' » e-e'

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' loc&lly, and returning to the X routine

with the (isotropically emitted) fluorescence photon

of energy E*, provided of course that E' > 1 keV.



Otherwise the event Is "terninal", by which it

neant that the incident photon's history terminates,

its energy E being locally deposited, and the codj

returns to the source routine of MC?.

(2) The electron transition e' - e a»y not be

acconpaniei by E* - e - e' fluorescence, but by the

ejection of an "Auger electron", resulting frcs

"internal conversion". In this event, the entire

incident energy E Is tallied as energy depcsltlon,

and the collision is terminal.

The energy levels e arc called "edge energies"

because, regarded as a function of increasing E,

the photoelectric cross section o(£), elsewhere de-

creasing continuously, shove a sharp discontinuity

(etfge) at each E • e, Juaping fros its lover. Unit-

ing value c(e") to its value c(e> > 0<e") as the

photon energy E becoses sufficient to activate ttie

c-level.

A photoelectric event Is regarded as eerninal

for cltuencs 2 < 12, the possible fluorescence

energy being below 1 keV.

For eleoents Z ̂  12, fluorescent emission

above 1 keV is possible and allowed for to the ex-

teat indicated below, using bssic data fron a Union

Carbide report which provides, for each Z, a

table of Che fora

Jj • «.

"l-lEt-l V?
«, • Vf

If E < c ,, the even! Is ttresinal. Otherwise, tie-

£ as the least indax S < f - I for

e «S E. Then the ratio t,5,/({> • ... • $ ),

1 • f - 1, •••, 2 represents the pro&aMlisy of ttut

event resulting in a fluorescence photon vi

t>.B data in this foro S» verjr {s-.eoBveattot for

our purposes, and the it cor,E«!tis instesc! t!;e

(LT) * '_•%_

1 *, rf-o

t e, W

v'UC)

ef-l

ef

"f-1

f f - 0

where the energies are in decreasing order. These

tables have been prepared I D a rather involved way.

referred to in a later note. For our lsMdia.ce ob-

jective, which is siaply the determination of the

energy of the fluorescence photons emitted, If any,

the following reaarks suffice.

Define in ten* of the e., o. above the num-

bers

Accordingly, our Method in the «v*nc j • J, t * IZ,

£ 5> tj begins with dertmSfiation of the t t t m t :

index k for which ^ < 6, and forsatlcm of ctte prod-

uct rD. , vhts* r Is a randoa nonfcer on (0,1). If

tOk *vtflE the

greatest index i ( » 2) for whicd rfl > «,_,

*ints the energy Ej of the fluorescent photon

existed.

Hote on the Tables. For simplicity, we describe

first a tattle ef the fora {UC} above, of the f e U o w

ing nature: (1) e^ Is the energy level of she K-

shell and any farther e^, 1 < t - I, ere average

energies for the composite shells t, M, H, ••• In

that order, ef_t » ef being that of the outermost

shell allowed for; (3) c^ « o(e^} Is the peak K~sdge

0 ( 0 and for further 1 < f - 1, o is an average of

the peak a(E) values for the shell in question, the

final of being the lover Unit of o(E) for shell

f - 1; (3) tj Is the probability of eniaslon of a

fluorescent photer. If the 1-shell is activated;



f\ lsc for {Sit
f$«« frs;;lElr.a fros transitions so tfce !-*!:*£l

fires o«i«r shells.
oR is M-e tfi*s <?{g) Ss of

trit«rr« p. Is t t e tiep

the fer*> •:?,*,/£ o» t!se Intervals of continuity

6 < *f « ef.j; <r, * E < «t>_t. J • f - t. •••. I; ae4

istes! so «« tfMsrsy £ for whSch e, t* tfc« KJ-«
1 1

l i s t e d e,, *S £ , i f i t i t vatae* a?c •i^t^lt' « • • • *'

C^«|/£ • and the difference* ij,.*",^^, ** i{«

atove, i i»«s 1/K , ar« rcs»r-*<:-.! a* the "cor.srii:^-

ele»»" of sMfU* S.,---,f - 1, and of aiS owter

sH<s£i£, to tr,« total e;o** n c t l c s N"J«,/K at

**cowJ a**u«{>tlon, t&* C&*R-C* of t-

U V,

is J / J , • • • • •

t,

°E v*» ievitui Sa ctit* form ch«t ?

(KC) ««blp* *?j'**ie(J. for t •» 30, ?fc*
i

*ton a«M»jp!* to
K-*:>»it (cnlyt) by i:̂

v*r-

£luor*sctf.:

in tfc* fe>lli>«Sflj vay.

tfee f i r t l row t* r*piae*« fcy a «usJ;er of rows

S « I , 2. • • • . k, eat for each fc-*hetl fl«ore«c«nct

cor,.»W«r«iJ, tn* rtflu«t!tr<4 r»s~£r.l»i( rovt fc • I , •••

viihout chan|;e. The new row* t < h e l l

for e, ami 'f, the orJjtnul «f<r*y ••

t , for the K-»h*ll, and for 9t the

to . tfe*

Since, for *n cMtfy E B> *, , eh* total prok»-
C K-*heIl flwrc*etncc Is

F -

In e*r*E of th« ncv nusiterinj. it 1* rt<uir«<J to in-

vent fictitious nuabtra ?2'"'"k. in *uch * v*y e h t t

1 - 1. 2. •••, k - 1

probability at E-fluores-
««fic« of iinerg* ?,. Tfce pe being knovs in the fora
of relative Intcssltles of the "liBes" F , it is
«»*y co crajnste the tiesSrej c , , •••, ;;. fros these

sbeo

• p, »I<VI'

for S S" e, • . . . " efci ai'.tJ tl>e aetfcesS Ss u s j

U crw ec*pus«?s sfce J, ss heforc, Sor ali i < J - J,

J !.-«;R| tfc* total r.a=!;cr oi rov* Sn tfec nev table.

FOT <!ctstt* of «(".« fjr.c structure considered, one

s?-.ois!<! ccRxuIt tfco V.C report.

« eor.fS<J*c t h i s prc-scss { j • 4) only !n the

of * nuc leus . A3eli^ujt!i che threshold i s spcls-

e a ' ="«*, ?^C?) fcecoses p o s i t i v e only for

! . 5 XeV I a 5?:e tat i tes astei!.*

In the «v«r.t of juch A c o l l t s l o ' ! , the inc ident

a. of K, tiie
ss*«u=e<i to be

- Zss". la <2epos£:c<; locally; el* poaitron is con-
ed to be annjlhiiatcc) wish an electron at the
of collision; ?,;:i a single photon ai weight

twice that of the liiccsing phatos and energy eie 1*
given an iotropleally tltxiribautd new direction
*ni it, tranxportr^ f;rc::er.

c,
(f xit other effects (breiMtrahZutu, etc.) are

nothlnj prevent* *xcr(v*lon of the code to
tht limit CiOO KcV) of cU 5:or»-!sr*sl table*,5

the «pprekiMtten for the inverts to the Kleitt-
Xtatiltta ic»tterJo( (Ji.icrlbutton renilntn^ Rood to
that energy.

«. KECttAXICS OF T«E CORR J«f

Apart free the collision routine vhfcH ttaa been

dttertbetf in «c«c detail Above, the codes HC? and

W C have fev differences. A* mentioned in the In-

troduction to Part II. ehey are virtually Identical

to u«e and have alaoct Identical outputs. {Sottt of

lhe»« cuJei arc qctce sloliat: In probitm set up and

output to the Xor.ce Carlo neutron code XC.l.".1) To

10



avoid duplication, lee us refer the reader Co Sec-

tion* D, E, F, Apendlx A and Appendix B of Fart I,

and below ve list the exceptions to chls discussion

which apply to the use of XCP.

Exceptions. (1) The second Ices on the run

card for MCP Is the energy cut-off ECF (not weight

cut-off KC) and this Is Che saae for all calls.

there are no weight cut-ofis KC and kit used In HCP

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 V? card Is not used In KCF since we

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

1. E. D. Caahvell. J. It. Keergaard, W. H. Taylor,
and G. 0. Turner, "MCfS: A Neutron Monte Carlo
Coda," Los Alasss Scientific Laboratory report
U-4JS1 (January 1972).

2. C. J. Evtrett and E. D. Cashwsll, "ApproxlNatlon
for the Inverse of the Kleln-Hlshina Probability
Distribution," Los Alaaos Scientific Laboratory
report U-444S (June 1970}.

3. C. S. Everett, E. D. C*shvell, and C. D. Turner,
"A Hew Ktchod of Sampling the Klein-Kishlna
Probability Distribution for Ail Incident Ener-
gies Above 1 keV," Los Alaaos Scientific Lab-
oratory report LA-4653 (April 1971).

4. C. J. Everett, "A Relativity notebook for Monte
Carlo Practice," Los Alaaos Scientific Labora-
tory report LA-3839. p. 120 (1968).

5. E. Store and H. I. Israel, "Photon Cross Sections
from 1 keV to 100 HeV for Elements Z > 1 to
Z - 100," Nuclear Data Tables 7, 565-681 (l?70).

6. D. T. Crosier and J. B. Mann, "Conpton Scattering
Factors for Spherically Symetric Free Atoms,"
Jour. Chen. Phys. 47., 1892-1893 (1967).

7. D. T. Croner, "Coapton Scattering Factors for
Aspherical Free Atoas," Jour. Chen. Phys. J5£,
4857-48S9 (1969).

6. R. T. Browu. EGW. Inc., report L-958 (1969)
and unpublished data.

9. G. W. Grodsteln, "X-ray Attenuation Coefficients
fron 10 keV to 100 HeV," N.B.S. Circular S83
(1957).

10. J. H- Klsainger, E. P. Plechaty, and J. R. Terrall,
"SORS Monte Carlo Photon-Transport Code," Law-
rence Radiation Laboratory report UCRL-503S8.

11. C. R. Marotta. "Updated Master Library Tape for
PH0TRAN," Union Carbide Corp. report
AFWL-TR-67-11 (1967).

12. P. A. Doyle and P. S. Turner, "Relativistic
Rartree-Fock X-ray Electron Scattering
Factors," Acca Cryst. 24, 390-397 (1968).

13. D. T. Croaer and J. T. Vaber (to appear in sup-
plement to Vol. Ill of International Tables for
X-ray Crystallography).

16. H. P. Hanson, F. Herman, J. D. Lea, and S.
Sklllaan, "HFS Atoaic Scattering Factors," Acta
Cryst. 17, 1040-1044 (1964).
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PART III

SAMPLE PROBLEM

In order to illustrate the steps in setting up

a typical problem far the codes MCG and KCP, as veil

as to portray the output features of these codes,

we shall set up and run the sane problea with these

codes. We will use the geocetry shown in Figs. C-l

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 MCS.)

While the geometry is quite siallar 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

conpletely the input to the problrn, with the excep-

tion of the geometry, independently of the staple

problem for HCN given in LA-475I.

A. Source. The source is assused to be uni-

formly distributed In volune throughout Cell 1 and

isotroplc in direction. Because we are tallying

?ialnly along the positive y direction, we biased 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 soui.ee 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 Inform*tion

is displayed in Table I, with the source energy bins

(WO card), rite actual fractions of the particles In

each source group (VO card), and the fictitious

(biased) fractions in each source group ((JO card).

The procedure follows exactly the description of the

Source Cards on pp. 10-11 of LA-4751.

If the problem has a tine cut-off of 100 shakes

(essentially infinite time cut-off for this problea),

we ask for the following information.

Croup

1

2

3

4

5

6

7

8

B.

Energy
In HeV ((.'0)

0.001

0.01

0.1

O.S

1.0

s.o
10.0

14.0

Currents. '

TABLE I

SOURCE

Fractions
In Croup (V0)

0.0

0.1

0.2

0.3

0.3

0.05

0.03

0.02

Tally currents

Track Fractions
In Croup (UO)

0.0

0.02

o.oa
0.2

0.3

0.2

0.1S

0.05

across surfaces I

10. 11, and 14 for

energies: 0-0.00S. 0.005-0.01, 0.01-1.0,

1.0-5.0, S.0-14.0 (MeV)

tlaes: 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-

aal to the surface).

C. Fltac Across Surfaces. Tally the flus 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 (HeV)

tlmta: 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 (HeV)

tines: C-0.01, 0.01-0.1, 0.1-1.0,

1.0-19.0 (shakes)

cell volumes: 245.52 (en3)

12



E. Fiua «t m Point. Tally the flux at the

point (0, 10, 25) for

energies: O-0.00S, 0.005-0.91, 0.01-1.0,
1.0-5.0, 5.0-14.0 (HeV)

ttmtt: 0-0.01, 0.01-0.1, 0.1-1.0,

1.0-10.0 (ahafcM)

cell* contributing to point detector: all

cell*

Cell

1

2

3

4

S

6

1

10

11

12

13

14

IS

16

17

IS

19

20

21

22

23

24

25

26

27

26

29

30

31

32

TAILE 11

CttX QUANTITIES

Iseonasee
1.0
i.O

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

ZBernr Cut-off
0.001 OteV}
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

Material
Al

Koraal LI
Be
CH

CH,

Fc

TABLE III
KATEIIAL DENSITIES

Atomic Dentlty
[ <>to««/ci.3 x ID"2*]

O.OS03

0.0463

0.123

0.00926

0.1173

0.0847

tla* cut-off - 100 shake*
1DC - 10"3

t* - 10
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TABLE IV

SAMPLE RUN - MCG
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i AS •cm* •lit
1 4S .»•« \t\ •it«i*>3
3 «» iiis iij •»•« •;.»
» at -I17J 2,} 4.) |5,S »3i»
S 46 .Slfi e.S -1S.4 -3.IS
• »i «s*»j J.t.3 «s»r -7,»
T »3 .0613 S.6 !*.16 -6,22 -7,«

9 43 ,0603 J,« TiT .4,15 -8.lt
10 41 .0*63 .5,11 «,» .'.12
11 4] >«>03 Site »•» -»>J» **iS3
12 44 .123 -5,13 9>)g -10.14
13 43 .0603 5,12,1* »,ll .»,25 .11,31
•• »3 .0603 -5.1J 10.12 -11.32
[5 «5 aOO^it 3,» 14,17 -!,1»
|6 43 .»93 5.It !*.1S -6,J1 -15,T
IT 45 .0012* "S.IS iTs>"» -1».15
!» 43 >0t03 SilT«(9 11,32 -b.ci, »iti-S
1« 43 .5653 •$•!• I».3J -IT.17
19 4« .1173 6.19 !8OS -13.2» .}t«Zl
?l 46 .1173 6.|6 lt,20 <=;j.?7 -15.2?
?2 46 .1173 4.7 !5.2» -12.28 .7,23
?3 4t .1173 C.1 T.2Z -lt.?9 •S.24
?• 46 ,1173 6,u 6,23 -12,30 *9.25
2$ 46 .1173 4,13 9,24 .12,30 •11.32
26 42 .0S4T 12,20 I«i32 -13.91 -1*.2»
?t 42 .»S4T 12,21 |6,?6 -13.31 <!S<2»
it 42 .06*7 12,?2 15,2T -13.31 -I,2»
2» 4? <0««7 12,23 7,28 .13,31 '3.30
30 42 ,Gi4T t2.24.3» S,2« -13,31 .11,12
31 9 13.2t,2T,2S,e9.34 18.32 o{4.32 .11,32
32 0 1*.3S -!«.19,!S.2o,c6,3l 11.14,13,£5,!9»lt

1 SO 3.0
2 SO 6-0
3 SO 10.0

n l .3333333333
c» 1°.

3
4
S

e P» 20.
9 pf 2S.
10 PY 30.
H pr 3J,
12 c» I*.
>J e" »*•

i» e» J».
1* P» -12.
17 pr -It,.

Is P* > U .

10 1. I. 2. 2. 1. ». *. •• t. It. •< 32. W . 32. I, «* •• •• '• ••
1. 1. 2. 2. 4, 1. 0

S» 1 3.» .7*
PI 1 10 ", I 14
E 005 1 1,1 "l

liF = t
C2
72

F» 3
£* .

T»

.005

S T« .
7

.005

.01

1 .5 1
.01

f>4 24S-S2
F3 0

E5
T5
uo
vo• 0
Y7

H41
«•?
no 3
«44
M45
M46

.01 1. 5.

4 ,2 0

•01 1< S>
.1 1. 10.

•0 3.0 1*.O
.1 1. 10.

10, 25. 0
.005

o. .
0. •
.001
,001

3 1.
26 1
13 1
4 1,
1 .5
1 2.

.01 ] : 5.
.1 I. 10.
02 ,01 .2
1 .8 .3 .3
.01 .1 .!
3)«

t

6 .5
6 1.

1*.

!«•

>«.

.3 .2
.05
1. S.

