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1. INTRODUCTION

QUICKE2 (Ref 1) is an analytical computer code which calculates bulk
and vacuum emission currents produced when materials are subjected to x-rays.
This code was developed by T. A. Dellin and C. J. MacCallum of Sandia
Laboratories in 1974. As a refinement of earlier QUICKE2 versions, it has
seen extensive use in the radiation effects community since its initial
release. This report is intended as a descriptive extension to Reference
1. It reviews in some detail the analytical models used in the code, input/
output requirements, and compares its solutions with the results from other
codes as well as with relevant experimental data. The version examined in
this document contains an IRT extension to the original QUICKE2 subroutines
that permits the application of QUICKEZ to multiple-plate geometries. The
calculations are carried out in a single computer run for a given spectrum
and plate combination, and are expedited by the user-oriented features of
simple free-field input formats and versatile output plot capabilities.
These and other code features are described in detail in the remainder of
this report.

Documentation is divided into sections as follows.

Section 2 Description of the Physics

3 Comparison of QUICKE2 with Other Codes and
Experiments

4 Description of the Input
5 Sample Problem and Output Description

6 Computer Requirements

A summary of the capabilities and limitations of QUICKE2 and its

multiple-plate extension is shown.

AN

1. T. A. Dellin and C. J. MacCallum, "QUICKE2: A One-Dimensional

Code for Calculating Bulk and Vacuum Emitted Photo-Compton Currents,"
Sandia Laboratories, SLL-74-0218, April 1974. \\ \
\
]
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Physical Modeling:
Geometry

Materials available

Number of elements per plate

Number of plates
Photon energy range

Photon angle of incidence

Typical outputs

Calculational Considerations:

Computer time requirements

Number of energy groups
per spectrum

Infinite plates

25 elements, 1 < Z < 92
<8

No limit

1 keV to 10 MeV

0 to 180° measured from sur-

face normal of each plate

Photon spectra, electron spec-
tra, and angular distributions

and yields

20 to 60 sec 7600 CPU per elec-

tron emission spectrum

Photons: 50

Electrons: 34
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2. DESCRIPTION OF THE PHYSICS

A review of the physics employed in QUICKE2 is given in this section.
Extensive descriptions of the formulation are given by Dellin and MacCallum
in Reference 1.

QUICKE2 physics can be divided conveniently into the categories of
photon attenuation, electron creation, and electron transport. Highlights

of each segment are listed below.

2.1 PHOTON ATTENUATION

QUICKE2 calculates the attenuation of photon beams passing through
materials, assuming that the flux decreases exponentially at the distance
penetrated for each energy bin. Compton-scattered photons and other secon-
dary photons are neglected. The energy-dependent attenuation lengths are
taken from the tables of Biggs and Lighthill (Ref 2).

The calculation proceeds as follows. A photon spectrum is input into
QUICKE2 as a set of coordinates (dN/dE or dE/dE, E). In addition, the
composition and thickness of one or more attenuating layers is specified.
For materials of one element, an attenuation length AE is interpolated
from the tables for each photon energy E. The number of photons of energy
E that leave the material is then calculated as the incident number times
the attenuation factor [exp(—T/AE)], where t is the thickness of the mate-
rial. For materials of two or more elements, the photons are assumed to
pass through a series of monoelemental layers of thickness fit, where fi
is the fraction by weight of the iI-h element of the compound and T is the
thickness of the compound in g/cmz. The number of photons of energy E
leaving the material is then taken as the incident number times the atten-

uation factor [exp(-zifi/xri)xl.

2.7 G. L. Simmons and J. H. Hubbell, "Comparison of Photo-Interaction
Data Set VII. Biggs-Lighthill (Rev.) and ENDF/B,'" NBSIS 73-241, July 1973.
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Except near the photoelectric edges, log-log interpolation of the
cross sections taken from the tables is accurate since the intervals
between photoelectric edge energies are closely approximated by line seg-
ments for a log-log plot of cross-section versus photon energy. If an
interval between two tabulated points contains both a spectral energy E and
a photoelectric edge, the relationship of E to the edge energy is determined
and the cross-section is interpolated accordingly.

The tabulated cross-sections include photoelectric absorpticn,
coherent and incoherent scattering, and pair production. All of thcse
processes are considered to remove photons from the incident beam. For
photon energies relevant to QUICKE2 (1 keV to 10 MeV), the error intro-
duced by including coherent scattering in the absorption cross section
is small since this process is dominated by the photoelectric effect at

low energies and by incoherent (> Compton) scattering at high energies.

2.2 ELECTRON CREATION AND TRANSPORT

Electron creation in QUICKE2 is due to Compton, photoelectric, and
Auger processes occurring more than an extrapolated electron range away
from any material interface. Photon energies from 1 keV to 10 MeV can be
specified. Electron emission due to a spectrum of photon energies is
obtained by superposition of emissions from monoenergetic photons.

