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1. INTRODtJCT ION

Q t J I C K I 2 (Ref 1) i s  an a n a l y t i c a l  computer  code w h i c h  c a l c u l a t e s  b u l k

and vacuum e m i s s i o n  c u r r e n t s  produced when m at e r i a l s  are sub jec ted  to  x - r a y s .

T h i s  code was developed by 1. A.  I ) e l l i n  and C.  ~i .  M a c C a l l u m  of Sand ia

L a b o r a t o r i e s  in 1974. As a r e f i n e m e n t  of e a r l i e r  QU 1CK L 2 ve r s ions , it has
seen extensive use in the radiation effects community since its initial

release. This report is intended as a descri ptive extension to Reference

1 . It reviews in some detail the analytical models used in the code , input!

output requirements , and compares its solut ions with the results from other
codes as w ell 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 Q (JICKE2 to multiple -plate geometries. The

calculations are carried out in a sing le 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 .

l)ocumentat i on is divided into sections as follows.

Section 2 Description of the Physics

3 Comparison of QUICKE2 with Other Codes and
Experiment s

4 I)escript ion of the Input

S Sample Problem and Output [)escription

6 Computer Requirements

A summary of the capabilities and limitations of QUICKE2 and its

multiple-plate extension is shown .

1. T. A. Dellin and C. J. MacCallum , “QIJICKE2: A One-Dimensional
Code for Calculating Bulk and Vacuum Emitted Photo-Compton Currents ,”
Sandia Laboratories , SLL-74-0218, April 1974.

1 
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Physical Modeling:

Geometry Infinite plates

Materials available 25 elements , 1 ~ Z ~ 92

Number of elements per plate <8

Number of plates No limit

Photon energy range 1 keV to 10 MeV

Photon angle of incidence 0 to 1800 measured from sur-

face norma l of each plate

Typ ical outputs Photon spectra , electron spec-

tra , and angular distributions

and yields

Calculational Considerations :

Computer time requirements 20 to 60 sec 7600 CPU per elec-

tron emission spectrum

Number of energy groups
per spectrum Photons: SO

Electrons: 34

2 
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2. flEs( ;R Ill ION OF TIl E PI - IYS I  CS

A r e v i e w  of t h e  p h y s i c s  employed  in Q U I CK E 2  is g iven  i n  t h i s  s ec t ion .

Ex tensive descript i ons of the formulation are given by Dellin and MacCal lum

in Reference I .

QUIcKI.2 physics can be divided convenien tly into the categories of

photon  a t t e n u a t i on , e l e c t r o n  c r e a t i o n , and e l e c t r o n  t ranspor t . h i g h l i g h t s

of each segment are l i s t e d  b e l o w .

2 .  1 P h I O l O N  ATT ENI JAT IO N

QtJ JCK E 2 c a l c u l a t e ’ s  the attenuation of photon beams passing through

materials , assuming that the flux decreases exponentially at the distance

j)c’netr~1tcd for each energy bin. Compton-scattered photons and other secon-

dary photon s are neg lected. The energy-dependent attenuat ion lengths are

taken from the tables of Riggs and Li gh thi ll (Ret’ 2).

The c a l c u l a t i o n  proceeds as f o l l o w s .  A phot on spectrum is input  in to

QU I C F~E2 as a set of c o o r d i n a t e s  ( d N / d E  or dE / dE , E ) .  In a d d i t i o n , the

composition and thickness of one or more attenuating layers is specified .

For materials of one element , an attenuation length A [. is interpolated

from the tables for each photon energy 1 . The number of photons of energy

I: that leave the material is then calculated as the incident number times

the attenuat i on factor Eexp (-t/A~ )]~ where ‘r is the thickness of the mate-

ri al. For materials of two or more elements , the photons arc  assumed to

pass through a series of monoelemental layers of thickness f .T , where f.

is the fraction by wei ght of the i~-~- element of tl’c compound and T is the

thickness of the compound in g/cm2. The number of photons of energy E

leaving the material is then taken as the incident number times the atten-

uation factor Eex P ( -E j f j /A 1:j )’t I .

— 

2. G. 1. Simmons and J. I I .  h ubbell , “Comparison of Photo-Interaction
Data  Set V II . Bigg s-I5 igh thi ll (Rev.) and ENh )I”/13 ,” NBSIS 73-241 , July 1973.

3 
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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 Ii 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 absorption ,

coherent and incoherent scattering , and pair production . All of thLse

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 snail since this process is dominated by the photoelectric effect at

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

2 . 2  ELECTRON CREATI ON AND TRANSPORT

Electron creat i on in QtJICKL2 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 .

L lectron 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 electron s emerging from infinite slabs of materials into vacuum

are obtained from these exact bulk solutions using interpolative approxi-

mat i ons. Complete emission electron energy and angular distributions can

be obtained for norma l photon incidence , and for non-norma l photon sources

with azimuthal symmetry . Angle-integrated spectra are av~ i1able for other

non-normal photon incidences.

4 
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COF’IPAR I SON OF QU I C K E 2  l~ 1111 OTh ER CODES AN !) E X PE R IM EN ’I ’

Q U I C K E 2  c a l c u l a t  ions  of e l e c t r o n  e m i s s i o n  are compared w i t h  those of

other codes and wi th experiment in this sect i on . Speci fic comparisons are

made to the S A N I ) Y L , PO EM , GRAE2 , and ETRA N codes (Refs 3-6) and to the

e x p e r i m e n t s  of B a r l e t t  and W e i n g a r t  (Ref 7 ) ,  Br a d f o r d  (Ref 8), Denison et

~cf 4 ) , and Eber t  and L au zon  ( R e f  9)  . Photon  a t t cn u a t  ion resul t s

lrnpa red to  those  of t h e  PI I U F F code ( R e f  10 ) .

ab l e  3-1 c o n t a i n s  t o t a l  reverse yields from AR., Cu , and Ta for a

~cV b r em sst r a h l u n g  s p e c t r u m  as measured by Bradford  and as c a l c u l a t e d

by the POEM , SAN I ) YL , and Q U I C K L 2  codes. This  t ab l e  is adapted from Ref-

erence 7 .