.19 .OS
.03 .C2

10. 1».
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tlll> TORI*!* NINE

Ha. smtricEsa is

SiiKflCES
TjLLV

1

3
4
5
6
7
8

:?
12
13
14

16
17
18
19

I?
22

24
25
it
27
2S
29
30

32

2
3
4
5
6
7
t
9
10
II
12
13
I*
15
16
17
18

20
21
22
23
24
E5
26
ST
28
29
30
31
32

10

i?
13
14
IS
H
17
IS

1
2
3

5
6
7
S
9
10
13
12
13
14
15
16
IT

CELL

4
5
»
7
8
9
10

••;

i:
20
21
22
23

n
26
27
28
2»
30
31
i

%mr. »5
43
44

43
41
43
41
43
44
4}
4)
45
43
45
43
43
46
46
46
46
46
46
42

i§
42
42
0
0

-. PHOTONS CRO3S1N9 SURFACE
1 10 It 14

5.0000E-03 1.0000E-02 1.OOOOE'OO
1.O0O0E-0?
B.OOOOE-01 6.0000E-01 4.O00OE-OI

— FLU» INTEGRATF.0 OVER SUHF»CE
17

5.0000E-03 1.0000E-S2 l.OOOCE'OO
'•3000E-02 l.OOOOE-Ol l.OOOOE'OO

OESSIT*
9.2600E-M
6.0300E-02
I.2300E-01

1.1730C-S1

6.0300C-02
4,63091-02
6.0300E-02
4.6300E-02
6.0300E-02
I.2300E-C1
6.0300E-02
6.0300E-02

6.C300E-02

6.0300E-02
6>C300E-G2
1.1730E-O1
1.173oE-Ol
1.1730E-O1
l.inoE-01
1.1730E-01
I.1730E-01
8.4703C-02

SURF.CE

TINE
COSINE

FORHUL* i
SURFACE
ENEROT
TINE

FORMULA 4
CELL

TIME
VOLUME

FODHUL* 5 — ''LtO «T DETECTOR
OETECTOO »

I 0.
CELL »LL
fNEBOY 5 .0000E-03 l.COOOE-02
T!"E l.OOOOE-02 l.OOOOE-Ol

8.»70CE-02
8.47D0E-02
8.4700E-02
0,
0.

5.0000t*00 l.»000E-91

2.0000C-01 0.

5.0000E.00 lo4000E*OI
1.0000E«ol

l.OOOOE-01 S.OOOOE-01 ).0900E<00 5.0Dl}0E«Q0 l.»OOOE«01
I.OOOOE-02 l.OOOOE-Ol l.OOOOE.OO l.OOOOEtOl

PATH LENGTH/VOLUME
3

2.'003E'-00
I.OOOOE'OJ

•.OOOOE'Ot
t.lSOCE'OO
B,P0O0E«O0
I.OCOOE'OI

I. OOCE'OO
1.0000f«00
l-UOOOE'OC

l.roooE*oo
l.ooonE*oo
•.'IOOE'00
*.OOOOE*Oo
S.-. JOOE'OO

h0000^*00

l.ClOOE'OO
0.

l.O000E.Ol

1.00O0E.00
l.OOOOE.OO

Z NEIGHBORHOOD
2.S0OOE*01 0.

l.OOOOE-03
!.00«OE-93
l.tOOSE-03
1.0903E-03
l«0Q00E-03
I.3000E-03
I.OOOOE-03
1.0O00E-O3
1.0000E-O3
l-OOOOE-03
1.0000E-93
1.0000E-C3

E
1.0000E-03
1.0000E-03
la000CE-03
I.OOOOE-03
1.0000E-03
UOO0OE-03
1.0000E-03
1.0000E-03
1.090OE-O3
1.0O00E-03
liO00OE-03
1 0 0 E 3
1.0000E-03
1.0000E-03
1.0000E-03

1.0000E-03
1.0090E-03
1.0000E-03

l.COOOE-03

5.0000E.OO
I.OOOOEaOl

1.>OOOE*OI

17



J.COOSE'lt
SB£(3)

E

l.ooooc-oi
J.oooet-oi

i.OOOCE.OO
I.OOOOE'51
I.»000r-Ol

eu». ' on .
t.
J.OfOflt-OS

weoco»lj.eoooEBl
»,OO0eE-Ol
8.0000E-01

. H U L .

2 « t
<.O0O0£»O0
2.50<JOf-01
2.000DE-01

HIT.
• i

• 1

NO.

NO.

tLCN.

fLt".
(6

ElEH.

NO.

MO.

N9.

.fMCTIOH

i.eoooe

l.,O«OOCI

M l t . NO. N . N 9 .
J wcic

,53000
.50008

Etta . HO.
1
*

rmcfiON
.(.666'
.3339)

INfl«TIO»

18



COKE M P • • • • • • » • • • • • • • DATC> ??/i?/e****« ri«e» i?,§».ia»»»»»»»»*«*» MMML LOAD '
FU l>» BLWC CW it«OTM

CODE
LO»OE*
T*g>_Es

C0O1OO
ioto?
1.3601

iOOOESS

SOURCE 005*53

01653]

13037}
1909T1
1*0067

C30S»3

4D0PESS
LC1

BLCC«

0 1
DICOX
C2
Gl
0 3
DICOM
G2
SI
0 3
DICOM
0 ?
01
0 3
DICOM
S?
01
G3
DlCOtt
0 2

•••1(0
8001*?
000216
oooioe
00561T
tool*?
000216
O0O100
005617
0001*2
0007*6
000100
O0S617
0001*2
000216
O00100
005617
0091*2
000216

•CGOER
••CUSP
9JFFEI
BUFFED
ClOCKF
U«."1I
CM1FIL
INPU7C
lOCKEtt
LCNOIH
COCF
Outcrc
P«C«AOE
SETS
5 5 » T C M
SYSTtsi
*J7
•INLOO
ClP
IDtlEI
RBIIEl
Rtttali
SORT
*aoxr
»s»o?o
C*020
CNTR
litlHB
10UT1L
KOHCR
KBAKCR

HEMORT
0U7PTJ
»t»«««
RCTN
SrfPR
SMIFT
BOI
PSC«IE
N203SB

016t»7
016621
016S50
016771
017053
017156
017720
01773*
030110
0201'*'
02015*
020166
02032*
020*11
020632
070720
021756
022075
02216*
022237
0?2270
022321
022*00
022*56
022527
023307
073*03
023*37
023*73
02*76*
026261
027322
027*30
027610
027701
02773*
02776*
030016
030093
030117
03012*

UNSATISFIED
t«TC»N«Ls

G£F«;«ENceO
•T

MCCMf

19



«£» TEST »«O«Lf«

SOURCE NO,
7

NPS I
1 l . « » ' 4 E . O O
2 T.9O61E-O1
3 .1.S176EIOO

TIKE CUTOFF
1.9900e«92

,OO«4E.oo
.saiTE-oo
.789JE-O1
,S79«E.O2

36
39

40

SO

, 3J47F.00
,7895E.OO
,3J60t.(,l

7
e
9

la
It - „„ -

14

it
17
IB
19
20
21
12
21
24
29
26
27
2B
2»

J?
32

II 9
39 . 3
3» '

l O O
2.80»9E»00
l.S'96E«09
3.020'E-0l
6.92»0£-0!
6,803'E-Ol
1.9320E.O0
B.8799E.0l
1 4 S 2 V E 0

»T, CUTOFF I
1.00001-03

6.3319E-91
•7.Si75E-91
••9I90E-0I
2,S61«E»00
1.J487E.00
1.045.£-00

• 1«9466E«00

tol
3.S2S7f.0 l
l.fl9ll6E*00
?.31fl!f>no
I.8001E-00
? . 0 O O
1.O723F-O0
98<

1.27T4E»00
t.6113E«00

1.6113E-00

3.2460E-O1
8,68»9£-ol

8.312BE-CI
-9.49»7r-0l -1.9876E'O0

5.3J33E-01 -I

1.91O9E.00
9.6974E-01

92 . 5 F 0 0
J.0751E-O2
7,T7OSE.O1
».3l«C»ol
?.o(>iof »oo

75
.«.49(.ol
.7365E-01
.I2S4C-0I

I.3200F.OO
5.JSS7C.0?
l.31SSE>0l

-1.2»7oE«O0
6.5121E-01
J.9470E-01
J.33SRE-Q0
.9.1937E-01
4.-474E-0!
3.4549E-01
3.S310E-0I
?.W4fioo
J.74?7E»00

41 7.3B<<9E.0l
42 3,«7'?£.O1

0 2 l f 0 0
.9I1SE-00
?73

4» 1.6763E.01 1.284JF-C1
49 1.28*41*00 -4.0399F.ol
46 7,2839£.cl «.6969F.(11
47 2.S047C.O0 -1.2»34E.ol

•».SO»»£-OI
-l .O936t.01

\89'9E.o«!
•1.5T9 7E.00
• l . « 3 2 t - 0 0
S.11?»E-O1
1.36^3t»00

• 1.

•VJI TIKE
6,9000E*09

O.P. CTCLE
29900

CUX»
2900O

7.8(SZC-OI
2.94J4E-01

•7.49T3E-CI
9.021»E-Ol
3.0740E-OI

-3.4t?5E-ol

6.02S3E-01
*.90»3E-92
S.»121E-0t

6.B1S1E-01
S.4972E-01

9.S1STC0I

S.8019E-01
•4.£6BOE-01
-4.2523E-02 . . __ _.
•2.I112E-01 -7.7967E-0t •>.

•5.3230E-O1
3.2436E-O1

I.99f3£.
«.«403E'
7.6021E
T.BBJSr.-ol

-9.1|62E.

4.o»lSE-01
!>.lSotE-Ol

-8.O674E-01
-l.T«*TE-01
.7.C619E-01
5.6642E.01
T.)946f-01
2.|473E-tjl

4.7|29£-0l
8.4279E-S1

4.4S72E-91
3.4790F-01

2.6451E-01
-B.B9T1E-01
6.94SSE-01

-7.61S9E-01
-7.?1T«£-O1

5.S2J6E-0I
-S.o»J5E-o2
-4.H943f-01

l .T . I .J .Ol
6.7!>43C.O1

1 -9.6BSBE-0I
1 6.4676£-01
1 9.J(M)tE.01
1 l.O98«t-0I
I .S.!8S3£ .ol

-T.M5IE-01

T.0OV3E.OI •'

3.29WE.01
«.H70»E-Ol

-4.»95)E-01
4.S50JE-C1

3.879SE
9.2039E

.3.7467J
7.55|7t,
l.916tr
8.4SI3C

.4.»307£-0!
6.«S4C£.OI
6..35CE-01

•«.«63«;>0l
6.3O3IE.0I
|.7CS6">OI

•9.ai4iE.oi
7.45S5E-0I
8.K77JC-01
2.X3»5:>SI 6
2.1565E-01 -7
4,7923£-ol S

1.10C4F
•2.t203C
•7.37|4t
-3.»734r,
.7.75631
•l.«2«E<
S. 9736|t,

•9.9»|3£(
• iJS4 3r.
...2S91E-

'01 Oi
• 01 Oi

SI
a.
o.
Oi

01 0.
• 91 Oi

•01 0.
• 01 Oi
'01 Oi
•01 Oi
• 01 0.
•01 9.
•01 0.
•01 0.
'01 0.
'Oi o.
'0> Oi
01 Oi
01 0.
'91 Oi
01 Oi
92 Oi
01 9.
91 0.
91 9i
01 9.
01 9>
. . >•
91 9.

9.
0.
9.
0.
9.
0.

1.S6S3E-02 -9.878or.91
9.4i35f.0S 7.S6">SE.3l

lE-Ot -3.776KF.0-
'4.638of.on -1.4669E-01

" ̂ .Ol 1.9e>09£.0»
'E-02 -7 .Ml7r .o l

-1.91H.E.00

I 6.fl»3lf-01
1 -7.7616E.01
I «.J0J«E-01

4.7190E-0I
2.6T|1£.ol -5.057SE-S1

DUMP NO.
- 0

CUTOFF C'CLE
.0

*T
».«»6TE-0l

2,«»»TE-01
l.6»«TE-01

1.J333E.81

.900CE.00
i.OOOCE-01

.009CE.09
•33I3E-01
•9000E-01
.009CE-0I
.3333£-0l
.64.67001
•oeooE-oi
.3333E-0I
6667E.0I
OOOOE'OO

.6667C01

.6667E-01

.O090£iO9

.6667E.01

2.9O9OE'O9
6.6667C.0I
UOOOCE*09
2.9000E.09
2i9090E>00
l.OOOOE'OO
1.66»7r..ol
1.0090E.09
6.6667E-01
6.6667£.ol
1.6667E-01
>.66671*01

l.OOOCE'OO
6.6667E-01

2.9090E*09
2.oocarIOO
1.6»6f£iOC
9.CG00E-0I
6.4«67£-0l
I.3333E-0I

«T. cuwrr i
l.COCOE-04

T.5H7I-91

i.3oo4E»;i

9,7t4lC-01
9.ABS1E-01
4.6061E*00
3.6293C-0I
2>9972E*09
9.4169E-0I

7il9T|E*09
S.4793r<00
8.6»1<E.O9
7.6239Ci09
7.«53«E-0l
2,82«'f00
6.4317E«00
7.OS04E-O1
2.2136E-01
9.)<»4£-01

6.4.S67C-02

9.43S5E-0I
S.SW2E-01
3.41B2E-01

3,1393£.O1
8,97»ie-OI

Ii0363E>00
9.6210E-OI

6.460«E-01
1.9578C.OO
1.4«6lt'01
8.6427E-01
%.97B8£-01
1.9952E-02
3.9963E>00
«.6B33r-01
S.P237E.O0

RC o
PHOTONS
ST«RT£D

15232

TOTAL
NU«BEO or
COLLISIONS

27074*
0ENEB4TJO
1BS19S4

TOUL
• i a t

E 0
I.S242E.04

TOTnL COLLISION' TRACKS PHOTOHS
ENE»O» H« PHOTON PER PHOTON PROCESSED
ST1PTED STiRTfO STIRTCD P E » "INUTC
t.44S9£.O4 Ii777je.9i 6.J56BE.00 3.269QE<03

«C«5
STiorco

LOSS TO
ENERSV
cuTorr

9

LOSS TO
TIME
CUTOFF

0

LOSS TO
•EIGNT
cuTorr

14816

LOSS
to
F.SC4PE

21670

LOSS
TO
SPLJTTINO

58817

TOT«L
l »««s
LOST

95393

WEIGHT
SIGHTED

ENESGT
ST*I1T£D
PLM PHOTON
9.«»27€-01

LOSS TO
ENEROv

LOSS To
CHERCV
CUTOFF
0.

LOSS TO
TIME
CUTOFF
9.

LOSS TO
TIME
CUTOFF
9.

LOSS
TP

LOSS
70
ESClPE
4.5010E-01

LOSS
TO

1.2S92C.0I 6.8201E-0,

CAPTURE
•.S07OE-0?

"E10HT
LOST
PER PHOTOH
1.010<E>00

LOSS
70 Pi (I
P » O U TOC:
7.St79E-02

LOSS
to
COMPTON
3.6976E-01

PSOO'JCTION
PE" PHOTON
1.0019E.02

E N O
LOST
PEfi PHOTON
9,*95JE-01

20



ELL

3
4

s
67
(
«

10
11
11
11
14
IS
14
I T
IB

zj
I I
27
23
24
I S
29
2T
28
29
30I I
12

NO> or
M07ONS
Cl'TWEO
«.15?JE-0J
?.ZlZ)|.gl
3.0324E-94
3.B1BTE.C3
4* 1115E.03
1>O4ME-O4
t . •S i l t .02
3. HUE.05
6.4T««E-03
2.7»2E>0S
4.*043E'0l
f.eotc.g*,
2.9»4IE-0l
l.?l77E-ol
I*1*2JE«O»
3.*44SE-«2
T.447Tt.gS
4.9449E.03
9a45*3£*o3
t.045t£»o*
1.IB71E.01

?.C53»r-0«
t.nm.04
«.4me-o5
2.00?'ir.02
9,01?IE>01
1.11I4E-01
1.4275E-02
l.itteE-oJ0 .
0*

•rurm
eo«o«
.055U
.02«7J
•11*11
,glllt
•«"«»*
•g4t4«,02B«4
.0*150
.044*4
•o7*s»
•0»0*2
•042'4
.0*972
.04724
*2»S2«
.0*115
.1701$
.12202
•0939|
.17603
,0»34J
•0*1*1
.0*112
•0744S
,o««»o
.07",«0
.01374
•Of?*!
• 0*K4f>
•03950o.eocgs

«.00010

morwij
IOIT 10
e. e.
t
o
t
0

c
g
0
g
0
0
0
0
0
0
g
t
0
0
0
0
0

6
0
e
0
0
0 .
0.
c0.
0

T0T4L CtLt 01

««.4*I«
two*

*.«gtgg
c.eeeoe
o.eooco
e.egeto
£•91990S.tOCIO
g.oseeg
«.««»»•(
c.g»ggo
o.gioes
O.tfOtO
g.gigto
c.ggasg
o.ocooo
o.gcooo
o.sigoo
C.0CCC3
0.C0CC8
o»ofsgo
o.eccoo
C.00505
O.gDCtO
c.cetoo
B.SI5C»
0.0H05
o.ggooo
9.0000«
g.eooos
O.C0S09
o.eoooso.oeoos
o.ccooc

•0IIT1ON 0«T»

fXOtOMl
C<t4T|K(
4 »Jl«
).i«m.n3.ogsU.«J
».»74SC>*1
• .»«?!£ .« •
2.3sS3C«t45.1«J»t.»5
4.41»1(.«4
».»7*:t.»4
4.*7(3£>CS
Ijl74zc.a5)
*.«9lK.«S
l.l*]St.|S
2.4k79£.gS
l.5*JJt-G5
g.
«.«91tt>(4
0 *
7,eTT*CtS

Vli'lE-ls
l,)>75IC.t4
1,474|[.(4
l.5)H£-e54,(>77E.g4
l.»SV2E.3»
2,l>2«K>e4
1 , ' •531-03
| , 7 * 7 4 1 . 0 3

3*>Cft*£(*C*'fî
Z.Tg32E.O*
« .
9 .