Electron angle and energy distrubtion functions for the bulk material
are obtained from exact solutions to the transport equation. They are
exact only for the regions of the target that are further than an extra-
polated electron range from the material interfaces. Distribution func-
tions for electrons emerging from infinite slabs of materials into vacuum
are obtained from these exact bulk solutions using interpolative approxi-
mations. Complete emission electron energy and angular distributions can
be obtained for normal photon incidence, and for non-normal photon sources
with azimuthal symmetry. Angle-integrated spectra are available for other

non-normal photon incidences.
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3. COMPARISON OF QUICKE2 WITH OTHER CODES AND EXPERIMENT

QUICKE2 calculations of electron emission are compared with those of
other codes and with experiment in this section. Specific comparisons are
made to the SANDYL, POEM, GRAP2, and ETRAN codes (Refs 3-6) and to the
experiments of Barlett and Weingart (Ref 7), Bradford (Ref 8), Denison et

Ref 4), and Ebert and Lauzon (Ref 9). Photon attenuation results

mpared to those of the FHUFF code (Ref 10).

ible 3-1 contains total reverse yields from AL, Cu, and Ta for a
-keV bremsstrahlung spectrum as measured by Bradford and as calculated
by the POEM, SANDYL, and QUICKE2 codes. This table is adapted from Ref-
erence 7.

Table 3-2 contains forward and reverse yields for 5-, 10-, and 15-
keV blackbody spectra incident on 40 mils of A2 as calculated by SANDYL
and QUICKE2.

Figures 3-1 through 3-3 show energy distributions of the back-
emitted electrons for the Bradford experiments and for QUICKE2.

3. H. M. Colbert, "SANDYL: A Computer Program for Calculating Com-
bined Photon-Electron Transport in Complex Systems,'" Sandia Laboratories,
SLL-74-0012 (1974).

4. W. L. Chadsey, "A Monte Carlo Photo-Current/Photo-Emission Com-
puter Program,'" National Symposium on Natural and Man-Made Radiation in
Space, Las Vegas, March 1971.

5. E. P. Wenaas and M. Williams, "GRAPUP: A Computer Code for Sec-
ondary Electron Emission from Plates,'" Gulf General Atomic, GAMD-10155,
June 1970.

6. "ETRAN: Monte Carlo Code System for Electron and Photon Transport
Through Extended Media,'" NBS reports 9836 and 9837.

7. C. J. MacCallum and T. A. Dellin, J. Appl. Phys. 44, 1878 (1973).

8. J. N. Bradford, '"Radiation-Induced Electron Emission,'" AFCRL-TR-
74-0583, November 1974.

9. P. Ebert and A. Lauzon, "Measurement of Gamma-Ray-Induced Sec-
ondary Electron Current from Various Elements,'" IEEE Trans. Nucl. Sci.
NS-13, p. 735 (1966).

10. M. J. Nowak, M. R. White, and J. P. Wondra, "The FHUFF Code
for X-Ray Energy Deposition with Fluorescent Heating and Fluorescent
Fluxes, Gulf General Atomic, GAMD-9463, July 1969.




Figures 3-4 through 3-6 give energy distributions for reverse emis-
sion from A%, Ti, and Fe as measured by Denison et al. and as calculated
by POEM and QUICKE2. Because the absolute yields for the experiment and
POEM were not available, the curves were normalized to the same electron
number densities as the QUICKE2 results at the peaks of either the K-photo
edge or L-Auger contribution, whichever was greater. QUICKE2 yields are
given on the figures, and various contributions to the electron spectra are
labeled. These figures are adapted from Reference 4.

Figures 3-7 through 3-10 show the reverse and forward cumulative emis-
sion spectra from typical satellite materials for 2-, 5-, 10-, and 15-keV
blackbody photon spectra as calculated by GRAP2 and QUICKE2. The reverse
emission is from a quartz solar cell cover, while the forward emission is
into an aluminum equipment box. The incident spectra used in the latter
calculations are the blackbody spectra filtered through a typical solar
cell and through the wall of the box, as shown in Figure 3-11. In these
instances, the ordinate label '"per calorie" always means 'per calorie
incident on the front face of the solar cell."

In Figures 3-12 through 3-15, photon attenuation predicted by the
subroutine ATTEN is compared to FHUFF calculations for the cases of Fig-
ures 3-7 through 3-10. Here, the photon spectra are also compared as they
leave the solar cell before entering the aluminum box. The quantity plot-
ted is the cumulative fluence of photons with energy less than the energy
indicated on the abscissa. Very minor differences are seen in the results.