Tab le  3-2  c o n t a i n s  forward  and reverse y i e l d s  for 5- , 10- , and 15-

kcV hlackhod y spec t ra inciden t on 40 mils of A2~ as calculated by SANI )Y L

and QUICKE2.

Figures 3-1 through 3-3 show energy distributions of the back-

e m i t t e d  e l ec t rons  for the  B r a d f o r d  e x p e r i m e i i t s  and for  Q U I C K E 2 .

3 . II .  M. Co l bert  , “ SAN OVI , :  A Computer Program for  C a l c u l a t i n g  Com-
b ined  P h o t o n - E l e c t r o n  Transpor t  in Complex Systems , ” Sandia  Labora tor ies ,
SLL-74 -0012  ( 19 7 4 ) .

4. W . L. Chadsey, “A Monte Carlo Photo-Current/Photo-Emission Com-
puter Program ,” National Svm,posium on Natura l and Man-Made Radiation in

Las Vegas , March 1971.
5. F.. 11 . l%enaas and M . Williams , “GRAPUP: A Computer Code for Sec-

ondary Electron Emission from Plates ,” Gulf General Atomic , GAMD-lOlSS ,
June 1970.

6. “ITRAN : Monte Carlo Code System for Electron and Photon Transport
Through Extended Media ,” NBS report s 9836 and 9837.

7. C. .J. MacCal lum and 1. A. Dellin, .1. App l. Phys. 44, 1878 (1973).
8. .J. N. Bradford , “Radiation-Induced Electron Emission ,” AFCRL-TR-

74-0583 , November 1974.
9. P. Eber t and A. Lauzon , “Measuremen t of Gamma-Ray-induced Sec-

ondary Electron Current from Various Elements ,” IEEE Trans. Nuci. Sci.
NS-l 3, P. 735 (l9~~ ).

10. M . .1 . N owa Is , ‘II. R . Wh i te , and .1 . P. Wondra , ‘‘The EIIUFF Code
t o  r X — Ba~ I nY i -gv ) p~~s i t ion  w i th  F I uoresccnt h eat i ng and I: luorescent
I- ) ~~~ , (;u l I Gejwr ;iI A t o m i c , GAMI)—94 (3 , July l O ~

).

_ _



Fi gures 3- .! through 3-6 g ive ene rgy distributions for reverse emis-

s ion f rom A~. , Ti , and Fe as measured by Dcii i son c t  a l  . ar id  as calculated

b y POEM and Q U I C K E 2  . Because  t h e  a b s o l u t e  y i e l d s  for  t h e  e x p e r i m e n t  and

POE M wer e  not a v a i l a b l e , t h e  c u r ve s  were  n o r m a l i :e d  to t h e  same e l e c t r o n

n u m b e r  d en s i t  ies  as t h e  Q U I C K E 2  r e s u l t s  at t h e  peaks  of e i t h e r  the  K -p hoto

ed ge or 1. - A u g e r  c on t r ’  ib u t  ion , w h i c h e v e r  was g r e a t e r .  Q U I C K E 2  y i e l d s  a re

g i yen on t h e  f i g u r e s , and v a r i o u s  c o n t r i b u t  i o n s  to the  e l e c t r o n  sp ( ct r a  a re

l abe l ed . These f i g u r e s  are  adapted  from R e f e r e n c e  1.

!i .ure s 3-7 t h r o u g h 3-10 show the  reverse  and fo rward  c u m u l a t i v e  emis-

s i o n  spectr a from typic a l satellite materials for 2- , ~~ - , 10- , and 15-keV

bl ackhod phot on spect ra as calcula ted by GRA P 2 and Q U I C K E 2 .  The r e v e r s e

emi ss ion i s f rom a qua r t : solar cell cover , while the fo rward emission is

into an aluminum equi pment box. The incident spectra used in the latter

calculations are the hlackbod y spectra filtered through a typ ical solar

cell and t hrough t h e  wall of the box , as shown in Fi gure 3-1 1 . In these

instances , the ord m ate labe l “per calorie ” always means “per c a l o r i e

incident on the front face of the solar cell. ”

In Figures 3-12 through 3— 15 , photon attenuation predicted b y the

subroutine A ITEN is compared to FIIIJFF cal cu lat ions for the eases of Fig-

ures 3-7 through 3-10 . Here , the photon s p e c t ra  are also compared as t hey

leave  the  so l a r  cell before entering the aluminum box. The quantity plot-

ted is the c umu l at i v e  fluence of pho tons  w i t h  energy  l e s s  t h a n  the ene rgy

indicated on the abscissa. Very minor differences are ’ seen in the r e s u l t s .