•«L*T!
o«c«
. * *««T
ietoii
.2(404
:UJU
•3%4S3•24*4S
.4151;
;j»J4?
•Z1245
;z4iJo
.?92S»
:i4*si
.Z025B
.JZUT

g.oiatt
•23*12

;?»i3i
.7o?S4
.5244»
;i3»54
•413H
.43(24
.17494
•3»*0T
.1*177•0479a

|7}%1
.131(1

C.030S0
o.oscog

ELL

?
3
4
5
4
T
B
9

!?
S2
is
14
17
IB
19
20
2 ]

i!
24z$
26
27
2Q
29
3o

ll

CNE«(«
LOST
TO C*»TU*E
».368»t-o»
1.054HE.63
I.415QE.0S
S.O'?I£-C»
2.2909E-9*
SilO39E*g6
2.7939E-03
1.7223E.06
3.956BE-0*
l.l«$9E»o>
2.6364E.041 ISftnT-n^
, . 1 * Vu.U'

).4ai>aE-g<
l ,0«*«£.0*6.3743E.06
2.*90S£-03
*.6ole£-o64.*O0f>E.0«
».426oE.o>
| .2»%E>0'
7.5«o«£-o^
9.2902E-05
1.2447E.C&

i,bQe7e.oi
I.«Jl(lE-03
0<
0.

*EL4T|VE
[««O»
•gT(t»
•02S00
,0*T42
•«4ST(

.04S46
,04**4
.0253?
,0*305
•0*202
.0S94V
• O*S12
•O5o2d
•0**7«
,0*3*1
.22727
• 0*6*3
,1«3*6
.1OT1K
•0«*'3
,1*099
.042*1
.01249
,0«3B9
,^f>]9j
,07«6M
,0T49t
.03343
•02JT2,O*7B1
.03SS9

0.00000
0,00000

( l f l « LOST
TO ENE«t>
cuTorr
9 .
0
g
0
g
g
0
0
0
0
0

0
g
0
0
0
0
0
0
0.
g<
0
o
Q
0
0
o
Q
0
9
0

"E14TT.VC

wo*
0.0<i»»00.00000
0.0»000
o.oootg
0.090CO
0*OQBCIO
O.OOOBO
0.00009
0*00000
0.01)000
0,00900
0,00009
o.oocot
0.OS00I
o.oooot
0.00009
0.00000
o.oooto
0.00000
o.oooog
0.00000
0.00000
0.00000
0,00000
9<00000
o.ooooo
0.00000
0*00000
o.ooooo
0*00000
0*00000
0.00000

CXCMT LOST
to »«l»
*>0BUeT|6H
4.232SE.gr.
2.21<«E.(t
1.W4E.I4
1.2]«5E.»3

t!i>3X.|>
2l.3HToE.g3
!>.9*O0E.gS
3.22»7E-g«9,*ll<E.CS
3.3S3>E.«*
1.8J1tE.j»
2.2X17E-04
i. i7UC .g4
0 .
•>.)644E.f3
0.
a.g*«9E-t4
4.1202C-t4
>.13531-0*
I.«e75£.fl3
|.356«£.g3
5.»T7«E-o5
•.So7TE.oS1.2375E-6»
1.6213E.03
1.29S0E-02
1.373BE.02
2,>M2Sl.03
2.23*0E.g3
0.
0.

E««O"
.(9**7
:i*3*s
;iTT24
.1407*
•Kf(4.27451
;11234
.52443
.242*T
•3gTg*
.21*11
•1««7T
• 214«1
;i*154
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1»771*£">*S
l.*2SlEa65
i«S79IC*9S
3»9S39E«9*
1.3«9IE>9J
I.7*2tt>l3
2.*T*3E-I*
3.1«*tE.|4
*•
(B

«EL»Tl
ERROR
.•1704
.06946
.29564
.099*3
•21014
.180(0
•06«t*
.25978
.13317
.20262
.15915
.11182
.1*6*5
.l*t*6

0.(0000
.19*51

o.oooeo
.527(2
.3*236
•7J70I
,329*6
.0*2*2
.2*915
.23515
.2*0*5
.2399*
.11**8
.9*7**
.129!?
.0»U»

•.89199
•.••III

CELL
1
2
3
4

5
a
7
8
9
10
11
12
13
14
IS
16
IT
10
19
20
21
22
23
24
25
26
27
28
29
30
31
32

ENERGY
LOST
TO C«PTURE
4.2206E-04
K0616E-02
1.433IE-0S
2.1204E-04
2.2464E-0*
5.IT36E-06
2.8905E-03
I.T7*0E*06
4.0679E-0*
1.26IBE-06
2.6T78C-D4
1.1949E-05
l,7fS3£-04
1.0958E-0*
9.8412E-06
3.3636E-03
3.9638E-06
4.3623E-04
7.4S26E-04
I.4195E-05
7.51S3E-05
9.7362E-05
I.346IE-05
8.7663E-04
S.529«E-06
?.2970E-03
9.98I6E-03
I.I920E-H
1.6104E-03
1.5502E-03
0,
0.

RELATIVE
CRROR
.05696
.01771
,05880
.02987
.0*305
.03260
.01769
•0*036
.02869
.03929
•03192
.03379
.03293

Il295«
.0321S
.13077
.07267
.0^733
.09103
.05320
.02365
.0*3!S
,0*289
,0*98*
.05281
•02*19
.01559
.03312
.02755

•••0090
(.00990

ENERSr LOST
To EN£«OT
cuTorr
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

RELATIVE

9.00000
0.00000
0.00000
0.00900
0.00000
0.00900
o.osooo
•.00000
0.00000
oaooeoo
0.00000
0.00000
0.00000
0.00000
0.0(900
0.00(00
0.00000
0-10000
0.60500
0.00000
0.000(0
9.009(0
0.(0900
0.00000
6*00(00
o.ooioo
0.00000
o.ooioo
0.00000
9.0(0.(9
0.09990
••((9(0

EXER&Y LOST
TO PAia
PRODUC'[OK
6.5B09E>05
1.B657E-02
5.B060£>0*
3.19*«E-03
2.7433E.03
3.T013C-0*
3.972BE-03
6.6915E>0S
4.2T3BE-04
».30»3E-05
3.1B20E-0*
|.*T74£>04
2.|832£«u4
1.1002E-0*
0.
3.B8B6E.03
0.
I.2566E-04
7.3522C-0*
I.SA67E.0*
••••79E-03
I.656SE-03
9.8396E-0S
l.(«6*E>0*
1.2901E-0*
1.8*3S£-03
l.(I*3£-«2
1*3oO*E*02
l.*48SE>*3
2.«7*6E>I3
9.
9.

RELATIVE
Eaaoa
.73169
.09209
.2*369
.11*63
.25993
.20577
.075*9
.33980
.16198
.236*3
.182S9
.13523
.IT757
.1*706

9.30«09
.21063

0.00000
.57931
.46095
.70762
.37905
.10521
.36*09
.27328
.29927
.20797
.13621
.05565
.15517
.1095.

0.09999
9.99999

gfcERGY
LOST
TO CO«»70H
«.7357E-03
l.95A9E*0l
*.*16?E»03
3.*9«3E-02
3.*72Sf>02
8.171JE-03
1.T692E.02
2.I854E-03
2.0170E-03
1.2S01E-S3
K2510E-O3
2.S207E-03
A.7429E*0*
5.JMBE-0*
I.S300E-03
l.S29S£'O2
T.3275E-0*
2.T9T5E-03
4.8733E-O3
3.2290E.03
1.3»B*E-02
1.7I87E-CJ
2.31051-03
l.3509E>03
I.Z022E-03
6.7H0E-03
2.60SOE-02
3.8174E.02
4.41B9E-03
4.J915E-03
(.
(<

RELATIVE
ERROR
•10552
•01935
•03930
•0190*
.03674
.02757
.01951
.03861
.l>«527
,n*io*
.05536
•03296
.0ST6J
.0*999
•2S256
.i>59!2
.«3925
•12303
•1I3S5
.139**
.06*90
•02026
.05*99
•05052
.06820
.09631
.0*896
.0233*
.06153
.0***8

0.80999
9.99999

TOTtL
ENERGY
0EPO5ITEO
S.2236E-03
1.3*97f01
9.6112E-03
3.B349E-02
• .2693E-0?
8.4965E-03
2.*S55E-02
2.15.1E-03
2.6512E-03
I.3344E-03
I.8370E-03
2.?20*E*03
1.26S«E-03
7.2578E-0*
1.S399E-03
2.1S*7E*02
'.367IE-0*
4.0594E-03
6.3538E-03
3.401F1--03
1.504' "02
1.89*1t'02
2.*223E-03
l.»6»3E-03
1.3368E-03
1.0852E-02
*.6195E-02
5.S096E-02
7.977TE-03
9.3J14E-03
0.
0.
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NUK8ER OP PHOTONS CROSSING SURFACE

TIME g . I.OOOOE'O?

COSINE I .

ENERGr
S.0OO0E-»3
1.0000E-02
l.OOOOE'OO
5.0000E>60
I.«OOOE«01

ENEROT
5.0000E-03
1.0000E-02
l.OOOOE'OO
S.OOOOE'OO
l.*O0OE»Ol

- to .
4.44356E
1.0IT7OE'
*.13039E
2.52348E
2.39380E

To »

S.OOODE-01
SURFACE

REL. ERROR
7

0.
0.
I . 2 1 C O I E <
2.3134SE-
2.1II381E'

».»IOOE-OI

ENEBOT
S.0O00E-03
1.0000E-02
I.OOOOE'OO
S.OOOOE'OO
l.40OOE"01

ENERGY
5.0000E-03
1.000nE-02
l.OOOOE'OO
S.OOOOE'OO
1.4000E»01

• TO •
3.3249SF'
7,3i3»5E'
Z.59T63E'
1.42669E'
1.4S4S9E

- TO •
0.
0.
t.SOSUE'
S.3S661E'
3.3132SE'

EO
.7B808
.14102
.01176
.02031
.02192

SURFACE
SEL. ERROR

0.00000
0.00000

•02 .03073
-03 .04527
•03 .05529

6.00C0E-01
SURFME

PEL. ERROR
•S* .57665
•03 .16029
•01 .01549
•02 .0274 0
•02 .02852

SURFACE
BEL. ERROR

0.00000
0.00000

•03 .05014
•0* .10091
.04 .13738

COSINE 6.0000E-01

ENERGY
5.000CE-03
I.COOOE-02
1.0000E*00
5.0000E*00
1.400oE*01

ENERGT
S.OOOOE-03
I.OOOOE-03
I.OOOOE'OO
5.O000E.0O
I.4000E*01

4.6000E-OI
SURFACE

• TO • Sit. ERROR
S.»3710E-0» .66330
4.933O3E-03
1.4nT44E-01
T.31340E-03
T.6T663E-03

- TO •
0.
0.
l.ao31SE-O3
7.2186SE-05
0.

.20075

.02174

.03796

.03916
SURFACE

PEL. ERROR
0.00000
0.00000
.05927
.26763

0.00000

COSiNE 4.0000E-OI

ENESGV
5.0O00E-03
1.C000E-D2
1.0000E«00
5.0000F«00
l.»000E»01

ENERGr
S.0000E-O3
1.0O0OE-O2
l.OOOOE-00
9.0000E*00
1.4O0OE-01

• TO
0.
2.23921E-03
6.0T369E-02
2.74640E-03
2.55592E-03

0.
0.
8,50S3TE-0t
S.S1576E-06
0.

SURFACE
DEL. ERROR

0.00000
.32818
.03338
.06386
.06827

SURF«CE

REL. ERROR
0.00000
0.00000
.09367
.99998

0.00000

COSINE S.OtOOE-OI

ENEPOT
5.0000E-03
1.0000C-02
l.OOOOE'OO
5,oooriE»oo
1.4000E»01

ENEROT
9.0000E-03
1.00O0E-02
l.OOOOE'OO
5.0000E«00
l,4000E*tt

• TO • REL
1.10T42E-0*
».«S192E-04
1.14033C-02
4.352I6E-O4
3.85382E-04

• To • REL
0.
0.
2.18563E-0'
0.

SURFACE
ERROR
.99998
.78661
.07299
.15019
.17155

SURFACE
.. ERROR
0.00000
0.00000
.16192

0.00000
0.00000

• To -
0.
3.96308E-06
2.1486SE-0Z
0.
8.

•. To -

REL. IR1OR
0.40000

, .»i«oS
>C4491

0.00000
o.eoeoo

DEL. ERROR

o.ooooo
0.00000
0.00000
0.00000
0.00000

• To -
0.
3.Z395TC06
2.54493E-02
0.

o.
• TO -

0.
0 .
« .
e.
0 .

GEL. ERROR
0.90000
.36957
.04770
0.00000

o.aoooo
l f ERROR

0.00000
0.00000
0.00000
s.ooocu
0.00000

• TO -
7.4SU6E-0*
1.49250E-06
1.7T135E-02
Oa

1
• To

0.
0.
0.
0.
0.

BEL. ERROR
.99!98
.S0285
.05290

0.00000
0.00000

REL. ERROR
0.00000
0.00006
0.00000
0.00000
0-00009

• To -
0.
1.70251C-07
1.29940E-02
3.65432E-05
0.

11

REL. ERROR
0.00000
.92697
.06746
.7S269

0*00000

0.
0.
0.
0.
0.

REL. ERROR
0.00000
0.00000
0.00000
0.00000
0.00000

• To •
0.
6.«7021C-07
4.78145E-03
0.
0.

0.
0.
0.
0.
I .

. To -

REL. ERROR
0.00000
.S927S
.10457
0.00000
0>00000

REL. ERROR
0.00000
0.00000
0.00000
o.oaooo
e.oooof

SURFACE
• TO • PEL. ERROR

0. 0.00000
0. 0.00000
7.2TS95E-03 .02762
7.59691E-04 .06270
6.013J5E-0* .08670

SURFACE
- T(l . Rgi. ERROR

0. 0.00000
0. 0.00000
1.41S24E-01 .01771
1.8S4T9E-02 .02594
1.63T63E-02 .02891

SURFACE
• TO • PEi. ERROR

0. 0.00000
0. 0.00000
2.37388E-03 .02916
3.I2497E-05 .09437
0. 0.00000

SUSFSCE
- TO • REL. ES1OR

0. O.OOOOO
0. (.00000
2.4T377E-02 .03742
J.38469E-03 .05806
1.9C032E-01 .06855

SURFACE
- TO • REL. ERROR

o. e.ooooo
0. 0.00000
1.30905E-03 .03396
2.66471£*06 .2S870
0. 0.00000

SURFACE
- TO • PEL. ERROR

0. 6.00000
0. 0.00000
4.32093E-93 .08878
I.02905E-04 .24634
0. 0.00000

SURFACE
- TO • PEL. ERROR

0. 0.00000
0. 0.00600
6.I6I3SE-0* .04398
1.38427E-07 .99996
0. 0.00000

SURFACE

- TO • PEL. ERROR
0. O.OOOOO
0. 0.00000
3.04798E-M .42215
0. 0.00000
0. 0.00000

SURFACE
- TO • PEL. ERROR

0. 0.00000
0. 0.00000
l.tO69SE-gt .07209
0. 0.00000
0* 0.00000

SURFACE
• TO • REL. ERROR

e. o.ooooo
6. o.ossoe
C. 0.90000
0. O.OOOOO
1. i.SCSSO

10

0,
0,
3,
0,
0,

14

0,
0,
0.
0.
0.

10

0.
0.
3.
0.
0.

14

0.
&«
0.
0.
0.

lc

0.
0.
2.
0.
0.

14

0.
0.
0.
0.
0.

10

0.
0.
2.
0.
0.

14

0.
0.
0.
D.
0.