For a hard-spectrum comparison, the forward and reverse yields and
the forward angular distributions calculated by QUICKE2 are compared to
the experimental results of Ebert and Lauzon for 1.25-MeV photons inci-
dent on thick targets of C, A2, Cu, and Pb. The results are summarized in
Table 3-3 and in Figures 3-16 through 3-19. Note that, while the forward
yields obtained by the two methods agree well, the QUICKE2 angular distri-
butions are not as sharply peaked at 60 = 0 as the experimental ones. Fig-
ure 3-20, taken from Reference 7, shows Dellin and MacCallum's comparison
of QUICKE2 with the Ebert-Lauzon experiment and with the Monte Carlo code
SANDYL. Their results are in units of electrons per unit angle rather

than electrons per unit solid angles, emphasizing the fact that the solid




‘i~¢a~nav~wn-m-nmq-' -

angle approaches zero as O approaches zero. Since this form is indicative
of real spatial emission, the discrepancies in the results at small angles
shown in Figures 3-16 through 3-19 probably have minor impact on calcula-
tions employing QUICKE2 electron emission data. The results in Table 3-1
through 3-3 and Figures 3-1 through 3-6 indicate that the QUICKE2 calcula-
tions agree quite well with SANDYL and POEM Monte Carlo calculations and
with the experimental data of Bradford. The largest differences were for
reverse emission due to low energy photons (Table 3-2) but the discrepancies

were less than a factor of two.




Table 3-1

QUICKE2 RESULTS COMPARED WITH EXPERIMENT AND OTHER ]
CALCULATIONS FOR REVERSE YIELDS FROM DIFFERENT MATERIALS®

(Photons from 50-keV bremsstrahlung)

AL Cu [a
. . . L) =7 : -6
Bradford Experiment <9 x 4.8 x 10 1.2 x 10

(AFCRL)

3l -7 . -7 -6
QUICKE2 Gl 3.6 x 10 1.0 x 10
SANDYL B 10'7 T2 0% 1077 SRE T
POEM 5% 10 5.5 x 167" 8.8 x 107/

AFrom Ref. 7.
Table 3-2
QUICKE2 RESULTS FOR FORWARD AND REVERSE YIELDS
FROM A2 COMPARED WITH SANDYL FOR DIFFERENT SPECTRA
(Plate thickness 40 mils)
5-keV BB 10-keV BB 15-keV BB
Reverse
- = -8
QUICKE2 2.4 x 107" 8.7 x 10° 3.9 x 10
3 = =8
SANDYL 5.5 % 10" 06 % g 2.8 x 10
Forwugg
X 8 -8
QUICKE2 2.9 x 10°° 2.9 x 10 2.0 x 10
SANDYL 3.4 x 10°° 3.1 & 10° R

5-, 10-, and 15-keV blackbody spectra are incident.
All yields are in C/cal incident on front face of AL.

el

Incident x-rays

Front face

AL

Emerging x-rays

-
40 mils

e R




Table 3-3
QUICKE2 AND EXPERIMENTAL RESULTS COMPARED FOR HIGH-ENERGY PHOTONS

Thickness Experiment of
Material (g/cm?) Ebert § Lauzon QUICKE2

Forward Yieldsd

Carbon 0.457 5.0 x 1072 2.8 x 1078
9.1 x 107> (8.4 x 107°)
Aluminum 0.614 2.7 x 10_8 D3 10_8
_3 —
(8.0 x 10°7) (7.0 x 107
3 -8 -8
Copper 0.467 e die, 1.8 x 10
(5.3 x 1077) (5.5 x 10°3%
Lead 0.591 2.0 x 10°° 1.7 x 10°°
-3 -3

Reverse Yieldsa

A =
Carbon i s A ) 9 1.2 % 10 #
3.4 x100H (G.ex107h
. -9 -9
Aluminum ol x Li 2,2 x 10
(3.3 x 10'4) (6.6 X 10'4)
Copper &3 % 10" %7 x 1077
3% W) 0.1 x10°%
Lead 7.3 x 1072 7.4 x 1077
3 3

2.2 < 10F ) (2.2 x 107 )

d¥ields without parentheses are in C/cal; yields in
parentheses are in electrons/photon.
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K-photo edge peaks
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Figure 3-11. Materials used in emission and attenuation cal-
culations to represent typical satellite solar
cell and equipment box cover. The QUICKE2 ver-
sion described here performs the calculation
with a single computer run.
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4. DESCRIPTION OF THE INPUTS

Detailed descriptions of the input cards required by QUICKE2 are
given in this section. Variable names and physical or calculational sig-
nificance are given, as well as the format for reading them into the
code. Most of the variables are in NAMELIST format. These are specified
in free form, separated by commas. The only restrictions are to begin
the list with bSNAME, leave column 1 blank on all cards, and end the list
with bSbEND. "b" indicates a blank space (necessary only in column 1)
and "NAME" is the name of the NAMELIST given in the variable descriptions
(see Figure 5-1 for a sample of the input deck).