lor a hard-spectrum comparison , the forward and reverse yields and

the forward angular distributions calculated by QUICKE2 are compared to

the experimental results of Ehert and Lauzon for I .2S-MeV photons inc i-

dent on thick targets of C, AR , Cu , and Pb. The results are summari :ed in

Table 3-3 and in Fi gures 5-16 through 3-19. Note that , while the forward

yi e lds obtained by the two methods agree well , the Q I J I C K E 2  angular distri-

butions are not as sha rply peaked at 0 = I ) as the experimental ones. Fi g-

ure 3-20 , taken from Reference 7, shows I)el lin and MacCa llum ’s comparison

of QUICKE2 with the Ehert-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

6
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a n g l e  approaches  :ero as 0 approaches  zero . Since this form is indi cat i y e

of rea l  sp a t i a l  e m i s s i o n , t h e  d i s c r e p a n c i e s  in t h e  r e s u l t s  at sm all ang les

shown i n  F i g n i r i s 3— l~ t h r o u g h  3 — I t )  pro b ab l y’ hav e  m i n o r  i mp a c t  on c a l c u l a -

tion s emp loyin g QUICKE2 electron e m i s s i o n  d a t a .  ‘1’he r e s u l t s  in t a b l e  3-1

t h r o u g h 3 — 3  ar id  F i g u r e s  3 — 1  t h r o u g h 3 — 0  m i  cat e  t h a t  t he  QIJICKL2 ca icu la —

t ions  agree  q u i t e  w e l l  w i t h  SAN I ) YL and POEM M onte ’  C a r l o  c a l c u l a t i o n s  and

w i t  Ii t lie ’ expe l ’  im e n t  a 1 data of Bradford . ‘1’he l a r g e s t  di  f ’l e r e n ce s  i . e i e  fo r

r e v e r s e  cmi ss ion deie to  low energy pho tons  ( ‘l ab l e  3 — 2 )  hu t  t h e  d i  s cr e ’ p a r n .  i e s

were  l e s s  t h a n  a f a c t o r  of t w o .

p 
7
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p
Tab le  3-1

Q U I C K !  2 RESU LTS CUMP AR EI ) W I l l !  E X P I : R  IMINF AN!) UT!!! R
CAI~C11l ..-\TlONS FOP R E V E R S E  ‘il ELD S I R )  )M 1) 1 F I ’ER E NT MATER IAI , S~

!‘ho ’ on s from SO— keV 1) reins st rali 1 eing)

AR. Cu

B r a d f o r d  E x p e r i m e n t  1 .9  x i~~~~ -1 . 8 x I O ~~ 1.2 x 10 6

AFC RI ,  )

Q I J I C K E 2  1 .5  x 10 ’ 3 .6 x 10 1.0 x io
6

1 .5  x 10 ’ 3.2 x l0~~ 8.7 x 10

‘0! M 1.5 x 10 ’ 3.5 ~ 10 5.8 x I O~~

roe Ref  7 .

Table 3-2

QU I C K E 2  RESULTS FOR F OR WARI ) AN !)  REVERSE Y I E L D S
FROM A~ C OMF’ A RI D W 1111  SAN !) Y I~ FOR D I  E F E R E N I SPECTRA

( P l a t e  t h i c k n e s s  40 m i l s )

5 4 e V  PB 10- k e V  BB 15- keV BB

Reverse

Q U I C K E 2  3 . 1  x 1O~~ 9 . 2  x 1O~~ 3 .0  x

SA ND YL 2 . 5  x lO~~ ~ .6 x 10~~ 2 . 8  x lO~~

Forward

QtJICKE2 2.9 x io
8 

2.9 x 1fl~~ 2.0 x 10
8

SANHYI 3.1 x io
_ 8 

3 .1 x io 8 
1.7 x

5- , 10- , and 154eV blackbody s p e c t r a  are  incident.
All y ields are in  C/cal incident on front face of AR..

AR.

Incident x—rays Emerg ing x — r a v s

/ 40 mils
Front face’

8
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Table 3-3

QI ! I C K E 2  AN I ) I N PER I M l . N I \ 1  RE SULTS COMPAR E D FOR I l l  G i l — ENERGY Ph OTONS

T h i c k n e s s  Experiment of
M a t e r i a l  ( g / c m 2 I Eber t ~, f a u z o n  QI J I C K E 2

!:or~..trtl l i c i d s a

Carbon ) ) . -257  3.)) x to 8 2.8 x l0~~
( 9 . 1  x l f)~~~) ( 8 . 1 x l0~~~)

-8 - -8A l u m i n u m  0. o I l 2. x 10 2..~ x 1(1

(8 .0 x l0~~~) ( 7 . 0  x l0~~)

Copper )) . 4 0 7  1.8 x 10 8 
1 .8  x 10 8

(5.3 x lU~~~) (5.5 x ~O~~ J

Lead 0 .50 1  2. 1) x io 8 
1 .7 x io 8

( 6 . 1  x IO ~~~) (5.3 x lO b
)

Reverse Vie idsa

Carbon 1.1  x l0~~ 1 .2  x 10~~
(3.4 x 10

1 ) (3.0 x 10 2 )
_ q -yA l u m i n u m  1 . I x 10 2.2 x 10

(3.3 x l0~~~) (6.0 x l 0~~~)

. - -9 -9Copper 4. . x 1)) 3. ‘ 10

(1.3 x lO~~~) (1. 1 x l O s )

.9 -9Lead 7.3 x 1)) 
~l x 10

(2.2 x 10~~~) ( 2. 2 x l 0~~~)

‘1i i e ld s  without parentheses are in C/cal; yields in
parentheses are in electrons/photon

.9



I I I

1o ’4~~~~~/ \
- \ QUICKE2

c~)

/\
E XP E R IM E N T

~ 13
0) 

-

-

-

-

io 12 I I
0 4 8 12 20 24
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F i g u r e  3-1. Q (JICKE2 results compared wi th experimental results
of Bradford for reverse-emitted electron energy
spectra obtained from S0-keV ~rinisstrah 1ung on AR.
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RT-13685 ELECTRON ENERGY (keV)