10

0.
0.
1.
o.
0.

14

0.
0.
0.
0.
i.

• To -
t

1

BEL. ERROR
0.00000
0,00000

>***AIE~O* •04985
•
i

• To -

• TO •

0.00000
0.00000

REL. ERROR
0.00000
0.00000
0.00000
0.00000
0.00000

PEL. ERROR
0.00000
o.ooooo

'38284E-04 .05092

• »0 -

• 10 *

0.00000
0.00000

PEL* ERROR
0.00000
0.00000
0.00000
O.OOODO
0.00000

PEL. EP»OR
0.00000
0.00000

e»,",)6E-04 .05422

• TO -

. To -

0.00000
O.DOOOO

REL. ERROR
0.00000
0.00000
0.00000
0.00000
0.00000

PEL. ERROR
0,00000
0.00000

39784E-04 ,05900

. TO •

• TO •

0.00000
0.00000

REL. ERROR
0.00000
0.00000
0.00000
0,00000
0.00000

PEL. ERROR
0.00000
0.00000

0S52ie-04 .09210

. To -

0.00000
0.00000

REL. ERROR
s.ooooo
0.00000
0.00000
9.00000
0.00000
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NUMBER FLUX INTEQRATEO OVER SURFACE

TIME 0. l.OOOOf-02

SURFACE RELATIVE
ENERGY

S.0O0OE-O3
1.0000E-02
l.OOOOE'OO
S.OOOOE'OO
1.4000E'01

0.
0.
0,

o.

17

TIME 1.0008E-02

ENERGY
S.OOOOE-03
1.O000E-02
l.OOOOE'OO
S.OOOOE'OO
1.4000E'01

SURFACE
17

0,
0.
7.I54T7E-0?
3.346HSE-03
J.79994E-03

ERROR
0,00000
0.OOOOO
0.00009
0.00000
0.00000

I.OOOOE-01
RELATIVE

ERROR
0.OOOOO
B,00000
.04636
.07444
.06408

TIME l.OOOOt-Oi l.OOOOE'OO

ENERGY
5.000OE-O3
I.0900E-02
l.OOOOE'OO
S.OBOOE'OO
1.4OOOE'O1

SURFACE
17

3.793S7E-02
0.

TIME l.OeOOE'OO

ENERGY
S.OOOOE-03
I.0000E-02
l.OOOOE'OO
S.OOOOE'OO
1.4000E'«1

SURFACE
17

'

RELATIVE
ERROR

0.00000
0.OOOOO
.08376

6.30050
0,00000

RELATIVE
ERROR

0.00000
0.00000
0.00000
8.00000
0.00000

•ATM LEN3TM/V0LWIE

TIME g.

ENERGY
l.OOOOE-01
S.OOOOE-01
l.OOOOE'OO
S.OOOOE'OO
1.4000E'0l

TIME

EQ
I .00OOE-91
S.OOOOE-01
l.OOOOE'OO
S.OOOOE'OO
I.4OOOE'»1

1UI 1.

ENEROT
I.OOOOE-01
S.OOOOE-01
l.OOOOE'OO

5o

CELL
3

E 0
J.45S56E-06
2.93519E-06
4.74810E-07
i 0 t

••O000E-O2
RELATIVE

ERROR
.47126
.16266
.12496
.15388
.1461S

CELL
3

>.91645E-04

S^73S93E-0»
S.93950E-05

RELATIVE
ERROR
.0*758
.02704
.03600
.04068
.04498

CELL
3

I.S8796E-04
1.00697E-0S
•«S4413E"^T
t.
t.

l.OOOOE'OO
RELATIVE

ERROR
.06097
.10717
.51550

0.00090
0.00000

I.OOOOE-OI
S.OOOOE-Ol

CELL
3

S.SSOOE'CO

l'OOOOE'Ol

RELATIVE

0.00000
0.00000
9.00000
0.00000
0.00000

NUMBER FLUX AT DETECTOR

TIME 0. I.0O00E-O2
OETECtoS 5E1.STIVE

ENEUGY 1 ERROR
5.O0O0E-O3 II. 0.OOOOO
i.ooooe-02 o. o.ooooo
l.O000E*0O 0. 0.00000
S.COCOE'OO 0. 0.00000
1.4000E'01 i). 0.00000

TIME l.OOOOE-0! 1.00006-01

ENERGY
S.OOODE-03
1.0000E-02
l.OOOOE'OO
S.OOOOE'OO
l.tOOOE'Ol

DETECTOR

0.
0.
1.696SSE-0S
).ST19SE-O6
3.03619E-06

TIME I.OOOOE-01

ENERGY
5.0000E-03
1.0000E-02
l.OOOOF'OO
S.OOOOE'OO
1.4000E.01

DETECTOR
1

E
I.3769SE-07
0.

RELATIVE
ERtmp

0.00000
0.00000
.02373
.02565
.02687

RELATIVE
ERROR

0,00000
0,00000
•02606
.14637

0,00000

TIME l.OOOIE'OO liOOOOE'Ol

ENERGY
5.0000E-03
1.0000E-02
l.OOOOE-01
S.OOOOE'Ot'
I.4900E'OI

DE'ECTOR
I

I.
9.
i.
0.
t.

RELATIVE
ERROR

0.00000
0.0000-
0.00000
0,00000
0.09000

TAPE DUMP NO* NPS' 30100
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20.2S.51 SBMTR
20.25.Si «LOS
20.25.53 SPNTR
20.25.55 SBMTR 00

ST760073
20.25.56 SUHTfl
20.25.56 SUMTR
20.2S.S6 »CCP

JOB CARD RE»O KITH NO ERRORS

01 CARDS oooo3oa
READ. JOB HEAD* TO 8E SCHEOULED.
CP05 1.62 72/12/06 x>CM. It

00

.USER H0MI70R OF 1 1 / 0 2 / 7 2
JOB NAME>SCHRAXOlVIiOATE •

< E S C R A O C A S C

INITIALIZED.
72/I2/0S
C6

20.25.56 SUKVH
20.25.56 S'.IHIR
20.2S.S6 »CCP
20.25.56 «CCP
20.25.56 «CCP !
20.25.57 «CCP i
20.25.57 SUMTR
20.25.57 »CC<> j

20.25.57 SUKTR
20.25.57 SBHTR
20.25.58 SSMTfl
20.26.07 »LOS C
20.26.26 SBMTR
20.26.27 SBHTR
20.26.28 »CC* *
20.26.28 "CCP
20.26.28 «CCP !
25.26.28 SUMTR
20.26.28
20.26.28
20.26.2B
20.26.2B
20.26.29 «CCP 6
20.26.29 «CCP 7
20.26.29 «CCP (
20.26.29 «CCP 9
20.26.31 SUMTR
20.26.34 SBHTR
20.26.35 SBHTR
20.27.18 SBMTR
20.27.19 SBMTR
20.28.10 SBMTR
20.28.11 SRMTR
20.29.21 SBMTR
20.29.22 SBHTR
20.31.07 SBMTR
20.31.OB SBHTR
20.31.43 SRMTR
20.31.44 SBMTR
20.32.42 SBMTR
20.32.43 SBMTR
20.32.47 SBMTR
20.32.48 SBMTR
20.33.53 MCOPUS
20.33.53 SUMTR
20.33.53 SUHTR
20.33.53
10.33,53
20,33.53
20.33,53
20.33.54 «CCP it
20.33.54 «CCP
20.33.54 <CCP 11
20.33.54 SUMTR
20.33.54
20.33.54
20.33.54
20.33.54
20.33.5t SCCO
20.33.54 SU«TR
20.33.5t
20.33.54
20.33.54
20.33.54
20.33.54 SUMTR
20.33,54
20.33.54
20.33.54
20.33.5»
20.33.54 SUMTR
20.33.54
20.33.54
20.33.54
20.33.54

20.33.54 SUHTR <

20.34.24 «LOS 06
20.34.26 «LOS 03
20.34.34 SOUTPJT
20.34.37 SOUTPJT

OPENEO.BUFFER LENOTM "0003JH0.

CO.PR"10.PL"40.TU"5MI
•FILE SET CCO OPENEDiBUFFER LENGTH -OOOOllOO.
•FILE SET INP OPENED.SUFFER LENGTH •03910100.
S. CONTINUE RUH—HCS TEST PROBLEM.
SLABELtSTAGE)
SCRCATEtFS»RUNTP.cl.*U.SCT*ZoOOiPREHT>I>O03O24>
S0PENIFS>OUMMT.SCT>2eO0l
• F I L E SET OUMMT OPENEO.BUFFER ".EK3IH -000321OE.
SCOPT(URUNTP,O.OUHM»I TO VERIFY WINTER « S »
s
•FILE SET RUNTP OPEKEOiSUFFER LEK3TH •00032I<)0>
ROLLOUT STARTEO
ROLLOUT OONE
XK003024 IS ON UN]T 0 *ILE RUNTP 809 BIN
ROLLIN STARTEO
ROLL IN DONE

SIF(FALSE«REAOT1
SLABEL(REAOT) SUCCESSFUL STAQINO
SAFSREL(FSaOUHMY)
•FILE SET DUHHT CLOSED.BUFFER LENOTH "00032100.
.FILE SET STATISTICS
. READS "BITES POSITIONS OISK ROS 01SS IRS
ooooooooo ooooooiti ooooooooo oaoaoeooc ooiooten

. L»A>0O0OlS27ll<OEVICE«01
SREMINDIRUNTP1
SSETO!KEY»«KTP|
SSETO.
SLOGOU'RUNTPl
•FJLE SET OUT
ROLLOUT STARTED
ROLLOUT OO^E
ROLLIN STARTEO
ROLLtN OONf

ROLLOUT STARTED
ROLLOUT OONE
ROLLIN STARTEO
ROLL IK OONE

ROLLOUT STARTEO
ROLLOUT DÔ iE
ROLLIN STARTED
ROLLIN rJNE

ROLLOUT TARTED
ROLLOUT 10NE
ROLLIN STARTEO
ROLLIN OUKE
• END
•FILE SFT IMAGE OPEUEOIBUFFER LENGTH
•FILE SET IMAGE CLOSEO.BUFFER LENGTH
• FILE SET STATISTICS

. READS KRITES POSITIONS DISK RDS OISK OBS
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 * 0 0 0 0 0 0 0 0 4

. LWA>OOOOI30676<OEVICE>03
«IF(FALSE>T>PEI
SLABEL(T<?E)
SAFSREL I F S « R U N T P , A O I S P " S T A P E . P O S M T « 1 S 0 0 3 0 2 4 |
.FILE SET RUNTP CLOSEO.BUFFER LENGTH •0003216i.
.FILE SET STATISTICS
. READS KRITES POSITIONS OISK RSS DISK » 5
000000210 000000002 000000003 000000020 000000003

L«A»0000J10l31.nEvICE«03
.EOF OR EOI ON CC FILE. FSFT'CCO
.FILE SET CCO CLOSEO,5UFFER LENGTH •00001100,
.FILE SET STATISTICS
. READS MR1TES POSITIONS DISK RDS OISK MRS
000000046 000000025 000000023 0O000D000 OOOOOOOOO
• LWA*0OO0O0O0O0*O£VlCE*00
• FILE SET INP CLOSEOiBUFFER LENGTH >00010100.
.FILE SET STATISTICS
. READS KRITES POSITIONS OISK RDS DISK «RS
000000001 000000001 000000001 00000(1000 0*0000000

. LK»0000000000,OEVICE>00

.FILE SET OUT CL0SE0-8UFFER LENGTH »000321»0.
•FILE SET STATISTICS
. REAOS "RITES POSITIONS OISK RDS DISK KRS
OOOOOOOOO 0OO0O0SS4 OOOOOOOOO OOOOOOOOO tlOOOOOOl

. L«Aa0000010463»DEVIC£'01
•JOB TERMINATION.
.ELUDED CP TIME • 00288.44*90 .
.ESTIMATED JOB COST «<l03o.09
X003024 IS ON UNIT 0 FILE BU-'.TP

RCOVEREO »PE UNIT 0 ?i\_E RUNTP
FS'OUT OSP>PRT 4404 ITORDS
FSaRUNTP OSP.TAPE 69722 OORDS

'00064100.
•000641I0,

•00 BIN

tilt COMPLETE SCHRANDIVI 2
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TABLE V

SAMPLE RUN - MCP

SUROOUTINE SOURCE
COMMON HXa,MI J .H lS .MIF .» lFM.M<|_ClLC] i ! r0 :K:U7,Ul lHS>l l I l l l I IZ> . ; ! l>

i j )2,Kll ,*12.1ll ,LLl. I*U.1?1.122.J21.J22.1I2.1»1.1»'. I51.152.J51.
8 .IS2.i:5'KDEri.!.CD<LCPiJ4liJ42>IUiSRCIeii5:>B[24>>S>M!24>1SEe<24l>
C ][><r(SI.'[>l8>iNiri7].lDF<6>.NCLtl2Cl>F10|1201iNLl<l'0>>«L2<120><LC
D A(121 I.L-MI4H0I.LCAJI480;.LAJfaeO)•KSTtl20l«L5C(121!tSCFfJ&O!«LC9
E !<X>0>tLFO<<>l .LPR161.IJPrftOliOA!1201IIFP<60>«P(200IIC!<ETX|25<]>>RO
F l25>>Fe0|25liVCL(120><LMEl80O|tF<lCIB00)IKDCi
0 hST • X R N I N R N . Tk>5«
H TESlNP$>NTR.NCTiTMO.ET»f6fsNTII<6>a'T>(61iECB<l800!<!

C0MHON/Ctl/51G.ULS*PL.GPI.iPHF.O£G*CSJAtCSAtIAPsNEiHCPtnoOir
A «.»,;.u,v.»,tJo."t.rMt.»L.O£L.l».J«.'"p"USa1vso..5e.Ur,

l.l.LL
C UMOCUML' niSTRIHu'CU IN »CLU«E IN SPECIF I tO SPHEBiCAL CELL.
C 5TH.TIN5 U1BECTION ISOItOPICi BUT BIASED IN POSITIVE VOIKCCTION.
C iHlKGt DI3IB1RUT1OM.
C S7 CARD REUUIREO IN PROBLEM 8EC*.
C SP.C(1)'CELL NUNHE«.
C SRC12)»UAP1US OF tELL IK CM.
C SKC(3I>FP£CTIO» 0' KEUTnohS •HOSE STA«TINO OIRECTICH HAS
c PnsnivE w.

C UI5TANCf: FROM ORIGIh SAMPLED FflOli TME IftTERVAt .0«SRCI2M
t UlSTRluurEO aCCOROtNG TC txE DI51AHC£ CUBED*

1 " R"S»C(2I* IFR̂ (ftr.̂ t I ••.3333333333
C S1HPLC unlFOKHLT FROM POINTS IHSJOE THE UNIT CI»CLE«

1() 10 TP11 ) " 2 . » F R N ( K R M - 1 ,
15 TP|2)"2.«FRN(KKNI-1.
22 1P|3)*IPI1)*«2*TP(2)**2
24 IF|TP(3|.OT.1.1 00 TO li

C TPI3) DISTRIBUTED UrilFORKLV <!h TKE ItTEDVAL (0.11. TPI4I IS
C TM[ COSINE OF THE POLAR ANGLE OF THE STARTING POINT.