In the input descriptions, arrays are indicated by an index following
the variable name. If no index appears, only a single value is read in
for the variable. The code counts the numbers of variables in cases where
arrays are involved, so the number of values being read in need not be
specified. Default values and maximum or minimum numbers of values are
given where appropriate. Elements available in QUICKE2 are listed in
Table 4-1. Elements not listed can be referenced.

The IOPT(27) option described in the table causes a file of data to
be written which can be treated directly by the PLOTALL code (Ref. 11).
This permits the overlay of photon and electron spectra from different

plates or from different QUICKE2 calculations.

11. A. J. Woods, T. N. Delmer, and M. A. Chipman, "The Arbitrary
Body of Revolution (ABORC) Code for SGEMP/IEMP,'" INTEL-RT 8141-028,
April 1976.




INPUT CARDS

Card Type Variable Name and Description Format
1 Title card (colums 1-72) 12A6
2 ECALC(I) - electron emission cnergies NAMELIST/SPECTRA/

in MeV. Minimum ECALC is 0.001 MeV.
Up to 34 values. Calculated from pho-
ton energies if not read in.

2 HVSPECT(I) - energies in MeV for photon NAMELIST/SPECTRA/
spectrum. Up to 50 values. Omit for
blackbody spectrum.

2 DNDESP(I) - relative intensities NAMELIST/SPECTRA/
(energy/energy or number/energy
according to NSPECT) of photon spec-
trum. Up to 50 values. Omit for
blackbody spectrum.

2 KBT = 0 (default) if an arbitrary NAMELIST/SPECTRA/
spectrum is input
> 0 to generate an incident
blackbody spectrum with a
temperature of KBT keV.

IOPT(I1): 40 values NAMELIST/SPECTRA/
IOPT(26) = 1 to punch all emission

electron energy distri-

butions on cards in free-

field format (default = 0)
IOPT(27) = 1 to put photon and elec-

tron spectra on file

TAPE7 for treatment by

PLOTALL (default = 1)

o

2 NSPECT = 0 (default) for DNDESP(I) NAMELIST/SPECTRA/
in energy/energy
= -1 for DNDESP(I) in
number/energy
3 INDEXX-QUICKE2 internal table number IS5 (columns 1-5)

for test detector element for dose
calculation. Must specify an element
from Table 4-1.

WARNING: DO NOT USE ATOMIC NUMBERS HERE.
SPECIFY THE APPROPRIATE NUMBER FROM THE
COLUMN LABELED " INTERNAL NUMBER'" IN
TABLE 4-1.

NOTE: Must input separate NAMELIST/PLATE/ cards for each plate.
There is no limit on the number of plates.
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Card Type

Variable Name and Description Format

NPCT = 0 (default) for plate elements NAMELIST/PLATE/
in fraction by number
= 1 for plate elements in frac-
tion by weight
IPRINT = 0 (default) no cross-section NAMELIST/PLATE/
print
= 1 to print cross sections
from input tape
KOPT = 0 (default) NAMELIST/PLATE/

= 1 to print detailed information
about electron production by
photons

NTYPE = 0 (default)
= 1 to calculate bulk current at
forward edge of plate

NEL(I): atomic numbers of elements com- NAMELIST/PLATE/
prising plate. See Table 4-1. Maximum
number = 8 per plate.

F(I): respective fractions of elements NAMELIST/PLATE/
(see NPCT). Default = 1. Maximum

number = 8 per plate.

IOPT(I): 40 values. No values need to NAMELIST/PLATE/

be read in here at present.

1EM no emission from plate NAMELIST/PLATE/
forward emission from plate (default)

reverse emission from plate

forward and reverse emission

from plate

" on
(I S ]

NAMELIST/PLATE/

HVDEG: angle in degrees between surface NAMELIST/PLATE/
normal of plate and direction of photon

beam. Default = 0.

WARNING: THIS ANGLE IS NOT INCLUDED IN

PHOTON ATTENUATION CALCULATION. ALSO,

WHEN NON-ZERO VALUE 1S USED, RESULTING

ELECTRON YIELDS ARE GIVEN IN UNITS OF

C/cm? NORMAL TO MATERIAL SURFACE PER

cal/cm? PERPENDICULAR TO PHOTON BEAM.