Figure 3-2. QUICKE2 results compared with experimental results
of Bradford for reverse-emitted electron energy
spectra obtained from SO-keV bremsstrah lung on Cu
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Figure 3-3. QIJICKE2 results compared with experimental results
of Bradford for reverse-emitted electron energy
spectra obtained from 50-keV bremsstrahlung on Ta
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Figure 3-4. QIJICKE2 reverse-emitted electron energy distribution
con~ ared with POEM code and experimental results of
Denison et al. for 84eV monoenergetic photons inci-
dent on AR.; curves normalized to sam e heights at
K-photo edge peaks
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Fi gure 3-5. QUICKE2 reverse-emitted electron energy distribution
compared with POEM code and experimental results of
Veni son et al . for 8-keY monoenergetic photons inci-
dent on Ti; curves normalized to same heights at
K-photo edge peaks
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Figure 3-6. QUICKE2 reverse-emitted electron energy distribution
compared with POEM code and experimental results of
Venison et al. for 8-keV monoenergetic photons m ci-
dent on Fe; curves normali:ed to same heights at
L-Auger peaks
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Figure  3-7.  Comparison of QUICKE2 and GRAP2 electron spectra
for reverse emi ss ion from a sol ar ce l l cover and
forward emission from AR. after attenuation by the
solar cell; incident photon spectrum due to black-
body radiator with temperature 2 keV
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Figure 3-8. Comparison of QUICKE2 and GRAP2 electron spectra
for reverse emission from a solar cell cover and
forward emiss ion from AR. after attenuation by the
solar cell; incident photon spectrum due to black-
body radiator with temperature 5 key
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Figure 3-9 . Comparison of QI JI CKE 2 and GRAP2 e l e c t r o n  spectra
for reverse emission from a solar cell cover and
forward emission from AR. after attenuation by the
solar cell; incident photon spectrum due to black-
body radiator with temperature 10 key
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F i gure 3- 10.  Comparison of QU I CKE2  and GRAP2 e l e ’t r o n  spectra
for reverse emission from a solar cell cover and
forward emission from A~ after attenuation by the
solar cell; incident photon spectrum due to black-
body radiator with temperature 15 keV

19

~~c --  --- -~~~~~-_~ 
. .