30 TPI4l»2.oTP(31-l.
31 TPr5)."»SaRT(il..TP!4l»«2l/TPl3l)
ST x«S«TPl*»
40 T»TP(l)»TP(5l
41 J«TP(2I"TPI5|
43 1KFRMP.RNI.OT.SSCI3I ! 00 To 30

C SET V POSITIVE SSClJ) OF THE TIME.
51 " !/»ABS(VI
52 .T.0.5/S»C(3)
94 15 1«.SPCI1)
55 J«-l
56 TME^O
ST DEL-0
60 flsFRNIKQNl
61 00 cO 1.2.8
64 IF <S .LT. SPBIIX 00 TO 2S
67 20 CONTINUE
72 25 t"G.StO[I-n.(5EO(Il-5E«(l-lll«I«.SPB(I-lll/

1 ISPBIII.SPeil-lll
100 »I.BI»SiiMIII
102 NETURN

C SET V NEGATIVE ; -SRC(3 l OF TME TtKF..
103 3o V'-»BS(VI
105 •I"O.5/ll .-SRCI3)>
UO GO TO 15
.111 tND
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5U6PRO0RAM LEKOTH • SOURCE

STATEMENT ASSIGNMENTS

STMT
10

BLOCK

04

<0< LOCATION
• li

NAMES AND LENOTMS
• 57747
• 213

VARIABLE ASSIGNMENTS

NAME

BNK
EDO
FRO

JO
LAJ
LI'F
LPO
NCL

'0

TCR
VCO
»T
Z

• LOCATION

t>R 704C03
»H 22C02
j« 112S2C0I
•I 166C01
,1 0C03
»I 32S1C0!
*I 212C01
»1 102I0C01
•I 220C01

' i*R SC06
»R 11221C01
»R 413CC1
• R 603C03
• R 114C05
•R 23C02
•R 1OC02

EXTERNAL ASSIGNMENTS
FRN

START

STMT NO*
15 •

01 '
OlCOM »

NAME «

CDETX »
ETM •
I •
IfP •
JSF ,
LCA *
LFO ,
LSC r

P C " i*

SCF ,

TME *
VIC .
• TM «

SBADEI

or . CONSTANTS

113

LOCATION

42
31

LOCATION

P lllMCOl
R 1460SC01
I 1*2
I 10502C01
I 33C03
I 1160CQ1
I 10202COI
1 S341C01
1 203C0I

B 5S32CCI
R S6CQ1
R 24C02

R ico:R 14621CC1

TEMPORARIES

117

STMT NO* LOCATION
25 f »2

NA«E •

OEl "
* 10 **
[A •*
UP •

LC»J »
LJ« •

NTH »
OA *>i
SEti -:
SRC »<
TP »
VOL »
> «

SORT

LOCATION

26C02
410C01
27C02

10216C01
14575C01

2311C01
1351C01
600C01

I4613C01
I0312C01
136CC1
46C01

1 2C03
1 11303C01
1 1»C»2

IKO!«ECTS

STMT NO* LOCATION
30 * 10*

NAME * LOCATION

ECR "> 14627C01
FRC *
10 »
JA *
K5T ,

Lee '
LME *
ML2 •
P *
R ••
SOI *
SUM •
V *
• CO '
T *

R 13133C01
I 173C01
I 30C02
I 5151C01

I 6302C01
I 1147JC01
1 7T0C01
D lofiTbCOl
R 143
H 223C01
R 106C01
R 20C02
R 25C0S
R 15C02

UNUJEO COMPILER SPACE
77100

CORE MAP ••••••••••••«• DATE- T2/12/07**** TIME* ie*2S*«2****«*««*«*« NORMAL LOAD ••••••••••••••••••»•••••*••••«•••*•••••••••••<
FkA LKA BLNK CON LEN1TH

CODE 00010D 076064
LOADER 143602 150071
TAULE5 143601 Ul'tl

PHOORAM ADDRESS

COOETP

STSLII
iMCPPRS

ACOOER
BUFFEI
bUFFfO
tNDFIL
1NPUTC
INPUTS
1OCHEK
LENGTH
LOCF

OUTPTC
OUTPTS
MEHINM
StSTEM
IBAIEI
HS4020
C4020
btTBA
iOUTIL
KOOER
KRAKCR
HEMORT
SKIP*
• 01
PSCALE

002154

006734
006746
0C7B6T
0071S1
0OT16S
00734]
007427
0074S3
007473

007505
007643

00 7734
00»7»7

01I02S
011C56
011636
011732
011766
CI32ST
01455*
015615
01S775
01*047
01*113

UNSATIJFIEO

OTCRNAk]

0161'C 057 > 7

NAMEO
COMMON ADDRESS

LCM
• LOCK AOORESS

•EFEPENCCD AT

LOCATION
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Z£

; «? &
•t 92 I*W

•t C |«N
••I *ot -s "t «• !• to- too* o«
«O» CO1 SO* E» t# t' f '0 OA
SO' 41- 2- c* 2- |0* 20' •« on

•01 •! I* to* 61
"•I 'i M tO* SOO* S3

o *S2 «oi o Si
•01 M !• JO* •!
••I O'S 0*1 ?• •• »3

•01 M I- 10' Si *J
••t 'S M 10' SOO* !3

• I 10* 500* t3
• I It Ot I IJ

Si* O'C I IS
•I * • *2 *2 *t M
*• *t "2 'Z -t ' I 01

•Bi- Ad at
'Of-
'il-

0
*92
• S I
• • 1
•tc
'OC
•52
"02
' S I
• I t
'Ot

CCCCCCCCCC' 0

lC*8C'SJ'CI'»tJtl IC'92'02*8I»6t'fll-

Zt ' l t - IC'CI- 62'8 S2'«'2t
oc'e- t c c i - s»'i e2'?t

iZ'f IC'Cf 12*S| 22*21
82'SI- IC'CI- 92*91 I2*2t
42'9t— IC'CI- 2C*8l 02*21
2C*II- 0C*2t- *2*6 Cl*9
S2*6- 0E.2t. C2-8 11*9
«2«e- 62*21- Zt'L 6*9

C2*i- 82'2I- I"SI l">
22'S1- I2*2l* 02*91 91*9
I2*9t- 92*21- 2C'8l 81*9

i t ' l l - 2C91 BI'S-
91*91- 0J.9- 2C9I 61*iI*S

SI'91- i t ' l l Bt'S-
i-SI- I2'9- Bt'9| Sl'S

9I'S- 1I'9I S«C
it'll' 21*91 CI'S-

e t ' t l - S2*9- tt'6 • I ^ I ' S
I l ' O f 01*6 Cl'S-

Cl*6- »2*9- 6*8 Ol'S
2t'6- 9*B It*S-

tt'B- C2'9- 1>1 »"S
01*9- 9'1 6»S-

6*1- 22'9- 9I'SI 9'S
8«i- i 'c- C***K
Si'C- ->*St- 2*2

9*£- S*SI C*» Z'Z
ft- »•»- Z'Z

2' I -

0*01
O'S
O'E

l«80*
l%80*
l t«o '
1*90*
1*80*
ClII"
Cllf
Cltf
till'
Cltf

C040'
C090*

92600*
C090*

9J600*
C090'
C090'
C2t'

C090*

C090*
C9*0*
C090'
C9»0*
Ci t t *
C i t t *

CZI*

92600*

Ad
Ad
Ad
A3
A3
A3
Ad
Ad
Ad
Ad
Ad
A3
A3
AM
OS
OS
OS

0

It
2*
2 *
2 *
9 *
9 t
9«

94
9 t
C*
C»
5»
C»
S»

c»

c*
1 ^
c»
19
9 *
9 *
• •

S*

11
9 t
St
t l
Ct
2 t
I I
Ot
6
8
1
9

s
«
c
2
t

K

OC
6 2
82
12
92
S2
»2
C2
22
12
02
61
81
i t
9 t
St
• t
Ct
21
I I
01
6
8
1
9
S
%

c
I

113190)14 1S31 d3H



PROGRAM NAME

1
2
3
4

6
7

e
i

10
i t
12
13
14
15
16
17
IB
19
20
21
22
23
2 *
2S
2 t
27
26
29
30
31

NO. CELLS* 32

CELLS
PROBLEM NAME

1
2
3
4
5
6
7
B
9

10
11
12
13

is
•><•

17
IB
19
20
21
22
23
24
25
26
27
28
29
30
3 1

TALLY FORK'JL!

4

PKOSDlH HAMC

1
2
3
4
3
6
7
a
«

10
11
12
13

u16
17

XO. SURFACES* 10

SURFACES
PROBLEM NAME

1
1
1 .
1 .

>

is16
17
IS

TALLY FORMULA

1

1
1

1

2

CELL
1
2
3
4
5
6

7
0
9

10
11
12
13
1 4

IS
1 6

17
1°
1 '
20
21
22
23
2 4

II
27
2**
29
30
31
32

4MB. SURF, MATERIAL
4 5
4 3
4 «

46
46
4 1
4 3
4 1

«<3
4 1

4 3
4 4
43
4 3
4 5
4 3
4 5
4 3

43
46
4 6
4 6
4 6
4 6
46
42
42
42
42
42

0
A

DENSITY
«.2<JOE-03
6.O30OE-02

1.1710E-01

4.63"0E-0l
G.O30OE"0^
4.6310E-0*
b.03CO£sO£
4.61J0E-52
6*0300E-02
1.2I00E-01
6..0JI10E-02
6.0_OOE-Oi
9.26C0E-93
t.O.JOE-02
9.2*OOE-03
&.OJOOE-02
d.O.'OOE-Oi
1.273OE-OI
1.1-30E-01
1.1730E-01
1.1.30E-01
1.1730E-0I
1.1.3OE-0I
0.4710E-02
a.4V00E-(2
a.4700E-(2
a.4700E*Q£
a.4T]0E-(2
0.
(1.

1 0

1.0000E*00
1.0000E*00
Z.00001'00
2.O0O0E*O0
I«09COE«00
4,0000£*09
4.00O0E«O0
(*.OOO0E*O0
6.0090E*00
1.60O0E*Ol
*>O0O0E*O0
3*2000fc*01
1 *600(l£*0t
3.2000E*01
I*OOOOE*00
!*0000£*00
1.0000E*00
l.dOCOE*00
i.OOOOE'OO
I.OOiOE'OO
I.OOOOE'OO
4.O0O0E*O0
•.OOOOE-OO
S.OOOOE-00
• .000OEX0
l.OOOOE'OO
l.OOOOE'OS
2>»900E«((
••(/C00E*9(
4.0000E«««

uao((E»((

FORMULA 1 — NEUTRONS CROSSIMO SURFACE
SURFACE 1 10 II 14
tNEROY S.OOOOE-03 1.0000E->2 1.OOOOE.00 5.

COSINE

1.4(((E*OI

a.gs00F-0l 2.«0(0E-01

FORMULA 2 — FLUI INTESRATEO OVER SURFACE
SURFACE 17
ENERGY 5 .0000E-03 1.00C0E.O2 1.000<E<00 3.COOOE<00 1 , 4 O ( ( C « ( |
TIME 1.0000E-OS 1 . 0 0 0 0 E - ( 1 I.OOOOOOt 1 .00(OE*01

FORMULA 4 — PATH LEN9TH/V0LUME
CELL 3
ENERSY 1.0000E-01 5.00«OE-(1 !.(((((•((
TIME 1.0000E-02 l.aoogE>(l l<ao((E<((
VOLUME 2.4552E«02

FORMULA

TIKE

) — FLUI AT DETECTOR

UETEcTOR X
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SUCH)
l.OOOOE'OO

5PCI2)
3.0008E.O*

SP6I3I
T.5000E-01

ENEPST
1.C000E-03
I.8000E-02
l.OOOOE-01

CUN. PROS.
0.
2.0000E-02
l.OOOOE-01

»T. HULT
0.
S.OOOOE'tO
2.&O00E*Oe

NUT.
«l

M«T.
•S

M»T.
«3

M»T.
44

•MT.
45

«»T.
4«

NO.

NO.

NO.

NO.

NO.

NO.

»»TERIAL 0>T>

ELEH. N0>
3

CLEH. NO.
26

CLEH. NO.
13

ELEH. NO.
4

ELEM. NO.
1
6

ILIH. NO.
1
6

rRtcrioH
1.00000

riucTiofi
1.00000

FRACTION
1.01000

FaicuoK
1.000(0

rajcTjox
.50000
.£'•000

fHiCTION
•64647
.31331

INITMTION COMPLETED
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CORE H»P ••••••»••••••• BUTE- T2/12/«7«« TIKE- 16.25.46'.•••••<
F«» l « BINR CO" UENOTH

>••••* NORM«L LO*O •••••••••••••••••••••••«••••••••••••••••••••*••

RUMTf

SYSlIt

CODE
LOADER
TABLES 143601

1UR1
140017

PROGRAM AOODESS

SOURCE O0S53S

HCPPRS OOSTOS

UBPNT 016730

FRN 017301

IRN 017327

NAHED
CONDON

01
02
03
04
DXCON
01
02
03
04
OICON
01
02
93
04
OICON
01
02
03
04
DIICOI*
SI
02
03
04
OKCON

MORES

000100
000142
005276
C05301
005504
C00100
000142
O52T6
005301
105504
000100
000142
005276
005301
C0SS04
000100
000142
005276
CdS3Q>
0O5S04
COOICS
009142
005276
C05301
005554

ACGGER
UACK'P
bUFFEl
BUFFEO
CLOCKF
OHPXX
LNUFIL
1KPUTC
IOCHEK
LENGTH
LOCF
OUTPTC
PACKAGE
SETS
SSUTCH
SYSTEM

ALNLOG

IUMEX
BB»1EX
RBtREX
SORT
•SORT
BS4020
C4020
tNIR
GETBt
10UTIL
KODER
KR*KER
L»BRT
MENORY
OUTPTS
REMARK
HETN
SKtPR
SHIFT
BO I
PSC'LE
N203SR

017355
017367
017416
017537
017621
017724
020466
020502
020656
020702
02X722
020734
021 "72
021157
021400
021466
022524
022643
022732
02300S
023036
023067
023146
023224
02.1275
02405S
02« 151
024205
024241
025532
027027
030070
C30176
030356
030447
030502
030532
030604
030621
030665
030672

UN5AT1SFIED REFERENCED
EXTERNALS 8 r

C
•LOCK 10NESS

«T
LOCATION

KCPPRS (04677
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KCP TEST PROBLEM

SOURCE NO. TIME CUTOFF
1.0OOOE.Q2

ENERGY CUTOFF
K000GE*03

X

S634E.00

NPS
1 1 .
2 »7.6927E-01
3 - 2 .
4 -7
5 I
6 8
T 2
a -e
9 »2

10 1
11 - 7 .
12 - 9 .
13 -6
14 -2
15 1
16 1
IT
IB
19
20
21
22
23
24
25
26
2?
20
29
30
31
32
33
3*
35
36

,44b4E»00
.5062E.01
,559bE.0<!
,tJb*54E-0l
5917E»00
.7200E.01
0645E.O0
0045E.OO
.9293E-0J
,63«1E-O1

2? - 5

.31B8E.O0

.3775E.00

.3847E-01

.9B94E.00

.7099E-01
,53O2E«O0
.7716E.O0
.ot»oaE«oo
.2244E-01
.59USE-01
.SS7OE-O1
,49(I6E.O1
,8902E«00
.6748E-01

-I.|764E«00
9.4340E-01

-*.O*»1E-O1
?.63tet.oo
9.0693E-01
1.1039E-01

-S.4249E-01
6.2016E-01
l.3224t>00
1.3225E.O0
3.6146E-Q1

.6,9394E-01
2.9487E-03

-4.S438E-01
2.3000E«00
2.3330E*00

S

-i.941«E»00
-I,0674E«00
-».91?5E-01
2,989')E-01

-*.7437E-fl l
-1.87»4E»00

4.3255E-01
2.ib81E«00

-5.6974E-01
4.13?»E-01
2.!>623E«00
2.22J4E-01

1

-3.B756E-01

-S.9941E-01 -7.1424E-01
-2.22noE400 4.S634E-01

-1.1190E-01
-7.9707E-01
-1.8288E-01
-5.9566E-01

1.1531E.00
*.6220E-01

3E

B

37 -8

38 3,

39 1

40 -2

41 .9
42 I
43 -2
44 -2
45 -4
46 •»
47 a
48 .6
49 -7
50 -2

, 0 3 5 E 0 0
.6317E.C0
,3357E«O0
.9330E-01
.1103E.QO
,S938E.O0
.32I4E-0!
,5b34E.0l
.I224E-01
.4098E.01
,57(.4E.0l
.6S19E.O0

I.3624E.O0
.9382E-0J
.38J8E.0C
.3392E.01
'.4562E*00
.S430E.01
,*03t>E-Cl
.S038E-01

..2690E-0I
.S057E-01

'.0422E.0C

.1U6E-01

.909IE-01

.5JS0E-01

.«091E«00
,3921E*00
.2510E-O1
.6624E-02
.0678E-O1
,862;E-01
.3636E-01
.7418E-01
.3696E*00
680BF-01
2209E-01
9»74t»0a
66n]E«00
71b7E-01
I613E-01
!294El)

-1.1377E»0O
2,G900E*00

•1.9277ET1
5.H9S6E-01
7.7764E-01

-l . *90SE-02
5. 0 )

• I . '164E«00
67

201
5475E-01
l5noE»OO
2»30f-01
0?»»t«00
8526E-02
9660E-IM
3«12E*00
2637E«00
S449E>00
47«6E*OO

a . 5 J E 0 1
•2.J035E-00

1.3592E-00
3.494»E-0l
9.4255E-01

-S.666«E»00
2.2912E>00

-S.S50U-01
-3.1791E-01
-5.9728E-02
5.2124E-01
1.3213E*00
6.S5SSE-01

-S.0268E-01

RUN TIKE
4.9000E-00

U
7.88S2E-01
8.5S43E-01
7.757SE-01

-9.8079E-01
7.328IE-01

-6.04S4E-0I
•2.9061E-01

O.P. CTCLE
S

OuKJ> CICLE
25000

. 0 i E 0 !
6.58/5E-01

•8.3340E-01
• 1.5S5U-01
7.7150E-01

-5.7973E-01
-6.1893E-01
*2.6939E-01
•2>S31«E-01
2.0860E-01
6«3296E-01
9.4572E.01
.i.99S8E-01
8.9975E.O1

-9.9231E-C1
-7.6712E-01
•3.919«E-01
1.2420E-0I
6.1286E-0I
•2.86£aE-01
• 1.9296EO1
2.6737E-01
1.7439E-0J

-3.425SE-J1
•1.2829E-01

1 7 S

. 0 E 0
•3.2219E-01

2.V254E-01
•2.6476E-02

4.7166E-01
3,J '3«E-0l
4.6562E-01

•S.4I73E-02
6.6I67E-01
3.A956E-02

6 6 2

•1.3928E>0l

"2U9I3E-01
8.U35E-02

4ioO73E-Ol
3.2389E-01

-6.3481E-01

2.1883E-01
l.^O^E-Ol

-8.O667E-01

1.2328E-01
<.*.05blE-01
-5.59JJE-01
1.932*E-0l
4.9044E-0I
T.2162E-01

•8.3591E-01
9.7390E-01
3.!>8I2E-O1
5.5144E-01
9.S742E-01
5.4942E-02
8.02B2E-0I
•3.2686E-03
9.2780E-0!