QUIT = 0 (default) NAMELIST/PLATE/
1 signifies last plate

DENSITY: density of plate (g/cm3)

"
TAU: thickness of plate in g/cm”

NAMELIST/PLATE/
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ELEMENTS AVAILABLE IN QUICKE2

Table 4-1

Atomic Number (Z2) Internal Number Name

1 1 llydrogen
4 2 Beryllium
6 3 Carbon

7 4 Nitrogen
8 5 Oxygen

9 6 Fluoride
12 i Magnesium
13 8 Aluminum
14 9 Silicon
17 10 Chlorine
18 1 Argon
20 12 Calcium
22 135 Titanium
26 14 Iron

28 15 Nickel
29 16 Copper
32 7 Germanium
41 18 Niobium
47 19 Silver
50 20 Tin
60 21 Neodymium
73 22 Tantalum
79 23 Gold
82 24 Lead
92 25 Uranium
33
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5. SAMPLE PROBLEM AND OUTPUT DESCRIPTION

The QUICKE2 output is best illustrated by sample problems. Sample
calculations are discussed here, giving the physical and calculational
significances of the major quantities.

The first problem involves the emission generated when a 15-keV
blackbody photon spectrum is incident on 40 mils of AL. The input card
images for this problem are as shown in Figure 5-1, and the output as in
Figure 5-2. On the first page of output is the title, followed below by
a description of the first material, or 'plate," since the problem is one-
dimensional. This description gives the number of elements in the mate-
rial and the name, fraction by number, and atomic number of each element.
The data rile location where the cross sections for cach clement are
stored is given (here, "8'" indicates that the information for A% is stored
on file 8 of the data tape), and the thickness of the material is printed.
The quantity labeled "input fluence" is simply a convenience output of the
code. It gives the total fluence in cal/cm‘2 of the photon spectrum as
input to the code. The code renormalizes this fluence to 1 Cal/cmz.

An important point regarding QUICKE2 output should be understood when
interpreting results from other than normally incident photon beams. Quan-
tities given in terms of unit area differ in definition, depending on
whether they pertain to photons or electrons. Photon densities are always
per unit area perpendicular to the beam, whereas electron densities are
always per unit area perpendicular to the surface. Thus, for a non-normal
incidence problem, the correct yield is obtained by simply emitting the
number of electrons per unit area on the skewed surface obtained directly
from QUICKE2 and, of course, multiplying by the fluence in cal/cm2 perpen-

dicular to the photon beam.
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FORRARD YIRELU FROM pLATE 1 1S 2,215F=08 CQULOMBSZ (LAL INCIDENT ON PLATE 1),
THE CURRESPONDING BMISSION CURKE T FUR A& 10 NSEC FakM BULSE 1S 2,215E 600 AMPS/(CAL InCIDENT ON BLATE 1)
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10,0 3,91Kt ¢ 0OR 2,05%F ¢10 1,82t 010 - 1
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30,0 1,083 09 1,975k 10 6,260t ¢10 25,
“o,0 1,297k 09 1,840k ¢10 5,183t¢10 55,
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60,( 1,209t 09 1,27588e10 2,58hb 410 59,0
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[When reverse emission only (emission code 2) or forward
and reverse emission (emission code 3) is asked for from
a plate, the bulk currents just inside the plate face
closest to the source are printed out. Unfortunately,
in some versions of the code, the plate index number for
reverse emission is fow by I. In later versions, this

error has been corrected and the legend says ''Bulk cur-

rents in layer = at entry face.']
BULK CURKENTS [N (AYEWR = 1 FOR EMISSION CODE = 1
BULK CUNKENTS ALUNG THE NORMAL DIRECT[ON
NET BULK CURKENTS ALUNG THE NORMAL DIRECTIONE B,Cu1u0F=09
PURWARD ClURKENTZ ¢,5H826t =08
KEVEKRSE LURKWENT= 1.,75912t =08
BULK CURKENTS PERPENDICULAR TO Twb AORMAL DIRKECTION
FURWAKD (URKENT = LR LI T ]
REVENSE (UKKENT = 2,2263pt=0H

[When forward emission is requested from a plate, either
by itself (emission code 1) or with reverse current, the
bulk currents in the plate near the face farthest from

the source are printed out. The layer index is correct.

In later versions, the legend says ''"Bulk currents in

layer = at exit face."]
BULK CURKENTS [N LAYER = 0 PUK EMISSION CODE = 3
BULK CURKENTS ALCNG THE NUNMAL DIRECTION
NET HULR CUKKENTS ALUNG THE NORMAL DIKECTIONS 1.66168L=0N
FURWAKD (URRENTS 7432769t =08
KEVERSE CuUuwKENTS S5.,66601L=08
BULK CURKENTS PERPENDICULAK 10 Twb AUWMAL DIWECTION
FOKWARD (UKRKENT & 6,79690E6=08
REVERSE C(UKKENT = 6,79090t=08

Figure 5-2 (cont.)
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In the next section of output, the incident photon spectrum normal-
1zed to a total incident fluence of 1 cul/cmJ is printed out, followed by
the total energy content of the spectrum, the average photon energy, and