~~ 
- 

~~~~
- -

---



e (ft REVERSE FMI SS IIJN

Q UARTZ j 4.0 x io 2 9/ C m 2

SILICON ] 6.6 x io 2 g/ c m 2

TIN-LEAD SOLDER ] 2.4 x iO~~ q/cm
2

F I BLRGLAS S 1 4.9 i0 2 9/c m 2

A LUMINUM J 2.6 x io
_ 2 

g/cm 2

FIBE RGLASS 1 4.9 x iO~~ q/ c m 2

/ 

~

h V \

e

SATELLITE CAVITY

ALUMINUM 130 U I11 S

EQU IPMENT ~
BOX

CAVITY

RI- 0643 1

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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Figure 3-15. Comparison of QUICK} 2 and F l u F F  l S -k e V  h l a c k b o d y
photon spectra attenuated by solar cell and 30
mils of AL
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Figure 3-16. QUICKI 2 and experimental results of Ebert and
Lauzon compared for  f o r w a r d - e m i ss i o n  e l e c t ron
angular distributions due to l . 2 5 - M e V  p hotons
incident on C
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Figure 3-17. QUICKE2 and experimental results of Ebert and
Lauzon compared for forward -emission electron
angular distribut ions due to l.25-MeV photons
incident on AR.
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Figure 3-18. QtJICKE2 and experimental results of Ebert and
lauzon compared for forward-emission electron
angu lar distributions due to l.25-MeV photons
incident on Cu
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Figure 3-19. QUICKL2 and experimental results of Ebert and
Lauzon compared for forward-emission electron
angular distributions due to l.25-MeV photons
incident on Pb
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Figure 3-20. Normalized angular distributions of electrons
forward-emitted from C and Pb for Co6° radia-
tion (from Ref 7)
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I . t)} SCRIP’l ION OF 11W I~~PII l~;

!)eta i led de scripti ons of’ the input cards requi red by QUICK1 .2 are

c i v e n  i n  this s e c t i o n .  V a r i a b l e  name s and physi cal or calcul :itio nal sig-

n i f i c a n c e  ar e  g i \ ( n , as well as the  format fo r  r e a d i n g  t h e m  i n t o  the

c o d e .  Most  of t h e  v : i r l ; I I ) l e s  - i r e  in NAMEL IST fo rmat . These are spec i f ie d

i n  f r ee  form , s epa ra t ed  I C\ ’ commas.  The onl~ r e s t r i c t i o n s  are  to  beg i n

t h e  l i s t  w i t h  b $NAN ! . leave column 1 blank on a l l  card s , and end the  l i s t

with h~ h I \ L~. “h” indic ates a blank space (necessary only in column 1)

and ‘NA ~11 is the name of the NAMELIST g iven in the v a r i a b l e  descri pti ons

see 1 - i C t i l t  5— 1 for a sample of the input deck).

In the i n p u t  des c ri pt ions , arrays are indic at ed Lw an index following

the v a r i a b l e  name . I f  no index appears , onl~ a s in g le va lue is re id i n

for  t h e  v a r i a b l e .  The code coun t s  t h e  numbers  of v a r i a b l e s  in ca~~c s  ~here
1 rrays are invo lved , SC ) t h e  number  of v a l u e s  be i ng read in need not he

specified . Default v a l u e s  and m a x i m u m  or m i n i m u m  numbers  of v a l u e s  a re

g i v en  where appropriate. I lements av a i l a b l e  i n  Q U I C K L 2  are l i s t e d  in

Table 4-1 . Elements not listed can he referenced.

The IOPT(27) option described in  the table causes a file of data to

he written which can he treated directl y by the PLOTALE. code (Ref. 11) .

This permits the overlay of photon and electron spectra from different

plates or from different QUICKE2 calculations.

11. A. .1 . Woods , T. N. Delmer , and M. -\ . Chi pman , “the Arbitrary
Body of Revolution (ABORC ) Code for S(EMP/IEMP ,” INTEL-UT ~ l 4l- 02~~,
Apr il 1976.
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INPUT CARDS

Card Type V a r i a b l e  Name and I ) e s c r i pt ion Format

Title card (colums 1-72) 12A6

2 ECALC( I)  - electron emission energies NAMEIIST/SPECTRA/
in MeV . Minimum ECALC is 0.001 MeV.
Up to 34 values. Calculated from pho-
ton energ ies if not read in.

2 IlvspF(;T (I) - energies in MeV for photon NA ME L I ST/ SPE CT RA/
spectrum . Up to SO values. Omit for
hlackbod y spec t rum .

2 DNI ! Sr ( I)  - r e l a t i v e  i n t e n s i t i e s  NAM E L I ST/ SPE CT RA /
( e n e rg y / e n e r g y  or numbe r / energy
according to NSPECT) of photon spec-
tr um. tip to 50 values. Omi t for
b l a ck h o d y spec t rum .

2 KBT = 0 (default) i f  an a r b i t r a r y  NAN ! LI ST/ SPEC ’1’RA/
S~~ CC t rum is input

> 0 to generate an incident
blackbody sI)ectr~~ with atemperature of KBT keV .

2 I OP T(  1): 40 values NAMI:LIST/SPI:C1RA/
IOPT(26) = I to punch all emission

electron energy distri-
butions on cards in free-
field format (default = 0)

I O P T ( 2 7 )  = 1 to put photon and elec-
tron spectra on file
TAPE7 for treatment by
P I OT A LL ( d e f a u l t  = 1

2 NSI’LCT = 0 (default) for DN[)ISP(I) NAMELIST/SPF CTRA/
in energy/energy

= —1 for [)NI)LSP(I) in
number/energy

3 INDLXX-QUICKE2 internal table number 15 (columns 1-5)
for test detector element for dose
calculation. Must specify an element