-9.4>39b£*>01
-6.4472E-01
•6.62»0E-01
2.6606E-02
4.B736F.-01
2.4728E-01
3.8S17E-02
5.9930E-01
9.10VOE-01

9

1>1932E->1
•8.8208E-01
-9.3820E-»l
-4.1469E-01
•T.5653E-01
•6.9761E-12
•6.75B0E-01
.6.t437E-01
•3.23blE>01
S.6814E-91

•3.4S66E-01

•S.8806E-01
4.1O77E-02

UJI22E-02
6.4344E-0I
7.6786E-01

-2.8988E-01
4.6780E-01 '

2!o539E-Ol
9.2612E-02
8.1499E-01
2.6252E-01

4ls268E-0l
-6.29B5E-01

2.0279E-01
1.6976E-01
9.I088E-0I

IE-O1 -3.81!>4£-03

9.8035E-01
4.626oE-02

-1.2435E-01 6.0094E-01
.S.6021E-01 2.634JE-01
-1.4S57E-01 4.5491E-01
S.24BIE-0I 3.7261E-02

b.8»see-oi
6.27b4E>01
9.(.0256-01

-7.S3I7E-01
•ba44tf6F.»01

4.2397E-01
-3.J34SE-0;
-4.0474E-C1
-5.9815E-01
•3.6664E-0I

I.483JE-03
4.0237E-01
9.2424E-01

•8.0S23E-01
2.2S14E-01

-9.7791E-01
-7.6956E-01

4.3663E-0!
•8.7bO6E-OI
-S.5040E-01

DUMP NO.
• 0

• T

6.6667E-01
3,0O0OE«0O

aloOooE-oi
6.O667E-0I
1.0000E-00

4'.OOOOE-Ol
1.6667E-01
1.3333E-01
5.0000E-00
I.00O0E-00
3.0000£»00
S.OOOOE-OI
1.666 7E«00
6.6667E-0I
3.S000E400
b.6S67E-01
6.6667E'O1
3.0000E*00
6.6667E-01
I.3333E-01
6.6667E-01
1.0000E>00
5.0000E«00
6.666fE-OI
4.0000E-01
1.66BTE400
1.6667E-01
l.OOOOE'OO
1.OOC<1E4OO
1.6667E-01
2.000CE-00
| . 6 6 » 7 f « 0 0
4.0000E-C1
1.6667E>01
1.6667E-01
1.6667E-01
1.6667E-01
l.OOOOE'OO
4.6667E-01
5.0000E-01
1.3333E-01
6.6667E'O1
6.6467E-01
2.0000E<00
2.66b7E-0l
1«OOOOE*00
6.666TE-0I
4.6667t-01

9 .
0 .
0 .
0 .
0 .
c.
0.
0 ,
c.
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
a.
Oi
0 .
0 .
0 .
0 .
0 .
0 .

CUTOFF CTCLE
"0

DEL ERO
7.S6S7C-01
3.8554E-01

l!o06l£*01
9.08e8E-0l
4.618IE-01
5l'*46E*S'
2.68|0£«00
7.248IE«00
3.1242E-02
2.8fl91E*01
1.S212E-01
2.4S2U*00
3.0S84E-02
6.1986E-01
1.92226-01
7.6630E-01
O.OU'E-01
1.97346-01
6.2104E-01
5,S952£<00
5.4734e»0l
3.3358E»01
1.28B0E-02
7,8866E-0l

7.6937E-02
2.2300fOO
1.5420E-01
3.9580E-0I
U3S41E400
5.5342E-01
4.92I3E-02
7.8823E»00
2,54S2E«00
4n2433E*00
4,5873E*00

4.2S03C-01
T.06S7E-01
4.3982E400
«.9181E>00
5.148SE-01
7.468SJ-01
7,J»2JE-8l
|414ft iC*0l
1.505OE»0l

TtOtOlE-l i

HCP TEST PR08LEX

TIME. 4.o05 MINUTES

NUMUEfl OF
PHOTONS
STtKTED

16414

TOTAL
NUMBER OF
COLLISIONS
1JB840

RtNDOM
NUMBERS
GENERATED
1837675

TOT»L
KEIOHT
STARTED
1,6SO3E»O4

ENEROT
STtRTEO

COLLISIONS
PER PHOTON
ST«CT£U
l,0896E>01

TRICKS
PER PHOTON
STARTED
S.S690E.400

PHOTONS
PROCESSED
PER

TOTAL
TRACKS
STARTED

91410

LOSS TO

ENERG*

CUTOFF

LOSS TO
TIME
CUTOFF

0

LOSS
TO
ESCAPE

22460

LOSS
TO
CAPTURE

I67SJ

LOSS
TO
SPLIT UNO

52190

TOT«L
TRACKS
LOST

9l4Sn

ME10MT
STARTEO
PER PHoTOh
1.00S4E<00

LOSS TO
ENEROT
CUTOFF
0 .

LOSS TO
TIHE
CUTOFF
0 .

LOSS
TO
ESCAPE
3.3986E-01

LOSS
TO
CAPTURE
6.S3U8E-01

HEIGHT
LOST
PER PHOTON
1.0229E*00

PAIR
PRODUCTION
PER PHOTON
9.4479E-03

ENEROV
STARTED
PER PHOTON
9.4841E-01

LOSS TO
ENEROT
CUTOFF

0 .

LOSS TO
TIHE
CUTOFF
0 .

LOSS

ESCPE
4.4966E-01

LOSS
TO
CAPTURE
4.6U9E-02

LOSS
TO PAIR
PRODUCTION
7.1904E-02

LOSS
TO
COHPTON
3.73J4C.01

Ewe
LOST
PER PHOTON
9.4I01E-01
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CELL
1
2

10
11
12
13
1*
15
16
l-»
18
19
20
21
22

n
2*
25
26
27
28
29
30
31
39

NO. OF
PHOTONS
CAPTURED
8.0013E-02
2.2259E-0I
2.8431E-0'
4.4799E-0 3
4.7155E-0J
8.«b.7E-05
4.3994E-0J
3.3000E-OS
6.9026E-03
3.6539E-05
4.6403E-03
3.0233E-0*
2.8366E-03
I.9202E-01
0.
3.3668F-0I!
I.OiS*E-O>
6.1577E-0J
1.1777E-0J
2.4776E.0*
1.1T99E-03
1.6262E-0J
1.3200E-0'
l.*03B»0»
4.3154E-0S
{.9660E-OI
*.9220E>02
I.«»16C.OI
I.4863E-0J
l.S262£.tt
0.
0.

RELATIVE
ERROR
.07114
.02913
.39682
.11637
.18524
.42467
.03631
.42475
.05*91
.3*307
.06325
,1205(1
.05932
.05366

0.00000
.06*20
.72107
.13*9*
.11*15
.5*637
.32748
.11332
.3*176
.23902
.4*792
.06060
•03605
•02*73
.05279
.0*260

0.00000
0.00060

PHOTONS
LOST TO
E. C.
0.
0.
0.
0*
0.
0.
0.

0.
0.
0.
0.
0,
0.
0,
0.
0.
0.
0,
0.
0.
0.
0.
0.
0,
0.
0,
0.
0.
0.
0.
0.
0.

TOTAL CELL DEPOSITION OATA

PHOTONS
CREATING
A P*l»
2.0308E-OS
3.02S9E-03
7.6IS5E-0S
3.1883E-0*
5.3613E-04
3.198SE-0S
*.15BOE>0*
1.0*08E-0S
5.0262E-0S
1.1169E-05
3.S285E-0S
2>«n87E-0S
3.7450E-0S

RELATIVE
ERROR
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0*00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.D0OO0
C.00000
0.00000
0,00000
0.00000
0.00000
0,00000
0.00000
0.00000

o.otooo
o.otooo
o.otooo
0,06000
o.otooo
o.otooo
t.otoot

2.4J49E-0S
4.6J02E-0*
o.
2.4J60E-05
1.0357E-04
1.2794E-0*
1.2997E-0*
1.9699E-0*
1.62*6E-0S
1.7262E-0S
1.5992E-05
3.5»»5E-0*
1.19*1C-O3
l.S68IE>03

3.SS15E-M
0.
0.

REL»TIVE
ERROR
.70706
.09037
.290*9
.1*59*
.2*19*
.30232
,0B9<«
.37222
.17331
.25393
.22952
.l**sn
.19971
.16363
.99997
.2866*

0.00000
.9999 7
.50253
.52375
,«999«
.12655
.*329*
.28957
.31537
.30071
. 1-ot.J
.06*60
.169*5
.10369

0.00000
5,00000

CELL

1
2
3
4
5
6
7
6
9
10
11
12
13
14
15
16
IT
IB
19
20
21
22
23
24

25
26
27
2a
29
30
31
32

ENERGY
LOST
TO CAPTURE
3.81|9E-0«
1.08ITE-02
1.1826E-04
2.2643E-0I
2.7657E-0*
J.1791E-0J

2.7146E-0)
1.4423E-04
4.1602E-0.
1.571t)E-(lJ
2.6*9»E-04
1.3002E-0*
1.6138E-0.
1.05*«E-0*
0.
2.1096E>01
S.9928E-06
S.1776E-0*
7.9832E-0*
1.2I7SE-0S
6.3693E>0i
9.6192E-0S
6.1711E-0*
«.2216E'0»
2.2160E-0*
2.1383E-0)
1.0615E-0i
1.I169E-Oi
l.r.936E-03
1.9I42C-03
0.
0.

RELATIVE
ERROR
.07971
.03111
.38612
.12327
.19232
.45401
.0 3267
•*3227
.05*03
.37612
•060O1
.11319
.057*2
.05326

0.00000
.06B10
.61269
•13T98
.1163*
.5327*
.33577
.12076
.32812
.23931
.•3702
.09011
.0*026
.02501
.05302
,0**20

O.OOCOO
OiOOOtO

ENEROY LOST
TO ENtROY

cuTerf
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0,
0.
0.
0.
0.
0.
0.
0.

RELATIVE
ERROR
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
o.o:?oo
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0,00000
0.00000
o.otooo
o.ototo
0.00000

ENEHGY LOST
TO PAIR
PROUUCTION
«,8J«lf-05
2.3a62E-02
6.120SE-04
2.SB30O03
3.975BE-03
2.3263E-04
3.1793E-03
6.4134E-05
3.3654E>04
8.5161E-05
2.9552E-04
1.9O04E-04
3.2t>94E-04
1.5272E.04
1.9i9*E-04
3.4418E-03
0.
I.0750E-0*
S.56B1E-0*
S.2338E-04
1.I715E-O3
1.4221E-03
1.4S92E-04
1.0726E-04
1.2685E-04
2.0786E-03
9.a62*E>03
1.192IE>02
1.60*3E-03
J.3»*1E-O3
0.
t.

RELAII
ERROR
.74603
•10816
.34638
.16619
.28195
.37502
•10606
.41207
.20217
.30012
.26054
.165*2
.23356
.16517
.99997
.36622

0.00000
.99997
.512*3
.62091
.58*72
.15624
.47910
.34428
.3784 7
.36484
•S1577
.07502
.22462
.12655

0.00000
0.00000

ENERGY
LOST
TO CONPTON
4.624l£-03
l.OTlSE-0!
8.440*E-03
3.*43££-02
4.26**i>02
9.09«*E"03
1..T710E-02
2.1636E-03
2.21231-03
I.*IS>E-O3
I.3173E-03
3.0131E-03
9.3093E-0*
6.7912E-0*
l.U**E-03
1.6850E-02
3,»35'E-0*
2.6145E-03
6.971'E-Ol
3.4269E-03
1.3371E-02
1.668*E-02
2.***6E-03
I.S706E-03
1.I970E-03
6.79»iE*03
2.630U-02
2.8*80E»02
••7693E-03
*.»18»E-03
0,
0.

RELATIVE
ERROR
.12217
.02858
.05102
•02729
.0*9*8
•03611
•02609
•05414
.05846
.05557
.07146
.04475
•07772
.06969
.16979
.08*29
.379*1
.22730
.13967
.17297
.07*53
.02*61
.06859
.07032
•10620
•IS707
•07T3T
.02925
.08217
.06043

0.00000
t.toooo

TOTAL
ENERGY
OEPOSITEO
5.0543E«03
1.4I63E-01
9.0643E»03
3.7244E-02
4.6897E-02
9.3302E-03
2.3612E>02
2.2491E-03
2.9649E.03
l.S025E>03
I.6777E-0J
3.2242E-03
1.4183E-03
9.3726E-04
I.3073E.03
2.2«I0E-02
3.6957E>0*
3.2J97E-03
t,3268E>03
4.2624E-03
1,«6O6E.O2
1.8202E.02
2.5967E-03
1.687 It-03
t.3281E>03
I.I0I1E.O2
4.6790E-02
5.1571E.01
>,96?4£-03
••4712E-03
0.
0.
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NUMBER OF PHOTONS CR05SING SURFACE

TIME 0. 1.0000E*92

COSINE I.

ENER8T
S.OOOOE-03
1.0000E-02
l.OOOOE'OO
S.OOOOE'OO
l.«0O0E>0l

ENERGT
S.0000E-03
1.0000E-02
l.OCOOE'OO
S.OOOOE'OO
1.40O0E'Ol

• TO •
1..-I1S39E.
7vS13»lE-
4.23776E.
2.38422C'
2u43207£.

• TO •
0<
Oj
I.28S70E'
2.471S9E-
2,56209E-

8.0000E-01
SURFACE

REL« ERROR
03 .66328
'03 .22109
01 .CI613
02 .02814
02 .02952

SURFACE
ERRORDEL.

0.00000
0.00000
.04296
.O&08T
.06364

COSINE e.oooot-d!

ENEROT
9.0000E-03
I.OOOOE-02
l.OOOOE'OO
S.OOOOE'OO
1.4000E»01

LhtHGt
5.0000E-03
I.OOOOE-02
l.OOOOE'OO
5.0000E'00
I.4000E'OI

6.OOOOE-O1
SURFACE

- TO • REL' ERROR
1.6277IE-03 .577?ii
6..09236E-03 ,2«482
2..S9362E-O: .02156
l.,49527E-02 ,03604
1..49628E-02 .03*29

SURFACE
• TO • REL. ERROR

Ou 0.00000
O.i 0.00000
S.11663E-03 .07338
6UIO949E-O4 .12786
4.31S42E-04 .20521

COSINE 6.00001.-01 4.0000E-O1

ENEROr
S.OOOOE-03
I.OOOOE-02
1.0000E*00
S.OOOOE'OO
1.4OO0E'Ol

ErvSROY
5.0000E-03
I.OOOOE-02
l.OOOOE'OO
3.O000E-0O
l.»000E»01

COSINE ••

ENERSr
5.0000E-03
I.OOOOE-42
l.OOOOE'OO
5.O0O0E'OO
l.«OOOE«01

EMEROT
S.00O0E-O3
1.0000E-02
l.OOOOE'OO
5.0000E-00
I.«OOOE"01

SURFACE
- TO • REL. ERROR

0.. 0.00000
6..09236E-03 .24482
K40244E-01 .03015
7,3t566E-03 .0*16?
7..76S73E-03 .0536S

SURFACE
- TO • REL. ERROR

0. 0.00000
Ok 0 .00000
2vO6233E-93 .0«63«
U 0 S 0 3 0 E - 0 * ,3«4g3
Ov 0.00000

OOE-01 2.0000E-01
SURFACE

- TO • REL' ERROR
2.O3079E-04 .99997
J.64002E-03
4..02697E-02
2.384I4E-032 , 3 l E
2,«5319E>03

.09246

.09262
SURFACE

- TO • REL. ERROR
0. 9.00000
0. 0.90000
7.01129E-04 .O9S1»
1.24366E-05 .73039
0, 0.00000

COSINE 2.00001-01 0.