5
the total number of photons/cm”™ corresponding to the total energy con-
tent. (Here, the total number of photons is 1 calorie's worth of photons
with the spectral energy distribution indicated.) The average photon
energy is taken as that energy, hv, which gives the total energy content
when multiplied by the total number of incident photons. The total num-
ber of incident photons is useful in that results from other codes
expressed in electrons/photon can easily be converted to coulombs/calorie

by multiplying them by this total number and the electronic charge:
Yield in C/cal = yield in e/photon x (photon/cal) x (C/e)

The next page of output contains electron emission information. The
first line indicates the type of yield (here, reverse), the material num-
ber from which the electrons are being emitted (here, 1 indicates the first
material), and the yield in C/cal incident on plate 1. This yield cor-
responds to the ''quantum efficiency." The yields in C/cal incident on
plate N are also provided in case the user is interested in the yield per
calorie for a filtered spectrum.

Next, the breakdown of the electron emission into angular and energy
distributions is given. The "emitted electron angular distribution inte-
grated over energy' is meant to provide the angular distribution only
roughly. The "emitted electron energy distribution integrated over angle"
should be a more precise function, provided the energy bins are close
enough together. This printout is derived from the "energy distribution"
described in Section 2.2. The column TOTAL contains the number of elec-
trons emitted with energies greater than the corresponding entry in the
column ENERGY. The column PER BIN is the total number of electrons in a
given energy bin bounded by the energies in the column ENERGY and centered
on the corresponding energy in the column MIDPOINT. NUMBER/MEV is the
number of electrons/MeV emitted at the corresponding energy under MIDPOINT.
Printed below the energy distribution is the average electron energy
(calculated in the same way as the average photon energy) and the total

emitted charge. The latter number is the result of integrating the energy




distribution dN/dE over energy. It should agree with the yield at the top

of the page to within about 20 percent. Agreement is generally good

except for back emission produced by low-energy photons (about 5 to 10 keVj.

In these cases, results should be used cautiously.
« The next two pages are printer plots of TOTAL versus ENERGY and

NUMBER/MEV versus MIDPOINT, described above. These plots are exactly

the size of standard 5 x 3 log-log paper and may be xeroxed or used with

a light table to save needless hours of hand-plotting.

The cycle repeats again with a printout of the photon spectrum emerg-
ing from the first material (and incident on the second). In the sample
problem, the low-energy photons have been absorbed by the aluminum, reduc-
ing the total energy content from 1.0 to 0.82 caI/cm:, raising the average
photon energy from 40.5 to 50.8 keV, and reducing the total number of pho-

: 14 ¥2. =2
tons from 6.44 x 10 to 4.21 x 10 cm

Dose information is printed at this point. The energy depositions
are in units of rads of the particular material indicated (1 rad = 100
erg/g). Silicon and carbon are always given, and a third material is spe-
cified in the inputs from among those available in QUICKE2 (see Table 4-1).
Doses at the fronts and backs of the plates are given.

The forward electron emission results are in the same format as the
reverse ones, but the spectrum used is that incident on the second mate-
rial - i.e., the spectrum seen by all material within a few electron
ranges of the emitting surface. The yield from plate 1 "per cal incident
on plate 2" is higher than the yield from plate 1 "per cal incident on
plate 1" since the latter number is calculated for a total spectral energy
content of 0.82 cal/cm2 - i.e., the energy remaining after the incident
photons have been filtered through 40 mils of aluminum. The total yields
at the top and bottom of the page agree to 4 percent, so in this sense,
the results are trustworthy.

Bulk current information is also given. These currents are in units
of electrons/cmz-sec, photons/cmz-sec, or electrons/photon. They pertain
to regions greater than the largest electron range away from any interface.

The quantities are described in some detail in Section 2.
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Finally, for extra information, there are two printing options. If
the parameter KOPT is set to 1 (see Section 4), the code will generate
the original QUICKE2 output. If IPRINT is set to 1, information from the
data tape will be printed. Information on these printouts is available
in Reference 1.
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6. QUICKE2 COMPUTER REQUIREMENTS

QUICKEZ2 is a FORTRAN IV computer program of approximately 2000 cards
in length, operational on a CDC 7600 computer. No machine language is
employed. The code requires a tape containing the tabulation of a con-
siderable amount of data for material properties for the 25 elements
available. This file is about 300,000 numbers in length.

One additional file is also required for plot information. Memory

requirements are about 34,000 words of small core and no large core.

Typical run times are abégt 20 sec CDC 7600 time per electron emis-
sion spectrum. No additional computer programs are required by QUICKEZ,
but the PLOTALL code (Ref. 11) is very helpful in analyzing results of
QUICKE2 calculations,

A present idiosyncrasy of the QUICKEZ version described here is that
it is restricted to the CDC FTN FORTRAN extended compiler, version 1.
Minor programming features do not permit its use on the more up-to-date

FTN4 compiler available currently.