from Table 1- 1.
WARNIN G: DO NOT USE ATOMIC NUMBERS HERE .
SPECIFY ThE APPROPRIATE NUMBER FROM ThE
COLUMN LABELED “INTERNAL NUMBER” IN
TABLE 4-I .

NOT I : Must input separate NAMELIST/PLATL/ cards for each plate.
There i s  no limit on the number of plates.

I

31 

“ - - 
- -

~~



Card 1vpe Var i al-il e Name and I)escr ipt ion Forma t

4 NPC l = C ) ( d e f a u l t  ) i’or p l a t e  c i  emen t s  N A M E I I S T / P L A T E /
in f r a c t i o n  by number

= 1 for plate elements in  f r a c —
ti on by weight

4 I P R I N T  0 (default) no c ros s - sec t  ion N A M E I I S T / P I A T I  /
print

= I to p rin t cross sect (oils
f rom i n p u t  t ape

.1 KOP T C ) ( d e  fan it) NANEL I ~ l / P IXFI /
= 1 to print detailed i n f o r m a t i o n

about elect ron p rodiic t i on by
ph otons

- 1 NTIPI = C)  ~d e f a u l t
= I to calculate bulb curren t at

forward  ed ge of p l a t e

4 NLL(I): atomic numbers of elements con- NAMELJST/PLATE/
pri sing pla te. See Table 4-1 . Maximum
number  = 8 per plate.

-2 EU): respective fractions of elements NAM E LIST/PLATE !
(see NPCT ) . D e f a u l t  = 1 .  M a x i m u m

numbe r = 
~ per p l a t e .

4 I O l ’ T ( l ) :  40 v a l u e s .  No v a l u e s  need to NAML LI S ’I ’/PL A TE /
he read in here  at present.

IEM = 0 no emission from plate NAMLLIST/PLATE/
= 1 forward emission from plate (default)
= 2 reverse emission from plate
= 3 forward and reverse emission

from plate

4 TAO : thickness of plate in g/cm NAMELIST/PLATEi/

- !IVI)FG: ang le in degrees between surface NAMELIST/PLATE/
normal  of plat e and direction of phot n
beam . Default = 0.
WARN INC : TO IS ANGLE IS Nu ’F I NC I I I D EL )  IN
P1 JOTON A TTLNI JAr ION CALCU tX! I O N .  ALSO ,
Wll1:N NON - :ER O VALU E I S IKI D , R E S U L T I N C
I~lj ( : i R O N  Y l I l . I ) S  ARE G I V !  N I N  U N I T S  OF
C/cm 2 NORMAL TO M A T E R I A L  SUR FA ( I PER
c a l / c m 2 P E RPEN [)I CULA R 10 Ph OTON BEAM .

4 QUIT = 0 (default) NAMELIST/PIATE/
= 1 signifies last p lat e

4 DENSITY : density of plate (g/cm3) NAMELIST/PIATI

- 
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T a b l e  1-1

I l l  MI NiS \ V A I  LA I~I E  IN QUICKL2

A t ot u i c N u m b e r  ( )  Internal Number Name

I I Hy drogen
4 2 R e r v l l i u m

3 ( :a ih o n

1 N i t rogen

S 5 O \y c n

() F l u o r i d e

12 7 Ma~ nesium
13 5 A l u m i n u m

1 1  9 S i l i c o n

17 10 C h l o r i n e

15 11 Argon

20 12 Calcium

22 13 Titanium

14 I ron

15 Nickel

29 1 6 Copper

32 17 Germanium

11 18 Niobium

-17 19 Silver

50 20 T i n

60 21 N eod y m ium

73 22 1’a n t a l u m

79 23 Gold

82 24 Lead

92 25 Uranium

I
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5. S-\MFLE PRORLLM AND 0111 PUT IWSCR1 PT I ON

The QtJ I CKI:2  out  put i s  bes t  i l l  us t r a t e d  by s a m p l e  p r ob lens . S I m p  1 e

calculations arc discuss ed here , giving the h \ ~~ l c a l  and c a l c u l a t i o n i l

- i g n i t i c a n c e s  of t h e  m a j o r  q u a n t i t i e s .

I h e  f i r s t  p r o b l e m  i n v o l v e s  t h e  e m i s s i o n  g e ner a t e d  when  a l 5 — k c \

F I a ck h o d y  photon  spect  m i :  is inc  i d e n t  on . 1)) m i  i s  of A~ . lh e  i n p u t  card

i m a g e s  for  t h i s  p r o b l e m  are as shown i n  F i g u r e  5 — 1  , and t he  ou tpu t  :is in

1- i gu r e  5 - 2 .  On t h e  f i r - t  page of o u t p u t  is t h e -  t i t l e , f o l l o w e d  b e l o w  by

a d e s c r i pt i on of t h e  f i r s t  m a t e r i a l , or “p l a t e , ” s i n c e  t h e  p r o b l e m  is  one-

d i m e n s i o n a l .  Tb is d e s c r i p t i o n  g ives  the  number  of e l e m e n t s  in the  m a t e -

r i i l  and t he  name , f r ac  t ion  by n u m b e r , and it on i c n u m b e r  of each el ement

The d a t a  f i l e  l o c a t i o n  where  t h e  cross  s e c t i o n s  for  each c l emen t  are

s tored  is g iven  (he r e , “8” i n d i c a t e s  t h a t  the  i n f o r m a t i o n  fo r  Al i s  s t o r e d

on f i l e  S of t h e  d a t a  t a p e ) ,  and t h e  thickne ss of the material  is p ri nted .

Ih e  quan t  i t) ’  l a b e l e d  i n p u t  f l u e n c y ’ i s  s i m p l y  a conven ience  output  of t h e

code .  I t  g i v e s  t h e  t o t a l  fl uence i n  c a l / c m  of the  pho ton  spec t rum as

i n p u t  to  t h e  code. The code renorma l i :cs t h i s  f lu e n c e  to 1 c a l / c m .

\ml i m p o r t a n t  p o i n t  r e g a r d i n g  QU I C K E 2 ou tpu t  should  be unde r s tood  when

interpreting results from other than normally incident photon  beams . Quan-

t i t i e s  g iven in  t e r m s  of u n i t  area d i f f e r  i n  d e f i n i t i o n , depend ing  on

w h e t h e r  t hey p e r t a i n  to  photons  or e l e c t r o n s .  Photon d e n s i t i e s  are a l w a y s

pe r  u n i t  area p e r p e n d i c u l a r  to t h e  beam , whereas  e l e c t r o n  d e n s i t i e s  a re

always per unit area pe rpendicular to the surface. Thus , for a non-norma l