ENEBO'
S.OOOOE-03
I.OOOOE-02
l.OOOOE'OO
S.OOOOE'OO
l.'OOOE'Ol

ENEROT
9.O000E-03

i.ooooe-02
l.OOOOE'OO
J.OOOOE'OO
l.«000E'Ol

SURFACE
- TO • REL' ERROR

6.09236E-04 .57730
Oi 0.00000
li20466£-02 .10072
3,55388E-04 ,21932

.22803
5URFACE

REL. ERROR
Oi 0.00000
Ot 0.00000
3.83246E.04 .27697
0. 0.00000
0. 0.00000

• TO - «EL. ERROR
0. 0.00000
0. 0 00000
2.9IMK-S2 .07066
0. 0 00000
0. 0.00000

11
• TO - REL. ERROR

0. 0.09000

o. o.ooooo
0. 0.00000
0. O.OOOOO
0. 0.00000

• TO - «EL. ERROR
12315E-J4 .79053

0.00000
«160tE-«2 .06818

0.00000
0.00000

• T O - KEL' ERROR
0.00000
0.00000
0.00000
0-00000
0.00000

• TO • «El. ERROR
, 0.00000
, 0-00000
• •771H-02 .08237
, 0 00000
> 0.00000

• TO - REL. ERROR
0 00000
0.00000
9.00000
0.00000
0.00000

• TO •

• TO • flCL. ERROR
Z.O30T*E«O« »9997
0. 0.00000
1.3o53«E-O2 .09732
0. 0.00000
9. 0.90000

• TO • REL. ERROR
0. 0.10000
0. 0.00000
o. o.ooooo
0. 0.00000
0. 0 00000

1
• TO " «EL« ERROR

0' 0 00000

o> o.ooooo
4.»7»4t£.»J .i»2|2
Oi 0.00000
0. 0 90000

11
• TO • DEL. :»Ron

0. 0.00000
0. 0.00000
0. 0.10000
«. o.ootoo
•« « MHO

- TO • «IL.
0. 0
0. 0
T.72638E-03
8.17899E-0*
9.02177E-0*

• TO • REL.
0. 0
0. 0
1.43928E-01
1.76821E-02
1.SJ80ZE-02

SURFACE
ERROR
.00000
•00000
.04014
.08357
.10530

SURFACE
ERROR
.00000
.00000
.02476
.03S33
.04020

10

0
0
3
0
0

14

0
0
•
0
0

• TO - KEL. ERROR
. ' 0.00000
. 0.00000
.4(3«7C-f4 .07882
. 9,00000
. 0.00000

• TO - DEL. ERROR
, 0.00000
. 0.00000
. 0.00000
. 0=00000
. 0.00000

SURFACE
• TO « M X . ERROR"

0. 0.00000
0. 0.00000
2.42698E-93 .04066
3.4206IE-0S .13287
0. O'OOOJO

SURFACE
- TO • REL. ERROR"

0. 0.00000
0. 0.00000
2.72794E-02 .OS0S7
2,33337E-*3 .08202
2.25S23E-03 .09024

SURFACE
- TO • »EL. ERROR"

0. O.OOOOO
0. 0.00000
1.44173C-03 .05089
S.2673SE-96 .31844
0. 0.00000

SURFACE
- TO . REL. ERROR

0. 0.00010
0. 0.00000
».19T«4£-»3 ,11'tt
l.J79»tiE-04 .29728
0. 0.00000

SURFACE
• TO • REL. ER»0»'

0. 0.00000
0. 0.00000

5 .06432

10
TO • DEL! ERROR

0. 0.00000
0. 0.00009
3.91307E-04 .08013
0. 0.00000
o. o.ooooo

•
0.
0.
c.
0.
9.

4

0.
Oo

TO •

TO -

J.40030E-04
6.
0.

REL.
9
0
0
0
0

REL.
9
9

0
0

ERROR
,90099
.90009
.00900
,00000
,00000

ERROR
.00000
,00000
•08085
.00000
.ooooo

• TO - RCL. ERROR
0. 0.00000
0. 0.00000
0. 0.00009
0. 9.00000
0. 0,00090

• TO • REL. ERROR
0. 9.00000
0, OiOCOOO

0
0,

- TO •
0.
0.
3.63S11E
0.
0.

- TO •
0.
s
1
0
0

0
0
0
0.
0

»*6099E

• TO •

0.00000
0.00000

SURFACE

•EL. ERROR
0.00000
0.00000

•1» .4M82
0.00000
0-00000

SURFACE
«EL. ERROR

0.00000
0.00000

-I* .10373
0.00000
0.00000

SURFACE
«EL. ERROR"

0.00000
0.00000
0.00000
0.00000
t.toooo

0
0,

1*

0
0
a
0

10

0.
0.
1.
0.
*.

14

0.
0.
0.
0.
1,

• TO •

• TO -

9e09000
9.00099

KEL. ERROR
0.00090
0.90000
0.00090
0,00909
0,90090

M L . ERROR
~ 0.00090

0,00999
434IIE-04 .12292

• TO -

0.00000
0.00000

REL. ERRO*
0.00000
0.00000
0.00000
0.0000*
•••eoeo
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NUMBER FLUX INTEGRATED OVER SURFACE

TIME 0. 1.0000E-02

•AT" LEriSTH/VOlUKE

ENERQV
S.OOOOE-Oi
1.0000E-02
l.OOOOE'OO
S.OOOOE'OO
I.*OOOE»OI

TJME 1.

ENERGY
S.0O00E-O3
1.0000E-02
l.OOOOE'OO
5.0000E*00
l.»0OOE*OI

TIME I.I

ENEPOr
S.OOOOc-03
i.ooooe-02
1.0000£«00
S.OO0OE«0O
I.«OOOE«O1

SURFACE
17

0 .
0 .
0 .

SURF«CE
17

Oi
0.
7.722T6E-02
«.321T3E-03
J.T4300E-03

SURFACE
17

0.
0 .
3.T20S3E-02
0 .
0 .

TIME l.OOOOE'OO

ENERGY
S.OOOOE-03
UOOOOE-02
l.OOOOE'OO
s.ooooceo
l.«OOOE«fll

0 .
0 .
0 .
0 .
0<

SURFACE
IT

RELATIVE
ERROR

0.00000
0.00000
0.00000
0.00000
0.00000

RELATIVE
ERROR

0.00000
0.00000

.07031
•0»710
.11593

RELATIVE
ERROR

0.00000
O.ODOOO

.10U2
0.00000
0.00000

RELATIVE
ERROR

0.00000
0.00000
o.ooooo
0.00000
o.:oooo

TIME 0.

EKEHOY
1.OOOOE-01
S.SOO0E-O1
l.OOOOE'OO
s.otjoi'oo
1.«OOOE'01

TIME l . «

ENEROY
1.OOOOE-01
1.OOOOE-01
l.OOOOE'OO
S.OOOOE'OO
l . » 0 0 0 E ' O l

7 ,
3 .
2 .
6 .
I .

I090E

» .
7 .
2 .
» .
6 .

I.OOOOE-02
CELL

S009«J.OT
•310SC-06
»3378E-06
)B992E-07
IS237E-07

RELATIVE
ERROR

.57706

.20956

.14010

.17916

. 1 9 1 2 1

•02 1.OOOOE-01
CELL

3
|202«E-0 *
I5913F-0 *
i»371SE-0»
JO373F.-0S
J1578E-05

RELATIVE
ERROR

.06899

. 0 3 8 7 *

. 0 * 8 2 7

.05*92

.05909

TIKE l .QOtOE-01 l.OOOOE'OO

ENEROT
1.090SE-01
S.0000E-S1
l.ocgoE'Oo
S.OOOOE'OO
l.AOOOE'Ol

1 .

CELL
3

MTaec-0*
3,»7072E-05
» .
S .
• .

»9f«3E-C8

RELATIVE
ERROR

,0»«97
.15762
.99997

0.00000
0.00000

TIKE l .OOIOE.Ot l.OOOOE'Ol

EKEROY
1.OOOOE-01
s.«aoaE-ai
l.OCOOE'OO
s.aastcaa
l .««O«t'«l

0 .
0 .
0 .
a.
a.

CELL
3

RELATIVE
ERROR

0.00000
0.00000
0.00000
o.osooo
o.eoooo

NUMBER FLUX AT UE'ECTOR

TIME 0.

s
1
1,
5
1

ENERGY
.OOOOE-03
.OOOOE-02
.OOOOE'OO
•0O0OE»0O
,«000E»01

TIME 1 .

5
1
1
5
I ,

ENEROT
.OOOOE-03
.OOOOE-02
,00O0E*OO
.OOOOE'OO
,«OOOE*01

TIME I .

ENERQY
5.O00OE-03
1,
1.
S,
1 ,

,0000£-02
,0O00E«0O
,0000E*00
,»OOOE'O1

TIME 1 .

1,
1 .
1 .
S.

ENEROT
.0000E-03
OOOOE-C?
ooooE-oa

,O0O0E*0O
,4000E*>1

TAPE DUMP NO

> 1 .
Bl.TECTOR

1
0 .
0 .
0 .
0 .
0 .

0000E-02 1 .
OI:TECTOR

I
0 .
i . t«701E^29
1.U0796E-0S
3.^8125E-06
3.12916E-06

OOOOE-01 1 .
DLTECTOR

1
0 .
».;;35»lE-lo
I.S8952E-05
1.0«510E-07
0 .

OOOOE'OO I. I
DETECTOR

1
0 .
0 .
0 .
0 .
0 .

OOOOE-02
RELATIVE

EHROR
0.00OC&
0.00000
0.00000
0.00000
0.00000

OOOOE-01
RELiHvE

ERROR
0.00000

.99997

.03019

.03*20

.03027

OOOOE'OO
RELATIVE

ERROR
0.00000

.80352

.03338

.13699
0.00000

joooe-oi
RELATIVE

ERROR
0,00000
0.00900
0.00000
0.00000
0,00000

. 2 NPS* 1 6 * 1 *
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17.56,41 SBHTR
17.56.48 .LOS
17.56.49 SBHTR
17.56.50 IBHTR 00

ST760073
17.56.51 !IUMTR
1 7 . 5 6 . 5 1 V.IIHTB
1 7 . 5 6 . 5 1 >CCP

JOB CARD READ WITH KO ERRORS
01 CORDS G00263H

REID. JOS CE'DV TO 6E SCHEOULEO.
CPOS 1.82 72 /12 /06 "ACH, l»

00

.USER HQnlTOR or 11/02/72
JOB NAHE»SCHRAMD18>I.S*rE •

0 S R T T 5

I H I T M L I Z C O .
72/12/07

17.56.51 SUHTR
17.56.51 SUHTR
17.56,51 «:CP
17.56.51 "CCP
17.56.51 »CCP 1
17.56.52 "CCP Z
17.56.52 SUHTR
1T.56.S2 «CCP 3
17.56.S2 SilMTR
17.56.52 SBKTS
17.56.53 JBMTR
19.11,46 •LOS OS
18.25.34 SbHTp
19.25.35 SBHTR
18.25.38 «CCP 4
18.25.38 "CCP
18.25.38 »CCP 5
18.25.38 SUKT-
18.25.38
18.25.3S
18.15.38
16.25.38
18.25.2S »CCP 6
la.25.39 »CCP 7
18.25.39 SUHTR
18.25.39 SUHTR
18,25.39 SRUN
19.25.39 SRUN
19.25.40 »CCP 8
la,25.40 OCCP 9
18.25.40 »CCP 10
la.25.40 *CCP 11
18.25.43 1HCPPRS
18.25,43 SUHTR
18.25.43 SUHTR
18.25.43
18.25.43
lS.25.43
18.25.43
18.25.44 "CCP 12
18.25.44 »CCP
16.25.44 *CCP 13
18.25.44 SUHTR
le.2S.44
18.25.44
18.25,44
18,25.44
18.25.44 "CCP 14
.8.25.44 «CCP 15
18.25.44 «CCP 16
19,00,5a MCPPR5
19.00.58 SUHTR
19.00.59 SUHTT
19.0C.59
i9.00.S9
19.00.59
19.03.59
19,00.59 «CCP 17
19.00.59 *CCP
19.00,59 *CCP la
19.01.00 SUHTR
19.01,00
19,01,00
19,01,00
19.01.00
19.01.00 SCCP
19.01.00 SUMTrt
19.01.00
19.01.00
19,01,00
19,01,01)
If.01.00 SUMTR
19.01.00
19.01.00
19.01.00
19.01.00
19.01.00 SUMTR
19.01.00
19.01.09
19.01.00
19.01.00
19.01.00 SUMTR 99

19.02.00 *LOS 06
1 9 . 0 2 . 1 3 S9UTPUT
19.02.17 SOUTPUT

CPiPR.lO.PL.40,TL"5H
.FILL SET CCO OPENEOaBUFFEA LENGTH .00001100.
.FILE SET 1NP OFCftEDiBUFFEB LEKOTH .OOOlBlOa.
S. INITIATE AND RUN HCP TEST PROBLEM,
SLABFJLISTAGE)
SCHEATE iFS-COOETP.CL.il.PBEKr.KJOOWOl)
S0PEN(FS.OUMHYaSCT«200O!
.FILE StT DUHHV OPENED.8UFFE0 LENSrH .O0C."'?IOO.

.FILE SET CODETP OPENEDtBUFFER LENGTH .00032100.
ROLLOUT STARTED
ROLLOUT DOME
IXO0?301 IS ON UNIT 2 FILE CODETP «00 SIH
SOIL I" STARTED
BOLLIN OONE

SLAHELIREA1IT)
S«FSBELCFS»OUMMTI
.FILE SET UUHXT CLOSEDtBUFFESt LEKGTH >000?2100»
•FILE SET STATISTICS
, READS "SITES POSITIONS DISK ROS 9I5K >RS
000000000 000000320 OOOSOOOOO 009000000 OOOOOOOlt

. LWA.O0O02565S5<0EVICE«01
SBEWINDICODETP)
SRUNCC.SI.B.RUNTPI
.FILL SET RUNTP OPENEO^BUFFER LENGTH .09032100.
.FILE SET OUT OPENED,BUFFER LENGTH «000:21«0.
.FIELD LENOTH IS » 0S0776
.BUN.LCH69 CTIHE 000.259 SEC.
SCOPTFII.COOETP.O.RUNtPI
SSETOIKEY.KKTP)
SSETO.
SLOfiOII.COUETPl
• E
.FILE SET 1HA6E
.FILE stT IMAGE

OPENED•BUFFER LENGTH .00064190,
. CLOSED»BUFFER LENGTH .000(4100.
.FILE SET STATISTICS
, READS WRITES POSITIONS DISK ROS O R * «RS
000000000 1,00000003 000000001 000000000 000000003
, LwA.OOO0O76344«O£vtCC«O!
S.F(FALSC«CUNl

SAFSRELIFS-CODETPI
•FILE SET COOETP CLOSEOBBUFFER LENGTH .00032100.
•FILE SET STATISTICS
. BEADS WRITES POSITIONS OISK ROS OIS* U»S
000000404 000000000 OOOCOCOO! 000000020 OOOOC530S

L"«»0000256555,DEVICE.Oi
SSETOIKEY.RKTPI
SSETO.
SLOGOt t.RUNTPI
.END
• ̂ Ut: SET IMAGE OPENI:0*SUFFER LENGTH .oooC4ioo»
•FILE SET IMAGE CL0SE0.8UFFCR LENOTH .00064100.
.FILE SET STATISTICS
. BEAOS WBITF.S POSITIONS OISK RDS OIS". « S
000000000 000000003 030000O0I 009000001 O003OC0U3
, L»A=.O0O011J257,0EvICE"01
IIFIFALSE.TAPE)
tLAHELrrapf. I
tAFSHLL<FS»RUNTP,A01SP«TAPE>
.FlLt SET BUNTP CLOSED,BUFFE« LENGTH .90C3£lO0.
.FILE SET STATISTICS
, READS wfllTES POSITIONS OISK ROS 0IS.< K»S
00000002b 0«000OO2> 000000003 000000004 OOOOOOOlI

, LWAB00001*1032,DEVICE.01
,EGF OR EOI O«> CC FILE, FSET.CCO
.FILE SET CCD CLOSEDiBUFFER LENGTH .00001100,
,FIL^ SET STATISTICS
, HEADS »PITF.S POSITIONS OISK ROS OISK BBS
OOOOOOO?! 000000037 000000034 OOO0O0OQ0 000309000
, LWA.OOO0O0O000.DEvICE.0O
,FILE SET U.P CLOSEO.BUFFER LENGTH .00010100.
.FILE SET STATISTICS
, B£ADS WRITES POSITIONS OISK RDS OIS< KXS
000000222 000000222 0O0O00001 090000000 00030000*
, LW4.OOOpO000O0iDEVICE.OQ
.FILE SET OUT CLOSED.BuFFEB LENGTH .00032100.
.FILE SET STATISTICS
, HEADS WRITES POSITIONS DISK RDS OISK DBS
000000000 000001463 OOOOOOOOO OOOOOOOOfi 000000002
, LKA.0000021702tOEVICE.03
.JOB TERMINATION.
.E1.APSE0 CP TIHE • 00288.19619 ,
,ESTIMATED JOB COST S0036.02
U008199 IS ON UNIT 1 FILE RUNTP SOO BIN
'S'BUNTP D5P-TAPC 49691 «0«0S
FS.OUT DSP"POT 9155 ttOftOS 13 PAOES

PILS COMPLETE 5CHRAND1BD
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CORE MAP •••••••••••••• o«TE- 72/l2/»«»«« TIKE- 20.23.15"» >•••••••• N0»H«L L0»0
F « L»« 8LNK COM LENGTH

CODE
LOADER
TABLES

FILE PROGRAM

RIMTP
SOURCE

NCPPRS

O8PNT

FRN

IRN

>T3L IB
ACGOER
BACKSP
BUFFEI
aUFFEO
CLOCKF
OHPXX
ENDFIL
INPUTC
1OCHEK
LENGTH
LOCF
OUTPTC
PACKAGE
SETO
SSHTCH
SYSTEM
XIT
ALNLOO
EKP
IBAIE1
RBA1ES

UNSATISFIED
EXTERNALS

SRCOX

OOOIOO
143602
143601

ADDRESS

005515

S0S701

It 16730

017301

017327

01735?
017367
017416
017537
017621
01772*
020466
020502
020656
020702
020722
02073*
021072
021157
021400
021466
022524
0226*3
022732
023005
023036

......