48




(92

8.

9.

10.

11.

REFERENCES

T. A. Dellin and C. J. MacCallum, "QUICKE2: A One-Dimensioral Codec
for Calculating Bulk and Vacuum Emitted Photo-Compton Curient
Sandia Laboratories, SLL-74-0218, April 1974.

G. L. Simmons and J. H. Hubbell, '"Comparison of Photo-Interaction

Data Set VII. Biggs-Lighthill (Rev.) and ENDF/B,' NBSIS 73-241,
Juky X975,

H. M. Colbert, '"SANDYL: A Computer Program for Calculating Combined
Photon-Electron Transport in Complex Systems,' Sandia Laboratories,
SLL-74-0012 (1974).

W. L. Chadsey, "A Monte Carlo Photo-Current/Photo-Emission Computer
Program,' National Symposium on Natural and Man-Made Radiation in
Space, Las Vegas, March 1971.

I, P. Wenaas and M. Williams, "GRAPUP: A Computer Code for Secondary
Electron Emission from Plates,'" Gulf General Atomic, GAMD-10155,
June 1970.

"E'TPAN: Monte Carlo Code System for Electron and Photon Transport
through Extended Media,' NBS reports 9836 and 9837.

C. J. MacCallum and T. A. Dellin, J. Appl. Phys. 44, 1878 (1973).

J. N. Bradford, "Radiation-Induced Electron Emission,'" AFCRL-TR-74-
0583, November 1974.

P. Ebert and A. Lauzon, "Measurement of Gamma-Ray-Induced Secondary
Electron Current from Various Elements,'" IEEE Trans. Nucl. Sci. NS-13,
p. 735 (1966).

M. J. Nowak, M. R. White, and J. P. Wondra, "“The FHUFF Code for
X-ray Energy Deposition with Fluorescent Heating and Fluorescent
Fluxes,'" Gulf General Atomic, GAMD-9463, July 1969.

A. J. Woods, T. N. Delmer, and M. A. Chipman, "The Arbitrary Body of

Revolution Code (ABORC) for SGEMP/IEMP,' INTEL-RT 8141-028, April 1976.

e —

S——




T L

DISTRIBUTION

DEPARTMENT OF DEFENSE

Director
Defense Advanced Rsch. Preoj. Agency
ATTN: NMR

Director
Defense Communications Agency
ATTN: NMR

Defense Documentation Center
Cameron Station
) ¢y ATTN: TC

Director
Defense Intelligence Agency
ATTN: DB-4C

Director
Defense Nuclear Agency
ATTN: DDST
3 cy ATTN: TITL, Tech. Library
ATTN: TISI, Archives
cy ATTN: RAEV

[

Dir. of Defense Rsch. & Engineering
Department of Defense
ATTN: S&SS (0S)

Commander

Field Command

Defense Nuclear Agency
ATTN: FCPR
ATTN: FCLMC

Director
Interservice Nuclear Weapons School
ATTN: Document Control

Director
Joint Strat. Target Planning Staff, JCS
ATTN: JLTW-2

Chief
Livermore Division, Field Command, DNA
Lawrence Livermore Laboratory

ATTN: FCPRL

National Communications System
Office of the Manager
ATTN: NCS-TS

Director

National Security Agency
ATTN: R-425

0JCS/J-3

ATTN: J=3, RDTA Br., WWMCCS Plans Div.

0JCS/J-5
ATTN: J=5, Plans & Policy Nuc. Div.

LIST

DEPARTMENT OF THE ARMY

Director
BMD Advanced Tech. Center
Huntsville Office

ATTN: RDMH-0

Commander
BMD System Command
ATTN: BDMSC-TEN

Dep. Chief of Staff for Rsch. Dev. & Acq.
Department of the Army
ATTN: DAMA-CSM-N

Commander

Harry Diamond Laboratories
ATTN: DRXDO-TI, Tech. Lib.
ATTN: DRXDO-RCC, John A. Rosado
ATTN: DRXDO-RCC, Raine Cilbert
ATTN: DRXDO-NP

Commander

Picatinny Arsenal
ATTN: SMUPA
ATTN: SARPA

Commander
Redstone Scientific Information Center
US Army Missile Command

ATTN: Chief, Documents

Chief
US Army Communications Sys. Agency
ATTN: SCCM-AD-SV, Library

Commander
US Army Electronics Command
ATTN: DRSEL

Commander
US Army Foreign Science & Tech. Center
ATTN: DRXST-ISI

DEPARTMENT OF THE NAVY

Chief of Naval Operations
Navy Department
ATTN: Code 604C3

Chief of Naval Research
Navy Department
ATTN: Henry Mullaney, Code 427

Director

Naval Research Laboratory
ATTN: Code 7756, J. Davis
ATTN: Code 7701

Officer-in-Charge

Naval Surface Weapons Center
ATTN: Code WA501, Navy Nuc. Prgms. Off.