incidence problem , the correc t y ield i s obtained by simply emitting the

number  of electrons per u n i t  area on the skewed surface obtained direct ly

from QUICK ! 2 and , o f  course , multi ply ing by the fluence in cal/cm perpen -

dicular to the p h o t o n  beam.
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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 low by 1 . In later versions , this

error has been corrected and the legend says Bulk cur-

rents in layer = at entry face. ”]

s u L o  CC 4-S’E NI S 1’- L A T f ~~ • I 7- -. ” [3 * I S S ( l J ’ , CO O l 4
IULO ( 1 ) 4 - 4 * 7 - 7 * 1 5  ALL, *7(, T ’-’ Il 1 * 0 4 1  C ’ I - I (  T 1 ,

I f !  b I L O  L u ’ 4w I’7- TS * L 17 I- 7 1 * 7 -  ~* ‘4~~~* 7. 10 11t C 111 .: M ./77 4 ,IIiF O 9

7 - I ’ W * 6 7 - JC) C ’ ’~~— I ~~ 1. / .‘, 7 - i S ? b E — 0 7 - 7 -

I 1 V F 7 . S L  L 1- C l * 4 7 - 7 * 1 *  1. 7 * 7 W I / t — O M
7- * UL* (~j k It7* T 5  ~l’~~L 7 -.(; I C L 1 4 7 -  11 T.. 7- ~~O . 4 ’ 4 A L  71’I 4 -7 - ( ’ T C I - ’

17U 7- ,,A4*Li 1,., ’ * 1 7 -~T •

4 * 1 1 14 - S I  (. uk4- 7 - N T  *

[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. ’]
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in  the n e x t  Sec t  ion  I t  O L I t I ) I i t  , t h e  i n c  i . I e n t  phOt In spect  rum n o r m a l  —

i :ej t - L t o t  a 1 I 1 V  i Lil’ilt t i  lIence 01 1 CCL 1; cm 2 i s p I j i lted  ~~I it , l i i i !  owed by

t h e  t o t  .1. 1 e n e r gy  con te n t  of t i i i ’  s pect  rum , t h e  a v e r a g e  p h ot o n  efli ’ rgv  , an d

the t ,lt 1. 1 nuinhe I’ O f  pilot on s/Cm cI1r’respond i n  g to  t h e  to t  a I cue rgv con —

t ~- i t  . ( l ie  re , t he t o t  .1. 1 nllmbe r at  phot OIl S i s 1 c:i 1 or i e ‘ S isOI’t II (It 1 hot o s
w 1 tI( t ill.’ sped i’:i 1 ‘.1) 1’ l’~~V di t I ih u t  on 1711(1 Ca t  ed . ) The :i~ cr ;Lge phot on

en&-r , :’ .  is t . iken L-1( tha t  OIi (- l’L~v , 
hv , idli ch c,iv e s  the t I t C i l  e n e rgy  (‘OI lte l (t

when Ifllllt ipl ied i~ t h e  t I - t a !  n u m b e r  ot  i n c  id uill photons.  t h e  total nu~ -

her ‘I inc iden t  pho t 0 ) C l s  is u s e f u l  ill t h a t  i’e- ’ u i lt s  I I ’OC~ (t i l er  codes

e x : ) r I . - - ,sed i n  e l u c t r u l l - I  - p~ l 1 t  1 ) 711  can e a s i l y be 1 O I1 \ ( ’ ( t . ed to  ‘ . l) Il iol l(bS/d ;i l) II’ i e

by mu i t  i p ly ing t hem h ’  t ii i S t o t  :tI n u m i le  r a n d  t i l l -  e l t- -: t 4 ‘ 11 1 c char’ge

Y i o l d  i n  ( c a l  = i c i c l  i n  e Ihot l7 ~ -\ (pho toi - ’ c i  1 )  .~ ( C/ c )

The next  page of output con t a  ins e lec t  l’OIl cmi ss i on ill f Irmat 71)11 . Ihe
f’i I~10. t I in c  i nd ic;t t i - s t he ’  t V p I -  of  s ’ j e l d  ( her e , r e v e rs e )  , the Silt CI ’ CI I  nui l—

her from which t ile e lec t  (‘ I l l S  are being emitted I here , I i rId i c a t e s  tile t i  rst

mater  i. a l  ) , and t h e  y i e l d  in  C / c a l  inc ident  on p l a t e  1 . ‘Ibis yield c o r —

t e s p onds to  tile ‘‘ q u a n t u m  e f f  C t e n c v  . ‘‘ [he v i  e l d s  in C/ c a l inc W ent On

P i l l  C ar e  a l s o  p r o v i d e d  i i i  case  the  user’  i s  i n t e r e s t e d  in  the y i e l d  p~~r

c a l o r i e  f o r  4 f i l t e r e d  s [) e c t ru m.

Next , the bre’akdown of t i l e e l e c t r o n  e l n i s s i o f l  i n t o  a n g u l a r  and energy

d i s t r i b u t i o n s  is given. Ihe ‘‘ e m i t t e d  electron angular d is t r i b u t i o n  b i t e —

g r a t e d  o v e r  enc ’ rgy ’’ i s  m e a n t  t () pr ov i d e  t i le  a n g u l a r  d i s t r i b u t i o n  only
roug h 1’~. ‘l’he ‘‘ 1-ni l t t ed  e l e c t  ron e n e r gy  di St r o b u t  ion  i n t l - f  ( ‘at ed over  ang II’ ’’

s h o u l d  !~c a more pr~’c se f u n e t  ion , p r o v i d e d  t ile ene rgy  I ) i n s  are  c l o s e

enough t o g e t h e r .  i h i  S p r i n t o u t  i s  den ved t r’Oln t h e  ‘‘ ene o - u~~’ d i s t  r i h u t  ion ’’

d e s c r i b e d  in  Sc-ct ion 2 . 2 .  ‘I’he column ‘i OTA!. c o n t a i n s  the  number of d c c—

t r ~ r i s  e m I t t e d  i~~it }ì l’Ill’ I’fiCs g r e a t e r ’  t h a n  the corresponding e n t r y  in t he

c o l u m n  LNI :RGY . T h e  c o l u m n  PER B I N  I s  t h e  t o t a l  number  ot  e l ec t  rons in  a

g i v e n  ene rgy  i) i rl hounded by the energ i e s  in  t he  c o l u m n  F.N I :RGI and c e n t e r e d

on t h e  correspondi  r ig e n e r g y  i n  t h e  c o l u m n  M I  I ) I ~O 1 N i .  N tJ M B FR / MF V i s  t h e

numb er  of c lc c t r o n s/ M e V  emitted at t h e  c o r r e s p o n d i n g  energy under  MI DP O I NT .

P r i n t e d  be low the  energy d i s t r i t -  It ion is t h e  average  e l e c t r o n  energy

( c a l c u l a t e d  in t he  same way as the  average  photon energy)  and t h e  t o t a l

e m i t t e d  charge .  ‘I ’he l a t t e r  number  is tiIC 4 - I - - a l i t  of i n t e g r a t i n g  t i le  energy