110757
1S00T1
140017

RBAREX
SO»T
ABOUT
85*020
C4020
ENTR
GETBA
IOUTIL
KODER
KRAKEfl
LAhRT
MEMORY
OUTPTS
REHARK
RET*
5K| PR
SHIFT
801
PSCALE
H203SR

031011

NAHEO
COMMON

Gl
02
G3
G4
OXCOM
Gl
02
03
G4
CUCSM
Gl
G2
G3
G4
DICOM
01
02
03
04
OKCDM
01
02
03
04
OXCOM

023067
023146
023224
023275
02*055
024151
024205
024241
025532
027027
030070
030176
030356
030447
030502
030532
03040*
030621
030665
030672

REFERENCED
BY

McPPRS

OS 7747

ADORES

oonoo
000142
00*276
005301
00- 504
oootoo
00 J 1*2
0OS276
003301
0O'S04
000100
00" 142
005276
00S301
005504
00/100
000142

OOS301
0 0 J S S 4
000100
000142
90T27A
C»S301
•o«so»

»0»»77

LCN
SLOCK

AT
LOCATION

MC» TEST PaotLEH

SOURCE KO. TIME CUTOFF
1.0000E«»2

ENERGT CUTOFF
1.00«OE-03

RUN TIHE e.r. CYCLE
50000

DUKP CYCLE
90(01

DUMP NO.
•0

CUTOFF CVCLE
•0

TI"E» 9."SO HINUTE5

HUHDER OF
PHOTONS
STARTEO
33217

TOTAL
NUMBER OF
COLLISIONS
365325

RANDOM
NUMBERS
GENERATED
3740703

TOTAL
HEIGHT
STARTED
3.3»18E««*

TOTAL
ENERGY
STARTEO
3.I9OSE<O4

COLLISIONS
PER PHOTON
STARTED
1.0W1EX1

TRACKS

n» PHOTON
STARTED

E

PHOTONS
PROCESSED
PFO MINUTE
3 5 0 3

TOTAL
TRACKS
STARTED
18*2*8

LOSS TO
ENERGY
CUTOFF

0

LOSS TO
TIME
CUTOFF

0

LOSS
TO
ESCAPE

*45*S

L05S
TO
CAPTURE

34312

LOSS
TO
5PLITMN0
105391

TOTAL
TRACKS
LOST
18*2*8

STARTEO
PER PHOTON
1.0061E-00

LOSS TO
ENERGY
CUTOFF

LOSS TO
TIME
CUTOFF
0.

LOSS
TO
ESCAPE
3.3*46E>01

;.05S
TO
CAPTURE
6.8302E-01

•EIGHT
LOST
PER PHOTON
1.0Z25E*C0

(jct
F PHOTON
9.S58BE-03

ENERGY
STARTEO
PER 'HOTON
5.4855E-01

LOSS TO
ENERGY
CUTOFF

LOSS TO
TIMZ
CUTOFF
0.

LOSS
TO
ESCAPE
4.J5S5E-01

LOSS
TO
CAPTURE

LOSS
TO ;AIR
PRODUCTION
7.»35oE*02

LOSS
TO
COMPTON
3'6«3oE-ol

ENERGY
LnST
Pff> PHOTON
9.4951E-0I

Al



TOTll CELL OE'OSITlni C«ti

CELL
1
2
3
4

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

21
22
23
2 *
25
26
2?
28
29
JO
S|
32

NO. OF
PHOTONS
C»f>TUBEO
7.6768E-02
J.2495E-01
2 .7596E-0*
4.6708C-.03
5.1?»9£-03
1.2067E-0*
t .3895E>02
5.30*OE-05
6.78B7E-03
3.68T9E-05
«.«*51£-03
3.52»5£-s*
2.9*3*£-03
1.9798E-03
5.917SE-0S
3.6005E-02
?.02»5E-C5
7,«675E-»3
I.114SE-02

1.4I49E-03
I.8326E-03
2.0898E-**
I.7687E-0*
8.692SE-95
2.I3S7C-02
*.*62TE-92
!,?535E-01
1 .**99E*92
l.*9ME~02
0 .
9 .

«EL<TIVC
EBBOB
.05057
.02053
.28191
. 0 8 0 * 0
.129*9
.28184
.02*96
.298*1
.03958
•23812
•04496
.07627
.0*0*7
.0385*
.72109
.0**18
.58899
•09133
.0833*

.22039
•OC026
.2160?
.1*956
.2285*
.05*63
.02573
.01761
.03663
.02928

9.09990
9.99999

fHDIOHJ
LOST TO
E. C.
9
9
a
z
0
9
9

0
a
e
e

9
0
S
9
9.
0.
0.
9.
0 .
9 .
0 .
0 .
8 .
9 .
9 .
9
9 !
0 .
* .

"ELa'IVC
EOBOB

9.9C990
a.eeoao
i.ceaae
).odo«o
3.C0099
I.O0CV9
'.G3Q99
1.09990
i.ooeso

'. 009119
).OOOOO
A.00099
.09999
•0809C
.99 )99
.00999
•09090
.00099
.09999
.09909
.00999
.909)9
•O0989
.09909
.90999
.0 (908
•09(99
.0'^>*
•8)999
•)•))*
.19(19

>"0T0N5
COEstfO
• «1)B
3.I139£.C5
3.0??6£>03
6.6?3lC*05
3I5?25t-9»
*.6462£*9*
*.!4*5f*35
• .3703E-O
l.016CE.«5

B.?l?9E=96
3,J93*£**5
2.*021E«83
3»32*IE*85
1.62**£-05
6.9210E-95
«..R*6E*9t
».20*2E*05
••8I68E-05
l.tTtlE'9*

lli«*3E-9*
l.*6**£*9*
2.5B*9E*)5
I.5931C-95
l.?IS5t.*S

la*)0*E«93
l.D99*C-93

3.2313E>>4
1 .
t .

fl£L*T|
EUB0B
.«2I?<)
.06389
.20*33
.09361
. 1 8 5 9 '
.18296
.9fiO*fl
.263)6
• )3J»7
.2912*
.17272
. 1 0 * 3 *
.S«187
.11528

•20)12
.99<I*B
.t*9*7
.335?*
•5237S
.363**
•09076
.22*17
.283)9
.2199*
.11*)*
. l i e * *
.0*5**
•>] tin
.•799*

I.IICI*
9.I9M9

ELL

2
3
*
5
6
7
A
9

1 0
11
12
13
1 *

16
| T
14
19
20
21
22
23

£5
?&
27
2«
2 *
10
31
12

E*£BOT
LOST
TO C*P1UBF

I.O8«*E-02
1.2038E-05
2.*"IOE-O*
3.1337E-0*
5.0749E-96
2.7OT2E-03
2.2C5E-06

ir»50"(E-06
2.61*3E-0*
l.5l>»7£-05
I.6726E-0*
i.onsH-0*
3.2d*0F-0»
?.2*27E-93
3.7538£-96
«,I»IE-|I
T.«769E-0*
1.5855E-05
7.I9ME-05
I.I117E-0*

1s03*8E*95
*.8*65f-06
2.3*6«E<93
I.9926E-92
I.1MVE-92
l.*D*9E-03
l.5*3*C-*3
9 .
9 .

»FL*T|VE
EBU0B

.27761

.13989

.2»*7?

.02310

.311060
•03761
.2*923
.0*258
.0761?
.0393*
.03779
.8139?
.0*69?
.67*99
.1007?
.08757
.«*236
.2?**2

.2139*

.23351

.0637
• 028 u
.air.r
.837.
.«3ojr

••(••99
••9919)

Eu£nar 1 05T
to CNf •»»
ColOff
9
9
0
0
0
9
0
0
0
0
0
0
0
0
0
0
0
0
9
0
0
9
9
9
9
9
9
6
9
* .

1,

»fi«t!ve

>.C900*
B.COOCO
>.OOOOO
>.00000
I.C9909
(.00000
i.coooo
>.00000
I.O00O0
1.00099
>.00000
1.00099
1.09999
1.00000
t.onooo
t.oogog
1.90900
.00990
.90900
.00990
•00*09
• 09(01)

'•09999
.09990
•39)99
•9990*
•9999*
.99999
•99999
•inn
•9(191
.)•)••

E«Ear.» LOST
in p«l=
eB.inJCjIO"

2l5t09E-02
* .S915f•* •
2.7599E-03
3.*71>>E-01
3.072'£-04
3.345F£.o3

3.*<|T«£«04

i.trrie-«3

1 9>^ti'•'?€"••
* . * ]58CaS
t.2^31E*9*
3.145U-91
l . * l * 'E«92
1.3U7f.»2
|.*5*8E*93
2.3«2*E-t3

a.
*.

QFLtlXVE
Euan"
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20.ZS.56 »B»T8 JOB CABD BEAD H|TM NO EBBOB;
20.25.S? 'LOS 01 CMOS D0003C9
20.Z6.0t SRHTfl READ. JOB PEAO* TO BF. SCHEDULED.
20.26.02 tHMIO oo cans I.B2 72/12/o<> »«CB. 1» <1»E

SY760073
20.26.03 »UMTa .USER MONI'OO OF 1J/02/72 INITIALIZED.
20.26.03 »UM1B .J09 NAME-SCMBANDlVJ.CATE • T2'12/0B
20.26.g3 «CCP 00 »J09««AxEiiSC>»lANDT.CAr.oS.CL"UiACM06.UA.9406C050l<

Co .<JB«l0.pL-*O.tL.5xi
20.26.03 SUMTS . F I L E SET CCO OPEkEOiSurFER LENGTH •0OS01100.
20.26.03 >UH1» .FILE SET I K P D»EsEOiBUfF£O LEK31H «rJl lOIOg.
20.26.03 »CCP I . CONTINUE HUN--NCP TEST PBOBLE".
20.26.03 " C C SLABEU5TAGEI
20.26.03 *CCP 1 SC«E<TErF5saUNTP.Cl*l>.SCT>2000>PBE«T«I>(Ii41««l
20 .26 .0" »BHT« 01 OIS« EBPOP C*N«2.3 O|SK«A FS«STSL1B «EO>BElO

SRMTa Gl Ea»N«0002 TPKNaoOoS SCTN'OOO* HDGN»0000 \IA«O0Q1
SflBTO t l PPNO.0003 SHtB.OOO* S H 5 E « 0 0 0 * SrfME.OOCO 1'iRiOSOO
iflots (t sriopoio? Sf«o>ooco srjp>gso2 swzan "<»»o»»»

20.26.i>» «CCP ? JOPEN(Ft..OiJ«UT.SCT«20oei
2O.26.o> IUMTP .FILE SET 0UMHT O'EKEO.eLFFEB LENStM •lj|3£llg.
20.26.«t «CCP 3 lCOO»(I«BUNlt>,0«OU><'"l TO VEBITT »OIVlE« ' C O

s
2S .26 .0 * 5U»/B . r iLE SET BlttlTP CH"£xED.8LTF£B LEKSTM ••*>321t«>
20 .26 .0 t SPMTR ROLLOUT ST»TEO
20.26.05 SRMTO BOLLOUT OO«E
20.26.13 »LO5 (S X00BI99 IS ON UN|T 1 FILE RUNTP i g l BIN
20.28.11 tRHTB BOLL IN 5T<DfE0
?C.2«. )2 SBHTS SOLLIN 0O"E
20.28.13 «CCP » SIF|F1L<>E*BE>OT]
20.2S.J3 *CCP lLtHELIOE'D") SUCCESSFUL STtSSNS
20.28.13 «CCP S JJFSBELIFS-nuKMTI
20.28.13 SUHTR .FlLF SET 0UHHT CLOSEDtBUFFEl LE»9TM • r 0 9 3 2 U « .
20.28.1? .FILE SET ST»TI5TttS
20.28.13 . BEADS 'BITCt POSITIONS DISK 80S DISK M S
2O.2».|3 oooooocoo ooooooiso oooeooooe eooocooit •!••••«!•
20.2R.13 . l>»"0O00l«ll«iOE¥le£"03
20.28.13 •CCP ( IBf.iNDIBUMPl
20.28.13 »CCP 1 »SETO<KE»»««TP)
20.28.13 *CCP I (SETO.
20.28.13 *CCP * JLOGOU-nUXTP!
20.28.IS SUHTB .FILE SET OUT OPENEDiBUFFCB LENGTH •r«t321to>
20.29.10 JBHTO ROLLOUT ST'aTCD
20.29.11 fBMTS ROLLOUT OO1E
20.35.30 iBMTD BOLLln STCBTEO
20.35.31 IBMTN ROLLIN OONE
20.39.^1 NCPPR! .END
20.39.21 JUMTR .FILE SET I»»GE OPENEO>BUFFEa LENGTH .Uvo«IO(.
20.39.21 fUHTR .FILE SET IMAGE CLOSED.BUFFEB LCOTM POf)C6*tOO.
20.39.21 .r;ie S E T srnrisircs
20.39.21 • BE>DS »&|TEt POSITIONS OISK BOS ?1S* "OS
20.39.21 00O000000 000000003 0000O0OO1 000000000 000900003
20.39.21 . LK£«OOOOI1I2ST.OEVICE*01
20.39.2! «CCP II tIFIFALSE'TAPE)
20.39,21 *CCP 1LAHEL(I»PE>
20.39.21 *CCP |] 1AFSNEL<FS>RUNTP.AOISP*ST1PE>POSM?»I008199I
20.39.21 tUHT* .FILE SET BUMTP CLO?ED.BUFF£1) LENCTH »l0I32II0.
20.39.21 .FILE SET STATISTICS
20.39.21 . READS aBITES POSITIONS OIS« »DS DISK "OS
20.39.21 00000017' 000000002 000000003 OCOOOOOIt OIOOOCOO*
20.39.71 . L»A«0O0020«?SIto£V!CC*0I
20.39.22 (CCP .EOF OB EO1 ON CC FILE. FSFI.CCD

20.39.22 lUMTfl .FILE SET CCO CLOSEO>HUFF£<) LENGTH •ulOlltOi
2d.39.?2 .FILE SET STATISTICS
20.39.22 . BEADS ><>I'E<l P0H1I0US DIS1 BDS JI!« »aS
20.39.22 0000000>6 OO0O00O2S 00O000023 000000000 lOviOOOOO
20.39.22 . LxA>O0OOO00oOO.nEVICE«OO
20.39.22 SUHTB .FILE SET I»P CLO^ER»BUFFea LENGTH -rjOIOlOO.
20.39.?2 .FILE SET STATISTICS
20.39.22 . READS -B1IES PnSITIOMS OISK BDS 31SK "OS
20.39.22 OOODOOOOI OOODOOOOI 000000001 009000000 000000900
20.39.22 . L«A«OOvOOOOOOOi[lEV]CE>00
20.39.22 SUHTB .FILE SET OUT CL0SED>BUFFE6 LENG'H •rtl32IOO.
20.39.22 .FILE SET STATISTICS
20.39.22 . BEADS 'RITES POSITIONS OISK BDS 31SK >BS
20.39.2i> 00O0O0O0O 000000560 0O00OOOOO OOOOOCOSf **>«O«(OI
20.39.22 . L H A - 0 O 0 0 O 1 0 6 O 0 I O E V I C E - 0 3
20.39.22 tUHTH 9« .JOB TERMINATION.

•ELAPSED CP TIME • 00288.27910 ,
.EST|MATEO JOB CO-;T »003*.O3

2C3V.30 'LOS <« mtetw is on unit i nu aunt* .«» aix
20.39.40 S0UTPU1 FS»«UNTP OSPaTApC 6775* UORDS
20.40.00 SOUT'Ul FS.OUT OSP.PBT *»81 10DD5 6 PA0E5
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