”/l"'
-"’___,—-‘f'

k,n:ﬂw“""““w

L g e e g—




DEPARTMENT OF THE NAVY (Continued)

Director
Strategic Systems Project Office
Navy Department

ATIN: |NSP

DEPARTMENT OF THE AIR FORCE

AF Ceophysics Laboratory, AFSC
ATIN: Charles Pike

AF Materials Laboratory, AFSC
ATTN: Library

AF Weapons Laboratory, AFS(
ATTN: SUIL

NTS

DY(

Hq. USAF/RD
ATTN: RDQSM

Commander
Rome Air Development Center, AFSC
ATTN: Edward A. Burke

SAMSO/ DY

ATTN: DYS

SAMSO /MR
ATTN:
ATTN:

SAMSO/SK
ATTN: SKF

SAMSO/XR
ATTN: XRS

Commander in Chief

Strategic Air Command
ATTN: NRI-STINFO, Library
ATTN: XPFS

Uhiversity of California
Lawrence Livermore Laboratory
ATTN: Tech. Info. Dept. L-3

Los Alamos Scientific Laboratory
ATTN: Doc. Con. for Reports Lib.

Sandia Laboratories
Livermore Laboratory
ATTN: Doc. Con. for Theodore A. Dellin

Sandia lLaboratories
ATIN: Doc. Con. for 3141, Sandia Rpt. Coll.

OTHER GOVERNMENT AGENCY

NASA

Lewis Research Center
ATTN: N. J. Stevens
ATTN: Carolyn Purvis
ATTN: Library

52

Aerospace Corporation
ATTN: Frank Hai
ATTN: V. Josephson
ATTN: Julfan Reinheimer
ATTN: VLibrary

Avco Research & Systems Group
ATTN: Research Lib., A830, Rm. 7201

The Boeing Company
ATTN: Preston Geren

University of California at San Diego
ATTN: Sherman DeForest

Computer Sciences Corporation
ATTN: Alvia T. Schiff

Dr. Eugene P. DePlomb
ATTN: Eugene P. DePlomb

Dikewood Industries, Inc.
ATTN: Tech. Lib.
ATTN: K. Lee

EG&G, Inc.
Albuquerque Division
ATTN: Technical Library

Ford Aerospace & Communications Corp.
ATTN: Donald R. McMorrow, MS G30
ATTN: Library

General Electric Company
Space Division
Valley Forge Space Center
ATTN: Joseph C. Peden, VFSC, Rm. 4230M

General Electric Company
TEMPO-Center for Advanced Studies
ATTN: DASIAC
ATTN: William McNamara

Hughes Aircraft Company
Centinela & Teale
ATTN: Tech. Lib.

Hughes Aircraft Company, El Segundo Site
ATTN: Edward C. Smith, MS A620
ATTN: William W. Scott, MS Al080

Institute for Defense Analyses
ATTN: IDA, Librarian

IRT Corporation
ATTN: Dennis Swift
ATTN: Technical Library
ATTN: Shelley Rogers
ATTN: Andrew J. Woods

Jaycor
ATTN: Library
ATTN: Eric P. Wenaas

Jaycor
ATTN: Robert Sullivan

’ i!ﬁ“ . - e NV




DEPARTMENT OF DEFENSE CONTRACTORS (Cont inued)

lohns Hopkins University
Applied Physics Laboratory
ATTN: Peter E. Partridge

Kaman Sciences Corporation
ATTN: Library
ATTN: W. Foster Rich
ATTN: Jerry 1. Lubell

Lockheed Missiles & Space Company, Inc.
ATTN: Dept. 85-85

McDonnell Douglas Corporation
ATTN: Stanley Schneider

Mission Research Corporation
ATTN: Roger Stettner
ATTN: Conrad L. Longmire

Mission Research Corporation-San Diego
ATTN: Library
ATTN: V. A. J. Van Lint

R & D Associates
ATTN: Leonard Schlessinger
ATTN: Technical Library

53

DEPARTMENT OF DEFENSE CONTRACTORS (Cont inued)

Rockwell International Corporation
ATTN: Technical Library

Science Applications, Incorporated
ATTN: William L. Chadsey

Simulation Physics, Inc.
ATTN: Roger (. Little

Stanford kesearch Institute
ATTN: Library

Systems, Science & Software, Inc.
ATTN: Andrew R. Wilson
ATTN: Technical Library

TRW Defense & Space Sys. Group
2 cy ATTN: Robert M. Webb, R1-2410
ATTN: Tech. Info. Center/S5-1930

oSt e

e i