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d i s t r i b u t i on d N / d i  over energy . It should agree w i t h  the y i e l d  at tile top
at  t h e  page to  w i t h i n  about 20 pe rc en t  . Agreement  i s  g e n e r a l l y  good

t ’x c e 1lt  for  back emission produced by l o w - e n e r g y  photons  (about S to 10 kc ’V) .

In  t h e s e  case s~ i’c ’s u l t s  s h o u l d  he used cau t  i o u s ly .

J h e  n e x t  t o  pages are  p r i n t e r  p l o t s  of ‘I OT- \ l ,  v e r s u s  ENERGY and
NTI’1!tI R M i  V ~‘ ei - sus M1I1 POI NI , (it -Sc  1 - 1 1 7 , - LI a hovi ’ . li - lose p l o t s Ire exa * .-t  I v

ht’ 5 2 1 of st Cli ld a rd S x 3  log— log pt - r (n d may he xe roxe d  or used with

CI I I gil t t CIb Ic t a 5 C t \ ( ~ I l t ’ ( ’d  lc’ss hours ot ’ hand— p1 o t t  i ng

T ie  c y c l e  l’e)ll’at s (gain Wi th a p r i  ntotlt of the photon spectrum emerg—

i n g  f r om  t i l e f i r st m a t t ’r i a l  ( a n d  inc ident on t h e  second)  . In the sample

p r o b l e m , t h e  l o w - e n e r gy  photon s have  been absorbed by the  a l u m i n u m , reduc-

1fl~ t ile t o t a l  energy -  c o n t e n t  from 1. 0 to 0 . 52 c a l / c m ~~, r a i s i n g  the  averagl-

p iuot Ofl enel’gv from In . S to 50 .8  k eV , and r e d u c i n g  t h e  t o t a l  number  of I) h0
11 l~ —

~~tons from 6 .4 - I  x 10 to 1 .2 ] x 10 cm

h ose in formation is printed at t h i s  p o i n t .  The energy  d ep o s i t i o n s

tre in units of r ads  of the part i cular material indicated (1 rad = 100

t’r .~/g ). Silicon and carbon art- aIWCI- -s g i v e n , and a t h i r d  m a t e r i a l  is  spe—

c i  f i e d  in tile inputs from among those avai l a b i e  in QUICKI:2 (see  rab le  1 — 1 )

Do ses at the f ron t s and hacks  of the p l a t e s  a re  g iven .

i’he forward  electron e m i s s i o n  r e s u l t s  are in  t h e  same forma t as tile

reverse ones , but the spectrum used i s  t h a t  i n c i d e n t  on t h e  second mate-

F I CI l - i . e . ,  t he  s p e c t r u m  seen b y a l l  m a t e r i a l  w i t h i n  CI tow electron

ranges of the emitting surface. The yield from plate 1 “per cal incident

on pl at e 2” is h i g h e r  than  the y i e l d  from p la te  1 “per ca l i nc iden t on

p l a te 1” since t he latter number is calculated for a t o t a l  spect r a l  energy

con tent of ).T~2 ca l / cm 2 
- i.e., the energy remain ing  af ter the i n c i d e n t

photons have been filtered through 40 mils of aluminum . The total yields

at the top and bottom of the page agree to . pe r c e n t, so in t h i s  sense ,

the results are trustworthy. -

Bulk current  i n f o r m a t i o n  is a lso  given . These currents are in units

of e le ct rons / cm 2 -sec , photons / cm 2 -sec , or e lec t rons/p hoton . 1’hey per ta in

to regions greater  than the  largest electron range away from any i n t e r f ace .
The quantities are described in some detail in Section 2.
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F i n a l l y , for  e x t r a  in fo r ma t ion , there are t w o  pr in t i n g  options. If

the  parameter KO PT is set to 1 (see Section 2), t h e  code w i l l  gener at e
til e o r i g  m C I ]  Q I J I C K F 2  o u t p u t .  I f  I P R I N I  i s  set to I , in f o rm at  ion  from t h e

d a t a  tape w i l l  he p r i n t e d . I n f o r m a t i o n  on these  p r i n t o u t s is a v a i l a b l e
in Refere nce 1.
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6. QIJ I CKi C2 COM PUTER REQU I RE M I N I’S

QU I CKF2 is a FORTR AN IV computer progi’am of approximately 2010) card s

in  l e n g t h , ope rat i o na l  on a Cl) C ‘( - O ( )  c o m p u t e r .  No ma ch  inc  l a n g u a g e  i s

emp l oy’ed . ‘rhe code relill i res CI t a p e  c o n t a i n i n g  the  t a b u l a t  ion of a con-

s i d e l - I b l e  amount of d a t a  fo r  m a t e r i a l  P r o p e r t i e s  for  the  25 e l e m e n t s

availab l e. i’his f i l e  i s  about 300 , 000 numbers in length.

One a d d i t i o n a l  f i l e  i s  a l s o  r e q u i r e d  fo r  p l o t  i n f o r m a t i o n . Memo ry

r e c lu ir e m e n t s  are about  34
~~

000
l O  words of s m a l l  cu r - c’ and no large cort - .

Typ i c a l  run t i m e s  are about 20 sec CDC 760() t i m e  per e l ec t ron  emis-

s ion spec t rum . No add i t i ona l  c o m p u t e r  p rograms  are re qu i  red by Q U I C K I :2 ,
hut  the PLOTALL code (Ref. 11) is very  h e l p ful ill analyzing results of

QUIC K!  2 c a l c u l a t ions .

A present  i d i o s y n c r a sy  of the  Q U I C K I ; 2  v e r s i o n  desc N t - led here  i s  t h at

i t  i s  r e s t r i c t e d  to  t h e  CDC F I N  FOR TRAN e x t e n d e d  c o mp i l e r , v e r s i o n  1.

M i n o r  p r o g r a m m i n g  f e a t u r e s  do not p e r m i t  i t s  use on the more u p - t o - d a t e

i - I N - )  c o m p i l e r  a v a i l a b l e  currentl .
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